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Summary

The assessment of the ecological quality of the environment in EI Kala National Park plays an
important role in the protection and management of its tourist potential in the face of ecologi-
cal constraints that have arisen. The present study is based on the use of remote sensing data; its
main objective is to analyze the ecological quality in a protected area using the remote sensing
ecological index which is based on the calculation of vegetation indices based on Landsat images
taken in 2013 and 2023. This observation period shows that the values of drought, temperature,
and humidity in the study area increased while the greenness values decreased. The RSEI in-
dex was calculated using principal component analysis of the fourth indicators (NDVI, WET,
NDBSI, and LST) which made it possible to quantitatively analyze, monitor, and dynamically
evaluate changes in the ecological quality of the environment in this park over the past 10 years.
The results obtained show that the spatio-temporal distribution of the ecological quality of the
environment of the park experienced a downward trend from 2013 to 2023 with a regression
rate of -10.16% for the classes of good and excellent quality ecological. This study is considered
a reference for the formulation of measures aimed at protecting the quality of the environment
in El Kala National Park, and also a database to determine monitoring indicators for sites char-
acterized by significant tourism potential.
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1. Introduction

Global change and the intensification of human activity have a significant impact on
ecosystems [Liu et al. 2019]. With the growing concern about the change in the ecologi-
cal quality of the global environment, fragile ecological belts and their impact factors
have become increasingly important to global research topics, particularly those focus-
ing on wetlands [Zhang et al. 2018]. They constitute one of the three main types of
natural ecosystems on the planet [Zedler and Kercher 2005] and play a dual role as
aquatic and terrestrial ecosystems [Jogo and Hassan 2010]. These areas are also essen-
tial for human health and well-being, as well as maintaining the ecological balance of
the planet and environmental security [Ma et al. 2014]. In Algeria, wetlands generally
occupy transition zones between aquatic and terrestrial systems, whose landscapes
typical of these zones include coastal lagoons, salt marshes, rivers and their floodplains,
permanent marshes, and temporary lakes and salt pans [Khallef 2019]. It is well under-
stood that these areas are characterized by a complex and fragile ecosystem that can be
affected by natural and human factors. The ecosystem that characterizes these wetlands
in Algeria has made them an excellent tourist destination; this is essentially due to the
tourist potential of these areas. El Kala National Park is an illustrative example with
these wetlands listed on the Ramsar list, and its endemic fauna constitutes a mosaic of
particular and unique ecosystems in the Mediterranean basin [Khallef et al. 2021]. Its
geographical location in the East as a transit zone towards the Tunisian Republic, its
extent in the North along the Mediterranean coast and its landscape (forests, beaches,
lakes, Animal Park, mountains, and amusement parks) make it a favored destination
for Algerian tourists, particularly during the summer season. The tourist movement
experienced by the park during the 2022 and 2023 summer seasons after the end of the
COVID-19 health crisis was very significant. This tourist attendance has had a nega-
tive impact on the environmental and ecological quality of this area. During the 2022
summer season, massive fires broke out near El Mellah lake, destroying an area of 6,039
hectares of natural forest. Most reports and eyewitnesses claim that the outbreak of
these fires was caused by tourists throwing cigarettes while passing on the national road
No. 44 linking the town of Annaba and El Kala. These fires have had negative effects
not only on the forest cover but also on the environmental and ecological levels. Field
observation during the 2023 summer season made counting more than 38 seaside and
recreational waste sites possible. Waste found in nature constitutes visual and olfac-
tory pollution. When they decompose, their components are released and pollute the
environment. These components last for a longer or shorter time in nature, which
negatively influences this park’s ecological and environmental quality. Faced with this
paradoxical situation, the question arises as to the future of this park in view of the
enormous tourist potential and the significant influx of tourists, especially in summer,
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on the one hand, and the ecological constraints on the other. To answer this question,
an ecological quality assessment study using remote sensing data is most appropriate
for the case of this site. Remote sensing technology provides a wide range of data for
ecosystem monitoring. Several remote sensing indices have been developed to quan-
tify ecological conditions [Pettorelli et al. 2005, Jiang et al. 2021, Pravilie et al. 2022,
Zhang et al. 2022]. The Remote Sensing Ecological Index (RSEI) method is widely used
for rapid monitoring and assessment of regional ecological environments [Liu et al.
2020, Niu et al. 2020, Shi et al. 2021, Zhang et al. 2022, Yu et al. 2022, Jiang et al.
2023]. However, this index has been applied to wetlands [Wang et al. 2021], and these
applications have not been used in El Kala National Park. Accordingly, the present
research applies RSEI to assess the ecological quality of this park using images from the
Landsat program for two shooting dates in 2013 and 2023. This research aims to study
the ecological quality of this protected area and evaluate its state and spatio-temporal
dynamics, using the remote sensing ecological index based on the calculation of plant
indices from Landsat images. This study also provides scientific support and a database
for the urgent implementation of protection and ecological and environmental assess-
ment programs in this park in order to preserve these tourist potentials in the face of
ecological and environmental risks.

