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Abstract: Land cover change represents one of the most significant global transformations, which has
profound impacts on ecosystems, biological diversity, and the ongoing climate crisis. In this study,
our objective was to analyse land cover transformation in the Valencian Community over the last
four decades. Utilising Landsat 5, 8, and 9 summer images, a Random Forest algorithm renowned
for its ability to handle large datasets and complex variables, was employed to produce land cover
classifications consisting of five categories: ‘Urban Areas’, ‘Dense Vegetation’, ‘Sparse Vegetation’,
‘Water Bodies’, and Other’. The results were validated through in situ measurements comparing
with pre-existing products and utilising a confusion matrix. Over the study period, the urban area
practically doubled, increasing from approximately 482 to 940 square kilometres. This expansion
was concentrated mainly in the proximity of the already existing urban zone and occurred primarily
between 1985 and 1990. The Dense and Sparse Vegetation classes exhibit substantial fluctuations
over the years, displaying a subtle trend towards a decrease in their cumulative value. Water bodies
and Other classes do not show substantial changes over the years. The Random Forest algorithm
showed a high Overall Accuracy (OA) of 95% and Kappa values of 93%, showing good agreement
with field measurements (88% OA), ESA World Cover (80% OA), and the Copernicus Global Land
Service Land Cover Map (73% OA), confirming the effectiveness of this methodology in generating
land cover classifications.

Keywords: land cover; Landsat; change detection

1. Introduction

Enhancing our comprehension of the Earth’s surface coverage is pivotal for a wide
range of activities and applications. These encompass urban and regional planning [1],
environmental impact assessment [2], global warming mitigation [3,4], and the monitoring
of natural phenomena [2,5,6].

This type of research facilitates improved management and understanding of the
ongoing transformations [7], aiming at their preservation. These changes exert a substantial
impact not only on the environment and climate [8,9] but also on human society. This impact
manifests in the depletion of ecosystem services [10]; heightened susceptibility to extreme
events like floods, landslides, and droughts [11]; and environmental degradation [12],
among other consequences.

The generation of land cover maps using satellite images offers significant advantages
due to their economic efficiency, rapidity, and extensive coverage in both time and space [13].
Consequently, the creation of this type of product stands out among the fields of application
of Remote Sensing (RS) technology [14-16].

In recent years, the application of machine learning algorithms has garnered consider-
able attention in ecological research [10,17-19]. The use of this technique spans numerous
geoscience topics, including extreme weather pattern analysis, climate change projections,
precipitation nowcasting, and carbon flux prediction. Additionally, it plays a significant
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role in image fusion, registration, change detection, image segmentation, and drought
forecasting [20]. These algorithms facilitate the classification of satellite-acquired informa-
tion based on clearly identifiable characteristics, resulting in a product that identifies the
different land cover types designed for specific end uses [21].

Among the array of algorithms available, Random Forest (RF) is one of the most
widely employed [10,22-24]. Renowned for its robust classification methodology [25],
RF excels in producing accurate maps for complex land cover categories [26], handling
noisy data [24,27,28] at relatively modest computational costs [29,30]. Moreover, its non-
parametric nature and effectiveness with limited datasets compared to study area size
make it an ideal candidate for this type of analysis [17,23,26,31].

The Google Earth Engine (GEE) platform, launched by Google in 2010, enables the
analysis of a huge amount of data in a short time [32], allowing the general public to process
large quantities of satellite information. With its impressive computational capabilities and
a broad range of available RS products encompassing both raw and processed data, GEE
has swiftly emerged as one of the most utilised platforms in this field [33].

This research presents a quantitative analysis of land cover change from 1984 to 2022,
using Landsat, one of the most widely used satellite constellations in this area [34,35] due
to its spatiotemporal resolution, suitable for studying regional land transformations. By
selecting the entire Landsat series, we can effectively study the evolution of land cover
change over an extended period, spanning nearly 40 years from the earliest to the most
recent date. This long-term perspective allows for a comprehensive analysis of trends and
patterns, providing valuable insights into the dynamics of land cover transformation. We
choose to conduct the study in the Valencian Community, a region with unique ecosystems
of strong environmental importance. We ensured the accuracy of our classification results
by comparing them with field measurements and existing datasets from the Copernicus
service and European Space Agency (ESA).

The detailed account of land cover changes presented here provides essential insights
for policymaking, delivering a comprehensive overview of land cover alterations within
the Valencian Community over the past four decades. The document is structured as
follows: Section 2 will delve into the classification and validation methodology, Section 3
presents the obtained results, Section 4 discusses the data, and finally, Section 5 offers
concluding remarks.

2. Materials and Methods
2.1. Study Area

The Valencian Community (Figure 1), situated along the eastern coast of Spain, holds
significant economic and cultural prominence. Positioned at approximately 39° north
latitude and 0° west longitude, overlooking the Mediterranean coast, this region has expe-
rienced substantial transformations in land cover, primarily due to urban expansion and
agricultural development. This characteristic renders it an ideal subject for our study, which
seeks to explore the dynamic shifts in land cover, elucidating the evolving urbanisation
patterns and their interaction with the natural environment.
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Figure 1. Satellite view of the Valencian Community. In the upper-left: a detailed view of Spain.

