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Abstract

Wood cultivation and attention to sustainable development are of great importance in countries experiencing
forest scarcity. Meanwhile, demand for wood products is steadily increasing at both national and international
levels. Spruce is one of the most widely cultivated fast-growing tree species and is commonly used in forest
plantations. This study aimed to improve the accuracy of optical image classification using machine learning by
integrating optical and radar imagery. It also represented an effort toward the monitoring, control, and spatial
management of rural areas, particularly from the perspective of agricultural activities, and can be considered a
novel approach to rural development in the era of the information and technology revolution. In this research,
Sentinel-1 and Sentinel-2 satellite imagery, including spectral bands and radar polarizations, along with a digital
elevation model (DEM), were utilized. The Random Forest algorithm was employed as a powerful method for
classifying large and imbalanced datasets. By integrating optical and radar satellite data and applying the
Random Forest machine learning algorithm, spruce plantation areas were zoned. The area under spruce
cultivation in the Ziabar Rural District was estimated at 2,650 hectares. The overall classification accuracy and
Kappa coefficient were obtained as 83.2% and 0.754, respectively. Accordingly, the proposed method can be
regarded as a robust approach for the monitoring, control, and spatial management of agricultural activities in
rural areas at various spatial scales.

Keywords: Land Cover, Satellite Imagery, Separability, Sustainable Rural Development, Wood Farming,
Google Earth Engine.

Highlight
- The capabilities of the Google Earth Engine (GEE) platform were utilized for zoning spruce plantation areas.

- Simultaneous overlay of processed satellite imagery, such as Sentinel data, with Google Earth imagery was
performed within the platform.

- This approach significantly reduced the extent of fieldwork required.

Extended Abstract

Introduction

Wood farming and attention to sustainable development are of great importance in countries experiencing forest
scarcity. Also, demand for wood products is increasing steadily at both national and international levels. spruce
is one of the most widely cultivated fast-growing tree species and is commonly used in forest plantations. The
use of spruce trees in packaging, furniture, fiberboard, the pulp industry, and the construction industry makes
them one of the most important sources for meeting the country’s(wood supply needs. The high quality of
cellulose and its favorable mechanical resistances for the production of various types of paper are another reason
for the necessity of serious development of wood cultivation and since these forest areas are generally located in
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rural regions, they are a very suitable supplement for improving the economic conditions of rural farmers.
However, factors such as the long-term return on investment have led to a low inclination among farmers to
implement poplar wood cultivation. Due to its distinctive characteristics, monitoring spruce plantations requires
frequent updates of information, which can be effectively obtained through remote sensing techniques.
Moreover, as spruce plantations are generally spatially distributed across rural areas, they can play a significant
role in developing supplementary income sources for rural communities. This study aimed to improve the
accuracy of optical image classification using machine learning techniques through integration with radar
imagery. It represents an effort toward the monitoring, control, and spatial management of rural areas,
particularly from the perspective of agricultural activities, and can be considered a novel approach to rural
development in the era of the information and technology revolution.

Methodology

In this study, Sentinel-1 and Sentinel-2 satellite imagery, including spectral bands and radar polarizations, along
with a digital elevation model (DEM), were utilized. The Random Forest algorithm, recognized as a powerful
method for classifying large and imbalanced datasets, was employed. The study area was the Ziabar Rural
District in the city of Sowme'eh Sara, Guilan Province. The area of spruce plantations in Ziabar Rural District,
ranked first in spruce cultivation in Guilan Province, was estimated at 2,650 hectares. Delineation of spruce tree
boundaries within the study area was performed using pixel-based image classification and machine learning
algorithms. In addition, the capabilities of the Google Earth Engine (GEE) platform were utilized for zoning
spruce plantation areas. GEE’s cloud-based processing platform is highly effective for high-speed data analysis
and large-scale spatial processing tasks. In addition to the advantages such as a powerful data archive, easy
access to imagery, large data volumes, simplified processing workflows, and strong visualization capabilities, the
platform enables the simultaneous overlay of processed satellite imagery, such as Sentinel data, with Google
Earth imagery. This integration significantly reduces fieldwork requirements and allows researchers to increase
the number of training samples as needed to achieve the desired classification accuracy. The outputs generated
from GEE were further refined for visualization using ArcGIS and ICDL software. By integrating optical and
radar satellite data and applying the Random Forest machine learning algorithm, spruce plantation areas were
zoned. The overall classification accuracy and Kappa coefficient were estimated at 83.2% and 0.754,
respectively.

Results and discussion

In this research, using the integration of optical and radar satellite data and the Random Forest machine learning
algorithm, the areas of poplar plantations were mapped. Considering the land cover in the study area, we selected
a time for mapping poplar plantations when plant separability is easier. For example, the season after rice
harvesting can greatly assist in differentiating between poplar and rice fields in optical and radar images.
Therefore, images from September 2021 were used. In this season, due to the absence of rice cultivation and the
greenery of poplar trees, distinguishing gardens from fields is easily achieved. After removing images with cloud
cover, a median was calculated between 4 and 5 radar and optical images to eliminate potential errors from
image pixels. Before these images were used for classification, training samples were selected for 11 classes and
introduced to the program for learning. These 11 classes included Hyrcanian forests, pasture, pine trees, water,
urban areas, poplar, farmlands, barren soil, roads, marshy areas, and reeds.

Conclusion

The results of this study demonstrated that the aforementioned approach for zoning spruce plantation areas using
the Random Forest machine learning algorithm has high potential and can be applied as a powerful method for
the monitoring, control, and spatial management of agricultural activities in rural areas at various spatial scales,
particularly for activities characterized by area-based distribution patterns. One of the main limitations in this
research was poplar orchards that had recently undergone new planting operations. In such orchards, a
significant portion of the pixels represent soil spectra, and under these conditions, these areas are classified as
soil. While using training samples in these areas and employing field data can somewhat mitigate this weakness,
it will still have an impact and should be considered a major limitation. Overall, the research findings indicated
that the method employed in this study can be a factor in continuous monitoring and control of rural areas,
particularly concerning agricultural land use. This allows for the identification and assessment of agricultural
areas, providing up-to-date and accurate information for rural planning and economic policymaking for local
communities.
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