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Abstract: The social, environmental and scientific significance of the urban climate has shaped a
research stream at Universitat Jaume I's Climate Lab. Previous research has found higher
temperature trends at urban observatories. This study examines in depth the features of the urban
environment and the thermal behaviour of land use and land cover and the changes which have
taken place. The CORINE Land Cover database was used to delimit the primary Land Use Land
Cover (LULC) and its changes between 1990 and 2018. Once this had been established, land surface
temperatures (LSTs) between 1985 and 2023 were retrieved from the Landsat database available on
the Climate Engine website. Analysis of the primary land cover showed the greatest thermal
increase in artificial surfaces, especially in industrial, commercial and transport units which are
common on their outskirts. These areas also have the highest temperatures on a monthly basis with
the biggest differences occurring in the summer. The results are less clear for urban fabrics and
agricultural areas due to their diversity and complexity. The study concludes that urban growth
and its commercial and industrial environment has an undeniable effect on the temperatures
recorded by urban observatories and enables better decision-making when setting up weather
stations for a more detailed time study of the urban heat island (UHI).

Keywords: urban climate; land surface temperature; LST; CORINE land cover; Landsat; land use
and land cover (LULC)

1. Introduction

Urban climate is a topic of unquestionable scientific interest. From a socio-demographic
standpoint, although cities take up only a small part of land, over 50% of the world’s population live
in them [1] and it is expected that by 2050 almost seven out of ten people will do so [2]. Millions of
people’s health and wellbeing may be impacted by rising temperatures and the presence of pollutants
[3-5]. Indeed, urban sprawl has a wide range of consequences for the environment due to the increase
in paved surfaces, for health with rising mortality rates, and for the economy owing to higher energy
demand [6]. Just for good measure, the urban climate also has a bearing on one of the scientific topics
to have generated the largest (if not the most) number of studies: climate change. The aforementioned
impact of urban climate on temperatures is the most prominent Achilles heel of the climate change
hypothesis. The principal observatories tracking the evolution of global temperatures were located
in large and rapidly growing cities and have been swallowed up in a thermal bubble known as the
Urban Heat Island (UHI), which is the biggest downside of urbanisation [7]. These two factors
together have led to an exponential increase in research on UHI in recent decades [8,9], especially
since 2012 [10]. The topic and its beginnings can, of course, be traced back to L. Howard’s study of
London in 1820 [11], more than two centuries ago, and there have been frequent reviews of articles
on the subject [10,12].
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UHI is defined as the presence of higher temperatures in urban areas versus non-urban areas
[13]. The latter areas, defined as rural, are a blend of distinct agricultural areas and equally diverse
vegetation spaces in mid-latitude countries [14]. Higher urban temperatures are the outcome of two
heat sources: firstly, urban structures which store and radiate the sun’s heat, and secondly
anthropogenic heat sources [15]. Concerning the first source of heat, namely solar heat storage and
emission, urbanisation involves replacing soil and vegetation with impervious surfaces and urban
structures [16]. Specifically, asphalt and concrete have a high thermal mass, streets flanked by tall
buildings on both sides are low-ventilation canyons, and air conditioners and vehicles are sources of
heat [10]. Other authors rightly add the alteration of radiation exchanges between the surface and the
atmosphere due to the rise in pollutants and aerosols [11]. A more comprehensive list of processes
taking place in urban areas would include anthropogenic heat production; the reduction of latent
heat loss due to paved surfaces, efficient drainage systems and sparse vegetation; little loss of sensible
heat owing to lower wind speed; increased absorption of solar radiation in urban canyons; a decrease
in outgoing long-wave radiation; increased heat storage in building materials caused by their high
capacity to retain heat during the day and release it at night; and re-emission of atmospheric long-
wave radiation to the ground due to the greater presence of pollutants [17].

