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ABSTRACT

Land cover maps are an important tool to understand global change and various landscape analyses. Accurate
land cover maps are important for their precise application in forest conservation and snow-melt analysis. Sa-
tellite images are used as a data source for preparing land cover maps. This review evaluates the use of Unman-
ned Aerial Vehicles (UAV) as an alternative technology to produce a more accurate land cover map. Throughout
the comparative study it is found that higher spatial resolution of the images generally leads to improved ove-
rall accuracy of the land cover product. UAV images are found to have the highest overall accuracy compared
to other satellite imagery. The review also highlighted that UAV images are not feasible from an economic pers-
pective if the land cover analysis needs to be carried out over a large area. Therefore, it is concluded that UAVs
are a good alternative tool for high-precision, local-scale land cover mapping, but satellite imagery is suitable
for regional and global monitoring.
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1. INTRODUCTION

Land cover maps are widely considered a tool to monitor global change (Verburg et al. 2011). The
land cover map represents the region by forest, wetlands, impervious surfaces, agriculture, water, and
other land types. A series of land cover maps over time can be used to monitor the various changes in
the land. The changes in land cover are rapid and significantly impact people, the economy, and the
environment (National Ocean Service 2024). Such land cover change data have many applications;
they are mostly used in climate change modeling, flood modeling, agricultural drought analysis, mon-

itoring environmental changes, and forest change detection (Mora et al. 2014).

Providing a highly accurate land cover map is still a challenge in today’s world. So far, satellite images
are being used to determine the land cover maps, whose resolution is very low compared to that of
UAV images. The most used satellite image, Landsat 7, has a spatial resolution of 30m (Dewitz and
USGS 2021), and MODIS imagery has a spatial resolution of 250m, 500m, and lkm according to
data type (NASA 2026). The National Land Cover Database (NLCD), created by the US Geological
Survey, used Landsat 30m resolution images (Dewitz and USGS 2021). The land cover output from
these images may not provide an accurate result of the places where there are drastic changes in land
cover types. Many components, such as the amount of glacier melt and change in river pattern, are
subject to annual changes between a few inches and a few meters each year (Lindsey 2020). Landsat
and MODIS imagery with a pixel spatial resolution of 30m and 250m will not be able to monitor the
change of 1-2 meters. The understanding of change in river pattern is important to estimate the flood
probability. Understanding the flood probability would help people prepare for land erosion and sev-
eral other losses. Furthermore, approximately 1.2 trillion tons of ice are melting each year, resulting in
rising sea levels (Mooney and Freedman 2021). An accurate land cover map can be used to correctly
monitor such ice melt. To address such issues, it is important to determine land cover change using

imagery with high spatial resolution.

Unmanned Aerial Vehicles (UAVs) are also capable of monitoring land cover change. The UAV images
are captured at low elevation, which provides high-resolution images. Satellite image issues, such as
cloud cover or lack of data on the desired date, can be addressed using UAV imagery (Jumaat et al.
2018). In recent days, the UAVs have advanced from the experimental phase to ultra-high resolution
mapping, driven by the integration of diverse technologies such as radar, RF sensors, acoustic detec-
tors, and optical imaging systems. The integration of Machine Learning and Artificial Intelligence in
this technology has enabled more accurate and reliable systems (Semenyuk et al. 2025). The inte-
gration of LiDAR in airborne systems has allowed a new dimension toward the classification feature
space, where distinguishing elevated features (such as buildings, trees) from ground features is not
possible using a single satellite remote sensing image. Further, LiDAR intensity data collects the back-
scattered laser energy at the NIR wavelength, which allows for the differentiation of the land cover

types. This allows for differentiating man-made features and ground features (Yan et al., 2015). Thus,
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this review aims to use high-resolution UAV images over satellite images to provide a more accurate

land cover map for forest conservation and various climate change analyses.

The accurate land cover map can be used as a key component to determine the global change (Ge et
al. 2007). It can be used to analyze the change in land cover, hydrography, and snowmelt over time.
The accurate map will help government bodies to engage in good land planning, determine the snow-
melt, understand the pattern of land cover change, and predict the future landscape in a particular
area. It helps the nation to control problems like rapid urbanization, uncontrolled development, loss

of forest and wildlife, and decreases in agricultural land.

1.1. Problem Statement

While numerous studies have been carried out to study the use of UAVs for land cover analysis, the
accuracy of UAVs, a comprehensive synthesis comparing UAV and satellite imagery in terms of their
relative accuracy, cost, and scalability is still lacking. Previous studies have focused on generating
accuracy assessments for UAVs through confusion matrices or have emphasized their applications.
Others have concentrated on single case studies or specific sensor comparisons. Furthermore, the

economic trade-off between these technologies has not been evaluated across different project scales.

2. APPROACH

A narrative literature review approach is adopted to understand the impact of UAVs on land cover
classification. The existing literature on land cover mapping is highly heterogeneous in terms of clas-
sification methods, number of classes, sensor spectral/radiometric properties, and scale of the project.
This makes it difficult to conduct a systematic review with standardized criteria and directly compa-

rable quantitative metrics.

Literature was identified through targeted searches using the keywords “landcover”, “Remote Sens-
ing”, “UAV”, and “Accuracy assessment”. Rather than cataloging all available studies, the available
journal articles and conference papers were manually screened. Priority was given to papers that in-
clude classification accuracy metrics (e.g., overall accuracy, confusion matrices, and kappa index) and
also discuss other constraints such as cost, processing time, and project scale, and studies after 2000

were given more preference.

3. LITERATURE REVIEW

3.1Land Cover, Land Use, and Resolution

The Food and Agriculture Organization (FAO) defines land cover as the observed (bio) physical

cover on the earth’s surface (Di Gregorio and Jansen 2000). The different types of physical coverage
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could be forest, grassland, cropland, lakes, wetland, etc. Land use is the second important term that
is mostly used together with land use. The ocean services describe land cover as the representation of
the physical land type, such as forest or open water, whereas land use documents how people are us-
ing the land, whether for development, conservation, or mixed uses (National Ocean Service 2024).
The report of Environment (ROE) published by the United States Environmental Protection Agency
describes land use as the representation of economic and cultural activities such as agricultural, resi-
dential, industrial, mining, and recreational uses that are practiced in a given map (US Environmental

Protection Agency 2008).

Land cover maps can be used for various purposes such as environmental monitoring, land manage-
ment, and policy making. Land cover datasets are a tool for decision-making and shaping policies
worldwide (Kovacic 2025). The land cover data and maps are also used by coastal managers to un-
derstand the current landscape. The land cover map helps coastal managers to assess urban growth,
model water quality issues, predict and assess impacts from floods and surges, track wetland losses,
determine impacts of sea level rise, prioritize areas for conservation, and compare the land cover

changes (National Ocean Service 2024).