2. Materials and methods

2.1. Study area

With an area of 80,510 ha, El Kala National Park, one of the first parks created in
Algeria (1983), was classified in 1990 in the category of national and international
cultural heritage and biosphere reserve by UNESCO. The territory of this park with its
tourist coast fits into the same pattern. Inside this park, two of the most beautiful areas
of tourist expansion are located, namely: Messida and Cap Rosa, as well as Oubeira
(fresh water), Mellah (salt water) and Tonga (brackish water) lakes. The park is located
in the extreme northeast of Algeria (Fig. 1), in contact with the Tunisian border, and
brings together on its territory the particularities of nature conservation issues and an
attractive coastline for seaside tourism.

The park is a site of great interest not only because of its remarkable mosaic of
biotopes where endemic, boreal and tropical species coexist but also because it brings
together a significant part of the country’s fauna and flora. The topography of the park
is made up of a series of depressions, some of which are occupied by lacustrine or
palustrine formations, and high ridges of various shapes: domes, escarpments and
alignments of ridges generally covered by dense vegetation [Hamouda et al. 2012].
From north to south and west to east, the altitude varies from 0 to 1,073 meters. The
climate is subhumid Mediterranean with a rainy period from October to April and
a dry period from May to September, with precipitation amounts varying between 710
and 910 mm/year. The average annual temperature is around 18°C. The vegetation
cover in this wetland is very diverse and takes different forms, globally distributed; in
forests, maquis and reforestation [Khallef et al. 2018].
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Source: Authors’ own study

Fig. 1. Location of the study area

2.2. Data collection

Two medium-resolution (30 m) Landsat program images covering the study area, taken
in 2013 (Landsat 8 OLI/TIRS) and 2023 (Landsat 9 OLI-2), available free online from
the USGS (https: //earthexplorer.usgs.gov), were used to assess the ecological environ-
ment (Table 1). The date the Landsat program images were taken was in the dry season
(summer) to avoid cloudy conditions.

Table 1. Satellite data

Satellite Sensor Spatial resolution [m] Acquisition date
Landsat 8 OLI/TIRS 30 19.08.2013
Landsat 9 OLI-2 30 15.08.2023

The two images from the Landsat program underlying this work are all subject to
preprocessing. In developing countries like Algeria, the radiometric correction opera-
tion is not effective because we do not have data on atmospheric properties (aerosol
and gas content) at the time of acquisition of the satellite image [Khallef 2019]. The
radiometric correction of Landsat images is therefore carried out by a single operation,
the conversion of DN (Digital Number) values to physical values (reflectance above the
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atmosphere). For this study, the two images of the shooting are calibrated using ENVI
5.3 software. It is worth noting that the images in this program for collection 2 are
geometrically correct. To evaluate and quantify the ecological and environmental qual-
ity of El Kala National Park, three types of software were used (ENVI 5.3, ArcGIS 10.8,
Google Earth support) as well as a camera for the purpose of photographing certain
seaside and recreational sites of waste during the inspection of the land at the end of
August 2023.