Satellite imagery is an outstanding resource for studying UHI to such an extent that most of the
recent research on this topic has tapped into it [11]. GOES data have been harnessed to study the
urban area of Boston [18], while the urban area of Phoenix (Arizona), also in the United States, was
analysed with high-resolution Quickbird imagery [9]. MODIS LST data are the basis for the UHI
study of twelve Indian cities with over 2.5 million inhabitants [19] and a study of 717 cities worldwide
[20]. Landsat data are a standard resource in LST studies [21-28], owing to their high spatial coverage
and resolution, free access and long time series [29]. Although there are limitations and uncertainties
when deriving LSTs from Landsat imagery [30], it does allow data to be obtained every 30 metres, a
spatial resolution which cannot be achieved with weather observatories [1]. On the other hand,
Landsat data are acquired every 16 days and are exclusively diurnal which means that the night-time
intensity of UHI is not captured [25]. This has led to strategies to estimate night-time UHI by drawing
on satellite imagery as well [13].

The intensity and spatial pattern of UHI hinge on the characteristics of the land surface which
are heavily influenced by land use/land cover (LULC) [3,31]. Each LULC has a different effect on
temperature as it presents unique optical spectrum, humidity and temperature properties [32]. It thus
makes sense to link remote sensing data with this spatial resolution to the various land covers
[20,23,28,33,34]. The combination of Landsat satellite and CORINE Land Cover data has been used
to obtain LST data and study UHI, albeit with a limited number of images [24], as the authors had to
process them to derive LST.

While a large number of UHI studies have investigated cities in China, the United States and
Canada [10], there is no shortage of studies in Spain [4,17,24,27,35-47], where UHI is equally
significant as the country’s urban population stood at 82% in 2023 according to World Bank figures
[48]. Spain is also one of the European countries with the greatest development of artificial cover
[27,43]. Indeed, some references overlap with the one presented here in their study area, albeit with
a different perspective, namely weather stations and the Spanish Land Use and Land Cover
Information System (SIOSE in Spanish) database [49].

This study, enabled by the Climate Engine platform, allows for a long time period which is a
prerequisite identified in LST studies with Landsat images [50]. The study’s objectives were to:

- determine the variation in land cover and land use around the main urban areas between 1990
and 2018

- determine the main flows between the two dates

- derive monthly and annual temperatures for each land cover

- calculate thermal trends

- ascertain the monthly thermal behaviour of the main land covers
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2. Materials and Methods
2.1. Study Area

The study area was the main urban nuclei in the regions of Valencia and Murcia on the Spanish
Mediterranean coast. These cities were the four provincial capitals—from north to south, Castellon,
Valencia and Alicante in the Valencian Region, and Murcia in the Region of Murcia, as well as Elche,
the third largest urban area in the Valencian Region (Figure 1) which we added.
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Figure 1. Location map of the urban areas surveyed.

The region has seen a significant increase in urban space, already demonstrated in previous
studies [51] using aerial photographs comparing the 1956 American flight by the Army Map Service
of the United States Department of Defense [52] and the 2018 images from the National Plan of Aerial
Orthophotography (PNOA in Spanish) available at the Geographic Information National Centre
(CNIG in Spanish) [53]. The first advance in this new research consisted of going back a significant
step in time by georeferencing the urban maps of the provincial capitals dated 1910 [54], also available
electronically at the CNIG. This gives a fairly robust idea of the urban development of the main cities
over the last hundred years (Figure 2).
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Figure 2. Growth of urban centres above 100,000 inhabitants and location of State Meteorological
Agency (AEMET in Spanish) weather observatories. Source: [52-54].

In Spain, the smallest administrative division is the municipality, below the regions and
provinces. Table 1 shows the official population data by municipality, even though urban areas in
large cities stretch beyond these limits.

Table 1. Municipal population and percentage of the provincial total (2023).

Municipalities Population % provincial
Castellon 176,238 29.18
Valencia 807,693 30.41
Alicante 349,282 17.91
Elche 238,293 12.22
Murcia 469,177 30.22

Source: [55].