Resolution refers to the smallest size at which an object or detail can be represented in an image.
Higher-resolution images have a smaller pixel size, which provides more details, while lower-resolu-
tion images have a larger pixel size, which provides fewer details (Setyawan, 2019). There are four

types of resolutions for satellite imagery (Navulur 2006):

i. Spatial resolution: It represents the length of the side of the pixel. The greater spatial resolu-
tion allows precise identification of features. The use of spatial resolution can be considered depend-
ing on the application. For large area change detection, it is economical to use medium resolution
imagery, and for planimetric applications, it is recommended to use imagery with the highest possible

resolution that can be used to extract various features such as pavements, roads, etc.

ii. Spectral resolution: This represents the number of spectral bands of the given sensor. For
most GIS applications where images are primarily used as a backdrop, three-band natural color im-
agery in RGB format is commonly used. For extracting information such as impervious surfaces and
vegetation classification, visible and near-infrared (VNIR) bands are utilized, whereas applications

like mineral exploration and forest species classification rely on multispectral or hyperspectral data.

iii. Radiometric resolution: This represents the number of gray levels that can be recorded for a

given pixel. The higher radiometric resolution gives better discrimination of variations in reflectance.

iv. Temporal resolution: This represents the time frequency at which the sensors cover the same
area of interest (AOI). Issues such as cloud cover can be minimized by using satellites with higher

temporal resolution (Navulur 2006).
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Table 1 briefly describes the representation and characteristics of the four types of resolutions dis-

cussed.

Table 1. Types of Resolution for satellite imagery (Navulur 2006).

Resolution

Type

Representation Characteristics

Spatial Resolution is defined by Ground Sampling Distance
(GSD). Commonly, Low resolution is defined as pixels with
Length of the side of |a GSD of 30 m or greater resolution, medium resolution is
a pixel GSD in the range of 2.0-30 m, high resolution is GSD 0.5—
2.0m, and very high resolution is pixel sizes < 0.5m GSD.

Spatial

The smaller the pixels, the more details are visible.

Multispectral sensors have fewer than ten bands, superspec-

tral sensors have bands greater than ten, and hyperspectral
Number of bands of . _ _
Spectral . sensors usually have bands in hundreds. With higher spec-
the given sensor _ . ,
tral resolution, one can extract better information, such as

impervious surfaces, vegetation classification, etc.

A radiometric resolution of 8 bit radiometric resolution can
Number of gray levels _
_ _ capture DN values ranging from 0 to 255. The value can be
Radiometric |that can be recorded A . .
. . calculated using the equation N = 2% where N is the range,
for a given pixel . . .
and R is the radiometric depth.

Time frequency at|The sensor that visits the AOI every day has higher tempo-

Temporal which the sensors |ral resolution than the sensor that revisits the AOI monthly.

cover the same AOL | Temporal resolution is important for change detection.

3.2 History of Land Cover Maps

The era of land cover mapping started in the early 1970s. Civil space-based remote sensing came into
the age in the early 1970s. The 1970s are the foundational period for space-based land cover map-
ping. The 1970s era was influenced by two major events of the mid-1960s. First, William Pecora (Di-
rector of the US Geological Survey) proposed an idea about a civilian remote sensing satellite program
to collect information about the natural resources of the Earth. Second, NASA conducted a series of
remote sensing investigations using an image-capturing infrastructure mounted on an aircraft. These
two events resulted in the launch of NASA's Earth Resources Technology Satellite in 1972, which is
now known as Landsat. Later, a draft 'A Land Use and Land Cover Classification System for use with
remote sensor data’ was published in 1976, which provided a classification legend that defined land

use and land cover categories to be derived from remote sensing images (Anderson et al. 1976). The
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launch of Landsat and the framework for land cover mapping today serve as a framework for land
cover mapping using satellite images, even though it was a manual approach rather than a comput-
er-assisted method (Giri 2012).

The 1980s were the point where the rapid growth of land cover mapping methods and projects hap-
pened. Three major factors influenced this decade in land cover mapping. First, computer-assisted
methods were developed for land cover mapping. Second, Landsat data quality was improved with
the Thematic Mapper instrument, and Landsat was commercialized, which made a heavy impact on
the land cover initiative. The spatial details obtained from Landsat needed some improvement to gain
efficiencies through the digital imagery. Anderson from USGS recognized this need and led his team
in the initial research of land cover classification. He tried to provide an accurate land cover map with
Landsat data and developed an automated classification method (Anderson et al. 1976). In the late
1970s and early 1980s, many land cover mapping programs were initiated across the United States
in Arizona, Kansas, Nebraska, North Dakota, South Dakota, and Texas. The land cover mapping
again boosted in 1982 when Landsat launched a new sensor called 'Thematic Mapper (TM)', which
improved the accuracy of the data with spatial and multispectral capabilities. The Landsat resolution

was improved from 79 meters to 30 meters (Giri 2012).

The 1990's is when the start of national to global land cover mapping happened. The Advanced Very
High-Resolution Radiometer (AVHRR) based land cover project was started in this global land cover
mapping era. The 1990s can also be called the end of the commercial Landsat era, which contributed
to the growth of national-scale Landsat-based land cover mapping and allowed investment in land
cover programs. The use of the time-series dataset and derived seasonal metrics excluded the limited
coarse-resolution imagery. The seamless dataset was available, which reduced the problem of scene
boundaries. The use of ancillary data and stratification helped increase classification accuracy. The
data were available for new satellite missions like the India Remote Sensing satellite, which increased

the innovation in the land cover mapping (Giri 2012).

The first decade of the twenty-first century was when operational mapping became more mature, and
researchers’ emphasis on land cover change studies increased. The land cover monitoring matured
in this period with the launch of NASA Terra and Aqua Terra with the Moderate Resolution Imaging
Spectroradiometer (MODIS). The accuracy assessment was less common, but the accuracy standards
for land cover products were established and matured significantly. Most land cover practices started

to include validation as a standard practice (Giri 2012).

During the second decade of the twenty-first century, the European Space Agency’s (ESA) Copernicus
program introduced the launch of Sentinel Satellites. The first of the Sentinel series, Sentinel-1A, was
launched on 3 April 2014, followed by Sentinel-1B on 25 April 2016. For land monitoring, Senti-
nel-2A was launched on 23 June 2015, followed by Sentinel-2B on 7 March 2017. Sentinel-2 is a
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polar-orbiting, multispectral high-resolution imagery at spatial resolutions from 10m to 60m across
13 spectral bands, with its core applications including land cover classification and forest monitoring.
On 5 September 2024, Sentinel-2C was launched into orbit to ensure the continuous provision of

high-resolution data from the mission (ESA, n.d.).