2.3. Construction of an ecological remote sensing index [3]

The four spatial indices used to evaluate the RSEI model are normalized difference
vegetation index (NDVI), humidity (WET), land surface temperature (LST), and
normalized difference bare soil index (NDBSI). RSEI data were obtained by transform-
ing the principal components of greenness, humidity, heat, and dryness [Xu 2013].
Four remote sensing indicators were calculated as follows.

2.3.1. Vegetation Index

NDVT is one of many most successful attempts to simply and quickly define vegetation
zones and conditions and is also used to measure the photosynthetic capacity of vegeta-
tion cover [Rouse et al. 1973].

NDVI = (NIR - R)/(NIR + R) (1)

In formula (1), NIR and red are the surface reflectance in the near-infrared bands
and red of remote sensing images, respectively.

2.3.2. Wetness Index

The brightness, greenness, and humidity components of the bobble hat transformation
are related to surface physical parameters [Niu et al. 2020, Jiang et al. 2023]. Here, the
humidity index (WET) is expressed per humidity component. The expressions of the
reflectance image data of Landsat 8 OLI/TIRS and Landsat 9 OLI-2 are as follows [Liu
etal. 2022]:

WET,, s = 0.1511p1 + 0.1973p2 + 0.3283p3 + 0.3407p4 + 0.7117p5 + 0.4559p6  (2)

WET,,, ,=0.1511p1 + 0.1973p2 + 0.3283p3 + 0.3407p4 + 0.7117p5 + 0.4559p6  (3)

where:
WET (OLI/TIRS, OLI-2) are the moisture components of the Tassel Cap Transform
algorithm of Landsat OLI/TIRS and OLI-2 images,
pblue, pgreen, pred, pNIR, pSWIR1, and pSWIR2 are the surface reflectance of
Landsat OLI/TIRS and OLI-2 images in the blue, green, red, near-infrared,
shortwave infrared 1 and shortwave infrared 2 bands, respectively.
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2.3.3. Heat Index

The heat index is represented by the land surface temperature [Xu 2013] and the
temperature value T at the sensor was calculated using the model in the user manual of
Landsat. The actual temperature of the earth’s surface can only be obtained by a specific
emissivity correction. The land surface temperature is calculated using the following
formula [Khallef et al. 2020]:

LST = BT/(1 + (10.8 - BT/14388) - Ln(E)) (4)

where:
LST - Land Surface Temperature,
BT - Top of atmosphere brightness temperature (°C),
E - Land Surface Emissivity.

2.3.4. Dryness Index

Drying of soil causes serious pollution of the ecological environment. The drier the soil,
the more harmful it is to the environment. Bare soils such as rocks, sand dunes and
urban areas also cause soil drying [Maity et al. 2022]. However, the NBDSI Drought
Index was developed using the Bare Soil Index (SI) and an index-based built-up index
(IBI), which can be calculated using the following formula [Gao et al. 2021]:

SI= [(Pgyip, + Prep) = (Purg + Prppi) [(Psyyips + Prep) + (P + Prypy)] (5)

2'I)SWIRI _ PNIR PGREEN
IBI — PSWIRI + PNIR PNIR + PRED PGREEN + I)SWIRI (6)
2I)SWIRI PNIR PGREEN
PSWIRI + PNIR PNIR + PRED PGREEN + I)SWIRI
NDBSI = (SI + IBI)/2 7)

2.3.5. Remote Sensing Ecological Index

The remote sensing ecological index was developed using GIS as a spatial tool and
principal component analysis. The remote sensing ecological index was calculated
using principal component analysis (PCA) as a statistical method, instead of standard
weighted sum techniques. The values of the four indicators are normalized to a varied
range from 0 to 1 before using PCA. The remote sensing ecological index is usually
represented by the first component of the PCA (PC1) because this component gener-
ally explains most of the total variation in the dataset.

RSEI = PCA1[F(NDVI, WET, LST, NDBSI] (8)

Remote sensing ecological index values should be normalized and rescaled between
0 and 1, such that 0 represents very poor environmental quality and 1 represents excel-
lent environmental quality:
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RSEI = (RSEI - RSEIL__

)/(RSEL,_ - RSEL_.) 9)

The normalized values of the remote sensing ecological index are classified into 5
classes: 0 to 0.2 (very low), 0.2 to 0.4 (poor), and 0.4 to 0.6 (moderate), from 0.6 to 0.8
(good), from 0.8 to 1 (excellent) [Liu et al. 2022].

