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7.4

Extent of mangroves and drivers of change

SuMMary
Mangroves are highly productive tropical coastal systems consisting mainly of trees and shrubs that are adapted
to marine and estuarine conditions. Mangroves are widespread – they are found in 123 countries – but relatively
rare, making up less than 1 per cent of all tropical forests. Located at the interface of land and sea, mangroves
are interconnected with adjacent seagrass beds, coral reefs, and intertidal mud and sand flats. Ecosystem services
provided by mangroves include filtration of pollutants from coastal waters and reduction of risk of damage from
storms, floods, and erosion. They are important fish nurseries and enhance fisheries for surrounding areas.
Mangroves are experiencing extensive loss and degradation from pressures that include deforestation, land clearing,
and sea-level rise.
The first global baseline of mangrove extent in LMEs and the Western Pacific Warm Pool was derived from the
US Geological Survey’s Global Distribution of Mangroves data set. Analysis of mangrove distribution shows that,
for the 33 LMEs with mangroves, the average proportion of the LME covered by mangroves is only 0.25 per cent.
The North Brazil Shelf LME has the highest proportion of mangrove cover (still less than 1 per cent), while the Bay
of Bengal LME has the largest area of mangroves (more than 19 000 km2). Limitations of the results are related to
insufficient ground-truthing in some areas and the absence of time-series data across all LMEs. This baseline data set
was augmented with results from an online survey of mangrove experts. This used an iterative process to document
expert knowledge about drivers of change for mangroves and how these drivers vary from region to region. The
process provided information on the relative importance of specific key drivers of mangrove loss in different regions
and the likely increases in their impacts in the future.
The level of confidence in the results in this chapter is assessed as medium.

Key Messages
1.

2.

3.

About 20 per cent of total global mangrove area was lost between 1980 and 2005 due to human
activities including coastal development, aquaculture expansion, and timber extraction. The impact
of coastal development has widespread, and increasing, importance. The impact of climate change on
mangroves is largely unknown, but is projected to increase.
Mangrove habitat continues to decline at an estimated 1 per cent per year; actual rates and key drivers
of loss vary between regions. Overexploitation for timber, fuel wood, and charcoal is the main driver of
mangrove loss, in particular in Africa and South and Southeast Asia, although the future impacts of this
driver are largely unknown.
Due to the high rates of mangrove deforestation in many areas, current calculations probably
overestimate the extent of mangrove cover. Future mangrove assessments in LMEs can be improved
by using more recent data on mangrove coverage as a baseline and by more frequent ground-truthing,
which will also allow change in coverage to be estimated. Assessments of the impacts of key drivers of
mangrove loss would benefit from the incorporation of surveys from a greater number of experts and
at the LME scale.

7.4.1 Introduction
Mangroves are found in 123 tropical and sub-tropical nations and territories. They have limited latitudinal distribution,
and their area accounts for less than 1 per cent of all tropical forests worldwide (van Lavieren et al. 2012; Spalding et
al. 2010a; FAO 2006). Despite this, mangroves provide important habitats for a variety of terrestrial, estuarine, and
marine species. Ecosystem services from the tidal marsh/mangrove biome have an estimated annual value of $US25
trillion (Costanza et al. 2014). They include enhancing fisheries (Hutchinson et al. 2014), for example by providing
important fish nurseries, and filtering pollutants and contaminants from coastal waters. Mangroves also contribute
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to coastal protection, reducing the risk of damage from storms, floods, and erosion (McIvor et al. 2012a and 2012b;
Murray et al. 2011), and are estimated to be worth $US33 000 to $US57 000 per hectare per year to the national
economies of developing countries with mangroves (UNEP 2014). Together with seagrass meadows and salt marshes,
mangroves are recognized as one of the key ‘blue carbon’ habitats. Blue carbon describes the carbon captured by
living marine organisms and stored in coastal and ocean ecosystems. Mangroves are the most carbon-rich forests in
the tropics, able to sequester 6 to 8 tonnes of carbon dioxide equivalent per hectare per year. This rate is two to four
times greater than global rates observed in mature tropical forests (Murray et al. 2011). Most of the carbon stored
by mangroves is in the form of below-ground biomass (Alongi 2014).
Baseline data on mangrove extent, needed for monitoring change over time for management and conservation of
mangrove habitats, have not previously been available globally for LMEs. The results presented here represent the
first assessment of mangrove extent by LME, and thus provide valuable baseline data for refining and validating
existing data. In addition, baseline data are vital for future monitoring of change, for example, following conservation
or management initiatives, or for evaluating the impacts of human and natural pressures on components of
biodiversity that provide benefits to human societies. The analyses of mangrove extent presented here are from the
Global Distribution of Mangroves dataset, compiled by the US Geological Survey (Giri et al. 2011). This data set was
chosen because it uses a globally consistent methodology; the analysis, however, could also be carried out using data
collated from national datasets and remotely sensed data (Spalding et al. 2010b).
Over the past century there has been extensive loss and degradation of mangrove habitats because of coastal
development, pollution, aquaculture, and logging for timber and fuel wood. As a result, 20 per cent of the total
area of mangroves was lost between 1980 and 2005 (Spalding et al. 2010a). Mangrove habitat continues to decline
at an estimated rate of 1 per cent per year (FAO 2003), with other estimates as high as 2 to 8 per cent per year
(Miththapala 2008). Although rates of mangrove cover loss decreased to an annual average of 0.66 per cent between
2000 and 2005 (FAO 2007), this still equals or exceeds declines in more charismatic ecosystems such as coral reefs
and tropical forests (Duke et al. 2007; Stone 2007; FAO 2003).