Similarly, the use of Very High Resolution (VHR) satellite imagery has significantly advanced in land
cover mapping. DigitalGlobe's QuickBird was launched on 18 October 2001, which was the first
commercial satellite to offer sub-meter imagery, collecting data at 0.65m resolution. The QuickBird
satellite was switched off on January 27, 2015, after completing 70,000 trips around the globe and
capturing around 636 million sq km of high-resolution imagery. WorldView-1 was launched on 18
September 2007, with a resolution of 0.50 m and has a daily collection capacity of up to 750,000

square kilometres (Satellite Imaging Corporation, n.d.).

Under the French-Italian ORFEO programme, Pléiades-1A was launched on 17 December 2011,
followed by Pléiades-1B on 2 December 2012, both operating at 0.5 m resolution with daily revisit
capability over any point on Earth. (CNES, 2025) Concerning the history, it is assumed that the land
cover technology will lead towards innovation in the future, and the remote sensing satellite imagery
will be much cheaper (Giri 2012).

3.3 Accuracy in the land cover map

Unlike the satellite image, the land cover map is not the perfect representation of reality. In remote
sensing, the term accuracy means the degree of correctness of the map. No map is 100% perfect, and
to determine the degree of correctness, it is necessary to conduct an accuracy assessment. The result
of the accuracy assessment gives the overall accuracy of the whole map as well as the accuracy of
each class in the map (Horning 2004). There is no accepted standard method of accuracy assessment.
However, the confusion matrix is the most popular method for accuracy assessment. The confusion
matrix will determine the confusion between each class within the map. In the confusion matrix,
commonly, the data is represented in percentage cases, as it is easy to interpret. The confusion matrix
provides a summary of two types of thematic error present: omission error (producer's accuracy) and
commission error (consumer's accuracy). Producer's accuracy determines how well the reference
pixels from the ground are classified in the map, and consumer's accuracy determines how well the
classified category in the map represents the ground. However, the non-thematic error is not repre-
sented in the confusion matrix, which may be large and could have a larger effect. The problems, like

mixed pixels and misregistration of the data set, may not be incorporated (Foody 2002).

Liang et al. (2019) studied the accuracy evaluation and consistency analysis of different land cover
products. The study was conducted in the Arctic Region. Land cover products from four different
sensors - Climate Change Initiative Land Cover (CCI-LC), GlobelLand30, Global Land Cover by the
National Mapping Organization (GLCNMO), and Moderate Resolution Imaging Spectroradiometer
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(MODIS) were utilized. The land cover product was refined to nine different classes: Shrub, sparse
vegetation, Wetland, Snow/Ice, Trees, Herbaceous, Cropland, Artificial Surface, and Water. For ac-
curacy assessment, validation point data were collected, and a confusion matrix was prepared. The
accuracy assessment proved CCI-LC to be the most accurate product with an overall accuracy of
63.5%. GlobelLand30 and GLCNMO were found to have an overall accuracy of 62.2% and 48.8%,
respectively. The MODIS land cover product was found to have the lowest overall accuracy of 29.5%.
The spatial resolution of Globe30 is highest at 30m, followed by CCI-LC and MODIS with 300m for
both. GLCNMO has the lowest resolution of 1 km. CCI-LC was found to have the highest overall
accuracy and has good accuracy for the forest, shrubs, sparse vegetation, snow/ice, and water bodies.
GlobelLand30 and CCI-LC have a good output for the classification of the shrub. MODIS and GLCN-
MO product having a very low resolution are omitted for classification in the Arctic region. CCI-LC
and GLCNMO have comparatively better accuracy, but the author believes the current land cover
products are not ideal in terms of accuracy for classification studies in the Arctic Region (Liang et al.
2019). The comparison of accuracy of the selected land cover products in Arctic region is presented
in Table 2, where CCI-LC with resolution of 300m demonstrates the highest overall accuracy among

the datasets.

Table 2. Land Cover Products accuracy in the Arctic Region.

Objective Sensors  Resolution Accuracy Conclusion

CCI-LC  [300m 63.5%
Accuracy evalua-

. . Land cover products
tion and consis-|Globe - 0 _ _
. . 30m 02.2%  |are not ideal in terms
Liang et al |tency analysis of |Land30

(2019) different land cov-

er products in the

of accuracy for classi-

GLCNMO | 1 km 48.8% fication studies in the
Arctic Region

Arctic Region
MODIS 300m 29.5%

3.4 Impact of Spatial Resolution on Map Accuracy

The spatial resolution of the image is a basic characteristic of a remote sensing image, which makes a
heavy impact on the accuracy of the image classification. The improper selection of spatial resolution
may lead to an ambiguous interpretation of the products. Land use, land cover classification using a
single sensor may result in limitations like low classification accuracy and adaptability. Mishra et al.
(2016) evaluated the land use, land cover classification accuracy using 3 different sensors. LISS IV

with 5.8 meters, Landsat 8 with 30 meters, and AWiFS with 56 meters spatial resolution were used for
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the study. Images were imported to ENVI (remote sensing image processing software) for classifica-
tion and were classified into seven different classes as Agriculture land, Dense vegetation, Sparse veg-
etation, fallow land, built-up, water bodies, and sand. For the accuracy assessment, 438 sample points
with 30-43 points for the individual class were checked. The overall accuracy of 83.28%, 77.93%,
and 74.61% was determined for LISS 1V, Landsat 8, and AWiFS sensors. The result indicates a slight
increase in overall accuracy with an increase in spatial resolution from 56m to 5.8m. The study con-
cludes that better spatial resolution reduces mixed pixel problems, which helps in providing a greater
extent of information from land use/land cover data sets. Thus, the increase in spatial resolution re-

sults in an increase in the overall accuracy of the land use/land cover map (Mishra et al. 2016).

Fisher et al. (2018) project has researched to determine the impact of satellite imagery resolution on

land use classification to model the water quality. The objective of their study were:

To assess the influence of the spatial resolution of satellite images on the accuracy of the land

cover classification and the estimated sediment load at the plank intake.

To evaluate the technical and economic trade-offs associated with using two images of differ-

ent resolutions.

