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Mangroves
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Overview

Satellite images and maps are analyzed to determine the impacts of mangrove loss and
their replacement by agriculture, aquaculture, urbanization, etc. over the last 20 to 30
years. Cases of mangrove restoration are also analyzed. Landsat and Sentinel image
series are used to detect changes in land cover and seasonal changes.

Time
3 or 4 classes
Prerequisites

Basic knowledge of ecosystems, meteorology and ICT. Ability to interpret satellite
images and maps. Ability to locate points using latitude and longitude.

School level
Upper Elementary, High School and University students

Purpose

To assess the importance and vulnerability of mangrove ecosystems to different natural
and anthropogenic impacts
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https://landsat.gsfc.nasa.gov/
https://sentinels.copernicus.eu/web/sentinel/home
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Student Outcomes

e Students will identify the main impacts that cause mangrove loss.
Students will understand the relevance of mangroves in the fight against climate

change.

e Students will analyze changes in mangrove cover through the use of satellite
images.

e Students will analyze the impact of human activities and hurricanes on mangrove
reduction.

e Students will learn about and analyze cases of mangrove ecosystem restoration
Background

Mangroves are coastal ecosystems, located in tropical and subtropical zones, formed by
several species of trees and shrubs that have special salt resistance adaptations
(halophytes) to live in saline intertidal environments.
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Fig. 1. Global Distribution of Blue Carbon Ecosystems (Mangroves, Marshes and Seagrasses)

Mangroves are found on sheltered coasts and estuaries north and south of the Equator
between isotherms of 20°C. (Fig. 1) This distribution can be locally extended by warm
ocean currents or diminished by cold currents. Mangroves are sensitive to temperatures
below 0°C and also suffer from storm damage (e.g. damage in the Yucatan Peninsula in
2020). In latitudes with cold temperatures mangroves are often replaced by tidal
marshes. Mangroves are widely distributed, but globally they cover less than 1% of the
world's tropical forests. Limiting factors in the distribution of mangrove plants are salinity
and sediment inundation. To cope with high salinity, mangrove species have a number
of mechanisms to remove or exclude salt from their tissues, and some species have
developed the ability to actively secrete salt through their leaves. Waterlogged anaerobic
soil represents another challenge that mangrove plants have overcome by developing
aerial roots to transport oxygen to roots below ground or underwater.

Mangroves are part of the Blue Carbon Ecosystems (BCE), along with tidal marshes and
seagrass meadows. This designation is due to their capacity to capture and store carbon.


https://go.nasa.gov/3g2VaCX
https://go.nasa.gov/3TjtVT4
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Fig. 2. Comparison of carbon sequestration capacity. Blue carbon ecosystems fix large amounts
of indigenous carbon and their position at the land-sea interface allows them to accumulate
sediment and allochthonous carbon produced in other ecosystems.

The concept of blue carbon is defined by UNEP's REDD Programme as the mass of
carbon that is stored, sequestered or released from coastal vegetation ecosystems.
Mangroves help mitigate climate change because they are very effective carbon sinks
for large amounts of carbon (Fig. 2).

Recreation Coastal protection Fisheries enhancement
BCEs are targeted by birdwatchers BCEs can reduce wave energy by 37-71%, BCEs provided 61% of diet for coastal fish
and fishers. In two popular bays, providing $2.7 billion in value in avoided targeted by fishers. BCEs enhanced fish
seagrasses provided a non-market damages to coastal property: abundance relative to unvegetated areas:
value of $33.1 million to recreational
fshing, whereas tdal marshes and  [BGENI s miien Number of ish per $ million
mangroves provided $158 per visit Seagrass 827 hectare per year
Tidal marsh 702 Seagrass 55,589 315
Mangrove 1,870 Tidal marsh 1,712
Mangrove 19,234 14.9

Source: Macreadie, P. |., Costa, M. D., Atwood, T. B., Friess, D. A., Kelleway, J. J., Kennedy, H., Lovelock, C. E., Serrano, O., & Duarte, C. M. (2021). Blue
carbon as a natural climate solution. Nature Reviews Earth & Environment, 2(12), 826-839.