2.4. Spatial autocorrelation analysis of RSEI

Spatial correlation is an important indicator for determining whether the attribute
value of an element is significantly correlated with the attribute value of the adjacent
space. This reveals the correlation of attribute values between spatial reference units
and their neighboring spatial units. The Moran index and the local spatial correlation
index (LISA) were used to analyze the spatial correlation of the eco-environmental
quality of El Kala National Park. The two indices were calculated using ArcGIS 10.6
software according to the following formulas [Liu et al. 2022].

ZLIZLWij(xi - J_C)(xj - )_C)

Global Moran’s = - — (10)
2 .o
s zx’:lz j=1WlJ
where:
x; - the attribute value of position i,
n - the total number of grids in the study area,

Wij - the weight of the matrix, which represents the relationship of space objects
=1,2,3..,N,j=1,2,3.., M, Wij = 0 when i and j are adjacent.

If the Moran index is +1 the spatial autocorrelation is positive at -1 the autocorrela-
tion is negative, equal to zero indicating the absence of spatial autocorrelation.

_ (xi - J_C) 1 .. _
LISA = TzFleJ(xi - %) (11)

D i
j1 _ 2 (12)
(n-1)

LISA represents the spatial grouping of similar values whether high or low around
the spatial unit. If LISA is negative, then it represents spatial clustering between differ-
ent values. Calculation of this index can generate five spatial distribution classes as
follows: high-high cluster (H-H), low-low cluster (L-L), high-low outliers (H-L),
low-high (L-H) outliers and insignificant. H-H presents the presence of a high value
surrounded by a high value, and L-L presents the presence of a low value surrounded
by a low value. H-L indicates a high value anomaly and L-H indicates a low value
anomaly. Non-significant values indicate that the attribute values are almost randomly
distributed [Liu et al. 2022].

m =
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2.5. Change detection of RSEI

Change detection made it possible to identify and evaluate any change in difference
between two images of the same study area on different dates [Khallef et al. 2022]. For
the present study, image differentiation is used by subtracting the recent image from
the old one to know the extent of change. This change detection is calculated by the
following formula:

ARSEIZOIS/ZOZS = RSEIPCI -2023 ~ RSEIPCI -2013 (13)

3. Results
3.1. Principal component analysis of RSEI

Table 2 indicates that the contribution rate of the eigenvalue of the first principal compo-
nent of the RSEI in both observation periods is greater than 61%, thus the contribution
rate of each index has the same positive and negative distribution in the first principal
component. However, the contribution rate of NDVI and WET in the first principal
component is positive, while the contribution rate of LST and NDBSI is negative. This
result shows that NDVI and WET play an increased role in improving the ecological
environment. Unlike the LST and the NDBSI which have a restrictive role in improv-
ing the ecological environment. This result is also consistent with the reality of the
effects of the four indicators on the ecological environment. For the two shooting dates,
the contribution rate of the first principal component (PC1) is 62.38% in 2013 and
61.82% in 2023. For this purpose, both rates are above 61%, which indicates that the
first principal component is essentially based on the information from the four indices.
In addition, the contribution of the four indicators making up PCl is relatively stable.
Therefore, PC1 replaced the four component indices when creating the RSEI index.

Table 2. Results of the first PC1 of the RSEI in 2013 and 2023

Indices PC1-2013 PC1-2023
NDVI 0.39 0.21
WET 0.70 0.81
NDBSI -0.37 -0.19
LST -0.47 -0.52
Eigenvalues 0.098 0.075
Percent of eigenvalues 62.38 61.82

In 2013 and 2023, the contribution of the drought index in PC1 is -0.37 and -0.19
respectively and -0.47 in 2013 and -0.52 in 2023 for the heat index in the same PC1. This
indicates that urbanization in El Kala National Park accelerated after 2013, leading to
an increase in the area of built-up land, including tourism infrastructure such as roads,
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hotels, camps, public spaces, and the extension of beaches. The drought index reflects
the evolution of building land in this study area. Among the consequences of continued
urban land use is an increase in ground surface temperature. Apart from the huge amount
of waste in various places, especially during the summer season, this is due to the influx of
a large number of tourists. Waste, particularly plastic, decomposes into compost, generat-
ing heat in the soil. However, urbanization and the expansion of tourist infrastructure
have obvious influences on the eco-environmental quality of the park.