DigitalGlobe's Quickbird and Worldview 2 satellites of spatial resolution 0.6m and 0.5m, respectively,
and Landsat of 30m were considered for the study. The DigitalGlobe images were resampled to 1m,
as the DEM used for the study was 1 m. Land use classification was conducted via ArcGIS feature
analyst and on the total suspended solids (TSS) load estimates from the Soil and Water Assessment
Tool (SWAT). The study was conducted for the Camboriu watershed in southeastern Brazil. The land
use accuracy from DigitalGlobe with 1m spatial resolution was determined 82.3%, and for Landsat
data with 30m spatial resolution was calculated as 75.1%. For annual and peak TSS load in the whole
study area, however, Landsat data with 30m resolution predicted better only in the sub-watershed.
(Fisher et al. 2018)

There have been lots of investments to obtain the accuracy of land cover datasets. However, the accu-
racy may not hold the same importance when the products are on different scales. It is important to
understand the relationship between map error, the scale of observation, and scene spatial structure to
understand the scaling issues and their implication of accuracy in land cover data. Moody and Wood-
cock (1994) have tried to develop an understanding of the factor of scale in errors in the estimation
of land cover proportions for the implications of the global land cover dataset. The authors tried to
develop an understanding of the size and spatial pattern of vegetation classes, which influenced errors
in estimating cover type proportions as the classified scene was progressively aggregated to coarser
resolutions. The purpose of the study is to understand the relationship of the proportional error to
scale or spatial resolution. The study focuses on the use of land cover data at various scales using re-

motely sensed data, and the subsequent use or further aggregation of the datasets. The study area was
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in the western part of the Plumas National Forest in the Sierra Nevada, California. The images were
collected from Landsat Thematic Mapper imagery, which is of 30m resolution, and an unsupervised
image classification approach was used to produce a land cover map. The research deals with vegeta-
tion classes, so the land cover classes for the study include barren/grass, brush, hardwood, meadow;,
conifer, and water. The 30m resolution per pixel land cover map of the Plumas National Forest study
was used as a base data to compare it with coarser resolution maps. Resolutions of 30, 90, 150, 240,
510, 1020, 3000, and 6000 meters were considered for the study. The 240-, 510-, and 1020- meter
resolution is roughly close to the MODIS spatial resolution. Each resolution of interest was created
using a polygon grid as a sampling frame. It was seen that the proportional errors in a forested area
(such as conifer class) increased as the resolution exceeded 90 meters. Classes that are characterized
by highly clumped distribution but small in size decreased in size as the resolution was increased.
Small classes with fragmented units disappeared as they were dominated by large cover types through
the aggregation procedure. The author considers that these errors may pose difficulties for the use of
land cover products derived from coarse resolution sensors such as MODIS (Moody and Woodcock
1994). Table 3 summarizes the studies from Mishra et al. (2016), Fisher et al. (2018) and Woody and
Woodcock (1994), highlighting imagery with higher spatial resolution has more accuracy.

Table 3. Impact of spatial resolution on map accuracy.

Land Cover Imagery Source

Accuracy Result Conclusion

Classes (Resolution)

LISSIV (5.8m)  |83.28% Higher  resolu-

tion reduces the

7 classes (Agri, ' '
"mixed pixel"

Landsat 8 30m) [77.93% problem, leading

to better accuracy

Mishra et  al.|Dense/Sparse Veg,
(2016) Fallow, Build-up,
Water, Sand)

AWIFS (56m) B 1% and more detailed

information.
DigitalGlobe -
QuickBird (0.6m)
Not specified :
Fisher et al pect and WorldView 2 g7 39, High resolution is

(used for TSS (0.5m)

(2018) more accurate

Load modeling)
Resampled to 1m

Landsat (30m) 75.1%
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Moody & Wood-
cock (1994)

6 classes (Bar-
ren/Grass, Brush,
Hardwood, Mead-
ow, Conifer, Wa-

ter)

Landsat, Coarser

Resolution Land
of

Nation-

Cover Map
Plumas
al Forest (30m to

6000m aggregat-

Errors increased
significantly once
the resolution ex-

ceeded 90m.

Coarse resolution
small or
land

classes to "disap-

causes

fragmented

pear" as they are

absorbed by larg-

er, dominant cov-

ed)

er types.

3.5 Operational and Technical aspects of Satellite Image and UAV

In Fisher et al. (2018)’s research, the authors determined that the cost of using 1m high-resolution
data from DigitalGlobe is $6969, whereas there is no cost for a 30m resolution Landsat image. Using
high-resolution images takes extra storage and a longer processing time. The author evaluates that it
takes 4 times longer to process for land-use classification using the same hardware device. In terms
of technical and economic tradeoff, it is beneficial to work on low-resolution images rather than

high-resolution images (Fisher et al. 2018).

Foster et al. (2024) and team discuss the cost-effectiveness of remote sensing technology for spruce
budworm monitoring in Maine, USA. The study analysed comparing remote sensing data and ground
sampling techniques, with an integrated monitoring approach that combines remote sensing change
detection with field sampling. For the remote sensing technique, Sentinel-2 imagery, PlanetScope
imagery, and UAV images were taken. The study presented that Sentinel 2 is the most cost-effective
option, with costs ranging from US $33 to $63 per sq km to accomplish the task. PlanetScope ranged
from US $ 77 to US $ 241 per sq km, and UAV imagery had a great variation from US $9,220 to US
$58,481 per sq km. The integrated approach ranges from $144 to $213. The integrated monitoring
approach proposed in this study costs range from US $144 to US$213 per sq km. It was found that
labour costs accounted for the highest for remote sensing analysis, making up about 30% of the total
cost, while in field sampling, the labour cost accounts for nearly 80% of the total cost (Foster et al.
2024).

Sozzietal. (2021) and team conducted an economic comparison of satellite, plane, and UAV-acquired
NDVI images to define a decision-making process for site-specific nitrogen application. The study
was carried out in Italy, where the price of satellite, plane, and UAV were considered to acquire vege-
tation indices. The result was compared to the economic benefit resulting from variable-rate nitrogen
application. The results showed that the medium resolution satellite (10m to 15m) is profitable for
a minimum field size of 2.52 ha. The high-resolution satellite imagery becomes profitable from 13.2
ha, while the very high-resolution satellite imagery becomes profitable after 76.8 ha. Similarly, an air-

plane-acquired NDVI is profitable after a field size of 66.4 ha. The UAV was not found economically
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profitable for variable rate nitrogen fertilization of grains, as the average price per hectare was higher

than the average economic benefits resulting from their use. The break-even costs were found at

€83.1 for medium-resolution satellites, €434 for high-resolution satellites, €2,191 for aircraft imagery,

and €2,536 for very high-resolution satellite imagery, while UAV imagery did not reach a profitable

break-even point (Sozzi et al. 2021). Table 4 summarizes the studies from Fisher et al. (2018), Foster

et al. (2024), and Sozzi et al. (2021), where UAVs are generally not economically viable, and satellite

or aircraft imagery are found cost-effective only for larger field sizes.

Study

Table 4. Economic aspect of Satellite imagery and UAV.

Data used

Findings

Conclusion

Fisher et al.
(2018)

DigitalGlobe’s -
QuickBird and Worl-
dView 2, and Land-

sat

Cost:

DigitalGlobe: $6,969 and Landsat:
$0

Processing:

High resolution image takes higher
storage and 4 times more processing

time than lower resolution images

Purchasing and pro-
cessing high-resolution

imagery is costly.

