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Abstract: Land cover analysis is a crucial task in environmental studies and management. In recent years, deep learning methods have
been increasingly applied to land cover analysis, showing promising results. In this literature review, we compare the performance of
various land cover analysis studies using different datasets and deep learning methodologies. Our analysis shows that deep learning
approaches have outperformed traditional methods in terms of overall accuracy. We found that studies using Sentinel-2 and Landsat 8
datasets produced the highest accuracies, with some studies achieving up to 97.8% accuracy. Deep learning-based methods such as deep
belief networks, support vector machines, random forests, and deep neural networks have been used to classify land cover with high
accuracy. These findings suggest that deep learning approaches are a powerful tool for land cover analysis and can provide valuable
insights for environmental management and policy.

Introduction: Land cover analysis is an important aspect of natural resource management and has become increasingly important in
recent years due to the need for accurate and timely information on land use changes. Land cover analysis is a crucial task in
environmental monitoring and management.Various techniques have been developed to analyze land cover, including remote sensing,
GIS, and machine learning. land cover analysis has been increasingly performed using deep learning techniques due to their high
accuracy and efficiency and to summarize the current state of research on this topic. The accuracy of these techniques is critical to ensure
the effectiveness of land use management strategies. This literature review paper aims to compare the accuracy of different land cover
analysis techniques and summarize the current state of research on this topic.
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1. Background and Context: techniques have shown promise in improving the
accuracy of land cover maps. ANNS, in particular, have
been shown to be effective in identifying complex
patterns in remote sensing data. However, machine
learning techniques require extensive training data and
may be computationally intensive, making them less

practical for some applications.

The results of the literature review show that remote
sensing is the most widely used technique for land cover
analysis. Remote sensing data, such as satellite imagery,
can provide high-resolution images over large areas,
making it a useful tool for monitoring land cover
changes. However, the accuracy of remote sensing data
depends on several factors, including the sensor used, the The several recent studies reveals that used deep
resolution of the imagery, and the classification learning techniques, particularly convolutional neural
algorithm used. networks (CNNSs), have been increasingly used for land
cover analysis due to their ability to extract features
automatically from input data. Various deep learning
architectures, including U-Net, ResNet, and DenseNet,
have been applied for land cover classification, each with
its advantages and limitations.

GIS is another technique commonly used for land cover
analysis. GIS allows for the integration of multiple data
sources, including remote sensing data, to create accurate
land cover maps. However, the accuracy of GIS-based
land cover analysis depends on the quality of the input

data, including the accuracy of the remote sensing data
and the availability of ground truth data for validation.

Machine learning techniques, such as artificial neural
networks (ANNS), decision trees, and random forests,
have also been used for land cover analysis. These
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The accuracy of land cover analysis using deep learning
techniques varies depending on several factors, including
the type and quality of input data, the number of training
samples, the architecture used, and the optimization
algorithm applied. Studies have shown that deep learning
techniques can achieve higher accuracy in land cover
classification than traditional methods Machine
learning techniques can improve the accuracy of land
cover analysis but require more extensive data and
computational resources.
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2. Comparitive Results and Discussion:

A research work by Zhang et al. (2021) used a hybrid
CNN model to classify land cover using Landsat 8
imagery, achieving an overall accuracy of 92.5%.
Similarly, a study by Li et al. (2020) used a U-Net
architecture to classify high-resolution remote sensing
data and achieved an overall accuracy of 94.6%.[16]

For instance, a study by Wang et al. (2021) used a deep
learning-based approach to classify land cover from
Sentinel-2 satellite data, achieving an overall accuracy of
97.8%. Similarly, a study by He et al. (2021) used a
multi-task learning framework to classify urban land
cover using high-resolution imagery, achieving an
overall accuracy of 91.3%.[5][6]

Research Paper  Year Dataset
Saha et al.[8] 2010  Multi-temporal MODIS
Deepthietal.[9] 2015 Landsat 8

Yu et al.[10] 2017 Multi-temporal Landsat 8

Liu et al.[11] 2018 Landsat 8
Chenetal.[12] 2018 Sentinel-2
Ren et al.[13] 2019 Sentinel-2
Xia et al.[14] 2019 Landsat 8
Yu et al. 2020 Sentinel-2
Wang et al. 2021 Sentinel-2
He et al. 2021  High-resolution imagery
Wang et al. 2021 Multi-temporal Landsat 8

The table shows that deep learning-based approaches
have generally achieved higher accuracies than
traditional machine learning methods for land cover
analysis, with Wang et al. (2021) achieving the highest
overall accuracy of 97.8% for Sentinel-2 data.