While municipal data can provide a rough estimate, this study went beyond these
administrative boundaries. After a first test, taking municipal boundaries as a study framework was
discarded given the sometimes fringe location of the official AEMET observatories within the
administrative boundaries, as is the case of the Castellon-Almazora observatory (Figure 2), and the
enormous disparity in size of the municipalities: from 142.7 km? in Castellon and Almazora and 136
km? in Valencia, the areas increase southwards, rising to 202 km? in Alicante and 325.5 km?in Elche
before culminating in 885 km? in Murcia, one of the largest municipalities in Spain. The geographical
context in which urban areas stretch across municipal boundaries prompted us to draw a polygon
centred on operational urban observatories at a scale of 1:75000, giving an area of about 417 km? for
each urban area; this enabled us to quantify the artificial growth around the observatories whilst
keeping a rural environment and thus to ascertain the impact of major land use changes on
temperatures.

2.2. Materials

Two databases were harnessed in this study. Firstly, CORINE Land Cover, with its five available
versions, 1990, 2000, 2006, 2012 and 2018. 1990 [56] and 2018 [57], were used to observe the start and
end points of the series. This facilitated an analysis of changes in land use and land cover in recent
decades in the surroundings of urban observatories.

CORINE classifies the terrain into various land covers with a degree of detail at three levels,
from the most generic Level 1 to the most detailed Level 3. Level 1 has four categories: artificial
surfaces, agricultural surfaces, forest and seminatural areas and wetlands, which are expanded into
15 subcategories at Level 2 (Table 2) and 44 at Level 3 [58]. In this paper, Level 2 (intermediate level)
was used to distinguish between urban and industrial areas while also keeping the number of
categories to a minimum.

Table 2. Level 1 and 2 categories and level codes in CORINE Land Cover.

Level 1 Level 2 Codes
Artificial surfaces Urban fabric 11
Artificial surfaces Industrial, commercial and transport units 12
Artificial surfaces Mine, dump and construction sites 13
Artificial surfaces Artificial, non-agricultural vegetated areas 14
Agricultural areas Arable land 21
Agricultural areas Permanent crops 22
Agricultural areas Pastures 23

Agricultural areas Heterogeneous agricultural areas 24
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Forest and seminatural areas Forests 31
Forest and seminatural areas Scrub and/or herbaceous vegetation associations 32
Forest and seminatural areas Open spaces with little or no vegetation 33
Wetlands Inland wetlands 41
Wetlands Maritime wetlands 42
Wetlands Inland waters 51
Wetlands Marine waters 52

Source: [58].

The figures for urban growth (Figure 2) were based on the images from the American flight
series B (1945-1946), produced by the Army Map Service of the United States Department of Defense
at a scale of 1:32,000, and frames from the 2018 PNOA flight. Both are available at the CNIG via Web
Map Service (WMS) and through the CNIG download centre.

The other database used was Land Surface Temperatures (LSTs) measured by the Landsat
satellite constellation [59]. Although the series began in 1972 [22], Landsat 5,7,8,9 have completed a
database of surface temperatures since 1984 with a resolution of 30 metres, accessible as a result of
the Climate Engine project [60,61]. This is one of several applications which have built in Google
Earth Engine (GEE) and can play a significant role in climate monitoring [62]. Some papers have
already made progress in using Climate Engine and LULC to study UHI [63-66]. To the best of the
authors” knowledge based on the citation list of the reference article [60], this is one of the first UHI
studies using Climate Engine and LULC and a pioneer in cities in Europe and, therefore, in Spain. A
study on several cities in Bulgaria was restricted to establishing the correlation between NDVI and
LST [67].

2.3. Methods

At the National Centre for Geographic Information’s download centre [68], CORINE data were
retrieved in the form of two multipolygon layers, one for the Peninsula-Balearic Islands and the other
for the Canary Islands. Once the Peninsula-Balearic Islands layer had been extracted, the data were
read, analysed and displayed using R software packages (Table 3).

Table 3. R software packages used in the study.

