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Abstract: This research analyzes the impact on land use induced by urban solid waste landfills using
the Weighted Environmental Index (WEI). The methodology used to analyze the environmental
value of the landfill’s areas of influence is based on the analysis of the space-time variations of
the WEI inside them. The application of this methodology allows identifying the areas where the
environmental value has changed over time, providing a quantitative indicator that can be analyzed
using statistical techniques. The methodology has been applied as a case study to analyze the
influence over land use in all the municipal solid waste landfills currently in operation inside the
Valencia Region (Spain). Results have been obtained using GIS techniques integrating the information
provided by the Information System on Land Occupation in Spain land use database. Results show
that, without exception, the environmental value of the territory has decreased in all the cases
analyzed. WEI is a powerful tool for analyzing land use change over time, and its application allows
for performing detailed statistical analyses leading to key conclusions about land use changes inside
the landfill influence areas.
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1. Introduction

The analysis of changes in land use (LULC) is one of the main challenges in territorial
planning. There are different tools that integrate the different territorial functions, such
as production, landscape, management of water resources, land use planning, natural
characteristics, and the conservation of the identity to which the territory is strongly linked.
The development of these tools is essential to properly understand the dynamics and
variables in territorial management [1].

Anthropic actions are the most important factors that induce land use change and
modify the environmental balance in all space-time scales. These changes are one of the
main environmental concerns in relation to climate change, soil and air contamination,
water resources, and loss of biodiversity. Therefore, mitigating the negative consequences of
these changes has become a priority for researchers and policymakers around the world [2].

Changes in LULCs can be interpreted as non-linear dynamic interactions between
human beings and nature that involve important transformation processes of the earth’s
surface through complex processes. The evolution of these changes on the planet in the
last 300 years has fundamentally meant an increase in agricultural areas and the expansion
of urban areas to the detriment of forest areas. Many developed countries have practiced
massive deforestation for centuries, with agricultural expansion and industrialization
influenced by population growth identified as the main drivers. This has led to an intensive
modification of the landscape due mainly to the socioeconomic and political changes of the
first half of the 19th century in Europe and North America. However, another important
trend has been the decrease in agricultural areas due to urban expansion and the increase
in surface water consumption [3].
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The intensification of the LULC change is directly related to the overexploitation of
natural resources and climatic changes. Therefore, the integration of natural and anthropic
factors in the dynamics of land use change and the analysis of direct or indirect driving
variables is a relevant topic for researchers. Its results must be the basis for the development
of policies and actions to guarantee the efficient use of natural resources.

Landfills are currently the most widely used urban solid waste disposal method [1-3],
despite being the last option in the waste management hierarchy (Circular Economy
Package Directive, 2008/98/EC) [4-7].

Different studies have been published to describe and quantify the environmental
problems induced by landfills [8]. The main environmental risks of this infrastructure
are related to the management of leachate and biogas [9,10], which can contaminate the
soil, atmosphere, and surface- and groundwater, becoming a risk to human health. Other
possible negative impacts are those derived from the settlement that occurs over time as
the waste decomposes, which may affect the land close to the landfill site [6]. Moreover,
there are also social, economic, and territorial impacts, which must be evaluated to achieve
optimal management of waste dumps [11].

Currently, the use of indicators to evaluate the management of waste landfills focuses
mainly on the analysis of leachate [12-14] and biogas [15-17]. This research has been
developed under very specific conditions and refers to small areas.

In relation to the rest of the factors, the use of indicators is much less implemented.
There are studies that, using economic indicators, seek to identify the influence of the
existence of landfills on the price of the nearest homes. Some results show that the price
of properties decreases in the vicinity of the landfill [18,19]. In [20], it is indicated that
the impacts on the value of the property vary considerably from one landfill to another,
depending on the amount of waste deposited in the facilities. However, other studies do
not show a statistical relationship between proximity to a landfill and house prices [21-23].

