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Introduction:

To assess environmental changes, monitoring systems and remote sensing satellites provide
powerful tools that make the assessment of environmental change trends easier by multi-temporal
comparisons. In recent decades, remote sensing data and GIS techniques for various aspects of urban
spatial expansion and urban dispersal such as mapping (for expansion pattern), control (for process
pattern recognition), measurement and evaluation (for analysis), and modeling (for Expansion
simulation) are used. The object-based analysis is one of the emerging advanced techniques in the
classification of satellite images. The object-oriented classification uses a segmentation process and a
learning algorithm to analyze the spectral, spatial, and textural properties of the pixels. Along with the
object-oriented classification method, Google Earth Engine, with extensive support for free satellite
data and images, enables the classification and processing of high-speed satellite imagery that can be
used in the monitoring and mapping land use.

Methodology:

In the present study, the digital data of the Landsat satellite provided by GEE are used. The data do
not require pre-processing and initial correction (geometric, radiometric, etc.) and are readily available
for processing. Landsat image types (1 to 8) can be summons with any processing level in GEE. In this
study, atmospheric correction images of the Surface Reflectance Tierl are used. This dataset is
modified for atmospheric errors and includes OLI / TIRS sensors for Landsat 8. With simple coding
patterns in GEE, the images of 1999, 2009, and 2019 are corrected for the processing step. GEE has
provided a modern set of pixel-based classification that can be used for monitoring and mapping. By
analyzing the corrected image of 1999, 2009, and 2019 and capturing the training samples, the images
are classified with the support vector machine algorithms, random forest, and minimum distance. To
perform object-oriented analysis and classification, images are segmented using the multiresolution
segmentation algorithm in specialized recognition software. Geometric properties of land use classes
(including shape, size, texture) are used for segmentation. By analyzing the results of the segmentation
of images with different scale parameters, the optimal values of scale, shape, and compression for the
images used are obtained. In this study, based on spatial resolution and image quality, four land use
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and land cover classes were considered in Zanjan urban areas. These classes include built-up, irrigated
and urban green areas, dry farming, and rangelands. By selecting the above classes, training samples
for multi-temporal images (1999, 2009, and 2019) are prepared. The nearest neighbor algorithm is
used to classify images based on the object-oriented method. In this process, the maximum difference
index of mean and NDVI vegetation index are also applied for each of the classes to reduce class
mixing and improve the classification accuracy of influential parameters such as normalized difference
built-up index (ndbi), mean and standard deviation of each band, area, the ratio of length to width,
compaction, and brightness. Statistical parameters of kappa coefficients and overall accuracy are used
for the accurate assessment of the classified images. To understand the changes in the area, after
producing the land use maps and assessing them, the classification methods are used to evaluate the
land use changes that occurred in the period 1999 to 2019.

Discussion:

After the classification of Landsat 5 and 8 satellite images, land use maps of 1999, 2009, and 2019
are prepared using object-oriented and pixel-based methods. Since in this study the parameters and
characteristics of mean and standard deviation of bands, NDBI, NDVI indices, etc. are used to
improve the results of the algorithm nearest neighbor object-oriented method, the results of image
classification accuracy assessment show that the object-oriented method is weaker in separating
rangelands and built-up in 1999 and 2009 than the support vector machine classification method.
However, the object-oriented classification results for 2019 show the best performance of all the
utilized classification algorithms. Due to the better results of the support vector machine classification
method for 1999 and 2009 and the object-oriented method for 2019, the results of these methods are
used in the assessment of land use changes in the study area. According to the results, significant
changes have occurred in the region from 1999 to 2019. During this period, the land (mainly Zanjan)
showed an increase of 5036 hectares. Also, the results show that Zanjan has grown and expanded into
rangelands and dry farming in the suburbs over the period 1999 to 2019.

Conclusion:

Comparing the results of classifier accuracy assessment, the nearest neighbor object-oriented
classification algorithm for 2019 showed better performance in terms of kappa coefficient and overall
accuracy than other algorithms. Also, by comparing the results of the assessment of the classification
maps of 1999 and 2009, the support vector machine algorithm showed the best performance compared
to other classification algorithms in the study area. The support vector machine was the basis for the
assessment of changes. Based on the results of land use changes assessment, in recent years,
significant land use changes have occurred around Zanjan city. The reason for the increased land area
in Zanjan in 2019 (26.12%) is the increase of population and the development of new settlements in
the suburbs, and consequently, the reduction of agricultural rangelands.
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