2.2. Input Data

For over four decades, the satellite constellation Landsat has provided valuable infor-
mation on the state and dynamics of our planet, providing images with high spatial (15 m,
30 m and 100 m, depending on the bands) and temporal resolutions (8 days, with 16 ob-
servations per satellite and two satellites per mission). Other missions, such as Sentinel-2,
either lack a comparable long time series or, like MODIS, do not boast a high spatial
resolution. Furthermore, since the images became freely accessible in 2008, this satellite
has emerged as one of the most widely utilised [34,36,37], with applications ranging from
planning and monitoring to surveillance [35,38—40]. Given its extensive time coverage, this
satellite constellation aligns seamlessly with our study objectives, enabling the monitoring
of land cover changes over the longest available timeframe.

In this study, we employed the following datasets via GEE platform: ‘LANDSAT /LT05/
C02/T1_L2’, 'LANDSAT/LC08/C02/T1_L2’, and 'TLANDSAT /LC09/C02/T1_L2’, corre-
sponding to the atmospherically corrected level-2A products of Landsat 5, 8, and 9. Its
known issues with image acquisition disturbances motivated the deliberate exclusion of
Landsat 7.

To reduce the probability of encountering cloudy pixels in the images and to mitigate
the impact of pronounced seasonal variations, only summer images, acquired from June
1st to September 30th, were analysed. Landsat 5 images were used for the years 1984, 1985,
1990, 1995, 2000, 2005, and 2010; while Landsat 8 images were used for the years 2015 and
2020; and Landsat 9 was used for 2022 and 2023 (Table 1).

We have chosen a series of five-year intervals to observe land cover changes within
a relatively short time span, ensuring the analysis remains manageable and effective.
Additionally, an analysis for the year 1984 was conducted, marking the beginning of the
Landsat series, to allow for direct comparison with the most recent years, 2022 and 2023,
the latter being used for validation purposes.
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Table 1. Summary of the total training points used to classify each year, employing both Random
Forest and Classification and Regression Trees algorithms. The data points are categorised by land
cover classes, and details regarding the satellite used, along with the total number of images for each
year, are specified.

Satellite Year Images Built-Up Area Water Bodies Dense Vegetation Sparse Vegetation Other
Landsat 5 1984 35 239 121 983 1023 59
1985 38 126 60 614 535 38
1990 60 214 37 750 490 43
1995 48 273 74 1063 1051 110
2000 42 247 31 1052 723 32
2005 45 212 34 760 754 42
2010 45 270 86 1137 862 37
Landsat 8 2015 58 321 71 1196 850 24
2020 57 440 77 1013 641 65
Landsat 9 2022 57 395 50 1345 930 34
2023 28 236 44 761 497 45

2.3. Algorithm
2.3.1. Random Forest

RF is an accurate and computationally efficient technique capable of swiftly processing
extensive datasets [25,41]. It is an extension of Classification Tree Analysis (CTA), frequently
employed in the analysis of remotely sensed data for generating land cover classifications.

In each classification tree, the input data (the pixels) undergo a hierarchical partition-
ing into increasingly homogeneous groups corresponding to different land cover classes
based on their relationships with a set of predictive variables (the spectral bands) [23,42].
The model is then trained using the spectral band responses to produce an output map
displaying potential land cover classes. Each decision tree node utilises a randomly selected
subset of attributes from the original set, promoting diversity in the model. Moreover, the
decision trees are constructed using random yet equally sized subsets of data, and the final
class assignment for a pixel is determined by a majority vote [41].

This method is simple to apply, as it has few parameters and is easy to interpret [43].
However, although the RF is robust to outliers and overfitting [25,44], it is unstable and
allows small changes in the input to produce very different decision trees.

In this study, the classification was carried out for the Valencian Community area,
using more than 1000 points for each year for training (Table 1). Due to the large amount
of information to be analysed, all processing was performed via GEE. To implement the
algorithm, we used the SmileRandomForest function, a Classifier package that handles
supervised classification by traditional machine learning algorithms. GEE’s RF classifier
offers various customisation options, such as the number of decision trees to create, the
size of the input subset per tree, and the maximum number of parent nodes for each tree.
The algorithm was applied using 150 decision trees in order not to excessively increase the
computational cost while maintaining good accuracy, as recommended by Oshiro et al. [41].
Default values were maintained for the other parameters.

Although some authors question the accuracy of the manual approach [45], compared
to unsupervised and object-based methods, RF is equally accurate with Earth observation
images at medium spatial resolution [46]. Furthermore, in our case, it would have been
impossible to carry out a supervised segmentation as proposed by Stefanski et al. [47] due
to the heterogeneity of the landscape and the low spatial resolution of the pixels compared
to the dimensions of the objects.

2.3.2. Classification and Regression Trees

To facilitate a comparison between algorithms and subsequently determine the most
efficient one, land cover was also computed using the Classification and Regression Trees
(CART) algorithm developed by Breiman [48].

The CART algorithm adopts a conventional classification approach, which remains
prominent despite the development of various classification algorithms [49]. This method-
ology addresses a range of performance, precision, and operational issues encountered by
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many decision tree methods [50], including challenges like determining the appropriate
tree size and handling missing values. Employing a strictly binary subdivision, CART
maximises the homogeneity of subsets until the node achieves the maximum possible
homogeneity. When no further split enhances homogeneity, the process stops, and the node
becomes terminal. The prediction is made based on these terminal nodes, determining the
class [48].

The algorithm was applied using the same procedure and training points as the RF
algorithm (Table 1) to ensure comparability between the classifiers. Another GEE function,
named smileCart and part of the same Classifier package, was utilised for this purpose.