196

POLLUTION AND ECOSYSTEM HEALTH

Rates of mangrove degradation vary significantly between countries, often due to differences in environmental
policies, legislation, and management. For example, although total mangrove loss in many of the Asian and Pacific
regions between 1980 and 2005 is estimated as being consistent with the global rate of 20 per cent, East African
and Australian regions lost less than 10 per cent over the same period (Spalding et al. 2010a). Mangrove cover in
Sri Lanka experienced deforestation rates of only 0.1 per cent between 1975 and 2005 (Giri et al. 2007), while rates
of loss in both the Philippines and Honduras have been increasing since the 1990s because of promotion of shrimp
culture and aquaculture.
This chapter presents data on the major drivers of mangrove loss and their relative impacts in different regions, based
on Delphi-type surveys that engaged mangrove experts, conducted for a previous study (UNEP 2014). Projections
are also presented for changes in the contributions of drivers of mangrove loss, using the results obtained from the
surveys.

7.4.2 Findings and discussion
Of the 66 LMEs analysed, 33 (54 per cent) contain mangroves. Figure 7.16 shows the global mangrove distribution
and overlays this with the LME boundaries. Overall, across these 33 LMEs, mangroves cover an estimated 123 205
km2, which is about 0.25 per cent of the total area of the LMEs. These values, however, vary spatially (Figure 7.17).
The North Brazil Shelf LME has the highest coverage in terms of percentage (nearly 1 per cent, or 10 429 km2) and
the Bay of Bengal LME (which includes the Sundarbans, the largest single block of mangrove forest in the world) has
the highest coverage (0.52 per cent, or 19 151 km2). The Guinea Current LME also has a relatively high mangrove
coverage, at nearly 0.8 per cent (16 000 km2), while only 0.003 per cent (410 km2) of the Western Pacific Warm Pool,
whose area is almost 3.5 times greater than any of the LMEs, is covered by mangroves.

Figure 7.16 Mangrove areas within LMEs.2IWKH/0(VDQDO\VHG SHUFHQW FRQWDLQPDQJURYHVFRYHULQJDQHVWLPDWHG
NPZKLFKLVDERXWSHUFHQWRIWKHWRWDODUHDRIWKH/0(V
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Figure 7.17 Mangrove extent within each LME, and the WPWP, expressed as a) per cent cover and b) area. 7KH1RUWK%UD]LO6KHOI
/0(KDVWKHKLJKHVWFRYHUDJHLQWHUPVRISHUFHQWDJHDQGWKH%D\RI%HQJDO/0( ZKLFKLQFOXGHVWKH6XQGDUEDQVWKHODUJHVW
VLQJOH EORFN RI PDQJURYH IRUHVW LQ WKH ZRUOG  KDV WKH KLJKHVW FRYHUDJH LQ WHUPV RI DUHD 7KH *XLQHD &XUUHQW /0( DOVR KDV D
UHODWLYHO\KLJKPDQJURYHFRYHUDJH
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LMEs with mangroves

The relative importance of drivers of mangrove loss by region, and the projected changes in their impact, are presented
in Table 7.9. This assessment of drivers is based on results from the survey by mangrove experts. Overexploitation for
timber, fuel wood, and charcoal was assessed as having the greatest impact on mangrove loss across four regions,
although the future impacts of this driver are largely unknown. But the most widespread driver of mangrove loss is
coastal development, and its impact is projected to increase in almost all regions. Although the impacts of climate
change are relatively unknown, they are also projected to increase. This assessment also shows that the relative
impact of different drivers of mangrove loss is highest, and increasing, in Southeast Asia, while most drivers have
relatively lower importance in Australasia.

