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EXTENDED ABSTRACT

Introduction: Mangrove forests are among the richest coastal ecosystems in tropical and
subtropical regions and have high ecological and economic value; however, their increasing
degradation worldwide has made monitoring of their extent, distribution, and changes essential
for effective conservation and management. In recent decades, industries in the Bandar
Mahshahr Special Economic Zone have implemented restoration projects, including mangrove
seedling planting, to expand these areas; however, up-to-date information on ecosystem
dynamics in the Mahshahr tidal creeks remains limited. This study examined regional mangrove
changes from 2003 to 2023 and produced an accurate classification map for 2023 to support
conservation planning and evaluation of restoration effectiveness.

Materials and methods: Spatiotemporal changes in mangrove forests from 2003 to 2023 were
monitored using Landsat-7 and Landsat-8 imagery acquired at low tide with minimal cloud
cover. Four spectral indices—NDVI, NDWI2, MVI, and CMRI—were calculated for 2003,
2013, and 2023. Detection thresholds were calibrated using the 2023 baseline map, and a
distribution map was generated for each year; the final change map was then derived by
integrating the four indices and applying a majority rule. To produce the 2023 classification
map, Sentinel-2 imagery and a dataset of spectral bands and calculated indices were used.
Training samples for the mangrove class were obtained from a baseline map provided by the
petrochemical company, whereas samples for other classes were collected through visual
interpretation of high-resolution imagery. A Random Forest model was trained and optimized.
Classification accuracy was assessed using a confusion matrix, and the area of each class was
calculated. All image processing, index extraction, statistical analyses, classification, and
accuracy assessment were performed in R.

Results and discussion: Long-term monitoring using Landsat data showed that planted mangrove
area increased from approximately 2 ha in 2003 to 109.5 ha in 2013 and 221.6 ha in 2023. This
net increase of 219.6 ha over two decades confirms the overall success of the restoration projects.
The final map derived from Sentinel-2 data and the Random Forest algorithm achieved an overall
accuracy of 94.78% and estimated established mangrove area in 2023 at 630.8 ha. The
approximately 55% difference between the Landsat estimate of 285 ha and the Sentinel-2 estimate
showed that moderate-resolution imagery has limitations in detecting small, scattered, and linear
patches and causes systematic underestimation. Comparison with studies based on simpler
methods or lower-spatial-resolution data also showed that the integrated multi-index and multi-
class approach improved spectral discrimination, mangrove identification, and separation from
mudflats and spectrally similar coastal vegetation.

Conclusion: The integrated framework provided an accurate and reliable estimate of planted
mangrove extent in the Bandar Mahshahr Special Economic Zone and demonstrated that
reliance on moderate-resolution imagery can lead to substantial underestimation. In addition to
documenting the quantitative success of the restoration projects, the high-accuracy map
provides a reliable baseline for future monitoring of forest health, assessment of ecosystem
services, and sustainable management of these valuable ecosystems in industrial-coastal
environments. For future research, continuous time-series monitoring and integration of
auxiliary data, such as LIDAR for forest-structure analysis, are recommended.

Keywords: Mangrove forests, Bandar Mahshahr Special Economic Zone, Spectral indices,
Random Forest model, Classification
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Table 1- Required Bands and Image Acquisition Dates for Calculating Spectral Indices per Sensor
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Table 2- Optimal thresholds of spectral indices for mangrove detection, calibrated based on the 2023 reference map
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Combined Mangrove Recognition Index (CMRI)
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Fig.3- Map of (a) spectral index agreement scores, (b) mangrove presence probability (index integration), and (c) comparison with
Google Earth Pro reference for monitoring mangrove forest changes (2003, 2013, and 2023)
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Table 3- Comparison of the primary and modified area estimates for mangrove forests from 2003 to 2023
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Table 4- Random Forest Model Evaluation Metrics
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Fig. 4- Land Use/Cover Map of the Study Area, 2023
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Table 5- Area and percentage share of each land cover class in the study area
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Fig. 5- I1dentifying Key Variables for Mangrove Detection and Discrimination from Other Coastal Covers
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! Mangrove Forests

2 Carbon Sequestration

3 Biodiversity

4 Climate Change

3 Remote Sensing

¢ Spectral Indices

7 Normalized Difference Vegetation Index
8 Normalized Difference Water Index

? Tide

19 Mangrove Vegetation Index

' Combined Mangrove Recognition Index
12 Machine Learning

13 Landsat

14 Sentinel-2

15 Random Forest

16 Petrochemical Special Economic Zone
17 Avicennia marina

18 The Scan Line Corrector

19 The United States Geological Survey
20 Collection 2 Level 2

21 Atmospheric and Radiometric Correction
22 Surface Reflectance

23 Red Edge

24 Copernicus Open Access Hub

25 Google Earth Pro

26 Over fitting

27 Cross-Validation

28 Confusion Matrix

29 Overall Accuracy

30 Kappa Coefficient

31 Sensitivity & Precision

32 Variable Importance
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