Foster et al.
(2024)

Sentinel -2, Planet-
Scope, UAV imagery,
and integrated mon-
field

itoring  with

sampling

Sentinel-2: $33-$63 per sq km
PlanetScope: $77-$241 per sq km
UAV: $9,220 - $58,481/ sq km

Integrated approach: $144 - $213
per sq km

The operational cost of
UAV is very high than
using satellite imagery.
Labour cost accounts
30% for remote sens-

ing cost and 80% for

field sampling cost
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Break-even costs: Medium-resolu-
tion satellite: €383.1

High-resolution satellite:€434
Aircraft €2,191

Very high-resolution satellite €2,536
UAV: not profitabl

Satellite  (medium, HIot profitable
Sozzi et al.|high, very high res- | Profitability on field size: UAV imagery was not

(2021) olution), aircraft im-
agery, and UAV

icall fitabl
Medium-resolution satellites: 2,52 | oY PIOTADIE
ha
High-resolution: 13.2 ha
Aircraft: 66.4 ha

very high-resolution satellites: 76.8
ha

UAV: not profitable

3.6 Comparing the satellite image and the UAV image

There are numerous benefits of using UAVs over satellite images for landscape analysis, such as the
study of land use and land cover. The major disadvantage of using satellite data is cloud cover, which
makes it difficult and sometimes impossible to detect and analyze the land under the cloud. Although
numerous high-resolution satellites are available, such as GeoEye and WorldView, their output may

contain less visible and analyzable scene due to cloud cover (Sanga et al. 2012).

lizuka et al. (2018) conducted a study to demonstrate the advantage of drone photogrammetry for
collecting more detailed and useful local landscape information than satellite data. The postmining
site in Indonesia was selected as a study area considering its complex topography and landscape. For
the UAV image, considering flying height regulations, the study area was further divided into two
sites, where Site 1 is in the south-central part of the island, and Site 2 is in the eastern part of the
island. The satellite remote sensing data were obtained from the Advanced Land Observation Satel-
lite-2 (ALOS-2) Phased Array L-band Synthetic Aperture Radar-2 (PALSAR-2). SAR sensor data was
used to avoid cloud cover. Another dataset used was drone-based aerial photos with a DJI Phantom 4
quadcopter. Two products of land use land cover maps were generated by Satellite image (SAR) based
and UAV-based data. Then, a conventional accuracy assessment was conducted with random sample

points. The result of the accuracy assessment of satellite images was found to be 78.1%. Further, for
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UAV image processing, 655 drone images were captured in site 1 and 517 images in site 2. Photoscan
Pro software was used to generate an orthophoto. The land cover map was then generated consid-
ering four land cover classes: water bodies, vegetation, bare soil, and houses. Accuracy assessment
was carried out using the ground truth points collected through imagery. The overall accuracy result
was 89.9% and 94.7% for site 1 and site 2, respectively. The land cover map generated from each
source has a distinct difference. The spatial resolution is the main factor, as the SAR satellite image is
7.5 and the drone image is 0.05 m. The accuracy of SAR satellite data is specifically low due to the
scattering mechanism of the microwave, depending on land objects, moisture content, topography,
etc. Therefore, the author believes that conventional accuracy assessment does not make sense. To
compare the two maps, the Kappa index of agreement (KIA) was computed to quantify the reliabil-
ity of the SAR map to the drone map. The drone Land cover map was resampled to 7.5 m using the
nearest neighbor algorithm with a 3x3 mode filter. The resulting KIA value was 0.42 and 0.33 for
site 1 and site 2, respectively. According to the benchmarks established by Landis and Koch (1977),
a value between 0.21 and 0.40 is classified as ‘fair’, while 0.41 to 0.60 is considered ‘moderate’. The
overall result of this study falls within a fair range. Consequently, lizuka et al. (2018) conclude that
drone technology serves as a superior alternative for high-resolution local landscape analysis. Hence,
the author concludes by describing drone Technology as the alternative for local landscape analysis
(Tlizuka et al. 2018).

Jumaat et al. (2018) studied the capability of high-resolution satellite images and UAVs to study
the change in land cover patterns in Cameron Highlands, Malaysia. Further, the land cover change
pattern is also studied for the time frame of 12 years. Two satellite images from IKONOS imagery
acquired in March 2001 and QuickBird imagery acquired in March 2007 were used for the study. 591
UAV images acquired in November 2013 were used to produce an orthophotography and hence for
classification. The image classification was conducted in ArcGIS software with an object-based clas-
sification approach. A total of seven classes were defined as follows: agriculture, water body, forest,
bare soil, grass, urban area, and landslide. After the classification, accuracy assessment was carried out
in each class based on overall accuracy, kappa coefficient, commission errors, and omission errors.
The overall accuracy has resulted as 86.67%, 83.89%, and 93.80% for the IKONOS satellite image,
Quickbird satellite image, and UAV-developed orthophoto, respectively. The author concludes that all
three images are an effective way for mapping land cover. However, the overall accuracy of the result
from the UAV image is highest, so there is an advantage of flying UAVs for more accurate data. UAV
images can collect precise information even in hilly terrains, which makes the overall accuracy higher
(Jumaat et al. 2018).

Duke et al. (2022) studied the comparison of crop classification using UAV and SAR data using
machine learning algorithms. The study was conducted in experimental plots using high-resolution

multispectral 12cm UAV data (resampled to 50cm for efficient data handling) with the Sentinel 1A
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SAR dataset. The Support Vector Machine (SVM) classifier produced an overall accuracy of 94.78%
for the UAV and 81.72% for the SAR dataset. However, with Random Forest (RF), SAR performed
92.58% and became comparable to UAV 93.84%. The author suggests that this study would be useful
in mapping small farm holdings and for precision agriculture. In contrast, SAR only data provides
large area coverage, making it more suitable for larger fields. Further, the study also highlighted that
spatial resolution has a strong influence on classification accuracy. The finer resolutions (50 cm) pro-
duced higher accuracies, while coarser resolutions (1-10 m) led to a decline in performance, although
some classes, lake and mucuna, were less affected. Moderate resolutions (around 2—5 m) still provid-
ed acceptable results, but very coarse resolution significantly reduced classification accuracy (Duke
et al. 2022). Table 5 summarizes studies by lizuka et al. (2018), Jumaat et al. (2018), and Duke et
al. (2022) that compare satellite imagery with UAV data, clearly showing that UAV imagery provides

higher accuracy than satellite images.

Table 5. Comparing satellite imagery with UAV imagery.

Objective Data Source Accuracy Conclusion
Site 1:  89.9% | UAVs can be con-
UAV: DJI Phantom (KIA: 0.42) sidered an alter-
Compare  Drone | 4 (0-05m) St 2: 94.7% ?aﬁlve IiChzObgy
or local landscape
. | | s satellite (SAR) (KIA: 0.33) s P
izuka et al analysis. Conven-
for local landscape . Y v
(2018) lusis i tional accuracy as-
analysis in com- .
plex topography; Satellite: ALOS-2 sessment is flawed
PALSAR-2 (SAR) | 78.1% for SAR due to the
(7.5m). scattering mecha-
nism
Analyze  LULC UAV. Fixed wing 93.80% Overall - accuracy
Helang of UAVs is highest,
change over a 12- : .
Jumaat et al , Satellite: IKONOS hence there is an
year  timeframe 86.67%
(2018) , , (Im) advantage of fly-
using Satellite and . . .
UAV data Satellite:  Quick- 43,809 ing UAVs for more
' Bird (0.65m) o7 accurate data.

