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Article type: Objective: During a landscape, it is not facile to discriminate land parts that have
Research Article dissimilar amounts and types of vegetation. Plant Ecological Units (PEUs) are known as

management units and are a reflection of the management actions and natural disturbances
in the region. By describing PEU through vegetation maps, it is possible to predict the
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Accepted 29 October 2025 Methods: For this purpose, the Marjan-Borujen watershed in Chaharmahal va Bakhtiari
Published online 07 January province was selected. After field monitoring and surveys, four dominant PEUs groups
2025 were identified in the study area. In this study, bands from the Landsat_8 satellite images

with 30 m spatial resolution (bands 7_2) and a 15 m panchromatic band (band 8) were
used, as well as the Sentinel_2 satellite images including panchromatic bands (8, 4, 2, 3)

Keywords: with 10 m spatial resolution. First step, using the Landsat panchromatic band, the 30-m
Image fusion, bands were upgraded to 15 m through the pen-sharpening process; so the 15 m data set
Remote sensing, was prepared from the Landsat_8 satellite. Then, to increase the spatial resolution of the
Gram-Schmidt algorithm, 15-meter data set to 10 m, the Sentinel_2 panchromatic bands were used. In this way, the
Plant Ecological Units. Sentinel_2 panchromatic bands were geometrically matched with the Landsat_8 15 m data

set, and the Co-Registration process was performed with the minimum RMSE(0.05).
Finally, two data sets (2 to 8 bands) of the Landsat_8 satellite images with 15 m and 10
m spatial resolution, the PEUs classification maps were prepared using the RF
classification algorithm, and the maps' accuracy was displayed as an error matrix.
Results: The results show that increasing the spatial resolution significantly enhances the
accuracy of PEUs classification maps. So that, the 15 m set shows the classification map
overall accuracy as 66 %, while increasing the spatial resolution to 10 m, the overall
accuracy has been enhanced to 82 %. As well as, the error matrix results show that the
classification map procured from the 10 m set, all four PEUs groups have improved the
producer accuracy, user accuracy, and kappa agreement index. So that in this map, PEU
2 and PEU 3 have the highest kappa agreement coefficient (83 percent).

Conclusions: This study shows that using the Gram-Schmidt fusion algorithm and
consequently increasing the spatial resolution of Landsat 8 images from 30 m to 10 m
reduces mixed pixels and increases pure pixels, which in turn improves the quality of PEU
classification maps.
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EXTENDED ABSTRACT

Introduction

During a landscape, it is not facile to discriminate land parts that have dissimilar amounts and
types of vegetation. Plant Ecological Units (PEUS) are known as management units and are a
reflection of the management actions and natural disturbances in the region. Although the PEUS'
meaning and concept have been accepted, their importance and impact on assessing and
monitoring are not well understood in natural ecosystems.

So that any landscape monitoring and assessment programs and management measures require
knowledge and awareness of the region's PEUs. By describing PEU through vegetation maps,
it is possible to predict the change type in response to human or natural hazards. This research
aims to fuse different resolutions of satellite images to increase the PEUs classification
accuracy. However, because PEUs have completely similar spectral behavior, the map's
accuracy resulting from the classification is reduced due to the mixed pixels. So far, there has
been no study to reduce the mixed pixels and consequently improve the PEUs map accuracy
from plant community subclasses. So in this study, the fusion of different spatial resolution
satellite images has been investigated to improve and increase the PEUs maps accuracy.

