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Abstract

Mangrove ecosystems play a crucial role in coastal protection, biodiversity conservation, and climate regulation. Using satellite
imagery, this study examines the seasonal changes in mangrove health in Abu Dhabi over the years 2013 to 2021. Landsat 8 data
were analyzed to assess mangrove extent and condition, focusing on vegetation indices and land surface temperature to understand
their response to environmental factors. Results indicate that mangrove health fluctuates with seasonal temperature variations,
with vegetation indices ranging from 0.3 in summer to above 0.6 in winter. The highest values were recorded in December,
indicating peak health, while August exhibited the lowest, reflecting stress from extreme temperatures exceeding 40°C. A strong
negative correlation (-0.75) was observed between vegetation health and surface temperature, confirming that elevated temperatures
reduce mangrove vitality. Over the study period, mangrove cover increased by approximately 12%, highlighting the success of
conservation initiatives. This study underscores the importance of continuous monitoring for conservation planning and climate
adaptation. Satellite-based assessments provide valuable insights into mangrove ecosystem dynamics, advocating for targeted
preservation measures.

1. Introduction

Mangrove forests are essential coastal ecosystems that serve as
natural buffers against shoreline erosion, provide habitats for
diverse marine species, and contribute to carbon sequestration
(Gandhi and Jones, 2019, Nyanga, 2020, Al Shehhi and Kaya,
2021). These ecosystems also play a crucial role in stabiliz-
ing coastlines by reducing wave energy and preventing coastal
degradation, making them indispensable for protecting coastal
communities. In the United Arab Emirates (UAE), mangroves
are an integral part of the coastal landscape, particularly in Abu
Dhabi, which hosts approximately 10,834 hectares of mangrove
forests, making up a significant portion of the country’s total
mangrove cover (Amrousi et al., 2024). These ecosystems serve
as a key component of the region’s biodiversity, supporting mar-
ine food webs and providing breeding grounds for various fish
species and other aquatic organisms. The dominant species,
Avicennia marina, thrives in arid coasts, tolerating high salin-
ity and extreme temperatures, making it vital to these environ-
ments. It possesses unique physiological adaptations such as
salt-excreting leaves and aerial roots, allowing it to survive in
harsh intertidal zones (Yousif and Sen, 2020). Despite their eco-
logical importance, mangroves in Abu Dhabi face multiple en-
vironmental and anthropogenic threats, including extreme tem-
peratures, habitat degradation, and climate change (Paleologos
et al., 2019, Al Shehhi et al., 2017, Shehhi et al., 2020). The re-
gion experiences harsh climatic conditions, with summer tem-
peratures reaching up to 47oC, minimal rainfall of less than 40
mm per year, and high coastal salinity levels of 40 g/kg. These
factors collectively challenge mangrove survival and regener-
ation, making conservation efforts imperative. Additionally,
rising temperatures and shifting precipitation patterns exacer-
bate ecosystem vulnerability, affecting mangrove productivity
and potentially altering their spatial distribution over time (Al-
Shehhi et al., 2021). Further, urban expansion and coastal de-
velopment have led to habitat fragmentation, disrupting nat-
ural mangrove dynamics and reducing their overall resilience
(Alongi, 2015). The encroachment of infrastructure projects

and dredging activities further threaten their existence, lead-
ing to increased sedimentation and changes in hydrological re-
gimes that negatively impact seedling establishment and growth
(Godoy and Lacerda, 2015).

Conventional field-based assessments of mangroves are often
strenuous, costly, and logistically challenging, particularly due
to the remoteness of many mangrove-rich locations. These lim-
itations necessitate the adoption of remote sensing technolo-
gies, which provide a cost-effective, large-scale, and non-intrusi-
ve means to monitor mangrove health (Asmara et al., 2021).
Satellite imagery allows researchers to track spatial extent, as-
sess vegetation condition, and evaluate thermal stress, offer-
ing critical insights into mangrove dynamics. Moreover, re-
mote sensing techniques enable frequent and systematic ob-
servations, facilitating the assessment of long-term trends and
guiding conservation strategies (Pham et al., 2019). By incor-
porating remote sensing, a more comprehensive approach can
be developed to assess the impacts of both natural and anthropo-
genic pressures on mangrove ecosystems (Lathif and Al Shehhi,
2025).

