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Abstract: Mangrove forests serve as an ecosystem stabilizer since they play an important role in 
providing habitats for many terrestrial and aquatic species along with a huge capability of carbon 
sequestration and absorbing greenhouse gases. The process of conversion of carbon dioxide into 
biomass is very rapid in mangrove forests. Mangroves play a crucial role in protecting the human 
settlement and arresting shoreline erosion by reducing wave height to a great extent, as they form 
a natural barricade against high sea tides and windstorms. In most cases, human settlement in the 
vicinity of mangrove forests has affected the eco-system of the forest and placed them under 
environmental pressure. Since, a continuous mapping, monitoring, and preservation of coastal 
mangroves may help in climate resilience, a mangrove land cover extraction method using remotely 
sensed L-band full-pol UAVSAR data (acquired on 25 February 2016) based on Entropy (H) and 
Anisotropy (A) concepts has therefore been proposed in this study. The k-Mean clustering has been 
applied to the subsetted (1-Entropy) * (Anisotropy) image generated by PolSARpro_v5.0 software’s 
H/A/Alpha Decomposition. The mangrove land cover of the study area was extracted to be 116.07 
Km2 using k-Mean clustering and validated with the mangrove land cover area provided by Global 
Mangrove Watch (GMW) data. 
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1. Introduction 

Tropical forests are of great importance in terms of balancing the eco-system by storing carbon 
content in the form of bio-mass, thereby regulating water and climate change. Mangrove forests serve 
as an ecosystem stabilizer, since they play an important role in providing habitats for many terrestrial 
and aquatic species, along with a huge capability of carbon sequestration and absorbing greenhouse 
gases [1,2]. The process of conversion of carbon dioxide into biomass is very rapid in mangrove 
forests [3]. Mangroves play a crucial role in protecting the human settlement and arresting shoreline 
erosion by reducing wave height to a great extent, as they form a natural barricade against high sea 
tides and windstorms [4]. In most cases, human settlement in the vicinity of mangrove forests has 
affected the eco-system of the forest and placed them under environmental pressure [5]. Because of 
the need for continuous mapping, monitoring, and preservation of the coastal mangroves, several 
mapping and bio-mass estimation remote sensing techniques such as polarimetric synthetic aperture 
radar (SAR) interferometry (Pol-InSAR), tomographic SAR (TomoSAR), Lidar full waveforms, and 
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small-footprint Lidar (SFL) have been tried along with the help of manual ground survey data. 
Distribution of mangrove types, the extent of the mangrove land cover, and the rate and cause of 
mangrove land cover change are some milestones to know more about the ecology of the forest and 
to execute the better plan for the preservation and promotion of the mangroves [6,7]. 

Space-borne or air-borne side-looking SAR offers remotely-sensed high-resolution imagery data 
by utilizing the flight path of the moving platform established on a satellite or aircraft. SAR has been 
used as a powerful tool in various applications such as Climate Change, Environmental hazards, 
Resource Management, Sustainable Development, and Disaster monitoring/management. The 3-D 
information of the illuminated ground target can also be recovered from the SAR data collected over 
a 2-D aperture radar. SAR is one of the leading advanced imaging systems [8], which is used for 
mankind in the field of air-borne and space-borne remote sensing. Quad-polarimetric SAR data 
provides better information than the single band SAR data about the scattering behavior of the 
targets, since it contains datasets from four different polarization bands namely VV, VH (V: vertical, 
H: horizontal), HH, and HV. The effective discrimination of the ground targets can be done on the 
basis of their scattering mechanism with the help of coherent and incoherent polarimetric 
decomposition algorithms. Military (e.g., target recognition/classification, ship detection) [9,10], 
forestry (e.g., tree height estimation, forest monitoring, and classification) [11,12], agriculture (e.g., 
soil moisture extraction and crop classification,) [13], topographic applications (DEM generation and 
validation) [14,15], and oceanography (e.g., wind field and surface currents retrieval) [16], are the 
areas where advanced SAR techniques are an important tool. 

Field surveys of the mangrove forests are difficult due to the complex structure of trees [17]. The 
presence of dangerous wildlife and the density of the mangrove forest make access to the mid-forest 
beyond the directly connected waterways difficult. Researchers are more focused on using remote 
sensing techniques for the mapping and monitoring of mangrove forests. A mangrove land cover 
extraction method using remotely sensed L-band full-pol UAVSAR data (acquired on 25 February 
2016) based on entropy (H) and anisotropy (A) concepts has been proposed in this study. 