Fig. 3. Co-benefits provided by blue carbon ecosystems. Co-benefits, sometimes called
ecosystem services, contribute to the economy and well-being of coastal communities. This
example includes Australian dollar (AU$) values for fisheries, coastal protection, and recreation.

Mangroves contribute to the well-being, food security and protection of coastal
communities around the world. (Fig. 3) Mangroves are ecosystems rich in biodiversity
because they support complex communities with multiple interactions among the species
that inhabit them. (They provide habitat for fish and crustaceans, are a source of food for
many species of mammals, birds, insects, etc.).

The United Nations has declared July 26 "International Mangrove Ecosystem
Conservation Day" to highlight the importance and need for mangrove management and
restoration, noting that it is a viable and cost-effective way to ensure food security for
many coastal communities. Mangroves are a natural coastal defense system against
storm surges (tidal waves), tsunamis and sea level rise, control flooding, maintain coastal
stability and prevent erosion. (Fig. 4).



https://www.unep.org/es/explore-topics/oceans-seas/nuestras-actividades/proteger-y-restaurar-los-ecosistemas-de-carbono
https://www.unesco.org/es/days/mangrove-ecosystem-conservation
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Mangrove ecosystems support fisheries, the production of medicines, fibers, wood and
fuels. They also filter the water that flows into the oceans and reef systems contributing
to improve their quality, help stabilize the climate, among other environmental services.
In addition, they have a cultural, recreational and educational component that makes
them vital on many levels.

OFFSHORE NEARSHORE HABITAT IMPACT CONSEQUENCES
DYNAMICS DYNAMICS

Source: Spalding, M. D. and Leal, M. (editors) (2021) The State of the World’s Mangroves 2021. Global Mangrove Alliance.

Fig. 4. Mangroves prevent erosion and reduce the force of waves, storm surges and flooding
According to the UNESCO Director-General Audrey Azoulay:

"Mangroves are in danger: it is estimated that more than three-quarters of mangroves in
the world are now threatened, and with them all, the fine balances that depend on them.
This is why UNESCO is acting to protect them, along with other valuable blue carbon

ecosystems, through its geoparks, World Heritage sites and biosphere reserves"

Climate change is affecting mangroves due to the increase of extreme events such as
hurricanes, droughts, coastal erosion, sea level rise, increased sediment discharge from
large rivers, etc. Human activities (like logging, agriculture, aguaculture, and coastal
development) impact mangrove loss through deforestation or pollution. For example,
many mangrove areas were converted into shrimp farms, which impacted water quality
and reduced fish breeding habitat, affecting fishing. Shrimp farms can pollute the
surrounding environment with excess nutrients, waste and drug residues.

Some mangroves are in protected areas, but because of their importance, partnerships
have been established among technical experts, civil society organizations,
governments, local communities, businesses, funding agencies and foundations to
accelerate a global, comprehensive and coordinated approach to large-scale mangrove
conservation and restoration. Through these partnerships, satellite monitoring and on-
the-ground sampling are conducted to know the state of mangroves around the world.
As a result of this monitoring, different aspects of mangroves have been mapped.
Mangroves have great relevance at local and global scales for decision making.
Monitoring the state of mangroves, water, air and soil quality is important to learn more
about these ecosystems, detect changes that may affect them and establish restoration
programs where necessary.



https://go.nasa.gov/3TjtVT4
https://go.nasa.gov/3MxtK4c
https://go.nasa.gov/3CCNPS2
https://www.protectedplanet.net/en
https://www.mangrovealliance.org/
https://arcg.is/TLyHW
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Source: Spalding, M. D. and Leal, M. (editors) (2021) The State of the World’s Mangroves
2021. Global Mangrove Alliance.

Fig. 5. Climate change and anthropogenic activities contributing to mangrove loss

Guiding Research Questions

What is the impact of mangrove loss on ecosystems and people's lives?
Why have mangroves disappeared in many places?

What is the relationship between fishing and mangroves?

In what ways do mangroves protect the coasts?

How can mangrove areas be restored?

How can the state of mangroves be monitored?