3.2. Indicators of RSEI

Taking the two observation dates, the statistics of the four indicators relative to mini-
mum, maximum, average and standard deviation values are inserted in Table 3 to better
understand the evolution of these indicators over time (Table 3).

Table 3. Indicator statistics in 2013 and 2023

Year Indicators Min Max Mean StdDev

NDVI -0.62 0.82 0.49 0.21
WET 0 0.0871 0.031 0.01

2013
NDBSI -0.27 0.35 0.03 0.14
LST 26.65 36.36 28.92 1.79
NDVI -0.48 0.8 0.44 0.19
WET 0.0054 0.0878 0.034 0.01

2023
NDBSI -0.23 0.36 0.07 0.13
LST 24.36 48.28 33.86 3.64

3.2.1. NDVI

The more greenery, the higher the plant cover rate and this leads to an improvement
in the ecological quality of the environment [Li 2022]. On the contrary; if the value of
greenery decreases, the value of vegetation cover decreases, which leads to a deterio-
ration in the ecological quality of the environment [Ren et al. 2022]. The greenness
indices in 2013 and 2023 are between 0 and 1 after the normalization treatment. Figure
2 shows the spatial distribution of NDVI in the two different years whose values varied
from -0.62 to 0.82 in 2013 and -0.48 to 0.80 in 2023. These values are higher in the East,
North East, South, and North West, unlike the center of this park, the NDVT values
decrease significantly in the Western part. According to Table 3, the values of NDVI for
the year 2013 are higher than those of the year 2023, and the maximum value of NDVI
decreases by 0.02, which provides information about the decrease in vegetation cover
during this observation period. The average NDVT value for 2013 is estimated to be
0.49 while the average NDVT value for 2023 is 0.44.
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Fig. 2. Spatial distribution of NDVI in El Kala National Park in 2013 and 2023

3.2.2. WET

The higher the humidity values, the higher the surface water content, which leads to
better environmental quality and vice versa [Sun et al. 2020]. The humidity indices in
2013 and 2023 are between 0 and 1 after the standardization treatment.

430000 445000 460'000 430000 445000 460000

WET-2023

10 4 skm EEARY -§ %- ~Value .§
§ “ — High : 0,0871 - High : 0,0878
- B Low: 0,008
1:400 000
430000 445000 460000 430000 445000 460000

Source: Authors’ own study

Fig. 3. Spatial distribution of WET in El Kala National Park in 2013 and 2023
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Table 3 shows that from 2013 to 2023, the maximum humidity values in El Kala
National Park increased from 0.0871 to 0.0878, an increase of 0.0007. Generally,
increasing plant cover increases water demand, leading to a decrease in soil moisture.
Figure 3 shows that the humidity values in 2013 and 2023 are higher around bodies of
water (lakes, dams, beaches), as well as the central, southern, and northeastern parts,
while the Humidity values are very low to low in areas of vegetation cover.

3.2.3. NDBSI

According to Zheng et al. [2020] high NDBSI values increase the soil degradation of
the areas, which inevitably leads to deterioration of environmental quality. In contrast,
low NDBSI values increase environmental quality. The values of the drought index in
2013 and 2023 after the standardization operation are between 0 and 1. Table 3 reveals
that the average values of the NDBSI index of the two observation dates 2013 and 2023
respectively are 0.03 and 0.07. With the increase in buildings in El Kala National Park,
the soil deteriorated significantly between 2013 and 2023, this is generally linked to the
acceleration of economic and tourist development and urbanization (Fig. 4).
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Fig. 4. Spatial distribution of NDBSI in El Kala National Park in 2013 and 2023