Various spectral indices have been developed to study man-
grove health, among which the Normalized Difference Veget-
ation Index (NDVI) and the Combined Mangrove Recognition
Index (CMRI) are widely used. NDVI is an effective tool for
evaluating vegetation health, with higher values indicating healt-
hy, dense vegetation and lower values signaling stressed or de-
graded areas (Bukowiecki et al., 2020). CMRI enhances man-
grove classification by integrating multiple spectral features,
improving the ability to distinguish mangroves from other ve-
getation types (Gupta et al., 2018). Additionally, indices like
the Normalized Difference Moisture Index (NDMI) assess wa-
ter content, while the Soil Adjusted Vegetation Index (SAVI)
accounts for soil brightness variations, providing complement-
ary insights into mangrove health and distribution (Baloloy et
al., 2020, Faridah-Hanum et al., 2019). Moreover, land surface
temperature analysis helps assess the impact of thermal stress
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on mangrove ecosystems, offering insights into the relationship
between vegetation health and temperature fluctuations. The in-
tegration of these indices allows for a multi-faceted evaluation
of mangrove conditions, improving the accuracy of health as-
sessments.

This study aims to leverage remote sensing techniques to: (1)
quantify the changes in mangrove extent in Abu Dhabi between
2013 and 2021, (2) evaluate seasonal variations in mangrove
health using vegetation indices, (3) analyze temperature-induced
stress using land surface temperature data, and (4) determine
the relationship between temperature fluctuations and vegeta-
tion indices. By integrating multi-year satellite data and ad-
vanced remote sensing techniques, this research provides a com-
prehensive understanding of mangrove ecosystem dynamics, su-
pporting the development of conservation strategies to ensure
their long-term sustainability. The findings from this study will
contribute to the broader discourse on climate adaptation and
coastal ecosystem resilience, offering valuable insights for poli-
cymakers, conservationists, and environmental researchers. As
the impacts of climate change intensify, understanding the in-
teractions between mangroves, temperature variations, and con-
servation efforts will be essential in shaping effective policies
for the sustainable management of coastal ecosystems (Osland
et al., 2018, Worthington et al., 2020). Furthermore, the res-
ults can help refine remote sensing methodologies for future
environmental monitoring, ensuring that mangrove ecosystems
continue to thrive in the face of environmental challenges.

2. Methodology

2.1 Study Area

The study area lies between 24o26′08”N and 24o42′08”N and
between 54o23′17”E and 54o39′17”E (Figure 1). Mangroves
in Abu Dhabi extend from the east to the west of the city, how-
ever this study focuses on the Eastern and Jubail areas where the
highest concentration of mangroves can be observed. A total
of 378.05 km2 of land is covered by this study area, which
stretches from Mussaffah in the southwest to Al Weheil Is-
land in the northeast. This study region is characterized by
flat, salt-encrusted soil, a thin layer of blue-green algae, man-
groves, seagrass, sabkha, terrestrial vegetation, and open lands
(Elmahdy and Mohamed, 2013). This region is located within
an arid climate zone and averages temperatures of 47oC in the
summer and 12oC in the winter and has a mean annual rainfall
of less than 40 mm and an evaporation rate of 124 cm per year
(Al-Shehhi et al., 2021, Gafoor et al., 2025).

