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Recommended Course of Action:  
 

This GIS project was designed to provide a multi-ƳŜǘƘƻŘ ŀǇǇǊƻŀŎƘ ƻŦ ǿƻǊƪŦƭƻǿǎ ǘƻ ǎǳƛǘ ǘƘŜ ǳǎŜǊΩǎ 

needs in evaluating mangrove forest restoration sites around the world. The provided workflows for 

analysis allow the user to compare in both space and time the change in forest cover by building a 

Normalized Difference Vegetation Index (NDVI). Multiple year analysis at a selected study site, or 

focal scale, can be compared and calculated by a difference calculation, to represent the gains or 

losses of the vegetation health or cover. In addition, the workflows provided take into account 

budgetary restrictions, imagery suggestions for analysis, and imagery consultants, in order to further 

the mission of the Mangrove Action Project (MAP). Please note -- this is a small step in the overall 

process of mangrove forest restoration site analysis, but a critical one. This analysis allows the user to 

examine the NDVI data and assess large areas of vegetation for determination of further needed 

study for a given area.  
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Introduction:  
 

Mangrove forests grow in the tropics and subtropics in loose wet soil. Mangrove forests are greatly dependent 

and influenced by the hydrology of fresh and saltwater. Mangroves are known as halophytes (salt tolerant), 

and grow in brackish to saline marine estuaries and marine shorelines. Mangrove forests globally are the most 

productive ecosystems and provide economical, social, and ecological benefits (Aheto et al, 2011). They 

protect coastal shorelines from storm surges and tidal waves, act as water quality filters for pollutants, provide 

habitat for aquatic species, build and support marine food-chains, and provide protection for many aquatic 

species. In terms of climate change, mangrove forests are gaining more recognition for their part in carbon 

sequestration, and greenhouse gas reduction. Working to restore natural processes is recognized as an 

efficient method for carbon sinks (Trumper et al, 2009). 

 

According to a journal publication authored by Research Physical Scientist at U.S. Geological Survey (USGS) 

Jordan Long and others: The total mangrove area in the Philippines has decreased by almost half, from an 

estimated 500,000 ha in 1918. An estimated 50 percent of mangrove deforestation can be directly attributed 

to brackish-water pond development for aquaculture seafood farms (Long, et al., 2011). 

 

The Mangrove Action Project (MAP) works to restore degraded mangrove forests globally; the goal of the 

project is to suggest workflow, tools and partners that will assist MAP achieve this. An important requirement 

from MAP for this project was to identify tools that are low-cost, or free of charge, and focus on Free and 

Open Source Software (FOSS), where applicable. At present MAP relies heavily on field surveys to assess the 

health of mangrove forests and to determine the location of shrimp farms. Utilizing Landsat imagery to 

calculate and develop NDVI data, MAP can assess site conditions remotely, and determine critical locations 

where field surveys need to be completed to thoroughly assess conditions on the ground. Landsat imagery is 

updated on a daily basis, is available free of charge, and can be used in conjunction with ArcGIS (which offers a 

free tier to nonprofit organizations), QGIS, or other GIS platforms. 

 

MAP was founded in 1992 as a global network to save the mangroves. Since 2005, the Mangrove Action 

Project (MAP) has been working with coastal communities in the Asia region to implement a Community-

based Ecological Mangrove Restoration (CBEMR); helping them to facilitate natural regeneration of their 

mangroves.  

 

Community Based Ecological Mangrove Restoration (CBEMR) is a mangrove restoration methodology that is 

grounded in the basic principle that restoring mangroves requires that the natural ecological processes that 

once supported the healthy mangrove need to be restored first and foremost. CBEMR thus places a strong 

emphasis on correcting hydrological problems and dealing with natural or man-made stressors in order to 
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facilitate natural mangrove regeneration. It reaches far beyond mere hand-planting of seedlings, as is typical 

of mangrove restoration projects, and increases the effectiveness of restoration of degraded mangrove forests 

by embracing and understanding the mangrove ecosystem as a whole (Enright, 2015). 

 

MAP has 15 CBEMR demonstration sites in 4 provinces in Thailand with the first site completed in 2009. MAP 

has given CBEMR trainings in Cambodia, El Salvador, Honduras, India, Indonesia, Malaysia, Myanmar, Sri Lanka 

and Thailand. MAP intends to revisit some of these CBEMR sites as well as other restoration sites to assess the 

success of their implementation; the organization is looking for GIS solutions to accomplish the analysis. MAP 

provided site locations which detail the Philippine's National Greening Project and requested a workflow that 

allows them to analyze the existing data with high resolution satellite photography and researched restoration 

site data.  

 

Primarily, our team will create temporal scale analyses of forest development using satellite imagery in the 

Philippines, where limited field data is available. MAP will also be given suggestions of available practices that 

can help them to reach their ultimate goal. 
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Study Area  

For this GIS project, the Province of Masbate, Philippines, was chosen. While examining preliminary ancillary 

data, it was discovered that Masbate has many shrimp farms on its coastline, dense forests, as well as built-up 

areas. The centrally located islands of the province have a population of 892,393 people, according to the 

2015 census (Philippine Statistics Authority).  

The general topography of the province is generally rugged, ranging from hills to mountains. The economy of 

Masbate is predominantly agriculture. Recent statistics shows that agriculture and fishery sectors continued to 

be the primary sources of income and employment of the people. The agricultural land comprises 93% of the 

total land area of the province (Philippines Guide, 2016). 

 

 

Figure 1 
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Social, Economical, and Environmental Systems Table:  

 

Spatial & Temporal 
Scale 

Environment Economic Social 

Above Focal Scale 

(+1) 

Mangroves 
Worldwide 

Mangroves provide 
habitat for fish and 
other aquatics, protect 
the inland ecosystems, 
and prevent erosion of 
shorelines. 
 
