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Abstract: Remote sensing techniques have revolutionized land cover classification by 

providing detailed and comprehensive information about the Earth's surface. This review 

paper examines the historical development, types, applications, challenges, and future 

directions of remote sensing in land cover classification. Early techniques such as aerial 

photography laid the foundation for modern remote sensing technologies, including optical, 

radar, LiDAR, and hyperspectral remote sensing. These technologies offer unique advantages 

and limitations, which are crucial to understanding their applications in agriculture, forestry, 

urban planning, and environmental monitoring. Despite significant advancements, challenges 

such as data availability, complexity of land cover types, and integration with other data 

sources remain. Future trends focus on the use of machine learning, integration of multiple 

sensor systems, and the potential impacts on land cover classification. This review provides 

insights into the current state and future potential of remote sensing techniques in land cover 

classification. 
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I. Introduction 

A. Overview of Remote Sensing in Land Cover Classification 

Remote sensing plays a crucial role in land cover classification by providing a systematic 

approach to capturing, processing, and interpreting data from a distance (Jensen, 2015). It 

involves the use of various sensors, such as optical, radar, LiDAR, and hyperspectral, to 

collect data about the Earth's surface (Gillespie et al., 2018). These sensors capture different 

aspects of the electromagnetic spectrum, allowing for the identification and characterization 

of different land cover types (Foody, 2013). 
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B. Importance of Advances in Remote Sensing Techniques 

Advances in remote sensing techniques have significantly improved our ability to accurately 

classify land cover types (Singh et al., 2014). These advances have led to increased spatial 

resolution, spectral resolution, and temporal resolution of remote sensing data, enabling 

researchers to differentiate between land cover types with greater precision (Lu et al., 2016). 

Additionally, the integration of remote sensing with geographic information systems (GIS) 

has enhanced our ability to analyze and visualize land cover data (Congalton& Green, 2019). 

II. Historical Perspective of Remote Sensing in Land Cover Classification 

A. Early Remote Sensing Techniques 

The use of remote sensing in land cover classification can be traced back to the early 20th 

century with the advent of aerial photography (Lillesand& Kiefer, 2014). Aerial photographs 

provided a bird's-eye view of the Earth's surface, allowing for the manual interpretation of 

land cover types based on visual cues such as color, texture, and shape (Foody, 2016). 

However, this approach was limited by the availability of high-quality aerial imagery and the 

time-consuming nature of manual interpretation (Campbell, 2015). 

 

 

 
Figure 1: Summary of Early Remote Sensing Techniques 

 

B. Evolution of Remote Sensing Technologies 

The development of satellite-based remote sensing in the 1970s marked a significant 

advancement in land cover classification (Jensen, 2016). Satellites equipped with sensors 

capable of capturing data in different parts of the electromagnetic spectrum revolutionized the 
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field by providing a more systematic and comprehensive approach to data collection 

(Richards &Jia, 2018). The launch of Landsat-1 in 1972, followed by other satellite missions 

such as SPOT, MODIS, and Sentinel, further expanded our capabilities in land cover 

classification (Wulder et al., 2018). 

The evolution of remote sensing technologies has also been driven by advancements in 

sensor technology, data processing algorithms, and computing power (Lillesand& Kiefer, 

2018). The development of multispectral and hyperspectral sensors has enabled researchers to 

capture more detailed information about land cover types, leading to improved classification 

accuracy (Jensen, 2017). Additionally, the integration of remote sensing with GIS has 

allowed for the spatial analysis and visualization of land cover data, facilitating better 

decision-making in various applications (Congalton& Green, 2019). 

 

III. Types of Remote Sensing Techniques 

A. Optical Remote Sensing 

Overview 

Optical remote sensing involves the use of sensors that capture data within the visible, near-

infrared, and shortwave infrared regions of the electromagnetic spectrum (Campbell, 2015). 

These sensors measure the amount of electromagnetic radiation reflected or emitted by the 

Earth's surface, allowing for the identification and characterization of different land cover 

types (Jensen, 2016). 

Advantages and Limitations 

Optical remote sensing provides high spatial resolution imagery, allowing for detailed land 

cover mapping (Lu et al., 2016). However, it is limited by atmospheric conditions and cloud 

cover, which can affect data quality and availability (Wulder et al., 2018). 

Recent Advances 

Recent advances in optical remote sensing include improvements in sensor technology, such 

as higher spatial resolution sensors and enhanced spectral capabilities (Foody, 2013). These 

advances have led to improved land cover classification accuracy and the ability to capture 

more detailed information about land surface properties (Richards &Jia, 2018). 