Bioindicators have also been used to evaluate changes in the ecosystems close to
landfills, studying the alteration in the behavior, appearance, or presence of some organism
or their concentration [24,25]. However, despite the fact that scientific interest in biomoni-
toring has increased in recent years, the use of bioindicators is rarely applied in the analysis
of landfills [7].

With regard to territorial variables, there are hardly any studies that evaluate land use
and its change as a consequence of the existence of solid waste dumps. These investigations
are limited, for example, to optimizing the site selection of new landfills [26,27] or to
determining the change in urban land use due to the modification of the topography [28].

These latest studies related to land use require the application of GIS and remote
sensing techniques. These techniques have been used in landfills mainly to justify their
best location [11,29-33]. Other applications of remote sensing in landfills are, for example,
the measurement of methane emissions [34] or the location of illegal landfills [35].

However, there are few investigations aimed at carrying out continuous environmental
monitoring of landfills using remote sensing [36,37], and land use is not usually included
among the factors studied.

The few existing studies show that the existence of waste dumps contributes to land
degradation [38,39]. However, these studies do not quantify this degradation or provide
information about the change in land use.

Environmental indicators based on GIS analysis of land use generally use qualitative
values, and the number of categories is usually small [40—-44]. This allows for performing
easy comparisons between different years but not quantitative assessments of changes in
environmental quality.

The Weighted Environmental Index (WEI), based on land use analysis techniques,
integrates all the information obtained from official public databases at a detailed scale and
quantitatively evaluates the environmental quality of the territory. The complete description
of the index, as well as the justification for its development, can be found in [45].
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The objective of this work is to analyze land use change in the surroundings of urban
solid waste landfills. This task has been performed using the Weighted Environmental
Index (WEI) [45] to compare the environmental value in the landfill’s influence areas. The
space-time evolution of WEI has been analyzed in all the landfills currently in operation in
the Region of Valencia (Spain) between 2005 and 2015.

2. Materials and Methods
2.1. The Information System on Land Occupation in Spain (SIOSE) Land Use Cartography

Land use mapping, integrated into geographic information systems (GIS), is a basic
element for the design of policies for the analysis, management, and planning of the
territory. In 1990 the Corine Land Cover (Coordination of information on the environment)
program was created for Europe [46]. Its main objective was to create an updated European-
wide database of land uses at a 1:100,000 scale. However, for policy management at the
national level, this spatial scale does not provide enough detail. For this reason, each
country has created its own land use information system at the national level. Starting in
2005, Spain created the SIOSE project (Information System on Land Occupation in Spain)
at a 1:25,000 scale. Using 2005 as a reference, the National Geographic Institute (IGN)
published the first version of the SIOSE land use database in 2012, and the second update
(based on 2011 data) was published in 2016. Its distribution has been carried out through
the download center of the National Geographic Information Center (CDIGN) (https:
/ /centrodedescargas.cnig.es/CentroDescargas/index.jsp, accessed on 1 August 2022) [47].

The main difference between the SIOSE and CORINE databases is the type of model
used. While CORINE considers a hierarchical model with 44 classes at level three, SIOSE is
an object-oriented model with a total of 85 land cover types that incorporates 40 simple
classes and 45 compound classes, as well as 23 attributes subdivided into different types.
Aside from the different spatial resolutions, there are other notable differences between the
two databases. One example is the existing differences in the dimensions of the interpreted
landscape elements, such as, for example, the minimum width of the linear elements (roads
and infrastructure). While for CORINE, the minimum width is 100 m, for SIOSE, the
minimum width is 15 m [48].

The SIOSE database is generated from the interpretation of Spot 5 satellite images as
the main source of information. The polygon is the working unit and is the only geometric
entity delimited. Within this polygon, land uses are inscribed, considering them continuous
land spaces with sets of attributes that characterize them and represent 100% of the surface.
Land use in the polygon is simple when there is only one type of cover on its entire surface,
and it is compound when two or more simple and/or compound uses are identified inside
the polygon [49]. For the representation of the land use type for each polygon, a code called
“Label” is used, and, within it, all the land cover types that are present in it are included,
using the following nomenclature:

PPCCaaj aas ... aan
where:

PP: corresponds to the land use percentage if it is lower than 100%
CC: corresponds to the land cover label

aaj: corresponds to the first attribute

aay: corresponds to the second attribute

aap: corresponds to the n' attribute

“uon

When polygons contain more than two land covers, the “_"” symbol is used to separate
them, and the “()” symbol is used to sub-define composite covers. Although this structure
is a bit complex, it generates a very detailed model that is very useful at the disaggregation
level. The database is grouped by type, theme, and sub-theme. The type of cover can be
(i) simple, (ii) compound, or (iii) predefined. The theme can be (i) cultivation, (ii) forestry, or
(iii) artificial compound, among others. The subtopic can be (i) Herbaceous crops, (ii) Leafy,
or (iii) Industrial [49].
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A land use database depends not only on its quality and spatial resolution but also
on its level of updating. These updating processes generally require a significant effort,
both in terms of time and financial resources. SIOSE 2005 is the first version of the national
land use map in Spain. The next update was made for the ensuing four years in 2009.
However, the update period is currently two years. Inside Spain, each region is responsible
for maintaining the SIOSE database for its territory [50].

In this work, the SIOSE 2005, 2009, and 2015 databases have been used to describe
land use, the last being the last officially published by the IGN in Spain.

2.2. The Weighted Environmental Index (WEI)

The Weighted Environmental Index (WEI) has been developed by the Research In-
stitute of Water Engineering and Environment of the Universitat Politecnica de Valencia
(TAMA-UPV) as a tool to analyze the environmental value based on land use [45].

WEIL is calculated for every polygon in which SIOSE discretizes the area under study,
accounting for the existing land uses inside it. The process of determining environmental
index values for each land use (EIj) is done by accounting for the joint consideration of the
following five environmental factors (F;), which may acquire a value between 0 and 100:

F1: Anthropic or natural nature of activity developed in soil.

F,: Water consumption associated with land use.

: Soil degradation (use of chemicals).

F4: Environmental sustainability of land use (stability of the ecosystem).
Fs: Landscape value of activity carried out in the analyzed area.

e 6 o o o
ws)
W

A quantitative evaluation for every environmental factor and every land use is done
using GIS tools. The value of the Weighted Environmental Index inside every polygon
(WEI) is obtained by considering the value of the weighting factors (x;) defined by the
user and the proportion of every land use inside each polygon (Bjk)-

Equations (1) to (5) are used to obtain the value of the WEI index inside every polygon:

5 . :
El, = 21:1 oFy i=1...5,j=1...ncat 1)
5
Z X = 1 (2)
i=1
npol
Atotal = Z Ay (3)
k=1
B :% k =1...npol 4
" AL
n]'k
WEL = Y BiEl =1 ®)

j=1

where:

Elj: environmental index of land use j (0 < Ej; < 100)

o : assigned weights to factor i

F;: evaluation factor i

Ayorar: total area of study

Ay: area of polygon k

npol: total number of polygons in the discretization

WEIy: weighted environmental index of polygon k

Aj: area assigned to land use j inside the polygon k

Bik: land use weighting factor j in polygon k

ny: number of land uses (j) inside polygon k

The values of the weighted environmental index considered in this research for each
land use (WEIy) included in the SIOSE legend as a result of the linear combination of the five
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evaluation factors (Fi) considered in the index definition are provided in Supplementary
Material (Table S1). In this research, equal values of the weights associated with each factor
(a4 = 0.2) have been considered.

The application of the WEI to each land use considered by the SIOSE legend allows a
classification to be established based on the discrimination by ranges shown in Table 1:

Table 1. Environmental value as a function of the WEI range.

WEI Range Environmental Value
0 < WEI <40 Low
40 < WEI <70 Medium
70 < WEI <100 High

2.3. WEI Computation Methodology

Figure 1 shows the flowchart of the computation methodology used in this research.
For every landfill and for every year under analysis, the landfill’s influence area must be
defined. Inside this area, all the existing polygons must be identified. Afterward, LULC
inside every polygon must be obtained using the classification considered by SIOSE (see
Supplementary Material Table S1). Once all this information has been obtained, WEI index
for every polygon can be computed using the preestablished set of Environmental Factors
(F;). Finally, WEI distribution functions and the evolution of their average values over time
can be computed based on previous results.