Mangroves preserve 
water quality, reducing 
pollution by filtering 
suspended material and 
by assimilating dissolved 
nutrients. 

Shrimp ponds are being 
built in mangrove habitat 
across the world as food 
demand increases. 
 
Mangrove forests protect 
property. 
Shrimp ponds provide 
income. 

Mangroves are the first 
defense from climate change, 
tropical storms, tsunamis and 
other weather phenomena. 
 
Mangroves provide food, 
building supplies and other 
necessities for coastal 
communities. 
 

Focal Scale 

(0) 

The Philippines 

Buffering  capacity 
against storms and 
ƅooding. Mangroves can 
hold back the sea waves 
and reduce wave forces 
with their extensive and 
dense above-ground 
roots by an estimated 
70ς90% on average.  
(Gavino-Gumba, 2010)   

Subsistence fishing is 
essential for coastal 
communities living near 
mangrove forests. Of the 
one million Filipinos 
involved in fishing, 
800,000 are involved in 
small-scale operations. 

Coastal areas are becoming 
more populated as 
population grows. 
 
Large port developments 
have displaced many fishing 
communities 

Embedded Scale 

(-1) 

The Island of 
Masbate 

Shrimp ponds threaten 
water quality. Shrimp 
farms threaten healthy 
mangrove in Masbate 
simply by removing 
these forests. 

Masbate is one of the 
poorest provinces in the 
Philippines with a poverty 
rate of 51%. Foreign 
corporations have created 
export-oriented trade 
patterns that have caused 
small-scale fishing 
operations to become 
more marginalized. (Blitz, 
1987) 

Mangrove restoration will 
increase access to clean 
drinking water and reduce 
vulnerability to storm events 
(46.37% of Masbate 
ƘƻǳǎŜƘƻƭŘǎ ŘƛŘƴΩǘ ƘŀǾŜ 
access in 2005 and 52.86% of 
households live in makeshift 
housing) (Gavino-Gumba, 
2010). 
 

 

Figure 2 
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Design & Methods:  
 

 
 

The provided workflows for analysis allow the user to compare in both space and time the change in forest 

cover by building a Normalized Difference Vegetation Index (NDVI). Multiple year analysis at a selected study 

site(s), or focal scale(s), can be compared and calculated by a difference calculation, to represent the gains or 

losses of the vegetation health or cover. 

 

A Normalized Difference Vegetation Index (NDVI) is a metric where vegetation is measured by taking the 

difference of the Near Infrared subtracting the Visible Red Light Spectrum from the Near Infrared adding to 

the Red Light Spectrum (Carlson, et.al., 1997).  

 
Figure 3 
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All plants absorb visible light to be used in Photosynthesis within the chlorophyll of the cell. A healthier plant 

will emit more green visible light, whereas an unhealthy plant will emit more blue and red visible light 

(Gandhi, et.al. 2015). By using this simple ratio we can develop a range of values to assess and monitor 

vegetation change for a given area.  

Please note -- the calculations for the NDVI in this project were developed by using 30 meter Landsat, and 

MODIS satellite imagery. Having access to higher resolution satellite imagery would produce a more accurate 

NDVI. However, the user is still able to identify changes in vegetation at 30 meters (Carlson, et.al., 1997). MAP 

requested ǘƘŀǘ ǿŜ ǳǎŜ ŦǊŜŜ Řŀǘŀ ǎƻǳǊŎŜǎΤ ƘƛƎƘŜǊ ǊŜǎƻƭǳǘƛƻƴ ƛƳŀƎŜǊȅ ƛǎ ŀǾŀƛƭŀōƭŜΣ ōǳǘ ŀǘ Ŏƻǎǘ ƻǳǘǎƛŘŜ ƻŦ a!tΩǎ 

resources. 

 

Workflow and Methodology to Assess Restoration Sites:  

 

1. Define the Study Area for mangrove forest examination .  
This project focuses on the Masbate Province of the Philippines; the province was chosen due to human 

impacts on the mangroves, the presence of urban areas and an abundance of shrimp farms.

 

Figure 4 
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2. Once a study area has been chosen, find GIS data layers to support the analys is for mangrove 

forest Restoration Sites.  

9ȄƛǎǘƛƴƎ [ŀƴŘŎƻǾŜǊΣ 59aΩǎΣ {ƭƻǇŜΣ {ƻƛƭǎΣ IȅŘǊƻƭƻƎȅΣ ¢ƛŘŀƭ 5ŀǘŀΣ ¢ǊŜŜ /ƻǾŜǊΣ IƛǎǘƻǊƛŎŀƭ [ŀƴŘǳǎŜ 5ŀǘŀΣ 

Aquaculture, Survey Points ς Restoration, health, roads, etc.   

 
 

Figure 5 
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3. Find Landsat or MODIS satellite Imagery for the Study Area.   

Below we outline the process for searching for and acquiring satellite imagery:  

 

 
Figure 6 

 

4. Populate a Geodatabase ɀ ArcMap, ArcCatalog, QGIS, etc.  

Using your GIS software of choice open up its catalog feature to add the data layers acquired for ancillary and 

satellite imagery, and tools for analysis.  

 

 

 

 
 

Figure 7 

https://docs.google.com/document/d/1KojX0SCHh_WVd6UaebhGdNLbmHqz2DpvamT9Cr6JCOE/edit#bookmark=id.hcjk8l9bjlpk
https://docs.google.com/document/d/1KojX0SCHh_WVd6UaebhGdNLbmHqz2DpvamT9Cr6JCOE/edit#bookmark=id.im1ynadw04nv





































































