Figure 1. (a) The study area encompasses the major mangrove
habitats along the coastal line of Abu Dhabi and (b) RGB true

color image of the mangroves’ region

2.2 Satellite Images Retrievals and Processing

This study utilized Landsat 8 Operational Land Imager (OLI)
and Thermal Infrared Sensor (TIRS) multispectral imagery to
analyze the region of interest. Landsat 8, operating under the
Worldwide Reference System-2, captures images every 16 days,
enabling temporal assessments (Pagkalinawan, 2015). To en-
sure seasonal variability, 36 images from 2013 to 2021 were se-
lected, covering April, August, and December annually (Table 1).
Preprocessing involved three key steps: conversion to Top of
Atmosphere (TOA) Reflectance with scattering corrections and
sun-angle normalization, TOA Brightness Temperature deriva-
tion for thermal analysis, and Land Surface Temperature (LST)
estimation using the radiometrically calibrated thermal band.
The details of these conversions are described in sections 2.2.1
and 2.2.2. Furthermore, the QGIS Semiautomatic Classifica-
tion (SAC) plugin (Congedo, 2021) was employed for radiomet-
ric calibration, region extraction, mapping, and LST estimation,
ensuring accurate spectral and thermal assessments (Figure 2).

Parameters Description of Landsat 8 OLI
Acquisition
Date

For the months of April, August, and
December starting from 2013 to 2021

Path 160
Raw 43
Bands Utilized Band 2, Band 3, Band 4, Band 5, Band 10

Table 1. Details of the Satellite Data Used

Figure 2. Flow chart summarizing the main methods
implemented in this work

2.2.1 TOA Reflectance To standardize the satellite imagery,
digital number (DN) values were converted into TOA spec-
tral radiance using radiometric rescaling factors provided in the
metadata (Using the USGS Landsat Level-1 Data Product | U.S.
Geological Survey, 2024). This process ensures consistency in
reflectance values by adjusting for sensor-specific calibration
factors. The conversion to TOA planetary reflectance was per-
formed without sun angle correction using the equation 1:

ρλ
′ = MρQcal +Aρ (1)

where ρλ′ represents TOA planetary reflectance before sun angle
correction, Mρ is the band-specific multiplicative rescaling fact-
or, Aρ is the additive rescaling factor, and Qcal corresponds to
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the calibrated pixel values (DN). To account for solar illumin-
ation variations, sun angle correction was applied using equa-
tion 2:

ρλ =
ρλ

′

cos(θSZ)
=

ρλ
′

sin(θSE)
(2)

where ρλ is the TOA planetary reflectance, θSE is the local sun
elevation angle, and θSZ is the local solar zenith angle, calcu-
lated as θSZ = 90◦ − θSE .

2.2.2 TOA Brightness Temperature (TOA BT) The TOA
BT was derived from the TOA spectral radiance to assess thermal
emissions from the Earth’s surface (Equation 3) (Using the USGS
Landsat Level-1 Data Product | U.S. Geological Survey, 2024).

T =
K2

ln
(

K1
Lλ

+ 1
) (3)

where T is the TOA BT in Kelvin, Lλ represents the TOA spec-
tral radiance, and K1 and K2 are the band-specific thermal con-
version constants provided in the metadata. This transformation
enables accurate retrieval of surface temperature variations by
converting radiance into physical temperature values.

2.3 Estimation of Satellite Indices

The Combined Mangrove Recognition Index (CMRI: NDVI -
NDWI) (Gupta et al., 2018) integrates outputs from the Nor-
malized Difference Vegetation Index (NDVI: NIR – Red / NIR
+ Red) and Normalized Difference Water Index (NDWI: Green
– NIR / Green + NIR) to enhance mangrove-specific vegetation
classification. NDVI assesses chlorophyll content based on red
and near-infrared (NIR) reflectance, while NDWI differentiates
water-rich vegetation using NIR absorption (Bukowiecki et al.,
2020). The pixel-wise subtraction of NDWI from NDVI en-
hances the distinction between mangroves and other land cover
types with similar spectral signatures. CMRI thresho-ld model-
ing was applied to delineate mangrove extent within the study
area. The threshold was manually determined through visual
interpretation using Google Earth and reference studies. Since
CMRI values vary seasonally and spatially, threshold selection
was adjusted dynamically. Mangrove pixels exhibited higher
CMRI values, while water bodies and open lands had lower val-
ues. For mangroves in arid environments, the threshold was ad-
apted accordingly to ensure accurate separation from terrestrial
vegetation. The extracted mangrove regions were further ana-
lyzed for LST variations.