49



SHARMA & NOVAK

RF Classifier: .

. . UAV is more ac-
Comparison of UAV (12cm, resa- 93.84% curate due to
UAV and SAR per-

: an ; Cper mpled to 50cm) | gyM  Classifier: | finer resolution,
ormance .O.r fOP 94.78% but SAR can still
Duke et al. (2022) | type classification RE Classifier: | achieve competi
assifier: -
using machine ; i
v W Sentinel 1A SAR |92.58% tive accuracy with
robust algorithms
rithms (10m) SVM  Classifier: e RE &
ike
81.72%

4.SYNTHESIS OF REVIEWED STUDIES

Land cover mapping technology has evolved from 1970 to the present day. In this time, various
classification systems and satellite systems have been developed, which have helped to obtain great
accuracy. With time, the availability of satellite images will be easier and less costly. With the help of a
land cover map, one has been able to determine the change in the forest, agricultural, and urban land,

which has helped the community to preserve the forest.

The spatial resolution of the image makes a great impact on the accuracy of land cover products. The
higher spatial resolution makes it easy for a user to identify the object in the image, through which
the user can provide a correct spectral signature for image classification. It is found that the increase
in spatial resolution increases the overall accuracy of the land cover map. The classified image scale
is equally important to maintain accuracy. For land cover classification using images from the coarse
resolution satellites like MODIS, pose difficulties like the disappearance of small classes and an in-
crease in proportional error in forested area classes. It is important to analyze the original spatial res-
olution of the image and the product scale of the classified image. The coarse satellite images should

not be used to represent the large-scale classification maps.

The use of UAVs is becoming popular and can serve as an alternative technology for landscape analysis,
including land cover classification. UAVs fly at a lower height and achieve a greater ground sampling
distance, which enables the capture of finer details from the image. With UAVs, there are no issues
with cloud cover, poor image quality, or difficulty collecting images on a desired date. Further, UAV
image resolutions are very high compared to satellite images. UAVs are capable of capturing images in
any landscape, which plays a great role in increasing the overall accuracy of the land cover product.
The SAR sensor satellite omits the cloud cover issue, but its accuracy is found to be low compared
to the UAV image. The accuracy of SAR images is highly sensitive to land objects, moisture contents,

topography, and the scattering mechanism of the microwave, which can be avoided by UAV images.

High-resolution satellite images, like Quickbird and Worldview 2, can also be used to increase the
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overall accuracy. Considering the technical and economic tradeoff, low-resolution satellite images can
be considered much more reliable. The use of images from DigitalGlobe is very expensive compared
to that of freely available, low-resolution, commonly used satellite images like Landsat and MODIS.
Processing a high-resolution image requires additional processing time and hardware storage. The
overall accuracy can be achieved with high-resolution images, but it is not reliable from the technical

and economic points of view.

The economic tradeoff for using UAV images over satellite images depends on the scale of the project.
The use of UAV images are found to be very costly for large-scale projects (eg, national-level land cov-
er classification or state-level land cover classification) (Fisher et al., 2018; Foster et al., 2024; Sozzi
etal., 2021). They are more economical for small projects covering a smaller area, such as local-level
or municipal-level projects. UAV images require additional processing before classification. Initially,
an orthomosaic must be developed using dedicated UAV processing software, which requires extra
technical resources. Collecting UAV images demands extra fieldwork, skilled human resources and
time. The UAV images are larger in size and need extra storage capacity. From a technical point of

view, using high-resolution satellite images can be much more reliable compared to UAV images.

5. HYPOTHETICAL ACCURACY ANALYSIS

From the literature review, a large set of data was found, discussing accuracy across different study
areas, sensors, classification methods, and the number of classes. A hypothetical accuracy analysis is
carried out to address the lack of a unified quantitative comparison across the cited literature. The
accuracy values compared here are drawn from studies with variation in numbers of classes, geogra-
phies, and classification algorithms. Across the cited literature, the geographies span tropical Indone-
sia, highland Malaysia, temperate Italy, and the Arctic, etc., and the classification algorithms include
object-based, pixel-based, Support Vector Machine, and Random Forest approaches, etc. Each of
these factors independently influences the overall accuracy. This analysis presents the descriptive
summary in broad trends rather than a statistical benchmark, hence, the result should be interpreted

considering these limitations.

5.1 Data Extraction

An overall accuracy across the sensors are collected from the cited literature. The sensors are then
classified as per their category: Very High Resolution (<1 m), High Resolution (> 1 m and < 10 m),
Medium Resolution (> 10 m and < 30 m), Low Resolution (>30 m), SAR Satellites, and UAV. Table 6

consolidates the overall accuracy values found across various literature cited in this paper.
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Table 6. Overall accuracy as per sensors from cited studies.

Study Sensor Resolution Sensor Category Accuracy
CCI-LC 300m Low resolution 63.5%
Liang et al.| GlobeLand30 30m Medium resolution 62.2 %
(2019) GLCNMO 1 km Low resolution 48.8%
MODIS 300m Low resolution 29.5%
LISS IV (5.8m) 5.8m High Resolution 83.28%
Mishra et al. _ )
(2016) Landsat 8 30m) |30m Medium resolution 77.93%
AWIFS (56m) 56m Low Resolution 74.61%
DigitalGlobe -
QuickBird (0.6m)
Fisher et al. | and WorldView 21, Very High Resolution |82.3%
Resampled to 1m
Landsat (30m) 30m Medium Resolution | 75.1%
DJI Phantom 4
0.05m UAV 89.9
(Site 1)
Lizukaetal. | DJI Phantom 4
0.05m UAV 04.7
(2018) (Site 2)
ALOS-2  PAL- . _
7.5m High Resolution / SAR | 78.1
SAR-2 (SAR)
Fixed wing Hel- ,
Not mentioned | UAV 93.80%
ang
Jumaat et . .
IKONOS Im Very High Resolution |86.67%
al. (2018)
QuickBird 0.65m Very High Resolution |83.89%
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UAV (Using SVM
Classifier)

UAV (Using RF
Classifier)

Duke et al.|Sentinel 1A SAR
(2022) (Using SVM Clas- | 10m High Resolution / SAR [ 81.72%
sifier)

Sentinel 1A SAR
(Using RF Classi- | 10m High Resolution / SAR | 92.58%

fier)

12cm UAV 93.84%

12cm UAV 94.78%

5.2 Hypothetical Analysis Summary

A group of 17 data were re-classified in Table 6 as per the sensor category, to provide a descriptive
accuracy performance. Three observations were considered in SAR as well as high-resolution imagery.
Table 7 presents the number of observations, minimum overall accuracy, maximum overall accuracy,

and mean overall accuracy as per the sensor category.