2.4. Process Description

In our analysis, atmospherically corrected images (level 2A) were converted from
reflectivity to reflectance values, utilising the scaling coefficients provided in the product
documentation, and clouds and cloud shadows were masked by employing the Quality
Mask (QA band).

Given the 8-day temporal resolution of Landsat missions, we adopted a multi-month
approach to ensure comprehensive coverage of our study area while eliminating any
potential pixel blurriness and increasing map accuracy, as recommended by various stud-
ies [15,51,52]. Whenever multiple high-quality images were available for a specific area, we
calculated the median of these images. To create a cohesive dataset, we pasted together the
selected images and subsequently delimited the study area using the boundaries outlined
by the Valencian Cartographic Institute for the year 2022.

For the training dataset, we manually handpicked specific pixels and assigned them to
their respective classes. Our classification system consisted of five distinct categories: Water
Bodies, comprising rivers, lakes, and artificial reservoirs; Built-up Areas, encompassing set-
tlements, roads and industrial buildings; Dense Vegetation, including forests and irrigated
crops; Sparse Vegetation, covering mowed crops, scrub and bushes, often accompanied by
soil components; and Other, representing riverbeds, beaches, and rock mines.

These classes were selected due to their distinctiveness at a 30 m spatial resolution.
The positioning of training points relied on the reference of RGB images constructed from
bands 3, 2, and 1 for Landsat 5 and bands 4, 3, and 2 for Landsat 8 and 9. Thirty per cent
of these points were reserved for validation purposes. To assess efficiency, the accuracy
and kappa values of the algorithms were compared. Despite recent criticisms of the kappa
metric for its limitations in map studies [53], we have chosen to use it due to its widespread
acceptance and ease of comparison with previous studies. A flowchart illustrating the
entire procedure is shown in Figure 2.

LANDSAT/LT05/C02/T1_L2,
LANDSAT/LC08/C02/T1_L2 and
LANDSAT/LC09/C02/T1_L2

ESA World Copernicus Global Land

In situ dat
Cover Service Land Cover Map n situ data

ROl selection
Map to Map comparison
results
Convertion to reflectance

values Random Forest and

CART algorithm In situ data validation

Clouds masking

Indipendent accuracy

Median calculation assesment

Training points selection

Land Cover Map

Figure 2. Flowchart of the methodology applied in this work to obtain land cover maps.
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For a comprehensive understanding of urban changes, we conducted a comparative
analysis of Built-up Areas class maps from 1985 to 2020. The resulting map was colour-
coded to distinguish urban areas across different years, highlighting urban construction
expansion. Additionally, linear regression analyses were performed for each class type over
the period from 1984 to 2022 to further explore temporal trends. All statistical analyses
were conducted using Python, version 3.12.

2.5. Validation

In this research, various validation methods were employed to assess the algorithm’s
effectiveness, aiming to evaluate its robustness and generalisability. Initially, we validated
the model’s performance using actual surface cover data for the year 2023. Subsequently, a
validation approach involving a 70-30% split for training and testing was applied to all
examined years, with the confusion matrix computed for each.

Moving to 2015, a comparison was made with the Copernicus Global Land Service
Land Cover data, available exclusively for the years 2015 to 2019. For 2020, our results were
then compared with the WorldCover map generated by ESA, which is applicable for the
years 2020 and 2021.

2.5.1. Algorithm Validation Using Field Points

To validate the model, we calculated a land cover map utilising Landsat 9 images
acquired in September and October 2023. A subset of 126 points, representing approxi-
mately 5% of the training pixels for each class, was selected from this land cover map for
comparison with field data. Our rationale for selecting this subset was to ensure it would
adequately represent the majority of the data’s variance, thereby validating the algorithm’s
performance (Figure 3).

Classes
@ Water bodies
@ Built-up Areas
9 Dense Vegetation
<& Sparse Vegetation 0 50 km
<& Other —

Figure 3. Map of the validation points collected along the Valencian Community.

In order to achieve this objective, the validation points were selected based on their
homogeneity and large spatial extent, considering that Landsat images have a resolution of
30 m. This careful selection ensures the reliability and robustness of the validation process,
which is critical for the accuracy of our analysis. The comparison was conducted visually
in the field on the 30th and 31st of October, 2023.
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2.5.2. Holdout Validation

To further evaluate the algorithm’s performance, we divided the point dataset into
two distinct subsets: a training set and a testing set. This partitioning was accomplished
through a random split, assigning 70% of the data for training and reserving 30% for
testing purposes.

The choice of these specific percentages is grounded in the widely recognised efficacy
of the 70-30% split. This configuration consistently yields lower mean standard errors, en-
suring a high precision in our analysis. This statistical advantage has been well-established
in previous research, as demonstrated by Adelabu et al. [54]. The 70-30 ratio allows the de-
tection of data patterns within a sufficiently large training set while retaining a substantial
test set for a reliable estimate of the model’s performance. In other words, this ratio was
chosen to maintain a balance between reducing bias and controlling model variance. A
smaller test set might not yield reliable performance estimates, while a larger training set
could lead to overfitting, where the model excels on training data but underperforms on
new data.