The Normalized Difference Vegetation Index (NDVI) is a ro-
bust metric for mapping mangrove health by leveraging the dif-
ferential absorption and reflectance of NIR and red light. NDVI
values range from -1 to 1, where higher values indicate greater
vegetation vigor (Monsef and Smith, 2017). Mangrove health
was classified into four categories: Highly Stressed, Moder-
ately Stressed, Healthy, and Very Healthy Vegetation using a
scene-specific threshold approach with the help of QGIS soft-
ware. The health classification provides insights into seasonal
and environmental stressors impacting mangrove vitality, facil-
itating targeted conservation measures.

3. Results and Discussions

3.1 Mangrove Distribution and Seasonal Variability

A series of maps were generated to analyze the spatiotemporal
distribution of mangroves in Abu Dhabi from 2013 to 2021.
Three distinct months (April, August and December) were se-
lected from each year to account for the seasonal variability of
the mangrove health and distribution accurately. The extracted
regions (marked in yellow), demonstrated stable spatial cover-
age but fluctuating density across seasons (Figure 3). Mangrove
extent was notably reduced in August, indicating lower growth
during peak summer conditions, while winter and spring exhib-
ited increased coverage due to cooler temperatures and higher
moisture availability. The mapping approach facilitated man-
grove extraction but had limitations due to its reliance on manu-
ally set thresholds, affecting the precision of extent delineation.
While useful for rapid detection, more accurate mapping re-
quires field validation, high-resolution classification, and addi-
tional spectral indices (Gupta et al., 2018). Nevertheless, the
extracted results remain valuable for correlation analyses with
temperature variations and health indices. To assess temperat-
ure variations, surface temperature maps were generated (Fig-
ure 4). These maps confirmed expected seasonal fluctuations,
with higher temperatures in summer (August) and lower tem-
peratures in winter (December). Importantly, areas with man-
grove presence consistently exhibited lower temperatures, sug-
gesting a localized cooling effect through evapotranspiration
and shading (Figure 5 and 4).

Figure 3. Spatiotemporal distribution in mangrove extent across
the study region for 2013 and 2021. Panels (a–c) represent

April, August, and December of 2013, while (d–f) show the
corresponding months for 2021

Analysis showed that high-temperature zones correspond to hig-
hly stressed mangroves, while low-temperature zones align with
healthier regions, reaffirming a negative correlation between
temperature and vegetation health. A detailed assessment of
the mangrove health index (Figure 6) categorizes the vegeta-
tion into highly stressed, moderately stressed, healthy, and very
healthy, reflecting varying physiological conditions. The find-
ings indicate that healthy areas peak in winter (December) and
decline in summer (August), while highly stressed regions ex-
pand in summer and contract in winter. This suggests that tem-
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Figure 4. LST distribution over mangrove regions (a and c) and
overall temperature variation across the study area (b and d) for
December 2013 (top) and 2020 (bottom), highlighting temporal

changes.

perature is a key driver of seasonal stress, with extreme heat
exacerbating physiological strain (Gafoor et al., 2025). The ob-
served patterns highlight the importance of continuous monit-
oring and adaptive conservation strategies to mitigate thermal
stress impacts and support the long-term sustainability of coastal
ecosystems. However, a notable 12% increase in total man-
grove area by the end of 2021, compared to 2013, highlights
the effectiveness of the ongoing monitoring and conservation
strategies implemented over the years in the UAE (Elmahdy and
Mohamed, 2013).