A detailed description of the WEI definition can be found in [45].

Define landfill’s
influence area

Compute WEI
distribution
functions

Define LULC
inside every
polygon

Identify polygons

Compute WEI
values inside
every polygon

Figure 1. WEI computation methodology flowchart.

3. Case Study: The Solid Waste Landfills in Valencia Region (Spain)
3.1. Description of the Study Area

The Valencian Community is one of the 17 autonomous regions into which Spain
is divided. It is made up of three provinces (Alicante, Castellon, and Valencia), keeping
its capital in the city of Valencia. It is located on the east side of the Iberian Peninsula,
on the coast of the Mediterranean Sea. It has an area of 23,255 km? and a population
of 5,003,769 inhabitants, according to the latest data provided by the Spanish National
Statistical Institute (INE).

The Municipal Solid Waste (MSW) management system inside the region is ultimately
dependent on a set of sanitary landfills to which the refuse from the mechanical-biological
waste treatment plants is sent. These plants classify the solid waste, obtain recycling by-
products, and process the organic fraction of the waste to produce compost. The efficiency
of this process is low, and usually, around 50% of the total mass of MSW is ultimately stored
in sanitary landfills.

Following the current MSW management plan [51], the region is divided into 11 areas
(Zonal Plans-ZP). Each one of these areas should independently manage the solid waste
produced inside them. However, for environmental and social reasons, area A6 (located in
the bottom south of the region) does not have any treatment plants or landfills. Currently,
there are 10 sanitary landfills in operation inside the region. Their location and main
characteristics are shown in Figure 2 and Table 2.
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Figure 2. Location of the 10 sanitary landfills currently in operation inside Valencia Community and
delimitation of the MSW Zonal Plans.
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Table 2. Main characteristics of the 10 sanitary landfills currently in operation inside Valencia Community.

Management Landfill Name UTM X UTM Y Max. Capacity

Area (m?)
C1 Cervera del Maestre 781,814 4,484,279 872,865
C2 Onda 735,340 4,430,582 684,524

C3-V1 Algimia de Alfara 720,771 4,401,972 808,622
V2 Dos Aguas 684,001 4,350,298 5,618,259
V3 Caudete de las Fuentes 649,268 4,376,935 1,997,450
Al El Campello 732,081 4,263,098 2,412,261
A2 Xixona 718,590 4,263,442 2,577,105
A3 Villena 682,001 4,279,811 1,127,534
A4 Fontcalent 709,909 4,249,478 5,244,391
A5 Elche 705,687 4,244,084 2,500,000

3.2. Results and Discussion

For each one of the 10 landfills, the temporal evolution of WEI has been analyzed
using the SIOSE land use maps for 2005, 2009, and 2015. The differences between the WEI
values inside an area defined by a 5 km radius circumference centered on each landfill have
been obtained to analyze the impact of the presence of the landfills on the environmental
value.

As an example of the results obtained for a particular landfill, Figure 3 shows the land
use (LCM) using the SIOSE database on the Algimia de Alfara influence area in 2005 and
2015. The areas (Has) of each one of the LCM categories considered by SIOSE in these years
and its evolution in the 2005-2015 period are shown in Table 3.

Table 3. Land use change in the Algimia de Alfara landfill influence area (2005-2015).