Table 7. Hypothetical Analysis of Sensor Accuracy.

Minimum Maximum M e a n

No. of Ob- Overall Overall Overall
Sensor Category

servations Accuracy Accuracy Accuracy

) ) )
UAV 5 89.9 94.78 93.40
SAR 3 78.1 92.58 84.13
Very High Resolution (<1 m) 3 82.3 86.67 84.29
High Resolution (> 1 m to <10 m) 4 78.10 92.58 83.92
Medium Resolution (> 10 mto <30 m) |3 62.20 77.93 71.74
Low Resolution (> 30 m) 4 29.50 74.61 54.10
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Figure 1. Hypothetical Analysis Chart of Sensor Accuracy.

The analysis presented represents the accuracy trend discussed from the literature review. Among all
of the sensor types, UAV consistently achieved the highest mean overall score with 93.40%, followed
by Very High resolution imagery with 84.29% and SAR imagery with 84.13%. The high resolu-
tion imagery was found with an overall accuracy of 83.92%, while medium resolution decreased to
71.74%, and low resolution with 54.10%. The SAR satellite category shows a wide range (78.10% to
92.58%), representing a wide range of sensitivity as per the classification algorithm choice (Duke et
al. 2022).

The trend highlights that UAV has the highest overall accuracy, and it can be understood that the
image resolution plays an important role in obtaining the overall accuracy. As UAV has the highest
resolution, it can be considered as an alternative technology for high accuracy land cover classifica-
tion. The 3 SAR imagery, which all being high resolution, the SAR imagery has higher mean overall
accuracy than the accuracy of very high resolution imagery. It can be understood that SAR imagery

can obtain higher

The trend indicates that UAV data achieves the highest overall accuracy, which can be understood as
spatial resolution plays a crucial role in obtaining classification accuracy. Due to its very high resolu-
tion, UAV imagery can serve as an alternative technology to achieve highly accurate land cover maps.
Among the three high-resolution SAR datasets, the mean overall accuracy is higher than that of very
high resolution optical imagery. This implies that SAR imagery can provide comparatively strong clas-
sification performance; however, the hypothetical analysis shows that its overall accuracy still remains
lower than that achieved by UAV data.
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6. DISCUSSION

6.1 Impact of resolution and other factors on accuracy

The studies in the literature review gave in-depth information about the importance of spatial resolu-
tion and its impact on the accuracy of land cover classification products. Most literature highlighted
that an increase in spatial resolution gives better accuracy; the UAV imagery was found to have the
highest accuracy compared to that of satellite imagery. It is understood that with an increase in spatial
resolution, one could identify the objects clearly in the image. With this, the user can provide a better

spectral signature that would correctly classify the image.

However, studies from coarse resolution products in the Arctic Region indicate that spatial resolution
cannot guarantee the accuracy of the classification. Liang and team (2019) showed that the accuracy
of GlobeLand30, having 30m resolution, was lower than that of CCI-LC, having 300m resolution, in
the Arctic. This suggests that landscape homogeneity, spectral signature, and sensor characteristics

can outweigh the resolution advantage.

Further, the literature suggests that several factors—such as the number of classes selected, the choice
of classification approach, the nature of the landscape, and data quality, also influence the overall
accuracy. It is necessary to apply atmospheric correction to an image before classifying, as this will
determine the true surface reflectance value, removing the atmospheric effect. (Themistocleous and
Hadjimitsis 2008). A study has shown that there is a decrease in 0.77% of maps' overall accuracy
with an increase in class (Thinh et al. 2019). There are two classification methods in remote sensing:
Pixel-Based Image Analysis (PBIA) and Object-based image analysis (OBIA), with supervised and un-
supervised classification approaches; these classification methods make a heavy impact on the overall

accuracy of the product.

Spectral resolution also plays a vital role in classification accuracy. Navulur (2006) suggested that for
most GIS applications where satellite images are used as a backdrop, three-band natural color imag-
ery in RGB format is commonly used. For vegetation classification, visible and near - infrared can be
used, and for more detailed applications such as mineral exploration and forest species classification,
multispectral or hyperspectral data can be used. The finer the radiometric resolution, the more it
can detect small features through the reflected or emitted energy. It can therefore be assumed that a
finer radiometric resolution increases classification accuracy. However, a detailed study is necessary

to understand the role of radiometric resolution for the overall accuracy of the land cover product.

6.2 Comparison of Sensors: Optical, SAR, and UAV

Optical sensors are considered a standard for monitoring global change; however, it is frequently

compromised by atmospheric conditions. UAVs can be considered as an alternative technology to ad-
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dress this gap, considering their capability of flying in lower elevations and avoiding the cloud cover,
and their ability to integrate sensors. Using a UAV, one can collect images on the desired date, and
there are no issues of cloud cover, weather, or bad image results. Fisher et al (2018) had to merge two
images from different dates to eliminate the cloud cover in the image. Such issues can easily be omit-
ted using UAVs. UAVs offer a greater ground sampling distance, which enables them to distinguish the
smallest element in the image. With high resolution and greater ground resolving distance, it makes

a great impact to increase the overall accuracy of the land cover classified image.

Synthetic Aperture Radar (SAR) sensors are capable of omitting cloud cover from the satellite images.
However, the literature found their accuracy of land cover products from SAR sensors is still low com-
pared to that of UAV imagery. Duke et al. (2022) found that SAR can still achieve competitive accuracy
with robust algorithms like Random Forest, but its accuracy is still low compared to UAV images.
The SAR sensors are not capable of interpreting the complex variable and are very sensitive to land
objects, moisture contents, topography, and the scattering mechanism of the microwave. lizuka et al.
(2018) mentioned that SAR maps give an average KIA of 0.375, which is not a satistying result for
landscape analysis. UAV devices can capture an image in any type of landscape. The UAV is equipped
with a 360-degree movable camera, this allows pilots to capture images from any angle. This capa-
bility enables effective imaging across diverse landscapes and topographies, while the integration of

sensors further enhances accuracy.

6.3 Scalability, Technical and Economic Trade-off

The reviewed literature presents the idea on technical and economic tradeoff for using UAV over sat-
ellite images, where it is found that the decision factor is to be made by the scalability of the project
(Fisher et al., 2018; Foster et al., 2024; Sozzi et al., 2021).

Image acquisition with UAV images in a small area would require less time and manpower, but in
a large area, it would require many UAV devices, manpower, and powerful computers to process
the images and prepare land cover maps. UAV images need additional processing before classifying
an image. The orthomosaic needs to be developed from a separate UAV image processing software,
which will later be used for land cover classification. Fisher et al (2018), determined that land use
classification time for high-resolution images was 4 times longer than using a low-resolution image.
The literature also evaluated the cost of using high-resolution satellite images with low-resolution
images. The operational cost of UAV is much higher than the satellite imagery. It can be suggested that
using UAVs over satellite images will require additional manpower and powerful computers, which

is not economical.