The test set was then utilised to compute a confusion matrix and standard perfor-
mance evaluation metrics, including OA, user and producer accuracy, and the kappa
coefficient [55]. OA serves as a comprehensive gauge of the total classification accuracy,
essentially reflecting the likelihood of correctly classifying a randomly selected location on
amap [56]. Producer’s accuracy and User’s accuracy are distinct metrics used to assess clas-
sification accuracy. Producer’s accuracy denotes the probability that a real-world feature is
accurately represented on the map, while User’s accuracy signifies the probability that a
class depicted on the map actually exists in the real world. The Kappa coefficient offers
quantification of how superior the classification performed compared to the probability
of randomly assigning pixels to their correct categories, providing a valuable indicator of
classification quality [57].

2.5.3. Comparison with ESA WorldCover

The WorldCover project marks a groundbreaking initiative, offering finely detailed
global land cover information at a remarkable 10 m resolution, with an estimated OA
hovering around 75% [58]. This dataset, derived from Sentinel-1 and Sentinel-2 satellite
observations, is available for the years 2020 and 2021.

In our research, we assess the congruence between our product for the year 2020 and
the one computed by ESA for the same year. ESA’s product comprises eleven distinct
land cover categories, which we have grouped to simplify the comparison process. We
categorised Tree Cover, Shrubland, Mangroves, Moss and Lichen, and Herbaceous Wetland
classes as Dense Vegetation. Sparse Vegetation encompasses the Grassland and Cropland
classes, while Built-up Areas represent the Built-up class. Water Bodies include the Snow
and Ice and Permanent Water Bodies classes, and the Bare/sparse Vegetation class falls
under the category of Other. Additional information on the classes and the product can be
found in the User Manual edited by Zanaga et al. [58].

2.5.4. Comparison with Copernicus Global Land Cover

The Copernicus Global Land Service (CGLS) annually delivers a dynamic global land
cover product, CGLSLC100, with a spatial resolution of 100 m. The third collection of this
product, spanning from 2015 to 2019, is derived from PROBA-V satellite observations and
ancillary datasets [37,59,60] and has an estimated accuracy of approximately 80% [60,61]. It
comprises a total of 23 classes that we reorganised to facilitate comparison with the 2015
product obtained through our methodology. We grouped closed forest classes, open forest
classes, scrubland, herbaceous wetland, moss, and lichen classes into Dense Vegetation.
Herbaceous Vegetation and Cropland classes were included in Sparse Vegetation, while
Built-up Areas represented the Built-up class. Water bodies encompass the Snow and Ice
and Permanent Water Bodies classes, and the Bare/sparse Vegetation class falls under the
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category of Other. Additional information on the Copernicus Global Land Cover can be
found in the User Manual [61].

3. Results
3.1. Algorithm Validation

Initially, we calculated the land cover classification for the year 2023 (Figure 4), em-
ploying RF and CART algorithms along with Landsat 9 imagery. The precision results
revealed that RF exhibited superior performance in terms of OA (0.95) and Kappa coef-
ficient (0.93), whereas CART yielded lower values (OA of 0.93 and Kappa coefficient of

0.89). Consequently, we opted to proceed with subsequent analyses exclusively utilising
the RF algorithm.

e

Classes
Bl Water bodies
M Built-up Areas
Bl Dense Vegetation
[ Sparse Vegetation 0 50 km
9 Other ——

Figure 4. Land cover classification for the validation obtained with the Random Forest algorithm,
using Landsat 9 images collected during September and October 2023.

Afterwards, the result obtained with the RF algorithm was validated with in situ
data. In Figure 5, the confusion matrix obtained is represented. The validation results
demonstrate an OA of 0.88 and a Kappa coefficient of 0.81. Noteworthy are the producer
and consumer accuracies, denoting the fidelity of predictions to actual instances, which
stand at 0.89 and 0.88, respectively.

Confusion Matrix

Water bodies - 6 0 0 0 0

Built-up Areas - 0 15 0 0 0

In situ classification - October 2023

Dense Veg. - 0 0 1 0

Sparse Veg. - 0 2 1 0

Other - 0 1 0 0 2
Water bodies Built—u;‘; Areas Dense Veg. Sparsé Veg. Other

Predicted classification - October 2023

Figure 5. Confusion matrix of the 2023 land cover map calculated with Random Forest algorithm and
in situ data, gathered on the 30 and 31 of October, 2023.
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3.2. Land Cover Temporal Analysis

After model validation, a temporal analysis of land cover change in the Valencian
Community was conducted utilising Landsat 5-9 imagery spanning the period from 1984 to
2022. All classification maps obtained can be referenced in Appendix A. Figure 6 provides
a zoomed-in depiction of the city of Valencia, showcasing the classification maps derived
from Landsat 5 in 1984 and Landsat 9 in 2022, respectively.

I+ I water bodies
|« I Built-up Areas

Classes
I Water bodies
-~ I Built-up Areas
|| I Dense Vegetation
5 [ Sparse Vegetation
[ Other

0.7 06 05 04 03

Figure 6. Land cover classifications of Valencia region obtained with the Random Forest algorithm
for the years 1984 (top) and 2022 (bottom) using Landsat 5 and Landsat 9 images, respectively.
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A notable surge in the urbanised surface area (Built-up Areas class) over the designated
period is evident (Table 2). Specifically, there has been a substantial increase from 481.96 km?
to 939.40 km?, indicating a remarkable 94.9% growth for this particular class. This urban
expansion has impacted green and cultivated regions (Dense and Sparse Vegetation classes),
resulting in a cumulative reduction equivalent to 1.5% of the total area recorded in 1984,
transitioning from 22,525.07 km? to 22,179.86 km?. Solely in the Built-up Areas class, there
has been an increase of 457.44 km?, roughly equivalent to 64,000 football fields, signifying
a substantial amount of urban expansion.