% Area

Categories Area (Has) Differences
2005 2015 2005 2015 % 2015-2005

Isolated industrial area 7.39 14.20 0.09 0.18 0.09
Railways 5.52 5.52 0.07 0.07 0.00
Road Networks 41.72 41.72 0.53 0.53 0.00
Urban discontinuous 1.17 0.01 0.01

Irrigated herbaceous crops 4.71 0.06 —0.06
Non-Irrigated herbaceous crops 0.96 0.96 0.01 0.01 0.00
Citric fruit trees 589.84 591,68 7.51 7.53 0.02
Non-Citric fruit trees 44 57 75.73 0.57 0.96 0.40
Non-predefined mosaic 297793  3370.53 37.92 42.92 5.00

Olives 65.05 23.13 0.83 0.29 —-0.53

Pastures 879.21 674.11 11.19 8.58 —2.61

Conifers 518.83 321.15 6.61 4.09 —2.52

Hardwood evergreen 2609.07  2590.55 33.22 32.98 —0.24
Scrub 91.92 91.92 1.17 1.17 0.00
Soil without vegetation 10.32 10.32 0.13 0.13 0.00

Extraction or discharge zones 6.75 1.06 0.09 0.01 —0.07
Artificial water surface 5.87 0.07 0.07
Mining zones 8.52 0.11 0.11
Burned areas 25.63 0.33 0.33

TOTAL 7853.77
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Figure 3. Land use following SIOSE on the Algimia de Alfara landfill influence area in 2005, 2009
and 2015.

Results show that land use inside the predefined landfill influence area of the Algimia
de Alfara landfill has changed during the 2005-2015 period. A total of 2.52% of coniferous
surfaces and 2.6% of grassland surfaces have been lost. Crop surfaces have increased by 6%
with respect to the total study area.

These changes may have been induced by the existence of the landfill or just happened
due to other reasons. SIOSE database provides information about LULC at a scale that is
detailed enough to visualize these changes in particular plots of land. Similar results have
been obtained for all ten landfills currently in operation in the Valencia Region.

In order to analyze the evolution of the environmental value around the landfills, the
WEI index has been used. Figure 4 shows the WEI distribution evolution for the Algimia de
Alfara landfill influence area in 2005, 2009, and 2015 and the map of WEI variations, which
allows the visualization of the loss of environmental value between 2005 and 2015. For this
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particular landfill, the higher loss of environmental value is located in the South-Eastern
part of the influence area (marked as red areas in Figure 4).

WEI 2005

WEI 2009

WEI values

ot | [s060
1020 [ 6070
[ 2030 [ 7080
[ 13020 [N 80-90
~ s050 [ s0-100

| S——

WEI
2015-2005
variation

“

‘ @L B Negative value
ri |: No change
- Positive value

Figure 4. WEI distribution and variations in the Algimia de Alfara landfill between 2005 and 2015.

The comprehensive analysis of the LCM evolution using the SIOSE database, the WEI
distribution evolution for every landfill in the 2005-2009-2015 period, and the correspon-
dent maps of WEI differences are included as Supplementary Material (Figure S1).

3.2.1. LCM and WEI Evolution over Time on the Landfill’s Influence Areas

The evolution over time of the WEI values and distribution has been obtained for
all ten landfills currently in operation inside the Valencia Region. Similar results to those
obtained for the Algimia de Alfara landfill (shown in Figures 3 and 4) have been obtained
for the other nine landfills under study. All the details about LCM change over time for all
the landfill sites are provided in the Supplementary Material (Figure S1). Some of the main
specific results obtained for each landfill are the following:

- In the Campello landfill area, 7.98% of forest association and 1.81% of grassland
areas have been lost. Crop mosaics have increased by 9.08%, and the landfill with its
treatment plant has been installed within an area equal to 0.61% of the total study area.

- Inthe Caudete de las Fuentes land(fill area, 0.5% of pasture areas have been lost. Urban
zones have increased by 0.91% with respect to the total study area.
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In the Cervera del Maestre landfill area, 0.64% of non-predefined mosaic areas have
been lost. Urban zones have decreased by 0.21% with respect to the total study area.
Mining zones and extraction zones have increased by 0.43%.

In the Dos Aguas landfill area, a reclassification in the SIOSE database may have been
performed, as results show extreme LCM variations inside it.

In the Elche landfill area, 14.03% of forestry associations and 1.3% of fruit trees areas
have been lost. Crop surfaces have increased by 10.29% and pastures by 2.97% with
respect to the total study area.