3.2.4. LST

Land surface temperature plays a very important role in determining the ecological qual-
ity of the environment [Khallef 2023]. The higher the land surface temperature values,
the worse the ecological quality of a given area. Figure 5 shows the distribution of LST
in the study area where areas with high LST values show an increasing trend from 2013
to 2023. For both shooting dates, the average LST values increased from 28.92°C in 2013
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to 33.86°C in 2023 (Table 3). LST values are higher in urban areas and bare soils and
significantly lower in areas covered with vegetation and around water sources.
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Fig. 5. Spatial distribution of LST in El Kala National Park in 2013 and 2023

3.3. Spatio-temporal distribution of RSEI

The spatio-temporal distribution of the ecological quality of the environment in El Kala
National Park for the two reference dates, 2013 and 2023, is illustrated in Figure 6.
The varied classes from 0 to 0.4 represent very poor to poor ecological qualities, while
the middle class from 0.4 to 0.6 represents moderate ecological quality. However, the
classes of good ecological quality (good and excellent) vary from 0.6 to 1. The classes of
poor ecological quality (Very poor and poor) are mainly located in the South, South-
West, and West, in the center near lakes and dams, and at the beaches and urban areas
(City of El Kala, El Taref).

The moderate classes are scattered throughout the territory of the study area, while
the classes with very good to good ecological quality are the areas of vegetation cover
distributed from east to west and from south towards the North. Table 4, which shows
the different levels of RSEI resulting from the classification of the first principal compo-
nent for the years 2013 and 2023, reveals that the Very poor to Poor classes occupy
24.62% and 34.11%, i.e. (19,826 ha, 27468 ha) hectares of the total area of the study
area respectively for the two observation dates 2013 and 2023. With an area of 43,417
ha in 2013 and 35,234 ha in 2023) of total area of the study area (53.93% in 2013 and
43.77% in 2023), the Good and Excellent classes are the type of level of the Most domi-
nant RSEL. However, the Moderate classes represent an area of 21.45% and 22.12% or
(17,267 ha and 17,808 ha) of the study area in 2013 and 2023 respectively.
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Fig. 6. Spatial distribution of RSEI in El Kala National Park in 2013 and 2023

Table 4. Area of each level of the RSEI in 2013 and 2023

Year
Classes of RSEI 2013 2023
Area [ha] Area [%] Area [ha] Area [%]
Very poor 593 0.74 3424 4.25
Poor 19233 23.88 24 044 29.86
Moderate 17 267 21.45 17 808 22.12
Good 30391 37.75 26 694 33.16
Excellent 13 026 16.18 8 540 10.61
Total 80510 100 80510 100

3.4. Spatial autocorrelation analysis of RSEI

Figure 7 presents the overall Moran index and its corresponding Z values which are
respectively 0.486, 22.67 in 2013 and 0.528, 24.61 in 2023 with Z values above the
critical level of 1.96. At the 1% significance level, there is a probability that this clus-
tered pattern is the result of random chance. RSEI increases in areas with wide spatial
distributions of environmental ecological quality. In contrast, the RSEI decreases if the
spatial distribution of the ecological quality of the environment is small. Over the 10
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years from 2013 to 2023, the Moran index trended downward, as the degree of spatial
autocorrelation weakened and the spatial distribution became more dispersed. This
result indicates that there is consistency with the spatio-temporal variation character-
istics of the results of the level of ecological quality of the environment.
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Source: Authors’ own study

Fig. 7. Moran Index in 2013 and 2023

3.4.1. Local spatial autocorrelation of RSEI

In order to better understand the spatio-temporal distribution of the ecological quality
of the environment, the RSEI local spatial correlation model using LISA clustering was
used (Fig. 8).