2. Study Area and Data Sources 

The study area shown in Figure 1 is a part of the legally conserved coastal forest in Komo-
Mondah Department, northwest Gabon. The Mondah mangrove forest comprises of a rich ecosystem 
in the form of complex structures of trees and a wide variety of wildlife. This forest plays an important 
role in stabilizing the climate and is of great interest for inclusion in climate change policies. The 
forest is under huge environmental pressure due to the proximity of Libreville city. Urban expansion 
is a growing threat to the integrity of formerly forest protected areas and is resulting in their 
downgrading, downsizing, or degazetting [18]. 
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Figure 1. The geographical location of the study area shown with Pauli decomposed RGB UAVSAR 
data. 

The quad-pol georeferenced UAVSAR image acquired over Mondah, Gabon, Africa under the 
“AfriSAR” mission has been used for the extraction of mangrove land cover area. The data 
specification is given in Table 1. Collection of field measurements and radar data of the mangrove 
forests in Gabon, West Africa was done through the AfriSAR airborne campaign. The mission was a 
collaborated effort by NASA, the European Space Agency (ESA), and the Gabonese Space Agency. 
The mangrove shapefile data provided by GMW is used for the accuracy assessment of the extracted 
mangrove land cover. The GMW was initiated by Japan Aerospace Exploration Agency (JAXA) 
Kyoto & Carbon (K & C) with the aim to generate reliable 25 m spatial resolution maps. Mangrove 
land cover mapping (under GMW campaign) is done using Japanese L-band SAR data due to its 
global reach and better performance for mapping mangrove forests because of its larger wavelength 
[19]. 

Table 1. Properties of datasets used for the study. 

Data Properties Specification 
Dataset Acquisition Date 6 March 2016 

Look Direction Left 
Polarization Quad Pol (HH, HV, VH, VV) 

Band L 
Data Type Ground-Range 

Data Dimension 6952 × 4172 

3. Methodology 

The extraction of mangrove land cover for the study area has been achieved by performing k-
Mean clustering on H\A\Alpha decomposed SAR image. A combination of Entropy (H) and 
Anisotropy (A), “(1 –  H)  ∗  A” is used for the mangrove cover extraction. Several other combinations 
of Entropy and Anisotropy such as “(1 –  H)  ∗  (1 –  A)”, “H ∗  (1 –  A)” were also analyzed to search 
for a better option of mangrove land cover extraction, but the study of mangrove land cover 
extraction using “(1 –  H)  ∗  A” image is included in this manuscript. 

3.1. The H/A/Alpha Method 

For a quad pol SAR system, the received RADAR signal is encoded in the form of a 2 × 2 
scattering matrix (S) as shown in Equation (1). 
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𝑆 = ൤𝑆ுு 𝑆ு௏𝑆௏ு 𝑆௏௏ ൨ (1) 

The coherency matrix [T3] (shown in Equation (2)) derived from the scattering matrix is the first 
usable product for performing the incoherent and Eigenvalue/Eigenvector based decompositions for 
physical information interpretation from the SAR data. 

𝑇3 = ቎ 〈|𝑆ுு + 𝑆௏௏|ଶ〉 〈(𝑆ுு + 𝑆௏௏)(𝑆ுு − 𝑆௏௏)∗〉 2〈(𝑆ுு + 𝑆௏௏)𝑆ு௏∗〉〈(𝑆ுு − 𝑆௏௏)(𝑆ுு + 𝑆௏௏)∗〉 〈|𝑆ுு − 𝑆௏௏|ଶ〉 2〈(𝑆ுு − 𝑆௏௏)𝑆ு௏∗〉2〈𝑆ு௏(𝑆ுு + 𝑆௏௏)∗〉 2〈𝑆ு௏(𝑆ுு − 𝑆௏௏)∗〉 4〈|𝑆ு௏|ଶ〉 ቏ (2) 

H/A/Alpha polarization decomposition is based on Eigenvalue/ Eigenvector decomposition of 
the coherency matrix [20]. The diagonalization of the [T3] matrix (shown in Equation (3)) gives three 
different Eigenvalues (λ1, λ2, and λ3). 

ሾ𝑇3ሿ = ሾ𝑈ଷሿ ൥λଵ 0 00 λଶ 00 0 λଷ൩ ሾ𝑈ଷሿ∗ (3) 

where 

ሾ𝑈ଷሿ = ቎ cos αଵ cos αଶ cos αଷsin 𝛼ଵ cos 𝛽ଵ𝑒௜ఋభ sin 𝛼ଶ cos 𝛽ଶ𝑒௜ఋమ sin 𝛼ଷ cos 𝛽ଷ𝑒௜ఋయsin 𝛼ଵ cos 𝛽ଵ𝑒௜ఊభ sin 𝛼ଶ cos 𝛽ଵ𝑒௜ఊమ sin 𝛼ଷ cos 𝛽ଷ𝑒௜ఊయ ቏. (4) 

Entropy (H) is calculated using Eigenvalues as shown in Equations (5) and (6), which is a 
function representing the noise in the system due to depolarization or the probability of effective 
scattering. 