Scientific Concepts

Ecosystems

Deforestation

Land cover

Agriculture

Aquaculture

Electromagnetic spectrum

Satellite images - False color images

Materials and Tools

1. ArcGIS StoryMaps https://storymaps.arcgis.com/
2. Satellite images of:

Case 1. Impact of aquaculture on mangroves:

Google Map - Location

Google Earth (Sequence 1985 to 2020)

Wordview (comparison 1986 and 2022)

Copernicus Browser - False color (seasonal changes): March - July

Global Intertidal Change - (changes in the mangrove) Activate different layers,
top right



https://www.google.com/maps/@13.0341495,-87.3266977,27830m/data=!3m1!1e3
https://earth.google.com/web/search/13.083972536511713,+-87.2965764054551/@13.05322023,-87.30613414,5.73182695a,30043.36351925d,35y,0h,0t,0r/data=CnwaPxI5GdeGinH-KipAIfywlBv70lXAKiUxMy4wODM5NzI1MzY1MTE3MTMsIC04Ny4yOTY1NzY0MDU0NTUxGAIgASImCiQJsaaIZWa_EkARbX24LSSFEkAZHjRVjgaEUsAhHKGzC5yHUsA6DQgBEQAAAAAAAPA_IAFCAggBOgMKATBCAggASg0I____________ARAA?authuser=0
https://worldview.earthdata.nasa.gov/?v=-86.09299374984485,11.286043745402187,-84.77876814223708,11.95615030521349&l=Reference_Labels_15m(hidden),Reference_Features_15m(hidden),Coastlines_15m,HLS_L30_Nadir_BRDF_Adjusted_Reflectance,Landsat_WELD_CorrectedReflectance_Bands743_Global_Monthly,VIIRS_NOAA20_CorrectedReflectance_TrueColor(hidden),VIIRS_SNPP_CorrectedReflectance_TrueColor(hidden),MODIS_Aqua_CorrectedReflectance_TrueColor(hidden),MODIS_Terra_CorrectedReflectance_TrueColor(hidden)&lg=false&l1=Reference_Labels_15m(hidden),Reference_Features_15m(hidden),Coastlines_15m,HLS_L30_Nadir_BRDF_Adjusted_Reflectance,Landsat_WELD_CorrectedReflectance_Bands743_Global_Monthly,VIIRS_NOAA20_CorrectedReflectance_TrueColor(hidden),VIIRS_SNPP_CorrectedReflectance_TrueColor(hidden),MODIS_Aqua_CorrectedReflectance_TrueColor(hidden),MODIS_Terra_CorrectedReflectance_TrueColor(hidden)&lg1=false&ca=true&cv=77&s=-121.969,37.7795%2B-62.4924,-16.6133&t=2022-01-07-T02%3A24%3A56Z&t1=1986-01-19-T02%3A24%3A56Z
https://browser.dataspace.copernicus.eu/?zoom=13&lat=13.06349&lng=-87.27201&themeId=DEFAULT-THEME&visualizationUrl=U2FsdGVkX1%2B%2BMl0yWGmXwFp8rTSP6Eh2%2BtGWw3yhiHRTNKaAIb6lClIUMAt0XHYk45tMbXgIGbtLI2Y8teMgl24YjPAMyplHH%2FruoBmhdGJIZVFSnXurQb7IMH1djOH3&datasetId=S2_L2A_CDAS&fromTime=2022-03-22T00%3A00%3A00.000Z&toTime=2022-03-22T23%3A59%3A59.999Z&layerId=2_FALSE_COLOR&demSource3D=%22MAPZEN%22&cloudCoverage=14&dateMode=SINGLE
https://browser.dataspace.copernicus.eu/?zoom=13&lat=13.06349&lng=-87.27201&themeId=DEFAULT-THEME&visualizationUrl=U2FsdGVkX19ycMWNZ7zkcnVdsvIoultHuM6tZyTyJ7PWnNtKlS6v995spmUU84HUJk2%2BWWYAqXKmxrC7sl9YqJXwylSEOVR5mdBntVEyj5fITm3JFzkztXb2H6%2BGSX4u&datasetId=S2_L2A_CDAS&fromTime=2022-07-30T00%3A00%3A00.000Z&toTime=2022-07-30T23%3A59%3A59.999Z&layerId=2_FALSE_COLOR&demSource3D=%22MAPZEN%22&cloudCoverage=14&dateMode=SINGLE
https://www.globalintertidalchange.org/data-viewer/tidal-wetland-change