Methods

For this purpose, the Marjan-Borujen watershed in Chaharmahal va Bakhtiari province was
selected. After field monitoring and surveys, four dominant PEUs groups were identified in the
study area. In this study, bands from the Landsat_8 satellite images with 30 m spatial resolution
(bands 7_2) and a 15 m panchromatic band (band 8) were used, as well as the Sentinel_2
satellite images including panchromatic bands (8, 4, 2, 3) with 10 m spatial resolution. First
step, using the Landsat panchromatic band, the 30-m bands were upgraded to 15 m through the
pen-sharpening process; so the 15 m data set was prepared from the Landsat_8 satellite. Then,
to increase the spatial resolution of the 15-meter data set to 10 m, the Sentinel_2 panchromatic
bands were used. In this way, the Sentinel_2 panchromatic bands were geometrically matched
with the Landsat_8 15 m data set, and the Co-Registration process was performed with the
minimum RMSE. In this stage, by selecting control points from the image's corners and edges
and then from the image's center, attempts were made to reduce the displacement and shift
between the two images to at least one pixel. After the two images matched geometry using the
Gram-Schmidt algorithm, which is one of the most powerful image fusion algorithms, the
Landsat_8 15 m bands were upgraded to 10 m spatial resolution. So, two band sets (2 to 8),
which had 10 m and 15 m spatial resolution, respectively, were created from the Landsat_8
satellite images.

Finally, two PEUs classification maps with 10 m and 15 m spatial resolution, respectively, were
prepared from these two data sets separately using the RF classification algorithm and training
samples. The produced maps' accuracy was evaluated using test data and the preparation of an
error matrix. Also, the significance or non-significance of producer accuracy, user accuracy,
and Kappa agreement coefficient for different PEUs classes was examined through a statistical
test (Friedman).

Results

In the study, Pan-sharpening and Gram-Schmidt algorithms were used to enhance 30-m images
to 10-m from Sentinel_2 satellite panchromatic bands. A less than 0.05 RMSE value obtained
from the fusion of the Gram-Schmidt algorithm clearly shows that the fusion images are
spectrally and spatially consistent with the reference images. The PEUS' classification maps of
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these two datasets were prepared using the RF classification algorithm. The results show that,
due to the PEUS' similar spectral behaviors, the possibility of PEUs separating with greater
accuracy increases with the increase in the satellite image spatial resolution. So, the data set
with 15 m spatial resolution has been classified as a salt-and-pepper state, and the map's overall
accuracy is 66 percent. In contrast, by increasing the spatial resolution to 10 m, the maps' overall
accuracy has been improved by 15 percent, so that the overall accuracy has reached 82 percent.
The error matrix results also show that the 10-m classification map has improved the producer
accuracy, user accuracy, and kappa agreement index for all four PEUs. For like, the PEU2
kappa agreement index has improved from 44 percent to 83 percent. In this map, PEU 2 with
the dominant grass species (Br. to), and plant ecological unit 3 with the dominant semi-shrub
species (Sc. or), have the highest kappa agreement index (83 percent).

Conclusion

In this study, an attempt was made to investigate the ability of Landsat-8 and Sentinel-2 satellite
images to fuse in preparing a PEUs map with high accuracy. So that the Sentinel-2 satellite has
been designed to continue and upgrade Landsat satellite data and other missions. Satellite image
fusion methods have always improved image quality and increased image detail. Image fusion
has many applications, including improving classification, detecting defects, assessing changes,
and replacing missing information in an image using another sensor image.

Various methods have been proposed for image fusion, so for image fusion, a method should
be used that has acceptable accuracy and can, in addition to improving spatial accuracy,
preserve the spectral content of the multispectral image well.

According to the results, classification based on the Landsat-8 and Sentinel-2 images fused is
the best technique to increase the PEUs classification map accuracy in heterogeneous
landscapes. Comparison of the results based on increasing the images spatial resolution in
improving the PEUs maps' accuracy shows that using the Gram-Schmidt fusion algorithm and
increasing the spatial resolution from 15 m to 10 m reduces the mixed pixels and increases the
pure pixels, resulting in improved image quality and revealing more details in the produced
maps. So that the Gram-Schmidt algorithm, in addition to improving the Landsat-8 images'
spatial accuracy, has also preserved the images spectral content well.

Therefore, in order to have better and more complete results, more than one satellite image can
be used in the process of preparing vegetation maps, because given the different characteristics
of different sensors, using information from these sensors together will definitely provide better
results.

Keywords: Image fusion, Remote sensing, Gram-Schmidt algorithm, Plant Ecological Units.
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