𝐻 = ෍ 𝑝௜ logଷ 𝑝௜ ଷ
௜ୀଵ  (5) 

where 0 ≤  H ≤  1 and 𝑝௜ = ஛೔∑ ஛೜య೜సభ . (6) 

Isotropically pure land surfaces represent the value of H tending to 0 and are responsible for 
effective scattering in this case. When H = 0, only one Eigenvalue of coherency matrix [T3] is non-zero 
with rank 1 (λ2 = λ3 = 0). The value of H approaching 1 represents that the random scattering is in play 
and for H = 1, all the three coherency matrix Eigenvalues are equal and non-zero. For most natural 
objects, H lies between 0 and 1 [21]. As it increases from 0 to 1, the system approaches from simple 
scattering to completely random scattering. 

Anisotropy (A) is the second significant parameter used in this study and its value is defined as 
the value related to the normalization of the second and third Eigenvalues (λ2 and λ3) of the 3 × 3 
coherency matrix [T3] [22]. A is given by 

𝐴 = 𝑝ଶ − 𝑝ଷ𝑝ଶ + 𝑝ଷ = λଶ − λଷλଶ + λଷ . (7) 

The range of A is from 0 to 1 and can be considered as the complement of H. When H > 0.7, A 
can also be viewed as a source of dissimilarity between the second and third Eigenvalues of the 
coherency matrix, and represent the comparative importance of the second and third Eigenvalues. 
When H < 0.7, both the Eigenvalues (second and third) are critically affected by noise [23]. Therefore, 
A also denotes the noise level. As H increases, the use of H alone is insufficient for the recognition of 
ground targets. Therefore, A can then contribute to the identification of the object type [24]. A may 
be used to discriminate scattering targets when A reaches a maximum. Usually, when A is higher, 
only the second scattering process contributes, while both scattering processes equally contribute 
when A is lower. Therefore, because of the invariant nature of the Eigenvalues of the U matrix, a 
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grouping of both A and H greatly helps in resolving polarization scattering problems. Different 
combinations of A and H may be used for better discrimination of different ground targets. The four 
such combinations are given as: 

𝑆 = ൞(1 − 𝐻) ∗ (1 − 𝐴)𝐻 ∗ (1 − 𝐴)𝐴 ∗ (1 − 𝐻)𝐴 ∗ 𝐻 . (8) 

In the context of this study, the combination 𝐴 ∗ (1 − 𝐻) has been used for the extraction of 
mangrove land cover. The methodology followed in the study is shown in Figure 2 of Section 3.2. 

3.2. Flow Chart and Methodology Adopted 

A mangrove land cover extraction method using the subset of remotely sensed L-band quad-pol 
UAVSAR data (acquired on 25 February 2016) based on Entropy and Anisotropy concept has 
experimented. H\A\Alpha decomposition method was applied to the subset of UAVSAR data of the 
study area. A combination of Entropy and Anisotropy “𝐴 ∗ (1 − 𝐻)” has been used for the extraction. 
A median filter has been applied on 𝐴 ∗ (1 − 𝐻) image for smoothing so that mangrove region pixels 
may get clustered together without the presence of small non-mangrove patches in between. The 
Median Filtered 𝐴 ∗ (1 − 𝐻) image’s pixels were clustered together with a total of 9 clusters defined 
in the k-Mean clustering algorithm. Cluster 0, 1, and 3 were identified as mangrove cover. Cluster 5, 
6, 7, 8, and 9 were identified as a water body. The rest of the area (forest) of the image was clustered 
with cluster values 2 and 4. 

 
Figure 2. Flow chart for methodology adopted. 

4. Results 

As shown in Figure 3 (Green color), the mangrove land cover of the study area was extracted to 
be 116.07 Km2 using Entropy and Anisotropy based k-Mean clustering and validated with the 
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contemporary shapefile data (Figure 4) of mangrove land cover area provided by GMW. According 
to GMW, the overall mangrove area of the study region is 115.67 Km2. 

 
Figure 3. k-Mean Clustering result for the extraction of mangrove land cover using Entropy and 
Anisotropy. 

 
Figure 4. k-Mean Clustering result with overlaid Global Mangrove Watch (GMW) shapefile for the 
mangrove land cover. 

Despite having overestimation in an extracted mangrove land cover area, the intersection area 
(as shown in Figure 5) between the mangrove cover area provided by GMW and the extracted 
mangrove land cover using the tested methodology was found to be 99.77 Km2 which is 86.25% of 
the total area clustered as mangrove land cover area. 

 
Figure 5. The intersection area between the mangrove cover area provided by GMW and the extracted 
mangrove land cover using the tested methodology. 
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