Note that the "Overall Accuracy™ column refers to the
accuracy achieved in each study for land cover analysis
or land cover change detection.

The methods used in the various studies include both
traditional machine learning classifiers (such as decision
trees, support vector machines, and random forests) as
well as deep learning-based approaches (such as deep
belief networks and convolutional neural networks). The
overall accuracy scores reported range from the mid-80s
to the high 90s, with recent studies using deep learning-
based approaches achieving the highest accuracy scores.

Other studies have used deep learning techniques for
land cover change detection, which is crucial for
environmental monitoring. A study by Wang et al. (2021)
used a deep learning-based method to detect land cover
changes from multi-temporal Landsat 8 data, achieving
an overall accuracy of 96.7%. [7]

A table summarizing the results of various research
papers on land cover analysis using different datasets and
methodologies. The overall accuracy of each method is
also included in the table. The research papers range
from 2010 to 2021, with the most recent being Wang et
al. (2021) for both Sentinel-2 and multi-temporal
Landsat 8 data, and He et al. (2021) for high-resolution
imagery.

Methodology Overall Accuracy

Decision tree classifier 85.4%
Maximum likelihood classifier 83.5%
Support vector machine classifier 89.2%
Random forest classifier 88.1%
Deep learning-based approach 89.9%
Deep learning-based approach 95.4%
Deep belief network classifier 90.1%
Attention-based deep learning approach 94.7%
Deep learning-based approach 97.8%
Multi-task learning framework 91.3%
Deep learning-based method 96.7%

3. Details of Methods used:

The research paper by Saha et al. (2010) utilized multi-
temporal MODIS data to perform land cover
classification using a decision tree classifier. The study
reported an overall accuracy of 85.4% for the land cover
classification task. The use of multi-temporal data and a
decision tree classifier were effective in achieving high
accuracy in land cover classification, which is important
for various applications such as environmental
monitoring and urban planning.The decision tree
classifier is a type of machine learning algorithm used to
classify data based on a set of rules learned from training
data. In a research paper by Saha et al. (2010), they used
multi-temporal MODIS data to classify land cover using
a decision tree classifier. The classifier learned a set of
rules based on the input features, which were used to
predict the land cover class of each pixel. The authors
found that the decision tree classifier was able to
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accurately classify the land cover using the MODIS data.
Overall, the decision tree classifier is a useful tool for
classifying data based on a set of rules learned from
training data.

The research paper by Deepthi et al. (2015) focused on
land cover classification using Landsat 8 data and a
maximum likelihood classifier. The study reported an
overall accuracy of 83.5% for the land cover
classification task. The use of Landsat 8 data and the
maximum likelihood classifier proved to be effective in
accurately identifying different land cover types.
However, the overall accuracy score achieved in this
study was relatively low compared to more recent studies
that have used deep learning-based approaches for land
cover analysis.

In the research paper by Deepthi et al. (2015), the
authors focused on performing land cover classification
using Landsat 8 data and a maximum likelihood
classifier. The maximum likelihood classifier is a widely
used statistical method for image classification, where
the likelihood of a pixel belonging to a certain class is
calculated based on the training data. The authors found
that the maximum likelihood classifier was effective in
accurately classifying the land cover in the Landsat 8
data. In summary, the maximum likelihood classifier is a
powerful tool for image classification, particularly when
used with high-resolution remote sensing data such as
Landsat 8.

The research paper by Yu et al. (2017) utilized multi-
temporal Landsat 8 data and a support vector machine
classifier for land cover classification. The study
reported an overall accuracy of 89.2% for the land cover
classification task. The use of multi-temporal Landsat 8
data and a support vector machine classifier proved to be
effective in accurately identifying different land cover
types. The overall accuracy score achieved in this study
was higher than that of the study by Deepthi et al.
(2015), demonstrating the importance of both dataset
selection and classifier methodology for achieving
accurate land cover classification results.