Table 2. Area for each class (in km?) obtained using the Random Forest algorithm for the years 1984
and 2022, along with the corresponding percentage change within this timeframe.

Class Area (km?) Percentage Change (%)
1984 2022 1984 — 2022
Water bodies 93.57 103.75 +10.8
Built-up Areas 481.96 939.40 +94.9
Dense Vegetation 10,879.22 13,938.30 +28.1
Sparse Vegetation 11,645.85 8241.56 —29.3
Other 154.78 32.86 —78.8

Conversely, the Water Bodies class showed only a slight increase, while the Other class
experienced a significant decline, decreasing by 78.8%. This reduction is also attributed to
urban expansion.

The RF algorithm was systematically applied at five-year intervals throughout the
study period (the resulting land covers can be found in Appendix A). This approach
facilitated a comprehensive analysis of temporal changes in land cover classes, aiding in
the identification of potential trends. Figure 7 visually illustrates these temporal evolutions,
graphically depicting the percentage of area occupied by each class referred to as the total
area of the Valencian Community.

In the case of the Built-up Areas class, a discernible and consistent growth pattern
is evident, increasing from 2.08% in 1985 to 3.91% in 2020 (Tables 3 and 4). Conversely,
other classes do not exhibit a clear growth or decline trajectory. Notably, the combined
areas of Dense and Sparse Vegetation classes remain relatively constant, indicating an
inversely proportional relationship between the two classes. This observation aligns with
the annual variations in crop density during the summer season, as well as with the
variations in overall vegetation density and intensity. Figure 8 presents a composite graph
where the percentages occupied by all classes are collectively represented for each year. In
the majority of instances, Dense Vegetation emerges as the predominant class, occupying
the highest percentage.

Table 3. Area (kmz) of each class obtained with the Random Forest algorithm, calculated every
5 years using Landsat 5-8 images for the period 1985-2020.

Class 1985 1990 1995 2000 2005 2010 2015 2020
Water bodies 87.82 116.61 82.13 88.06 87.38 111.98 125.19 116.70
Built-up Areas 484.24 702.85 759.72 788.41 849.70 857.32 869.84 908.57
Dense Veg. 11,212.25 14,060.05 10,460.70 13,150.16 12,159.99 13,934.87 12,631.18 14,437.68
Sparse Veg. 11,324.52 8237.74 11,780.41 9159.91 10,038.23 8318.86 9571.46 7762.19
Other 146.59 138.36 171.92 68.85 120.02 32.59 57.81 30.70
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Table 4. Area (%, referring to the total area of the Valencian Community) of each class obtained with
the Random Forest algorithm, calculated every 5 years using Landsat 5-8 images, for the period

1985-2020.
Class 1985 1990 1995 2000 2005 2010 2015 2020
Water bodies 0.38 0.50 0.35 0.38 0.38 0.48 0.54 0.50
Built-up Areas 2.08 3.02 3.27 3.39 3.65 3.69 3.74 391
Dense Veg. 48.21 60.46 4498 56.55 52.29 59.92 54.31 62.08
Sparse Veg. 48.70 35.42 50.66 39.39 43.17 35.77 41.16 33.38
Other 0.63 0.59 0.74 0.30 0.52 0.14 0.25 0.13

Percentage of Water bodies over the years.
U.53%

Percentage of Built-up Areas over the years.
4.0 R
0.50 % 0.50 % 3659 369% 374%
05 0.48 %
35
044038% 0.38% 038% 3.0
g g 25
% 0.3 &
| - ©
g = 2.0
[ CD
= Ik
& 02 915
1.0
05
o 0.0
1985 1990 1995 2000 2005 2010 2015 1985 1990 1995 2000 2005 2010 2015 2020
Year Year
Percentage of Dense Vegetation over the years. Percentage of Sparse Vegetation over the years.
= 62.08 % 50.66 %
60.46 % 59.92 % 5048.70 %
52.29 %
48.21%
40
44.98 % 35.77 %
s - 3338%
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v o 30
o j=
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o o
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2
~

0.13%

52
-

) 1985 1990 1995 2000 2005 2010 2015 2020
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Figure 7. Graph illustrating the percentage distribution of land cover classes in the Valencian

Community. The calculations were performed every 5 years using Landsat 5-8 images, covering the
period from 1985 to 2020.
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Percentage of each class over the years

100

80

= 60 Class

Lo [ Other

% BN Water bodies

€ B Built-up Areas

§ [ Sparse Vegetation
& 40 BN Dense Vegetation

20

1985 1990 1995 2000 2005 2010 2015 2020
Year

Figure 8. Graph illustrating the overall percentage distribution of land cover classes in the Valencian
Community. The calculations were performed every 5 years using Landsat 5-8 images, covering the
period from 1985 to 2020.

Subsequently, linear and polynomial adjustments were employed to examine trends
for each class from 1984 to 2022. The consistent growth in the Built-up Areas class and the
simultaneous decline in the combined Dense and Sparse Vegetation classes reveal a positive
trend indicative of urban expansion in the community. Conversely, a negative trend signals
an overall reduction in vegetation (Figure 9). In both cases, polynomial regression yields the
best fit (R? of 0.95 and 0.84 for Built-up Areas and Sparse + Dense Vegetation, respectively).
The “Water bodies’ class shows no clear trend, maintaining oscillations between similar
values throughout the period.