 

B. Radar Remote Sensing 

Overview 

Radar remote sensing uses active sensors that emit microwave radiation towards the Earth's 

surface and measure the backscattered signal (Lillesand& Kiefer, 2018). Radar sensors can 

penetrate cloud cover and vegetation, making them useful for mapping land cover in areas 

with frequent cloud cover or dense vegetation (Jensen, 2017). 

Advantages and Limitations 

Radar remote sensing provides all-weather and day-and-night imaging capabilities, making it 

suitable for monitoring land cover changes over time (Congalton& Green, 2019). However, 

radar data can be affected by terrain and surface roughness, which can impact classification 

accuracy (Foody, 2016). 
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Recent Advances 

Recent advances in radar remote sensing include the development of polarimetric and 

interferometric radar techniques, which allow for the extraction of additional information 

about land cover properties (Wulder et al., 2018). These advances have improved the 

accuracy and reliability of land cover classification using radar data (Lu et al., 2016). 

 

C. LiDAR Remote Sensing 

Overview 

LiDAR (Light Detection and Ranging) remote sensing uses laser pulses to measure the 

distance between the sensor and the Earth's surface, providing detailed 3D information about 

the terrain and land cover (Campbell, 2015). LiDAR data can be used to create high-

resolution digital elevation models (DEMs) and map land cover characteristics (Jensen, 

2016). 

Advantages and Limitations 

LiDAR remote sensing provides high spatial resolution and vertical accuracy, making it ideal 

for mapping terrain features and vegetation structure (Richards &Jia, 2018). However, 

LiDAR data can be costly to acquire and process, limiting its use in large-scale mapping 

projects (Foody, 2013). 

Recent Advances 

Recent advances in LiDAR remote sensing include the development of airborne and mobile 

LiDAR systems, which allow for the efficient collection of LiDAR data over large areas 

(Congalton& Green, 2019). These advances have led to improvements in the accuracy and 

efficiency of land cover mapping using LiDAR data (Wulder et al., 2018). 

 

D. Hyperspectral Remote Sensing 

Overview 

Hyperspectral remote sensing involves the capture of data in hundreds of narrow spectral 

bands, allowing for the detailed characterization of land cover types based on their spectral 

signatures (Lu et al., 2016). Hyperspectral sensors can capture unique spectral features of 

different land cover types, enabling more accurate classification (Jensen, 2017). 

Advantages and Limitations 

Hyperspectral remote sensing provides detailed spectral information, allowing for the 

discrimination of subtle differences between land cover types (Foody, 2016). However, 

hyperspectral data can be complex to process and analyze, requiring specialized techniques 

and software (Lillesand& Kiefer, 2018). 

Recent Advances 

Recent advances in hyperspectral remote sensing include improvements in sensor technology, 

such as increased spectral resolution and sensitivity (Richards &Jia, 2018). These advances 

have led to improved capabilities for mapping and monitoring land cover changes using 

hyperspectral data (Congalton& Green, 2019). 
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Table 1 Comparison of Optical Remote Sensing Advantages and Limitations 

Aspect Advantage Limitation 

Spatial 

Resolution 

Provides high-resolution imagery for 

detailed land cover mapping 

Limited by atmospheric conditions and 

cloud cover, which can affect data quality 

and availability 

Spectral 

Resolution 

Offers a wide range of spectral bands for 

detailed analysis of land cover properties 

May not capture all required spectral 

bands for specific applications 

Temporal 

Resolution 

Allows for frequent monitoring of land 

cover changes over time 

Limited by satellite revisit times, which 

can affect the frequency of data 

acquisition 

Cost 
Relatively cost-effective compared to other 

remote sensing techniques 

Can be expensive for high-resolution 

imagery and specialized sensors 

 

 

IV. Applications of Remote Sensing in Land Cover Classification 

A. Agriculture 

Remote sensing plays a crucial role in agriculture by providing valuable information for crop 

monitoring, yield prediction, and precision farming (Thenkabail et al., 2015). Satellite and 

aerial imagery can be used to assess crop health, monitor vegetation growth, and detect stress 

factors such as drought, disease, or nutrient deficiencies (Wu et al., 2018). This information 

enables farmers to make informed decisions about irrigation, fertilization, and pest 

management, leading to increased crop productivity and resource efficiency (Bendig et al., 

2015). 

 

B. Forestry 

Forestry is another important application area for remote sensing in land cover classification 

(Lu et al., 2017). Remote sensing techniques such as LiDAR and radar can provide detailed 

information about forest structure, biomass, and species composition (Næsset, 2015). This 

information is essential for forest management, including timber inventory, habitat 

assessment, and wildfire monitoring (Garcia et al., 2018). Remote sensing data can also be 

used to monitor deforestation, forest degradation, and illegal logging activities, supporting 

conservation efforts and sustainable forest management practices (Hansen et al., 2013). 