In the Fontcalent landfill area, 2.75% of grassland and 2.18% of forest association areas
have been lost. Crops have increased by 1.83% with respect to the total study area.
In the Onda landfill area, 12.63% of grassland, 2.18% of fruit-bearing areas, and 2.43%
of the primary forests have been lost. Crops have increased by 15.40% with respect to
the total study area.

In the Villena landfill area, 12.43% of the grassland and 2.98% of the vineyard areas
have been lost. Crop areas have increased by 14.70%.

In the Xixona landfill area, 16.65% of the forest, 6.15% of grassland areas, and 2.21% of
rainfed herbaceous crops have been lost. Crop mosaics have increased by 24.27% with
respect to the total study area.

WEI values have been obtained for every landfill site for 2005, 2009, and 2015. Table 4

shows these WEI values and the corresponding percentage evolution during this period.

Table 4. WEI values and percentage variation over time in the 2005-2009-2015 period.

WEI Values WEI Variation

Landfill Name 2005 2009 2015 2005 2009 2015
Cervera del Maestre 71.63 71.49 71.04 -0.18%  —0.63%  —0.81%
Onda 69.05 68.50 67.48 —0.80% —1.49% —2.28%
Algimia de Alfara 79.45 79.60 79.01 0.19% —0.74% —0.55%
Dos Aguas 73.31 73.35 65.54 0.06% —10.65%  —10.59%
Caudete de las Fuentes 74.21 73.82 73.06 —0.52% —1.03% —1.55%
El Campello 77.71 76.61 76.46 —1.42% —0.19% —1.61%
Xixona 76.86 74.70 72.81 —2.81% —2.53% —5.27%
Villena 69.15 68.24 68.08 —-1.32% —0.23% —1.54%
Fontcalent 66.91 66.21 65.26 —1.05% —1.42% —2.46%
Elche 70.69 69.76 69.16 —1.31% —0.87% —2.17%
Average 72.90 72.23 70.79 —0.92% —1.99% —2.89%

Results show that WEI has decreased in all the landfills in the 2005-2015 period. On

average, WEI has decreased by 2.89% in the 2005-2015 period, going from WEI = 72.90 in
2005 to WEI = 70.79 in 2015.

Results shown in Table 4 about the WEI evolution over time on every landfill can be

interpreted as follows:

The El Campello, Villena, and Elche landfills were built in 2005, so a decrease in the
environmental value of the area was expected. Between 2009 and 2015, WEI values
did not change significantly.

The Onda, Xixona, and Fontcalent landfills were built in 2005, so a decrease in the
environmental value of the area was expected. However, between 2009 and 2015, WEI
values also decreased with time.

The Algimia, Caudete de las Fuentes, and Cervera del Maestre landfills show a small
decrease in the WEI values in the 2005-2009 period but a much larger decrease between
2009 and 2015. There is not enough information to explain these observations.

The Dos Aguas landfill shows the largest WEI decrease (—10.59%), going from WEI =
73.31 in 2005 to WEI = 65.54 in 2015. As has been said above, an in-depth analysis has
shown that this effect may be due to a reclassification in the SIOSE database, so it is
not likely to be a direct effect induced by the landfill.



Remote Sens. 2022, 14, 5502 11 0f 17

Figure 5 shows the WEI evolution between 2005 and 2015 for every landfill. It has
been seen that WEI decreased for every landfill during the period of analysis. The Algimia
de Alfara landfill is the one that shows the lowest WEI variation over time (—0.55%).

WEI EVOLUTION 2005-2015

0,
hibad I 0 I
-2%
c 4%
.0
&
S 6%
=
-8%
-10%
-12%
Algimia Cervera Villena Caudete Campello Elche Onda Fontcalent Xixona Dos Aguas
Landfill location
Figure 5. WEI evolution between 2005 and 2015 for every landfill.
3.2.2. WEI Distribution Inside the Landfill Influence Area
The definition of WEI allows the performance of an analysis of its distribution inside
the landfill influence area (a circle of a 5 km radius centered at the landfill site). Figure 6
shows the evolution of the WEI distribution functions over time inside the landfill influ-
ence area.
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Figure 6. Evolution of the WEI distribution functions inside the landfill influence area for (a) 2005,
(b) 2009, and (c) 2015.