Built-up Areas over the years with Linear and Polynomial Fit Vegetation (Dense + Sparse) over the years with Linear Fit
22550
e Built-up Areas P e \Vegetation
—— Linear Fit 22500 —— Linear Fit
%01 —— Polynomial Fit (2nd degree) —— Polynomial Fit (2nd degree)
22450
Linear Fit: y = -7.77 * x + 37854; R? = 0.68
Polynomial Fit: y = 0.36x"2 + -1440x + 1472220; R* = 0.84
800 22400
__;Ec, E 22350
g 700 @
2 5 22300
22250
600
22200
Linear Fit: y = 10.74 * x + -20744; R? = 0.85
500 Polynomial Fit: y = -0.36x~2 + 1459x + -1470528; R* = 0.95
e 22150
1985 1990 1995 2000 2005 2010 2015 2020 1985 1990 1995 2000 2005 2010 2015 2020
Year Year
Water bodies over the years with Linear and Polynomial Fit Other over the years with Linear and Polynomial Fit
e Water bodies . ol s Other
—— Linear Fit 160 3 Linear Fit
ROl Polynomial Fit (2nd degree) —— Polynomial Fit (2nd degree)
- .
Linear fit: y = 0.58 * x + -1057; R* = 0.28 A9
Polynomial fit: y = 0.02%"2 + -79x + 79071; R = 0.31 4
10 120
E £
£ 5 = 100
] o
2 4
< 2, < 80
60
%
. ° . 40 Linear Fit:y = -3.54 * x + 7180; R? = 0.78
Polynomial Fit: y = -0.02x"2 + 57x + 53591; R*=0.78  ®
° 20
1985 1930 1995 2000 2005 2010 2015 2020 1985 1990 1995 2000 2005 2010 2015 2020
Year

Figure 9. Polynomial regression performed in the Built-up Areas class (top left), Dense + Sparse
Vegetation (top right), Water Bodies (bottom left), and Other (bottom right), spanning the period
from 1984 to 2022.
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A separate analysis of both Dense and Sparse Vegetation classes reveals consistent
fluctuations over the years. Some years, such as 1990 (60.46%) and 2020 (62.08%), show
high percentages of Dense Vegetation, while others, including 1985, 1995, and 2005, show
lower percentages (48.21%, 44.98%, and 54.31%, respectively).

Concerning the ‘Other’ class, it manifests a negative trend (R? of 0.78).

In Figure 10, a superimposition of the Built-up Areas classes for all years, each rep-
resented by a distinct colour, facilitates the observation of urban growth in the cities of
Valencia, Alicante, and Castellon throughout the study interval. We can observe that
the most significant urbanisation impact occurred from 1985 to 1990, as previously dis-
cussed. Additionally, the introduction of ports in 2005 (absent in 2000) and their subsequent
expansions in 2010, 2015, and 2020 are discernible.

Analysing the percentage of ‘Built-up Areas’ in 2020 of these regions, we observed a
rise of 110.37% (an additional 56.59 km?2) in Castellén, a 70.47% increase (adding 143.30 km?)
in Valencia, and a remarkable growth of 157.68% (an addition of 100.20 km?) in Alicante,
compared to 1985 (Figure 11), revealing a significant increase over these 35 years.

Built-up Areas
N 2020
I 2015
[ 2010
[ 2005
[ 2000
[11995
.| mm 1990
I 1985

39.9

-0.2

39.5 39.5

* | Built-up Areas
N 2020
Il 2015
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[T 2005
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T 11995

[ 1990 : 0 25 Skm
. | 1985 . : ; ]
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39.4

Figure 10. Cont.
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-0.5

Figure 10. Maps illustrating the expansion of Built-up Areas class in Castellon (top), Valencia (centre),
and Alicante (bottom) for the period 1985-2020.

Built-up Areas
.| W 2020
I 1985

Figure 11. Cont.
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Figure 11. Maps illustrating the expansion of Built-up Areas class in Castellon (top), Valencia (centre),
and Alicante (bottom) between 1985 and 2020. The Built-up Areas class shows a rise of 110.37%
(an additional 56.59 km?2) in Castellén, a 70.47% increase (adding 143.30 km?) in Valencia, and a
remarkable growth of 157.68% (an addition of 100.20 km?) in Alicante.

3.3. Holdout Validation

Holdout Validation was performed for each of the calculated land covers. This ap-
proach, involving the partitioning of data into training and testing sets, has been crucial
for assessing and ensuring the effectiveness of our model across various years. Table 5
presents the OA and Kappa coefficients for each year. Remarkably, OA ranges from 92% to
95%, and the Kappa coefficient varies between 89% and 92%.

Table 5. OA and Kappa coefficient results of the Holdout Validation for each year. The validation was
performed while allocating 70% of the dataset for training and reserving 30% for testing purposes.

1984 1985 1990 1995 2000 2005 2010 2015 2020 2022

Overall 9416 93.85 91.72 9337 9218 9296 9452 95.02 9490 94.81
Accuracy (%)

Kappa (%) 90.67 90.03 8754 8948 87.13 89.03 90.79 9190 90.78 91.79

3.4. Comparison with Copernicus Global Land Cover and ESA WorldCover

An additional method used to validate our land cover products involves their com-
parison with other datasets, such as the 2015 Copernicus Global Land Cover and the 2020
WorldCover by ESA (Figure 12). The comparison was conducted on a pixel-by-pixel basis,
scrutinising all pixels within the Valencian Community. In the case of the comparison
with Copernicus’ product, our classification was initially rescaled to the same resolution of
Copernicus Global Land Cover (100 m), and then the classes from Copernicus matching of
those created by us were selected to generate a confusion matrix (Figure 13).