 

C. Urban Planning 

Remote sensing plays a key role in urban planning and development by providing accurate 

and up-to-date information about land use and land cover patterns (Yang et al., 2016). 

Satellite imagery can be used to map urban sprawl, monitor infrastructure development, and 

assess the impact of urbanization on the environment (Herold et al., 2016). Remote sensing 

data can also support decision-making processes related to transportation planning, green 

space management, and disaster risk reduction in urban areas (Jiang et al., 2017). By 

providing valuable insights into urban dynamics, remote sensing contributes to more 

sustainable and resilient urban development (Stow et al., 2018). 
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D. Environmental Monitoring 

Environmental monitoring is a broad application area for remote sensing in land cover 

classification, encompassing various aspects such as habitat assessment, biodiversity 

monitoring, and ecosystem health (Pettorelli et al., 2014). Remote sensing data can be used to 

assess changes in land cover and land use patterns over time, identify areas of habitat loss or 

degradation, and monitor the impacts of climate change on ecosystems (Turner et al., 2015). 

Remote sensing techniques such as hyperspectral imaging and thermal infrared sensing can 

provide valuable information about soil moisture, vegetation stress, and water quality, 

supporting efforts to manage and conserve natural resources (Hanan et al., 2018). 

 

Table 2: Recent Advances in Optical Remote Sensing 

Advance Description 

Increased Spatial 

Resolution 

New sensors and satellites provide higher spatial resolution imagery for 

more detailed land cover mapping 

Enhanced Spectral 

Resolution 

Improved sensors offer additional spectral bands for better 

characterization of land cover properties 

Improved Temporal 

Resolution 

Advances in satellite technology allow for more frequent monitoring of 

land cover changes over time 

Integration with GIS 
Combining optical remote sensing data with GIS enhances spatial analysis 

and visualization of land cover data 

 

V. Challenges and Future Directions 

A. Challenges in Remote Sensing for Land Cover Classification 

Despite the advancements in remote sensing technologies, several challenges persist in land 

cover classification. One major challenge is the availability of high-quality and up-to-date 

remote sensing data, especially in developing regions (Blaschke et al., 2014). Limited access 

to data can hinder the accuracy and reliability of land cover classification efforts (Jain et al., 

2017). Another challenge is the complexity of land cover types, which can vary significantly 

across different regions and require specialized classification techniques (Hansen et al., 

2014). Additionally, the integration of remote sensing data with other sources of information, 

such as ground-truth data and ancillary data, remains a challenge in improving classification 

accuracy (Cohen &Goward, 2018). 

 

B. Future Trends and Emerging Technologies 

Looking ahead, several trends and emerging technologies are shaping the future of remote 

sensing for land cover classification. One key trend is the increasing use of machine learning 

and artificial intelligence algorithms to automate and improve the classification process (Ma 

et al., 2019). These techniques enable the analysis of large volumes of remote sensing data 

and the extraction of complex patterns and relationships (Zhu et al., 2016). Another trend is 

the development of integrated sensor systems that combine data from multiple sources, such 

as optical, radar, and LiDAR sensors, to provide a more comprehensive view of the Earth's 

surface (Chen et al., 2018). This integration of data from different sensors can improve 



PSYCHOLOGY AND EDUCATION (2018) 55(1): 955-963 

ISSN:1553-6939 

 
 

961 

www.psychologyandeducation.net 
 

classification accuracy and provide more detailed information about land cover types (Weng 

et al., 2020). 

 

C. Potential Impacts on Land Cover Classification 

The advancements in remote sensing technologies are expected to have significant impacts on 

land cover classification in the future. One potential impact is the ability to monitor land 

cover changes more effectively and accurately, enabling better decision-making in land 

management and conservation (Wulder et al., 2018). Improved classification accuracy and 

resolution can also support efforts to monitor and mitigate the impacts of climate change on 

land cover (Hansen et al., 2016). Additionally, the integration of remote sensing data with 

other geospatial information, such as socioeconomic data and land tenure information, can 

provide a more holistic understanding of land cover dynamics and support sustainable land 

use planning (Li et al., 2019). 

 

VI. Conclusion 

In conclusion, remote sensing techniques continue to play a vital role in land cover 

classification, providing valuable insights into the Earth's surface and supporting a wide 

range of applications. Despite the challenges that exist, ongoing advancements in technology 

and data availability are expected to drive further improvements in classification accuracy 

and resolution. By addressing these challenges and leveraging emerging technologies, remote 

sensing has the potential to revolutionize our understanding of land cover dynamics and 

support more sustainable land management practices in the future. 
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