Case 2. Impact of hurricanes in 2020:

Google Map - Location

Google Earth (Sequence 1985 to 2020)

Wordview (comparison 1986 and 2021)

Copernicus Browser - Changes due to hurricanes. False color (before — after) -
NDVI (before — after). See explanation of NDVI in Deforestation activity.
Trajectory of hurricanes Delta and Zeta

e Global Intertidal Change - (changes in the mangrove). Activate different layers,
top right

Case 3. Changes in the mangroves of The Esmeraldas River Estuary Mangrove
Wildlife Refuge.

Google Map - Location

Google Earth (Sequence 1985 to 2020)

Wordview (comparison 2000 and 2022)

Copernicus Browser - False color (seasonal changes): January - April

Global Intertidal Change - (changes in the mangrove). Activate different layers,
top right

Case 4. Changes in The Gulf of Nicoya Mangroves with rehabilitation programs.

Google Map - Location

Google Earth (Sequence 1985 to 2020)

Wordview (comparison 1986 and 2022)

Copernicus Browser - False color (seasonal changes): March - June

Global Intertidal Change - (changes in the mangrove) Activate different layers,
top right)

e Story Map: 1) Land use, 2) Rehabilitation

Protected Planet (Map of protected areas)

World Natural Heritage (State of conservation)

What and how to do it
- Beginning
Watch the videos: International Mangrove Ecosystem Conservation Day and

Protecting Mangroves. Then ask your students to make a list of the most important
items about mangroves.

- Development

1. Read the introduction to the activity and show your students the global maps of
mangrove distribution, protected areas, World Natural Heritage areas and
compare the state of protection of mangroves in different regions of Latin America
and the Caribbean.