This comparison revealed a significant number of points where Copernicus classifies
areas as urban, which in our classification belong to Sparse and Dense Vegetation. Further-
more, the multitude of vegetation classes in Copernicus results in our Sparse Vegetation
values corresponding to different classes defined by them, although Dense Vegetation
aligns for the most part. In this case, the percentage of urban area corresponds to 6.91%,
slightly higher than the value obtained in our land cover (3.74%), attributable to the factors
discussed earlier.
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Figure 12. Global Land Cover provided by Copernicus for the year 2015 (left) and WorldCover v100
2020 provided by ESA (right).
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Figure 13. Confusion matrix comparing the 2023 land cover map calculated with the Random Forest

algorithm and the one provided by Copernicus. Classes 80 and 200 correspond to Water Bodies

class; class 50 represents Built-up Areas class; classes 20, 90, and 111-126 pertain to Dense Vegetation;

classes 30 and 40 represent Sparse Vegetation; and class 60 represents the Other class.

The OA achieved was 0.73, accompanied by a Kappa coefficient of 0.41 and producer

and consumer accuracies of 0.75 and 0.73, respectively.

Regarding the WorldCover provided by ESA, it was rescaled from the original reso-
lution of 10 m to match the resolution of our product (30 m). The WorldCover comprises
multiple classes (Figure 12), which were grouped according to their closest resemblance
to ours. The confusion matrix obtained through the pixel-by-pixel comparison (Figure 14)
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suggests that the ESA urban class sometimes corresponds to our vegetation pixels. This
response, similar to that obtained for the Copernicus product, possibly has similar reasons.
It is worth noting that no class equivalent to our Other class was identified in WorldCover.
This discrepancy arises from their inclusion of bare soil within the Sparse Vegetation class,
leading most of our points in the Other class to be categorised as vegetation classes in
WorldCover. In this instance, the urban area percentage is 4.31%, more closely aligning
with the value obtained in our land cover (3.91%).

Confusion Matrix

o
~
2 Water bodies - 161970 49 4355 1426 0
=
@
£
g Built-up Areas - 16476 769243 20744 492677 0
I
s
‘% Dense Veg. - 29316 148196 IWEIRETRNVE 3.15148e+06 0
=
A
% Sparse Veg. - 7476 546416 2.3474e+06 8.24758e+06 0
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<] Other - 193 11598 14 31940 0
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5 ) . ©
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ESA classification - WorldCover V1 2020

Figure 14. Confusion matrix of the 2023 land cover map calculated with Random Forest algorithm
and the one provided by ESA. Class 80 corresponds to Water Bodies class; class 50 represents Built-up
Areas class; classes 10, 20 and 90 pertain to Dense Vegetation; classes 30, 40, and 60 indicate Sparse
Vegetation; and None represents the Other class.

For our vegetation classes, a substantial alignment is observed with the various
classes they define. However, the presence of multiple classes results in some points of
Dense Vegetation corresponding to what we grouped as Sparse Vegetation and vice versa.
Consequently, an OA of 0.80, a Kappa coefficient of 0.60, and producer and consumer
accuracies of 0.80 each were obtained.

4. Discussion

Regarding the validation of the algorithm, the confusion matrix (Figure 5) reveals a
generally accurate reflection of real land cover. There is an exception in the classification
of sparse vegetation, occasionally misidentified as dense vegetation. This discrepancy
may arise from the challenge of precisely assessing vegetation density from ground-level
perspectives, where the angle of vision varies, making it difficult to discern the inten-
sity/density of vegetation. However, it is important to highlight that the classification
consistently identifies these areas as vegetation, mitigating the impact of the error. It is
worth remembering that mapping extensive areas in complex landscapes proves challeng-
ing due to abrupt changes in environmental gradients such as humidity, altitude, and
temperature. These diverse landscapes exhibit land cover categories that are challenging
to differentiate spectrally, given the low separability between classes and high intra-class
variability [24].

Anyway, the metrics obtained collectively affirm the robust performance of the RF
model, characterised by a commendable classification accuracy and a substantial concor-
dance between predictions and ground truth values.

Moving on to the analysis of change at a temporal level, the steady growth of the Built-
up Areas class can be attributed to significant urban expansion during the 1980s/1990s,
which has continued, albeit to a lesser extent over the decades, leading to a corresponding
decline in vegetation.
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The oscillation in the ratio between Dense and Sparse Vegetation is attributed to
annual variations in the rainfall regime, which influence plant growth, and to shifts in crop
types, resulting in alternating vegetation patterns. The years 1990 and 2020, identified by
the national Spanish meteorological agency (Agencia Estatal de Meteorologia, AEMET) as
concluding years of periods marked by substantial rainfall, exhibit the highest percentages
of Dense Vegetation. In contrast, the years 1985, 1995, and 2005, corresponding to periods of
pronounced aridity, display lower percentages of Dense Vegetation and higher proportions
of Sparse Vegetation. This pattern underscores the impact of reduced precipitation during
these years, contributing to diminished plant growth and a shift toward a prevalence of
less densely vegetated areas.