7.4.3 Methodology
An assessment of the relative importance of various drivers of mangrove loss and their projected rate of change
for different regions was conducted in a previous study using a Delphi-type survey (UNEP 2014). The online survey
presented the relative impact of key drivers of regional change in mangroves as a matrix. Experts were asked to rate
the importance of each driver of change in each region, relative to other regions, as one of six categories on a scale
from ‘high’ through ‘medium’ to ‘low’, with the added option of ‘unknown’.
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Table 7.9 Relative importance of drivers of mangrove loss and their projected changes, by region

Drivers of change
Agri/aquaculture conversion
( sh and shrimp ponds, rice farming, and biofuel plantation)

?

Coastal development
(urban and residential, tourism, industrial, and port)

?

?

?

Overexploitation
(timber, fuel ood, and charcoal)

?

?

?

?

Pollution and indirect disturbance
(oil pollution and spills, sedimentation, and ater o and
salinity changes)

?

?

?

?

Climate change
(storm intensity and sea level rise)

Relative importance of driver

Predicted future direction of change driver
ncreasing impact

Lo
Lo to medium

Continuing impact

edium
igh to medium
igh
No ma ority agreement
Source: UNEP 2014

ecreasing impact
No ma ority agreement

?

nkno n

nkno n

Experts were then asked whether each driver of change is expected to increase, decrease or continue at the same
impact level. Following a first round of surveys among ten mangrove experts, responses were collated and recirculated to the expert panel for a second and third round, with an invitation to review responses and re-submit the
survey with comments. Where no consensus was reached for a particular category, a range was provided within the
matrix. Experts remained anonymous throughout.
The extent of mangroves within LMEs is based on the most recent Global Distribution of Mangroves dataset,
compiled by the US Geological Survey (Giri et al. 2011). The dataset has a resolution of 30 m and can be downloaded
from the Ocean Data Viewer (http://data.unep-wcmc.org/). It was created using classification techniques based on
approximately 1 000 remotely-sensed Landsat images covering 1997 to 2000. Classification results were then validated
using existing geographical datasets and published information. The dataset contains more than 1 400 000 polygons
of mangrove presence and represents the best available dataset for mangroves. In spite of the consistent approach,
however, some errors were identified. These were corrected as follows: LME boundary polygons (downloaded from
NOAA 2013) were overlaid with the USGS mangrove dataset to derive statistics on mangrove area within the LMEs
for which mangroves were found to be present.
In calculating mangrove coverage, we noted that mangroves inland and adjacent to LMEs were not included in the
analysis following the application of the NOAA LME shapefile, which excluded areas beyond LMEs. These adjacent
mangroves were therefore re-included within this assessment, as highlighted in Figure 7.18. The global mangrove
dataset was further updated by removing duplicate features, and areas were re-calculated using the Global Mollweide
equal-area projection. This revised dataset was used for further analysis.
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Figure 7.18 LME regions extended to incorporate inland mangrove areas into the analysis

7.4.4. Limitations
The assessment of relative impacts of key drivers of mangrove loss would benefit from the incorporation of surveys
from a larger number of experts to increase confidence in the results and overcome the lack of consensus in particular
areas and concerning particular drivers. This is particularly the case for West and Central Africa and the Middle East,
regions for which a consensus was frequently not reached. A further limitation is the fact that the Delphi-type survey
was conducted at a country, rather than an LME scale.
Mangroves were incorrectly located in some areas (particularly New Zealand); checking and manual relocation
is therefore required. For example, trees along main streets may have been recorded as mangroves, suggesting
insufficient ground-truthing of the dataset in certain areas. Interpreting Landsat imagery also has a number of
challenges. For example, it was not possible to identify small patches of mangrove cover, and there were problems
stemming from the noise associated with satellite imagery (such as cloud cover). Efforts should therefore be made
to refine and validate the data.
Another limitation is that calculations rely on Landsat imagery covering 1970 to 2000. Because of the high rates of
mangrove deforestation in many areas, calculations are likely to be overestimates of current mangrove cover. The
accuracy of this indicator would therefore be improved by acquiring a more recent baseline mangrove layer, together
with frequent updating with monitoring data. The incorporation of updated data would allow estimates of change in
coverage, and thus provide information relevant to the risk of mangrove loss.
Based on the above points, we put the confidence surrounding this chapter at medium, since it is based on the best
available data, but is limited by a small number of methodological and technical aspects, specifically the lack of
sufficient ground-truthing and the age of the baseline data.
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