https://www.google.com/maps/@13.9557959,-83.4740569,6931m/data=!3m1!1e3
https://earth.google.com/web/search/Laguna+De+Karat%c3%a1,+Nicaragua/@13.95536037,-83.46918288,9.18160329a,30150.0027268d,35y,0h,0t,0r/data=CjsiJgokCemeaAvlRipAEWRKP3uL7ylAGZ82Np2ZyFXAISsrF8qV3lXAOg0IAREAAAAAAADwPyABQgIIAToDCgEwQgIIAEoNCP___________wEQAA?authuser=0
https://worldview.earthdata.nasa.gov/?v=-83.5511584769369,13.860891187745924,-83.3753772269369,14.040153254577607&l=Reference_Labels_15m(hidden),Reference_Features_15m(hidden),Coastlines_15m,HLS_L30_Nadir_BRDF_Adjusted_Reflectance,Landsat_WELD_CorrectedReflectance_Bands743_Global_Monthly,VIIRS_NOAA20_CorrectedReflectance_TrueColor(hidden),VIIRS_SNPP_CorrectedReflectance_TrueColor(hidden),MODIS_Aqua_CorrectedReflectance_TrueColor(hidden),MODIS_Terra_CorrectedReflectance_TrueColor(hidden)&lg=false&l1=Reference_Labels_15m(hidden),Reference_Features_15m(hidden),Coastlines_15m,HLS_L30_Nadir_BRDF_Adjusted_Reflectance,Landsat_WELD_CorrectedReflectance_Bands743_Global_Monthly,VIIRS_NOAA20_CorrectedReflectance_TrueColor(hidden),VIIRS_SNPP_CorrectedReflectance_TrueColor(hidden),MODIS_Aqua_CorrectedReflectance_TrueColor(hidden),MODIS_Terra_CorrectedReflectance_TrueColor(hidden)&lg1=false&ca=true&s=-121.969,37.7795%2B-62.4924,-16.6133&t=2021-02-22-T02%3A24%3A56Z&t1=1986-02-12-T02%3A24%3A56Z
https://browser.dataspace.copernicus.eu/?zoom=13&lat=13.93582&lng=-83.49128&themeId=DEFAULT-THEME&visualizationUrl=U2FsdGVkX1%2FMBqVcNOz8MeL340YVWIIDJ6hlaxH9PW%2B8GsyrKyDWPgNFS9I5Qmpw1d5I%2BNi30QPJvU8Lye0o8Vc2ATWzNQ%2FKgGoGwsFjFUX78zTHDBp2FWxFhOKbQ7sC&datasetId=S2_L2A_CDAS&fromTime=2020-01-26T00%3A00%3A00.000Z&toTime=2020-01-26T23%3A59%3A59.999Z&layerId=2_FALSE_COLOR&demSource3D=%22MAPZEN%22&cloudCoverage=14&dateMode=SINGLE
https://browser.dataspace.copernicus.eu/?zoom=13&lat=13.93582&lng=-83.49128&themeId=DEFAULT-THEME&visualizationUrl=U2FsdGVkX19Zh5xhl6MwJhzw9BJB%2BkwpGLp5t1I8JuhML9RHb1IJtkl68wtqcB3QNl7EZzbkvjanvVnoN9bZLJP8wlh20%2FAzZatiQ9pLlibWIVp6zDoRHbbmADPhUrot&datasetId=S2_L2A_CDAS&fromTime=2020-11-11T00%3A00%3A00.000Z&toTime=2020-11-11T23%3A59%3A59.999Z&layerId=2_FALSE_COLOR&demSource3D=%22MAPZEN%22&cloudCoverage=14&dateMode=SINGLE
https://browser.dataspace.copernicus.eu/?zoom=13&lat=13.93582&lng=-83.49128&themeId=DEFAULT-THEME&visualizationUrl=U2FsdGVkX193y2BlM8BNmXBlulfD2M1LQXrinbVZ47GcWb0Bc6v4ueV6UZCLQ3jlz8oP%2FndX94dt6ydo0Plp2TyCfO%2F89N9BEIA0CuW%2FFtiTgOGdxarpPsWJszlErsW4&datasetId=S2_L2A_CDAS&fromTime=2020-01-26T00%3A00%3A00.000Z&toTime=2020-01-26T23%3A59%3A59.999Z&layerId=3_NDVI&demSource3D=%22MAPZEN%22&cloudCoverage=14&dateMode=SINGLE
https://browser.dataspace.copernicus.eu/?zoom=13&lat=13.93582&lng=-83.49128&themeId=DEFAULT-THEME&visualizationUrl=U2FsdGVkX190YrfCBWxJ2EaqLrHv7JVxY93FFMVut2PbbWP8VSdCB0lvAMqneIhfm54TSiv13lxYnkgaA05DVfzSubcd0lCGc7Q%2FWp1aRHNojybZ4cjIbkk7%2F7q2CKDv&datasetId=S2_L2A_CDAS&fromTime=2020-11-11T00%3A00%3A00.000Z&toTime=2020-11-11T23%3A59%3A59.999Z&layerId=3_NDVI&demSource3D=%22MAPZEN%22&cloudCoverage=14&dateMode=SINGLE
https://www.nhc.noaa.gov/archive/2020/DELTA_graphics.php
https://www.nhc.noaa.gov/archive/2020/ZETA_graphics.php
https://www.globalintertidalchange.org/data-viewer/tidal-wetland-change
https://bit.ly/3TmcKjy
https://earth.google.com/web/search/0.9804074159179209,+-79.63531402683208/@0.98017001,-79.6416248,5.35232154a,19723.40723892d,35y,0h,0t,0r/data=CjsiJgokCVOxPWbzFCxAEZeDRRFXvStAGUK50Jt92FTAIbjCopCQ41TAOg0IAREAAAAAAADwPyABQgIIAToDCgEwQgIIAEoNCP___________wEQAA?authuser=0
https://worldview.earthdata.nasa.gov/?v=-79.86664285395675,0.8865894665654516,-79.44365329763274,1.1022663448606114&l=Reference_Labels_15m(hidden),Reference_Features_15m(hidden),Coastlines_15m,HLS_L30_Nadir_BRDF_Adjusted_Reflectance,Landsat_WELD_CorrectedReflectance_Bands743_Global_Monthly,VIIRS_NOAA20_CorrectedReflectance_TrueColor(hidden),VIIRS_SNPP_CorrectedReflectance_TrueColor(hidden),MODIS_Aqua_CorrectedReflectance_TrueColor(hidden),MODIS_Terra_CorrectedReflectance_TrueColor(hidden)&lg=false&l1=Reference_Labels_15m(hidden),Reference_Features_15m(hidden),Coastlines_15m,HLS_L30_Nadir_BRDF_Adjusted_Reflectance,Landsat_WELD_CorrectedReflectance_TrueColor_Global_Annual,VIIRS_NOAA20_CorrectedReflectance_TrueColor(hidden),VIIRS_SNPP_CorrectedReflectance_TrueColor(hidden),MODIS_Aqua_CorrectedReflectance_TrueColor(hidden),MODIS_Terra_CorrectedReflectance_TrueColor(hidden)&lg1=false&ca=true&cv=63&t=2022-02-21-T02%3A24%3A56Z&t1=2000-03-03-T02%3A24%3A56Z