Finally, the decline in the Other class indicates that areas previously classified as bare
soil, beaches, etc., have likely undergone urbanisation and now form part of Built-up Areas.

Analysing the land covers in greater detail (Figure 10), it is notable how urban ex-
pansion in rural areas began around the years 2000/2005, while the most substantial city
expansion occurred from 1985 to 1990. Numerous areas classified as non-urban in 1985
began urbanised zones over the subsequent years. These regions, initially characterised
as rural landscapes, have undergone substantial development, evolving into small towns
or cities. The spatial distribution highlights the concentration of increased urbanisation
along key transportation arteries and adjoining the pre-established urban core. These
transformations underscore the dynamic and evolving nature of land cover in the Va-
lencian Community, portraying the intricate interplay between urban expansion and the
transformation of rural landscapes.

The validation process emphasised the accuracy and precision of the maps produced.
In particular, the high OA and Kappa values of the holdout validation demonstrate the
strength and reliability of the data. Regarding the comparison with the Copernicus Global
Land Cover and the WorldCover by ESA, the results indicate reasonable agreement between
the three land covers, albeit with a somewhat low Kappa coefficient attributed to some
discrepancies.

These discrepancies may arise from the higher resolution of our product, allowing
for the differentiation of various urban cores within cities and the recognition of different
vegetation types in between, while the other products represent cities as a single compact
urban area, as can be noticed in Figure 12. Furthermore, the non-exact correspondence of
the classes used in the different land covers certainly has an effect on the inaccuracy of
the comparison.

Finally, it is noteworthy that both the Copernicus Global Land Cover and the ESA
WorldCover utilize products from throughout the year to derive the final land cover. In
contrast, our study has focused solely on the summer of each year. This distinction in
temporal scope may contribute to differences observed between the land covers, as seasonal
variations can affect land cover characteristics.

Considering these differences, we believe that the results obtained are reliable, and we
are satisfied with the accuracy achieved.

5. Conclusions

In this study, we conducted a comprehensive analysis of land cover dynamics in the
Valencian Community, spanning from 1984 to 2023. Employing advanced algorithms,
specifically RF and CART, we initially classified the land cover for the year 2023 using
Landsat 9 imagery. The accuracy test results favoured RF, demonstrating superior OA
(0.95) and Kappa coefficient (0.93) compared to CART. The subsequent validation process
with in situ data highlighted the model’s generally accurate reflection of real land cover,
notwithstanding occasional misclassifications, particularly in Sparse Vegetation. This
discrepancy was attributed to challenges in precisely assessing the vegetation density
from ground-level perspectives, mitigated by the consistent identification of these areas as
vegetation. Moreover, mapping extensive areas in complex landscapes proved challenging
due to environmental gradients influencing spectral differentiability. Subsequent temporal
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analysis revealed a notable surge in urbanised surface area, affecting vegetation classes.
Notably, the Built-up Areas class exhibited a substantial 95% increase from 1984 to 2022,
displaying consistent urban expansion trends. Linear and polynomial adjustments further
affirmed this growth pattern, with the Built-up Areas class demonstrating a polynomial
regression fit (R? of 0.95).

Regarding the other land cover classes, Water Bodies maintained relative stability,
exhibiting minor fluctuations. Conversely, Dense and Sparse Vegetation classes collectively
witnessed a cumulative decrease of 1.5% from 1984, indicative of the encroachment of
urban areas over the years. Further analysis of the Other class unveiled a significant
negative trend, underscoring the influence of urbanisation on areas once classified as bare
soil and beaches.

Holdout Validation, a pivotal step in assessing model performance, consistently show-
cased high accuracy, with OA ranging from 92% to 95% and Kappa coefficients between
89% and 92%. This method, involving data partitioning into training and testing sets,
ensured the reliability and effectiveness of our model across diverse years.

A comparison with external land covers revealed reasonable agreement, albeit with
some discrepancies attributed to resolution differences and class definitions. The study’s
temporal focus on summer versus the yearly coverage of external products contributed to
the observed variations.

These findings not only elucidate the tangible consequences of urban growth in
the Valencian Community but also offer valuable insights into broader environmental
implications. The pronounced evolution from non-urban to urbanised areas over the years
emphasises the transformative impact of human activities on the regional landscape.

This dynamic urbanisation, as depicted in the land cover analysis, has implications
beyond immediate spatial changes. In recent years, numerous studies have demonstrated
the relationship between increased urban temperatures and specific surfaces or the lack of
vegetation, among other factors [62]. Having a detailed classification map and correlating
it with temperature maps, for instance, would allow for the development of mitigation
strategies. These strategies could include the implementation of green spaces, thereby
reducing urban temperatures and mitigating the Urban Heat Island effect. Such integrative
approaches are crucial for creating sustainable and liveable urban environments [63,64].

Moreover, this comprehensive view of land cover dynamics within the Valencian Com-
munity provides a valuable tool for anticipating and managing environmental challenges.
The interplay between urbanisation, land cover changes, and environmental impacts under-
scores the need for sustainable urban planning and environmental management strategies.
As urban areas continue to evolve, these insights become crucial for informed decision
making, contributing to a more resilient and ecologically balanced future for the region.
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Figure A1. Land cover classification obtained with the Random Forest algorithm, using Landsat 5-9

imagery for the period 1984-2023.
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