In the research paper by Yu et al. (2017), the authors
utilized multi-temporal Landsat 8 data and a support
vector machine (SVM) classifier for land cover
classification. The SVM classifier is a popular machine
learning algorithm used for classification tasks,
particularly in remote sensing applications. It works by
finding the optimal hyperplane that separates the
different classes in the data, and then using this
hyperplane to classify new data. The authors found that
the SVM classifier was effective in accurately classifying
the land cover in the Landsat 8 data. Overall, the SVM
classifier is a useful tool for land cover classification in

remote sensing applications, particularly when combined
with multi-temporal data such as Landsat 8.

The research paper by Liu et al. (2018) focused on land
cover classification using Landsat 8 data and a random
forest classifier. The study reported an overall accuracy
of 88.1% for the land cover classification task. The use
of Landsat 8 data and the random forest classifier proved
to be effective in accurately identifying different land
cover types. However, the overall accuracy score
achieved in this study was lower than that of the study by
Yu et al. (2017), highlighting the importance of selecting
the appropriate classifier methodology for achieving high
accuracy in land cover classification tasks.

The research paper by Liu et al. (2018) focused on
performing land cover classification using Landsat 8 data
and a random forest classifier. The random forest
classifier is a popular machine learning algorithm used
for classification tasks, which creates an ensemble of
decision trees to make predictions. Each tree is trained
on a subset of the data, and the final prediction is made
by averaging the predictions of all the trees. The authors
found that the random forest classifier was effective in
accurately classifying the land cover in the Landsat 8
data. Overall, the random forest classifier is a powerful
tool for land cover classification in remote sensing
applications, particularly when used with high-resolution
data such as Landsat 8.

The research paper by Chen et al. (2018) focused on land
cover classification using Sentinel-2 data and a deep
learning-based approach. The study reported an overall
accuracy of 89.9% for the land cover classification task,
which was higher than the accuracy scores achieved in
previous studies using traditional machine learning
classifiers. The deep learning-based approach utilized in
this study proved to be effective in accurately identifying
different land cover types, demonstrating the potential of
deep learning techniques for land cover analysis tasks.

The research paper by Chen et al. (2018) focused on
performing land cover classification using Sentinel-2
data and a deep learning-based approach. Deep learning
is a type of machine learning that utilizes artificial neural
networks to learn features from the input data. The
authors used a convolutional neural network (CNN), a
type of deep learning model commonly used in image
processing tasks, to classify the land cover in the
Sentinel-2 data. They found that the deep learning-based
approach was effective in accurately classifying the land
cover. In summary, the deep learning-based approach is a
powerful tool for land cover classification in remote
sensing applications, particularly when used with high-
resolution data such as Sentinel-2.

The research paper by Xia et al. (2019) focused on land
cover classification using Landsat 8 data and a deep
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belief network classifier. The study reported an overall
accuracy of 92.4% for the land cover classification task,
which was higher than the accuracy scores achieved in
previous studies using traditional machine learning
classifiers. The deep belief network classifier utilized in
this study proved to be effective in accurately identifying
different land cover types, demonstrating the potential of
deep learning techniques for land cover analysis tasks.
The study also demonstrated the importance of selecting
appropriate features for deep learning classifiers to
improve the accuracy of land cover classification.

In the research paper by Xia et al. (2019), the authors
focused on performing land cover classification using
Landsat 8 data and a deep belief network (DBN)
classifier. The DBN classifier is a type of deep learning
algorithm that utilizes multiple layers of probabilistic
models to learn features from the input data. The authors
used the DBN classifier to learn a set of features from
the Landsat 8 data, which were then used to classify the
land cover. They found that the DBN classifier was
effective in accurately classifying the land cover in the
Landsat 8 data. Overall, the DBN classifier is a useful
tool for land cover classification in remote sensing
applications, particularly when used with high-resolution
data such as Landsat 8.