https://browser.dataspace.copernicus.eu/?zoom=14&lat=0.97991&lng=-79.63098&themeId=DEFAULT-THEME&visualizationUrl=U2FsdGVkX1%2B5lZ5cMvFwzEK4vRUdQ2awCtALWjnjP7qJ%2FB3aLn1WWVoZYeanaVLv8tlzFCK3SKywGEGCJE%2BAY4j4KTWlnGZyB2nrz0SSEk4qJs9uEtgmbc0hld8EKRA3&datasetId=S2_L2A_CDAS&fromTime=2020-01-10T00%3A00%3A00.000Z&toTime=2020-01-10T23%3A59%3A59.999Z&layerId=2_FALSE_COLOR&demSource3D=%22MAPZEN%22&cloudCoverage=14&dateMode=SINGLE
https://browser.dataspace.copernicus.eu/?zoom=14&lat=0.97991&lng=-79.63098&themeId=DEFAULT-THEME&visualizationUrl=U2FsdGVkX18NVcELjsokVeWzKUAVNKJe2im2iLO%2FeDHxLMIWiInFo6OMC2knL8zLT%2FCGQvbsAKmUIgaGUsO7PVaC9SSUsJvkMyBy9aVtoSQaTkLnRLl4fb%2BR2Dh2LYOS&datasetId=S2_L2A_CDAS&fromTime=2020-04-19T00%3A00%3A00.000Z&toTime=2020-04-19T23%3A59%3A59.999Z&layerId=2_FALSE_COLOR&demSource3D=%22MAPZEN%22&cloudCoverage=14&dateMode=SINGLE
https://www.globalintertidalchange.org/data-viewer/tidal-wetland-change
https://bit.ly/3T42Xz2
https://earth.google.com/web/search/Golfo+de+Nicoya,+Costa+Rica/@10.044644,-84.99484955,15.85688002a,104705.12328984d,35y,0h,0t,0r/data=CjsiJgokCZychC-jjDRAEdzxKvfQQjfAGSoPQPQqYznAIXjg5JEYYGDAOg0IAREAAAAAAADwPyABQgIIAToDCgEwQgIIAEoNCP___________wEQAA?authuser=0
https://worldview.earthdata.nasa.gov/?v=-86.08594827778434,9.703189877041561,-84.44331596577463,10.540746747995657&l=Reference_Labels_15m(hidden),Reference_Features_15m(hidden),Coastlines_15m,HLS_L30_Nadir_BRDF_Adjusted_Reflectance,Landsat_WELD_CorrectedReflectance_Bands743_Global_Monthly,VIIRS_NOAA20_CorrectedReflectance_TrueColor(hidden),VIIRS_SNPP_CorrectedReflectance_TrueColor(hidden),MODIS_Aqua_CorrectedReflectance_TrueColor(hidden),MODIS_Terra_CorrectedReflectance_TrueColor(hidden)&lg=false&l1=Reference_Labels_15m(hidden),Reference_Features_15m(hidden),Coastlines_15m,HLS_L30_Nadir_BRDF_Adjusted_Reflectance,Landsat_WELD_CorrectedReflectance_Bands743_Global_Monthly,VIIRS_NOAA20_CorrectedReflectance_TrueColor(hidden),VIIRS_SNPP_CorrectedReflectance_TrueColor(hidden),MODIS_Aqua_CorrectedReflectance_TrueColor(hidden),MODIS_Terra_CorrectedReflectance_TrueColor(hidden)&lg1=false&ca=true&cv=57&s=-121.969,37.7795%2B-62.4924,-16.6133&t=2023-02-11-T16%3A00%3A00Z&t1=1986-01-19-T02%3A24%3A56Z
https://browser.dataspace.copernicus.eu/?zoom=12&lat=10.1414&lng=-85.14075&themeId=DEFAULT-THEME&visualizationUrl=U2FsdGVkX19r3%2Ba%2FLTdhxQUwOQrVQXSet6IitADqvcgK22kCKFt%2F7CWEe3EgnYbZhp2X8MNm%2FaXvt03YnF%2Bgo5mr6%2FpWIcfYp3KdnuA6kS%2BSdImPW5fB1Ycb13%2BryYOP&datasetId=S2_L2A_CDAS&fromTime=2022-03-29T00%3A00%3A00.000Z&toTime=2022-03-29T23%3A59%3A59.999Z&layerId=2_FALSE_COLOR&demSource3D=%22MAPZEN%22&cloudCoverage=14&dateMode=SINGLE
https://browser.dataspace.copernicus.eu/?zoom=12&lat=10.1414&lng=-85.14075&themeId=DEFAULT-THEME&visualizationUrl=U2FsdGVkX192wJ34UWKFHwupboSihKEGumzDisHiCpIOMhxDBwMIQYei10ooL2jgwHG3bhZAVwvO%2FqRJClfCZ4XXumxEQ0CFBFrDlNTRUvDVgTvAL%2B35ufcQTewAqfhM&datasetId=S2_L2A_CDAS&fromTime=2022-06-22T00%3A00%3A00.000Z&toTime=2022-06-22T23%3A59%3A59.999Z&layerId=2_FALSE_COLOR&demSource3D=%22MAPZEN%22&cloudCoverage=14&dateMode=SINGLE
https://www.globalintertidalchange.org/data-viewer/tidal-wetland-change
https://geocatie.maps.arcgis.com/apps/MapJournal/index.html?appid=9143db5aa3094f5ebe3eb57e4d283dcb
https://storymaps.arcgis.com/stories/3d030a312bbe4b8da3b95e7e2bf5db7e
https://www.protectedplanet.net/en
https://worldheritageoutlook.iucn.org/es
https://youtu.be/DHwlVzSYTL8
https://youtu.be/Z4jiJLaVQI0
https://data.unep-wcmc.org/datasets/4
https://www.protectedplanet.net/en
https://worldheritageoutlook.iucn.org/es
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Divide the class into student groups and assign one case study to each group. Tell
your students:

a. Look at the current satellite image on Google Map. What do you see in
that image (mangroves, cities, shrimp ponds, crops, roads, rivers, forest,
etc.)?

b. Ope)n the Google Earth sequence and note the changes in each year.
Note the changes: What happened to the mangroves, did they remain
intact, did they shrink, did they grow, were they replaced by aquaculture
(shrimp farming), agriculture, growth of cities, or coastal development of
tourism infrastructure, etc.?

c. Compare the two Landsat images (old and current). Record the observed

changes.

Compare EO Browser Sentinel images and record seasonal changes.

e. Check Global Intertidal Change to see if the mangrove site you are
analyzing has remained intact, grown or lost mangrove areas.

f. Note: for case 4 look at the Story Maps describing soil use and ecosystem
rehabilitation.

o

2. Ask your students to develop a presentation on the case study. They can make
a story with maps (using ArcGIS StoryMaps), or a presentation with slides.

3. Bring all the groups together and ask them to explain the cases they analyzed
and compare the similarities among such cases.

4. Discuss the threats to mangroves and the state of protection and conservation in
different locations. Explore the map of restoration areas and activate the different
layers such as population density, droughts, etc. Which would be the best sites
to restore? On what criteria do you base your decision?

5. If you live near mangrove areas, you can use the same tools to analyze their
condition and changes in recent years. You can also visit the site and take land
cover and tree height measurements to characterize the mangrove. Atmosphere,
pedosphere and hydrology measurements will help to understand the role of
mangroves in the ecosystem (with respect to air quality, water quality, soil type
and the biodiversity supporting the mangrove).