3.2 Temporal Trends in Mangrove Health and Temperat-
ure Correlation

A correlation analysis was conducted to assess the relation-
ship between mangrove health and temperature across the study
period, revealing a consistently negative correlation between
the two variables (Figure 7). As temperatures rise, mangrove
health tends to decline, while lower temperatures are associated
with improved vegetation conditions. This inverse relationship
suggests that thermal stress is a key factor influencing mangrove
vitality, with excessive heat contributing to physiological strain
and reduced productivity. The analysis of mangrove extent over
time reveals noticeable seasonal variations, with fluctuations
in coverage influenced by environmental conditions (Figure 8).
However, no distinct long-term trend was observed, indicating
that while seasonal dynamics are evident, external factors such
as conservation efforts, tidal influences, and classification un-
certainties may contribute to variability in estimated mangrove
coverage. Despite being an effective tool for rapid detection,
the CMRI method relies on manually set thresholds, which may
have introduced classification inconsistencies, leading to po-
tential misclassification or omission of certain mangrove areas

Figure 5. Mangrove health and LST distribution for August
2015 (top) and August 2019 (bottom). Panels (a, c) show

mangrove health status from highly stressed to very healthy,
while (b, d) depict corresponding temperature variations.

Figure 6. The classification of mangrove health extent across
three distinct seasons in 2013 (top) and 2020 (bottom) is

depicted, showing variations for April (a and d ), August (b and
e), and December (c and f)

(Gupta et al., 2018). These limitations highlight the need for en-
hanced classification techniques and higher-resolution datasets
to improve the accuracy of mangrove extent monitoring.

Similarly, NDVI exhibits distinct seasonal fluctuations, with
higher values observed during winter and a notable decline in
summer. This pattern further underscores the influence of tem-
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Figure 7. Delineation of the inverse relationship of the NDVI
with increasing temperature

Figure 8. Temporal analysis illustrating the relationship between
(a) LST vs. Mangrove extent and (b) LST vs. NDVI.

Figure 9. Spatial anomalies in (a) NDVI and (b) LST, quantified
as the difference between 2021 and 2013 values in August

perature variations on mangrove ecosystems, where cooler con-
ditions support healthier vegetation, while extreme summer tem-
peratures contribute to increased physiological stress. Although
both mangrove extent and NDVI exhibit seasonal fluctuations,
their mean values show a gradual increasing trend over the years.
Anomalous analysis of NDVI and LST between 2013 and 2021
reveals a notable enhancement in mangrove health over this
period, accompanied by a localized reduction in temperature
in regions with thriving mangroves (Figure 9).

4. Conclusion

This study examined the seasonal and long-term dynamics of
mangrove ecosystems in Abu Dhabi using remote sensing tech-

niques over a period starting from 2013 to 2021. The ana-
lysis integrated satellite-derived indices with land surface tem-
perature data to assess mangrove extent, health, and thermal
stress. The results demonstrated that coverage remains spa-
tially stable but exhibits significant seasonal variations in dens-
ity, with reduced extents in summer and peak growth during
winter and spring. The negative correlation observed between
temperature and health further highlights the impact of thermal
stress, where elevated temperatures contribute to vegetation de-
cline, while cooler conditions promote vitality. Despite the
limitations associated with thresholding, the extracted regions
provided valuable insights into broader ecological trends. The
statistical analysis of vegetation trends revealed a progressive
increase in health and density over the years, corroborating the
effectiveness of ongoing conservation initiatives. However, the
seasonal variations underscore the need for continuous monit-
oring and adaptive management strategies to mitigate climate-
induced stress.

The findings of this study emphasize the importance of lever-
aging remote sensing for long-term monitoring, offering a scal-
able and cost-effective approach to track changes in vegetation
health and environmental conditions. Future work should integ-
rate higher-resolution datasets and advanced classification tech-
niques to enhance the precision of mapping. Additionally, in-
corporating field-based validation will improve the accuracy of
health assessments and support sustainable conservation efforts
in arid coastal environments.
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