Results show that all the landfills are located in locations of high environmental value
(WEI average value was over 70 during the whole period of analysis). The effect of landfills
over time inside their influence areas is such that the WEI distribution functions expand
horizontally, especially in the 20092015 period, as can be seen by comparing Figure 5b,c.
This effect is also clearly seen in Figure 7, which shows the WEI average distribution
function and its maximum and minimum values observed in the 2005-2015 period.

Figures 6 and 7 show that all the existing landfills inside the Valencia Region are
located in areas in which the WEI median value ranges from 55 to 75, exposing their high
environmental value. This is consistent with the fact that landfills in the Valencia Region
are usually located far away from urban centers where agriculture or natural land is the
predominant land use

To better understand the changes in land use (LCM) inside the influence areas, Figure 8
shows the WEI evolution over time for each one of the ten classes in which the distribution
function has been divided.

Figure 8a shows that between 2005 and 2009, there has been a 2% decrease in the area
of the WEI class [80,90[, and this area is now occupied by a land use of lower value.

Figure 8b shows that the majority of the land use changes happened between 2009
and 2015. More than 8% of the area of the WEI class [70,80[ and more than 4% of the area of
the WEI class [80,90[ were lost, and these areas are now occupied by a land use of lower
value (almost 10% of the lost area is now included in the WEI class [60,70[).
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Figure 8c shows the overall effect of land use change over time in the influence area of
the landfills. Fourteen percent of the total area was originally included inside WEI classes
[70,80[ and [80,90[. However, 10% was included in WEI class [60,70[ by 2015, and the rest
(4%) was included in lower WEI classes.

WEI Average Distribution Functions and Max and Min values
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Figure 7. WEI average distribution function and maximum and minimum values.
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Figure 8. Cont.
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Figure 8. WEI evolution inside the landfill influence area for each one of the ten classes. (a) 2005-2009,
(b) 2009-2015, (c) 2005-2015.

4. Conclusions

The Weighted Environmental Index (WEI), a new index based on object-oriented
models and using GIS data, has been applied to analyze the evolution over time of the
environmental value around all the landfill sites currently in operation in the Valencia
Community (Spain). The proposed methodology allows quantifying the environmental
value of the study areas based on the spatial and temporal evolution of land use.

Results show that environmental value (measured in terms of the WEI index) decreases
with time around landfill sites. This effect has been described in the existing scientific
literature but can now be quantified using the WEI index. A reduction in the WEI average
value for the landfill influence area in the Valencia Region (2.84% in a 10-year period) has
been observed. This effect has been observed in all the landfill sites currently in operation
in the Valencia Community (Spain) without exception in the 2005-2015 period.

Therefore, the application of WEI to these ten landfill locations leads to the following
final conclusions:
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WEI is a powerful tool for analyzing land use change over time.
The application of WEI allows performing detailed statistical analyses leading to key
conclusions about land use changes inside the landfill influence areas

o  WEI s therefore applicable as a tool to quantify and analyze trends of the environmen-
tal quality related to land use change.

Results show that WEI has decreased in all the landfills in the 2005-2015 period.
All the landfills are located in locations of high environmental value (WEI average
value was over 70 during the whole period of analysis.

e  The majority of the land use changes happened between 2009 and 2015. More than 8%
of the area of WEI class [70,80[ and more than 4% of the area of WEI class [80,90] were
lost, and these areas are now occupied by a land use of lower value (almost 10% of the
lost area is now included in WEI class [60,70]).

Once this work has been concluded, future research will be focused on performing
a sensitivity analysis on the parameters o; (assigned weights to factor i) to analyze the
robustness of the results found.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/rs14215502/s1, Table S1: Basic values of the evaluation factors
(F;) for every land use considered by the SIOSE and final value of the Weighted Environmental
Index for a single-use polygon (WEIy); Figure S1: LCM evolution and WEI evolution over time for
every landfill.
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