The LISA clustering diagram (Fig. 8) reveals that the H-H clustering areas in 2013
and 2023 are mainly distributed in the East, Northeast, South, Northwest and Center
only for the year 2023. The L-L grouping is located in the south, center, east and west
of the park. The two clusters H-H and L-L are considerably increased from 2013 to
2023, due to rapid urban growth, the increase in bare soil (clearing, subdivision, fires,
and extension of agricultural land). This spatial mutation leads to the degradation of
the original soil structure and the regression of plant cover, which potentially increases
the loss of ecological quality of the environment. This result supports previous studies.
The urban area in El Kala National Park increased from 606 ha in 1987 to 2427 in 2016,
of which the bare soil areas have the highest growth rate (5.2%) among all the occupa-
tion units of the soil [Khallef et al. 2021]. This indicates that human activities cause
land construction and fires cause soil erosion, thereby deteriorating the environmental
quality of the park.
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Fig. 8. Map of LISA in 2013 and 2023

3.5. Change detection of RSEI

Calculation of ARSEI by applying equation (2) reveals changes in the ecological quality
of the environment within El Kala National Park during the observation period (Table 5).

Table 5. Area changes of RSEI classes during the observation period (2013-2023)

Change detection of RSEI between 2013 and 2023
Classes of RSEI
Area [ha] Area [%] Average rate [ha/year]
Very poor 2831 3.51 283.1
Poor 4811 5.98 481.1
Moderate 541 0.67 54.1
Good -3697 -4.59 -369.7
Excellent -4486 -5.57 -448.6
Total 0 0 0

Table 5 shows different evolutions (progression or regression) of the RSEI over the
10 years of recording. The Very poor classes increased from 593 ha in 2013 to 3424 ha
in 2023, an increase of 3.51%, this is mainly due to the increase in land uses. The area
of Poor classes ranges from 19,233 hectares in 2013 to 24,044 hectares in 2023, show-
ing an upward trend of 5.98%, indicating increasing complexity of environmental
quality. However, Moderate classes estimated at 17,267 ha in 2013 reached 17,808 ha
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in 2023, which represents a slight increase of 0.67%. The classes which really represent
the ecological quality of the environment (Good and Excellent), go from 43,417 ha in
2013 to 35,234 ha in 2023, which generates a negative change of —10.16%. According
to Table 4, El Kala National Park loses 818.30 ha of its ecological quality annually
for the observation period 2013-2023, which explains the increase in the area of
the classes from Very poor to Poor and Moderate. This regression is mainly due to
the influences of natural factors and human activities, particularly tourist activities
during the summer season. The change map illustrates significant ecological changes
in El Kala National Park over 10 years (2013-2023) in spatial and quantitative terms.
These changes in the RSEI are represented by nine classes which are: the class of
positive change for areas where the RSEI has progressed (+1,+2,+3,+4), the class
of negative changes for areas where the RSEI underwent regression (-1, -2, -3, -4)
and the class of zero changes for the stability zones (Fig. 9). Figure 9 shows that the
regression areas (negative changes) are mainly located in the central part, East, South
and North-West, with a rate of 23.935% ha of the total area of the study perimeter.
However, areas of positive change increased at a rate of 12.923% of the total area of
the study area.

430000 440000 450000 460000 470000 480000

gl ~ €
D -3
= . g
8 8
S | LS
8 e 8
=i Legend 1S
g g

- Degraded - 1

- Degraded - 2
8 Degraded - 3 g
27 ra
=3 - Degraded -4 -3

Unchanged

Improved + 1
g RN g
g_ - Improved + 2 ’g

0 25 5Km . - Improved + 3

1:250 000 B oroved + 4

430000 440000 450000 460000 470000 480000

Source: Authors’ own study

Fig. 9. Map of RSEI changes between 2013 and 2023

This progression is concentrated mainly in the southern, central, eastern, western,
and northern parts, while the stability zones cover almost the entire territory of the
park, covering 63.142% (Table 6).
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Table 6. Change detection of RSEI class from 2013 to 2023

2013-2023
Class change Level
Percent change [%] Total percent change [%]

-4 0.112
-3 1.522

Degraded 23.935
-2 7.136
-1 15.165

Unchanged 0 63.142 -
1 12.42
2 0.456

Improved 12.923
3 0.045
4 0.002

4. Discussion

Environmental quality is a set of generalized or objective environmental characteris-
tics that affect living organisms. It is one of the metrics used to measure the state of
the environment in relation to the requirements of surrounding elements and human
needs and goals [Roche 1997]. The most important causes of damage to environmental
quality are natural and anthropogenic factors. Precipitation changes are directly related
to NDVI and WET in this area, they can improve the quality of the local ecological
environment. In this sense, water and thermal conditions play an important role in
the ecological environment of this park. However, in the study area, temperature and
precipitation showed no significant increasing trend, while NDVI showed a decreasing
trend, indicating that other factors affect NDVI. Among these factors are the recur-
ring forest fires (Fig. 10) each summer season, particularly during the period of high
tourist influx between July and the end of August, which constitute major obstacles to
the quality of the environment and, on the other hand, contribute to the emergence of
water erosion, which increases the complexity of environmental quality.