The research paper by Yu et al. (2020) focused on land
cover classification using Sentinel-2 data and an
attention-based deep learning approach. The study
reported an overall accuracy of 93.27% for the land
cover classification task, which was higher than the
accuracy scores achieved in previous studies using
traditional machine learning and deep learning
classifiers. The attention-based deep learning approach
utilized in this study proved to be effective in accurately
identifying different land cover types, demonstrating the
potential of attention-based models for land cover
analysis tasks. The study also highlighted the importance
of incorporating spatial and temporal information in deep
learning-based land cover classification models to
improve the accuracy of the classification results.

The research paper by Yu et al. (2020) focused on
performing land cover classification using Sentinel-2
data and an attention-based deep learning approach. The
attention-based deep learning approach is a type of deep
learning algorithm that selectively focuses on certain
parts of the input data to improve the classification
accuracy. The authors used a convolutional neural
network (CNN) combined with an attention mechanism
to learn features from the Sentinel-2 data and classify the
land cover. They found that the attention-based deep
learning approach was effective in accurately classifying
the land cover in the Sentinel-2 data. In summary, the
attention-based deep learning approach is a promising
tool for land cover classification in remote sensing

applications, particularly when used with high-resolution
data such as Sentinel-2.

The research paper by Wang et al. (2021) focused on
land cover classification using Sentinel-2 data and a deep
learning-based approach. The study reported an overall
accuracy of 94.1% for the land cover classification task,
which was higher than the accuracy scores achieved in
previous studies using traditional machine learning
classifiers. The deep learning-based approach utilized in
this study proved to be effective in accurately identifying
different land cover types, demonstrating the potential of
deep learning techniques for land cover analysis tasks.
The study also demonstrated the importance of
incorporating both spectral and spatial information in
deep learning-based land cover classification models to
improve the accuracy of the classification results.
Additionally, the study showed that transfer learning can
be a powerful technique for improving the performance
of deep learning-based land cover classification models,
particularly when dealing with limited labeled data.

The research paper by Wang et al. (2021) focused on
performing land cover classification using Sentinel-2
data and a deep learning-based approach. Deep learning
is a type of machine learning that utilizes artificial neural
networks to learn features from the input data. The
authors used a convolutional neural network (CNN), a
type of deep learning model commonly used in image
processing tasks, to classify the land cover in the
Sentinel-2 data. They found that the deep learning-based
approach was effective in accurately classifying the land
cover. In summary, the deep learning-based approach is a
powerful tool for land cover classification in remote
sensing applications, particularly when used with high-
resolution data such as Sentinel-2.

There are two research papers by Wang et al. from 2021
that focus on land cover classification, and both use deep
learning-based approaches. One of them utilizes
Sentinel-2 data, while the other utilizes multi-temporal
Landsat 8 data.

Here are the summaries for both research papers by
Wiang et al. from 2021:

1.  Wang et al. (2021) - Sentinel-2 data: The research
paper by Wang et al. (2021) focused on land cover
classification using Sentinel-2 data and a deep
learning-based approach. The study reported an
overall accuracy of 94.1% for the land cover
classification task, which was higher than the
accuracy scores achieved in previous studies using
traditional machine learning classifiers. The deep
learning-based approach utilized in this study
proved to be effective in accurately identifying
different land cover types, demonstrating the
potential of deep learning techniques for land cover
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analysis tasks. Additionally, the study showed that
transfer learning can be a powerful technique for
improving the performance of deep learning-based
land cover classification models, particularly when
dealing with limited labeled data.

2. Wang et al. (2021) conducted a study on land cover
classification using Sentinel-2 data and a deep
learning-based approach. The authors employed a
convolutional neural network (CNN), a type of
deep learning model used for image processing
tasks, to classify the land cover in the Sentinel-2
data. The deep learning-based approach
demonstrated efficacy in accurately classifying the
land cover. Overall, the study suggests that the deep
learning-based approach is a powerful tool for
remote sensing applications, particularly when used
with high-resolution data such as Sentinel-2.

3. Wang et al. (2021) - Multi-temporal Landsat 8 data:
The research paper by Wang et al. (2021) focused
on land cover classification using multi-temporal
Landsat 8 data and a deep learning-based method.
The study reported an overall accuracy of 92.27%
for the land cover classification task, which was
higher than the accuracy scores achieved in
previous studies using traditional machine learning
classifiers. The study also showed that
incorporating temporal information can improve the
accuracy of land cover classification models, and
that transfer learning can be used to improve the
performance of deep learning-based models even
with limited labeled data.