Considering the technical tradeoff, to collect data from a UAV, a licensed UAV pilot is necessary to
fly UAVs. Then, a separate processing software needs to be installed. Processing a UAV image is very

time-consuming, which requires a hardware device with a better computer processor and RAM. The
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image size is very large; this may require an additional storage device.

Therefore, from the technical and economic perspective, UAV-based land cover mapping is typically
feasible for the local level project covering a small area. For a national or state-level project, the eco-
nomic challenge, computational demands, and longer processing time make the satellite imagery a

more practical choice.

6.4 UAV as an alternative technology

The literature suggests that UAV images can be used by local bodies to evaluate their landscape (lizu-
ka et al. 2018). Highly accurate, high-resolution land cover imagery would help to determine an ac-
curate change in land pattern. It can be used to understand the change in the forest, agricultural land,
and urbanization growth. The climate change researchers need to work on the accuracy of inches to
determine the glacier melt, change in river pattern, etc. Even the high-resolution satellite will not be
able to capture the images to determine the change in inches. The use of UAVs would be a great ben-

efit for researchers to determine such a change.

To study climate change, determining the ice melt in the Arctic region, it is important to correctly as-
sess the land cover of the Arctic Region. Liang et al. (2019) came up with a conclusion stating there is
no ideal land cover product in terms of accuracy for studying land cover change in the Arctic Region.
The issue with the Arctic region is its divided and unevenly distributed surface, which is difficult to
analyze with satellite imagery. UAV is capable of capturing images on any landscape surface. UAV
being able to capture an image, adjusting its flying height, and having a better ground sampling dis-
tance, UAV can be taken as an alternative technology to assess the land cover of the Arctic region. It is

important to find out the capabilities of UAV images over satellite images to access the Arctic region.

The major threat of using UAV imagery over satellite imagery is the availability of old data. A series
of old satellite imagery data can be found on the web, which is ready for analysis. UAV is capable of
capturing data in the future date, but old data cannot be found. The change in landscape analysis
for past years cannot be determined using UAV images. For example, there will be no data to analyze
the glacier melt for the last 5 years, but the same analysis for the next 5 years can be conducted, with
more accurate data. It is necessary to store the safe for a long time for later use. Satellites keep mov-
ing on their own, and no extra effort is necessary to capture data from the satellite. Using a UAV, one

needs to go to the field on the desired date and should be able to collect data.

6.5 Application of an accurate land cover map

The review also highlights various purposes of an accurate land cover map. Dalle et al. (2006) used
it to monitor the impact of forest conservation. Dalle’s research is evidence of how the land cover

map can be used to solve real-world challenges like the conservation of a forest. Dalle has an overall
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accuracy of 81%. The research used a series of Landsat images from 1976, 1988, 1991, 1997, and
2000, whose spatial resolution is 30m. Regarding Varun Narayan Mishra et al. (2016) and lizuka et
al. (2018) research, we can understand that the use of high-resolution UAV images would produce
more accurate land cover maps. Dalle’s research, which monitors the change in the loss of forest land,
can be analyzed using UAV images for more accurate results. This would increase the overall accura-
cy, and the result will help the community and conservationists to understand the impact and make

necessary decisions.

Land cover classification technology has evolved with time. The accuracy of the land cover map and
availability of the satellite imagery have been the things to be most important. The current trends
indicate that the availability of data has been much easier, as most data can be ordered and down-
loaded from the web. The development of new sensors and high-resolution satellites has been able to
provide good resolution imagery, which has made a great impact in improving the overall accuracy
of the land cover products. With the end of commercialization of Landsat imagery in the 1990s, we
can predict that satellite imagery will become much cheaper and eventually all satellite images will

be freely available.

6.6 Limitations and Recommendations

This review is limited to a small number of manually selected literature; the findings of this review
contain narrative analysis but are limited mostly to classification accuracy. Future research should
prioritize a systematic review to statistically analyze classification methods, the number of land cover
classes, and the choice of different sensors. Such an analysis would allow quantitative comparison and

strengthen the review.

This review does not incorporate the temporal analysis and has limited information about the tech-
nological advancement of UAVs for land cover analysis. Future research can examine temporal resolu-
tion and determine how the accuracy of landcover analysis has been strengthened with the advance-

ment of UAV technology.

While this review touches on the potential of SAR imagery, this does not prioritize the nuances of
satellite imagery fusion, SAR fusion, and individual SAR bands. To strengthen the understanding of
SAR alongside UAV imagery, incorporating these factors in future systematic reviews would provide a

more definite roadmap for selecting accurate and cost-effective tools for landcover mapping.

7. CONCLUSION

This review analyzed the findings from various existing literature to understand the impact of UAV
images for an accurate land cover map, with a focus on comparing UAV and satellite imagery on

classification accuracy, operation cost, and scalability. The reviewed studies indicate that spatial res-
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olution has a great impact on the accuracy. UAVs can achieve higher accuracy than most satellite
imagery, with a mean overall accuracy of 93.40% in the hypothetical study. For comparison, very
high-resolution satellite imagery reached a mean overall accuracy of 84.13%, high-resolution SAR im-
agery achieved 84.29%, high-resolution imagery reached 83.92%, and medium- and low-resolution

imagery achieved 71.74% and 54.10%, respectively.

The reviewed literature also discusses the economic and technical tradeoff. UAVs offer high accuracy
and are found flexible for local scale mapping, with advantages of their sensor's high resolution, sen-
sor integration, and cloud cover constraints. However, UAVs are found most costly, which demands
a licensed pilot, high processing time, and processing software. It is suggested that satellite imagery
is indispensable for global applications due to its coverage, temporal continuity, and scalability of the
project. Low-resolution satellite imagery is identified as the most cost-effective, but it has low clas-
sification accuracy. High-resolution commercial satellites bridge the accuracy gap, but the financial
cost and processing time are high. In summary, it can be understood that UAVs can be preferred as
an alternative technology for local-scale land cover mapping where great detail and accuracy are re-
quired, whereas satellite imagery remains the practical and economic solution for large-scale global

monitoring,.

This study is limited to a few manually selected literature sources, and the findings are limited to the
selection criteria adopted. The future research should focus on a systematic review with defined in-
clusion and exclusion criteria, a comparative analysis that enables evaluation of sensor performance
and classification accuracy. Further, examining temporal trends can provide insights into the techno-

logical advancement of landcover analysis with UAV technology.

This review also recommends an understanding of other factors like the number of classes, classi-
fication methods, and sensor types, which have an important impact on the accuracy of land cover

classification.
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