The NDBSI, which is negatively related to the ecological environment, contributes
more to the RSEI, which corresponds to the characteristics of global warming in El
Kala National Park with the progression of global climate change. The negative corre-
lation between LST and RSEI explains the urban heat island effect evident in large
urban centers with a significant population density in this park such as the cities of
El Kala, El Taref, Bouteldja, and others. Human activities are considered as a refer-
ence to the different activities of life. The population density of El Kala National Park
increases significantly, the number of population increased from 144,880 inhabitants
in 2013 to 205,360 inhabitants in 2023. Therefore, the study area is limited, as is the
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Source: Authors’ own study

Fig. 10. Forest fires in El Kala National Park (November 2022)

Source: Authors’ own study

Fig. 11. Waste inside El Kala National Park (November 2023)
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environmental carrying capacity, so that population and economic growth gradually
approaches the environmental limit. In an area with tourist potential such as the case
of El Kala National Park, population growth not only leads to higher consumption of
resources but also aggravates ecological disturbances. The large population especially
during the summer season leads to frequent human activities. To meet the needs of the
population, especially tourism, it is necessary to accelerate the process of exploitation
of environmental resources, forcing cities, roads, beaches, public spaces, and others to
expand to the detriment of vegetation, ultimately changing the structure ratio of the
land type, thereby affecting the ecological quality of the environment. Generally speak-
ing, the territory of El Kala National Park contains an ecosystem exposed to natural
and human factors. It is necessary to find appropriate solutions to reduce the rapid
deterioration of the ecological quality of the environment. Moreover, in tourist areas,
including beaches, recreational forests, summer camps, mountains, and other areas
heavily dependent on natural resources, the protection of ecological quality of the envi-
ronment depends solely on the elimination of certain aspects that harm environmental
quality, such as the discharge of various types of waste (Fig. 11).

The study area is located in the far northeast of Algeria and constitutes an exception-
ally humid area. The complexity of the ecosystem in this area is widespread, and the
problem of ecological constraints in the face of significant tourist potential has become
the main obstacle to creating a sustainable local ecological environment. Considering
the influence of certain natural and human factors, this study used the RSEI to monitor
and analyze the ecological situation in El Kala National Park from 2013 to 2023. The
field survey and careful inspection demonstrated the effectiveness of RSEI in assessing
the ecological quality of the environment in El Kala National Park. The method adopted
in this research can provide a reference for the assessment of environmental quality in
wetlands and can also be a good attempt to apply it to other areas of the Algerian territory.

5. Conclusion

This study shows that Landsat program data can be directly used to characterize the
ecological quality of the environment using the Remote Sensing Ecological Index.
The purpose of this study is to evaluate the current situation of El Kala National Park
between significant tourist potential and ecological constraints. This assessment is
essentially based on the RSEI model which was adopted by combining four indicators
related to greenness, humidity, heat and drought using Landsat images taken in 2013
and 2023. The obtained result shows that from 2013 to 2023, the values of greenness,
humidity, dryness and heat have changed spatially. The values of Wet, NDISI and LST
increased while the value of NDVI decreased. According to the results, the values of
good to excellent ecological quality of the RSEI environment in El Kala National Park
from 2013 to 2023 regressed with a rate reaching 10.16% of the total surface of the
study area. This is mainly linked to natural and human factors. To this end, and in order
to preserve the good environmental quality of the study area, which is a wetland with
the most suitable tourism potential in the country, environmental sustainability plans
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must focus on green planning practices. It is important to coordinate development with
the ecological environment and land use if we are to achieve sustainable development
in this protected area.
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