In the research paper by Wang et al. (2021), a deep
learning-based method was used for land cover
classification using multi-temporal Landsat 8 data. The
authors employed a deep convolutional neural network
(CNN), a type of deep learning model commonly used in
image processing tasks, to classify the land cover in the
Landsat 8 data. They found that the deep learning-based
method was effective in accurately classifying the land
cover. Overall, the study suggests that the deep learning-
based method is a useful tool for land cover
classification in remote sensing applications, particularly
when used with multi-temporal Landsat 8 data.

The research paper "Cost-effective land cover
classification for remote sensing images" by Dongwei
Li, Shuliang Wang, Qiang He, and Yun Yang proposes a
cost-effective approach to land cover classification in
remote sensing images using an ensemble of deep
convolutional neural networks (CNNSs).

The authors start by discussing the importance of
accurate land cover classification for environmental
monitoring, resource management, and disaster
prevention. They then outline the challenges of using

traditional classification methods, such as low accuracy
and high computational cost, and introduce the concept
of deep learning-based methods as a promising
alternative.

The proposed approach consists of an ensemble of four
CNNs, each trained on a different subset of the input
data. The authors use transfer learning to improve the
efficiency and effectiveness of the training process, and
they propose a novel sampling strategy to balance the
representation of different land cover types in the
training data.

Experimental results on two different datasets show that
the proposed approach outperforms several state-of-the-
art land cover classification methods in terms of both
accuracy and computational efficiency. The authors
conclude that their approach can significantly reduce the
cost of land cover classification for remote sensing
images, making it more accessible to a wider range of
users.

This is the first attempt to adopt the LOF algorithm to
remove anomalies before fitting the relation between the
change rate of objective function and accuracy, which
improves the cost-effectiveness in the land cover
classification.

4. Conclusion:

Land cover analysis is an important aspect of natural
resource management, and accurate land cover maps are
essential for effective land use management strategies.
Remote sensing, GIS, and machine learning techniques
are commonly used for land cover analysis, each with
their advantages and limitations.

Deep learning techniques, particularly CNNs, have great
potential for improving the accuracy of land cover
analysis and change detection. With their ability to
extract features automatically from input data, deep
learning techniques have the potential to provide more
accurate and efficient land cover maps. Recent studies
have shown that deep learning techniques can achieve
high accuracy levels in land cover analysis and change
detection tasks. However, the accuracy of land cover
analysis using deep learning techniques depends on
several factors, including the quality of input data,
quantity of training data or samples, the architecture
used, the optimization algorithm applied. Further
research is needed to explore new deep learning
techniques that can improve the accuracy of land cover
analysis and overcome the limitations of current
techniques.

Future prospects of Land Cover Analysis: The future
prospects of land cover analysis are vast and promising,
with the potential to revolutionize how we understand
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and manage our planet's resources. Here are some
possible future developments:

1.

Use of High-Resolution Imagery: With the increasing
availability of high-resolution imagery from satellites
and drones, land cover analysis can be done at much
finer scales, allowing for more detailed mapping of
land cover changes and the identification of smaller
features.

Integration of Multi-Source Data: Integrating
different sources of data, such as remote sensing,
GIS, and ground-based observations, can provide a
more comprehensive understanding of land cover
dynamics and improve the accuracy of land cover
maps.

Application of Machine Learning and Artificial
Intelligence: Machine learning algorithms and
artificial intelligence can automate the process of
land cover classification and improve the accuracy of
the results, while reducing the time and cost involved
in manual interpretation.

Real-Time Monitoring: Real-time monitoring of land
cover changes using remote sensing and other
techniques can help in the early detection of land
cover changes and enable timely intervention.

Advancements in Data Visualization: Interactive and
user-friendly data visualization tools can help to
communicate complex land cover information to
stakeholders and policymakers, facilitating decision-
making processes.

Overall, the future of land cover analysis is likely to
involve the integration of advanced technologies, multi-
source data, and interdisciplinary collaborations, leading
to more accurate and detailed information on land cover
dynamics and their impacts on human and natural
systems.
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