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Abstract
The Anzali Wetland is experiencing land degradation and over-exploitation in various forms.
Understanding the nature of these changes is essential for wetland management. This research aimed to
utilize Normalized Difference Vegetation Index (NDVI), Normalized Difference Water Index (NDWI),
Normalized Difference Built-up Index (NDBI), Excess Normalized Difference Built-up Index (ENDBI),
Maximum Likelihood Classification (MLC), and Random Tree Classification (RTC) in evaluating changes
in vegetation, water area, and wasteland in the period between 1992 and 2022. According to the obtained
results, the NDVI index showed a sharp decrease in vegetation density. While all indicators showed
humidity fluctuations in Anzali Wetland. The NDBI-ENDBI index showed a strong increasing trend in the
expansion of the built-up area. Based on these changes, it was concluded that urban development has been
progressing rapidly over the years in the Anzali wetland basin. Investigations showed that the maximum
NDVI values decreased significantly and reached 0.67 in 1992 to 0.59 in 2022. The maximum NDWI
values have also reached from 0.34 in 1992 to 0.1 in 2022. In other words, the water resource index has
decreased significantly and this shows the condition of Anzali wetland. In contrast, land use methods
showed that the water area has decreased from 44.17 km2 for the RTC model in 1992 to 36.6 km2 in 2022.
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Highlight

- In this research, the changes in the level of Anzali Wetland in a period of 30 years were investigated through
spectral indices, random tree methods, and maximum likelihood.

- So far, the changes in wetlands have been studied using spectral indices, but spectral indices such as ENDBI
have not been used to examine land use changes.

- Also, in this area, for the first time, random tree and maximum likelihood have been used to investigate the

changes in Anzali wetland area.

Extended Abstract

Introduction

Similar indicators have been created in order to separate urban levels from other levels. Based on the reflective
nature of built-up areas on short-wave infrared and near-infrared bands compared to other surfaces, the ratio of
addition and subtraction of these bands is used to detect built-up areas. In this research, using multi-spectral
indices, random tree (RTC) and maximum likelihood classification (MLC), changes in the water zone of Anzali
lagoon have been investigated. Measuring and documenting the nature of these changes in effective policies and
decisions in sustainable management is important and necessary. Therefore, this research aimed to use NDVI,
NDWI, NDBI-ENDBI, RTC and MLC indices in evaluating the changes in vegetation cover, water area and
constructed areas and land use and land cover changes in the 30-year period of Anzali Wetland since 1992 to 2022.

Methodology

This research has used both remote sensing and GIS techniques to analyze the changes in the Anzali Wetland water
zone in the period between 1992 and 2022. Multi-time images of Landsat, 5 TM sensor, Landsat 8 OLI, and TIRS
sensors were downloaded from the United States Geological Survey website for Anzali wetland area. MLC, RTC,
NDBI, NDWI, NDVI and ENDBI indices were used to extract the values of vegetation, water bodies and built-up
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areas. Four Landsat images from July in a period of 30 years were used to calculate the indices. Two methods of
maximum likelihood and random tree were also used to investigate Anzali wetland area based on land use change.
MLC method is a supervised classification method derived from the bias theory and expresses the probability of a
pixel belonging to a class.

Results and discussion

The results showed that the positive values of NDVI ranged between 0.58 and 0.71, which indicated the presence
of dense vegetation in the Anzali Wetland in the period between 1992 and 2022. NDW!I index was used to
distinguish and compare water levels from non-water levels between 1992 and 2022. The results showed that the
positive values of this index are between 0.1 and 0.42 and represent water levels with high moisture content during
the period of 1992 and 2022. The NDBI index compares built-up areas with wetlands. The results showed that the
positive values of this index were between 0.19 and 0.47 and it was a sign of the presence of built surfaces in the
wetland during the study period. Also, the negative values for these years ranged from -0.44 to -0.62 and indicated
water levels. In this research, the ENDBI index was used to identify the areas built from barren lands. According
to the results, the highest values of this index are between 0.21 and 0.58 and the lowest values of this index are
between -0.52 and -0.66. Investigations showed that there was a significant difference between the zoning of the
water zone between the MLC and RTC models, and between 1992 and 2022, it is significant that the main reason
was the algae cover on the surface of the lagoon, as a result of which the water pixels were correctly detected.
were not given in the maximum probability model, this is more noticeable, as a result of which the volume
reduction has reached 3% from 20%, which seems exaggerated. In the random tree model, this change reaches
from 28% to 23.1%, which showed a decrease in volume. These two models have significant differences in
distinguishing between barren land and agricultural land. Agricultural land in the maximum likelihood model has
increased from 66.1% to 84.3%.

Conclusion

Investigations indicated that the maximum NDVI values decreased significantly from 0.67 in 1992 to 0.59 in 2022.
The maximum NDW]1 values have also reached from 0.34 in 1992 to 0.1 in 2022. In other words, the water resource
index has decreased significantly that shows the condition of Anzali wetland. In contrast, land use methods showed
that the water area decreased from 44.17 km? for the RTC model in 1992 to 36.6 km? in 2022. The investigation
of the changes showed that the area of Anzali Wetland is experiencing intense urban development, characterized
by the decrease in the level of wetlands, agricultural lands and forests, and the increase of built-up areas and barren
lands. Most of the urban development took place around the wetland and from there it developed into the main
urban centers, which is a representation of the unplanned patterns of land use in the environment. If this process
is not controlled, it can aggravate the current environmental problems. Therefore, it is necessary to create a balance
between economic and environmental development in urban development planning. In addition, in order to achieve
stable conditions in the natural resources of the wetland area, it is recommended to adopt strategic planning in the
field of urban areas. This research showed that the four spectral indices used in this research can correctly
demonstrate the intensity of urbanization and changes in Anzali wetland area. Furthermore, a combination of four
spectral indices achieves better results compared to methods based on field studies.
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