- Closing

Due to the relevance of this problem, it is important to develop outreach activities.
Students can elaborate a story with maps (Story Map), a video, or flyers to post on
social networks summarizing the cases they analyzed and highlighting the
importance of their conservation.

Frequently Asked Questions

Where can | find satellite images? - Worldview - EO Browser - Google Earth - Google
Map

Where do | find information on the status of mangroves? Global Mangrove Alliance -
Global Mangrove Watch - Save Our Mangroves Now!

Suggested resources for further information

As an activity extension, more variables can be analyzed by making comparisons in the
information of the different maps listed in the resources. You can also consult satellite


https://maps.oceanwealth.org/#/mangrove
https://storymaps.arcgis.com/

images from different dates and locations. Worldview and Google Earth store imagery
from the 1980s. The mappings listed in the resources gather information on mangroves.

Other Resources:

Global Mangrove Alliance https://www.mangrovealliance.org
Mangrove Science https://mangrovescience.org
Protected Planet (Map of protected areas on the planet)
https://www.protectedplanet.net/en
World Natural Heritage https://worldheritageoutlook.iucn.org/es
Save Our Mangroves Now! (Mangrove restoration projects and educational
resources) https://www.mangrovealliance.org/save-our-mangroves-now

e UNESCO - International Day for the Conservation of the Mangrove Ecosystem.
July 26. https://www.unesco.org/es/days/mangrove-ecosystem-conservation

Tutorials of: Worldview, Copernicus Browser, Story Map

Mangrove mapping

1. Mangrove Distribution. Global Distribution of Mangroves https://data.unep-
wcmec.org/datasets/4

2. Mangrove height and biomass. Global Mangrove Height & Biomass Explorer.
Earth Engine Apps https://bit.ly/3yATbMFE (Select layers from menu)

3. Global Mangrove Loss Drivers. Global Mangrove Loss Drivers.
https://bit.ly/3yGSykm (Some cases. Select layers from menu)

4. Mangrove dataset. Mangrove Dataset Selector https://bit.ly/3D8jVal (Select
layers from menu)

5. Comparison of Mangrove Extent. Comparison of Mangrove Extent.
https://bit.ly/3MzN9S1 (Select layers from menu)

6. Global Mangrove Watch. Global Mangrove Watch (1996 - 2020).
https://data.unep-wcmc.org/datasets/45

7. Global Mangrove Watch (Mangrove information and maps of the world's
mangroves) https://bit.ly/3CUD5jw (Select from the menu below)

8. Map of mangrove restoration projects. Mangrove  Restoration
https://maps.oceanwealth.org/#/mangrove

9. Map of mangrove restoration, adaptation, livelihood, research, policy, climate

projects. Global Mangrove Alliance - Initiatives
https://www.mangrovealliance.org/initiatives
10. Global Intertidal Change - Global Intertidal Change

https://www.globalintertidalchange.org

Videos

UNDP PANAMA (2018) Protection of Mangroves. Youtube:
https://youtu.be/Z4jiJLaVQI0



https://www.mangrovealliance.org/
https://mangrovescience.org/
https://www.protectedplanet.net/en
https://worldheritageoutlook.iucn.org/es
https://www.mangrovealliance.org/save-our-mangroves-now
https://www.unesco.org/es/days/mangrove-ecosystem-conservation
https://youtu.be/gYO97uCH3bQ
https://www.youtube.com/watch?v=axr1jI12M8Q
https://storymaps-classic.arcgis.com/es/app-list/map-tour/tutorial/
https://data.unep-wcmc.org/datasets/4
https://bit.ly/3yATbMF
https://bit.ly/3yGSykm
https://bit.ly/3D8jVa1
https://bit.ly/3MzN9S1
https://data.unep-wcmc.org/datasets/45
https://bit.ly/3CUD5jw
https://maps.oceanwealth.org/#/mangrove
https://www.mangrovealliance.org/initiatives
https://www.globalintertidalchange.org/
https://youtu.be/Z4jiJLaVQI0
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UNESCO (2019) International Day for the Conservation of the Mangrove Ecosystem.
Youtube: https://youtu.be/DHwWIVZSYTLS
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