Package Tasks
geodata Administrative boundaries
sf Spatial data processing
utils Reading csv files

data.table Linking CORINE layers with categories

dlookr Outlier imputation
imputeTS Missing data imputation
tidyverse Data processing, results by areas and comparative tables 1990-2018
ggplot2 Graphic visualisation
grDevices Saving graphs and maps

The first step was to download and read the files with the information from the CORINE Land
Cover database stored with EPSG code 25830. EPGS is the initialism for “European Petroleum Survey
Group” [69], originally from the oil industry and nowadays used as a reference. EPSG 25830
corresponds to the reference system ETRS89 projection UTM zone 30N. Both files from 1990 and 2018
were cropped with the administrative boundaries of the regions of Valencia and Murcia for better,
faster handling. The administrative data were extracted with the R geodata package. Their reference
system is geographic, WGS84 (EPSG 4326), so they were first transformed to the ETRS89/EPSG 25830
of the CORINE Land Cover layers. A legend was also added with the levels of the CORINE Land
Cover layers and a colour palette designed for the maps.
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QGIS software was used firstly to reference the 1910 urban maps, and secondly to visualise the
data and define the study area in each urban nucleus. These areas, one for each urban area in the
study, were used to crop the CORINE Land Cover study areas. The next step, again with R, consisted
of intersecting these 1990 and 2018 LULC areas. These are the layers of flows between LULC which
obviously include polygons where there have been changes and others where LULC has stayed the
same. These layers were dissolved to join the sectors in the same flow. The area was then calculated.
These layers were used in the flow graphs.

There were around a hundred flows between land use categories for each of the five urban areas
and the most significant ones with a surface area of over 4-4.5 km? were selected. This simplified the
analysis by avoiding dozens of land use changes in a very small area. Other lesser flows were added
to these main ones to complete the table of trends and the urban area as a whole, the abovementioned
polygons measuring some 145 km? which were smaller in area in the cases of Castellon, Valencia and
Alicante that included marine portions.

The next step, consisting of retrieving LST data from the Climate Engine website [61,70], was
entirely manual and provided data from a point or an area. The LULC change layer for each urban
area was saved in shapefile format with the polygons of each land use change. This is the format
supported by the website. The intricacies of the boundaries prevented downloading the data for each
polygon and the entire period of available years (1984-2023) in a single go. Up to five downloads per
polygon (445 downloads in total) had to be made, a tedious yet necessary process. To prevent errors
when selecting and assigning polygons, the process was performed following prior visualisation of
the polygons in QGIS software. Data for 1984 have been eliminated since their records begin in the
month of April.

Once the temperature data had been obtained, 1,000 observations per urban area were randomly
sampled to check that the data corresponded to the correct flows. This was followed by a twofold
process consisting of locating the outliers and their imputation by means of the capping method. This
method replaces the upper outliers with the 95th percentile value and the lower ones with the 5th
percentile. Next, temporary reference files were created to locate the months with no Landsat images
and therefore no data available. The missing data were replaced by the Weight Moving Average
method based on the two closest observations (Table 4).

Table 4. Number of outliers and missing data in the data for the urban areas.

Urban Total Analyzed outliers Missing Observations
area flows flows Data
Castellon 79 16 21 208 29,013
Valencia 106 20 54 199 36,868
Alicante 86 18 38 186 34,880
Elche 96 20 66 215 39,525
Murcia 94 23 18 612 29,795

The final step was to analyse the LST data with the R tidyverse package to get monthly averages
by year, LULC flow and urban area, annual averages by LULC flow and urban area, and monthly
averages by LULC flow and urban area.

3. Results

There is a difference of almost forty years between the first (1990) and the most recent publication
of CORINE Land Cover data (2018). These four decades brought sweeping changes to this flat, coastal
and vibrant territory led by tourism [71] and a growing population [72]. First, these changes will be
analysed before looking at their impact on surface temperatures.
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3.1. LULC in 1990 and 2018 in Castellon

The urban area of Castellon is the most northerly of the areas analysed. It is a flat area, spreading
out across the Mijares flood plain and delta and bounded by low mountainous zones. In
administrative terms, to the north of the River Mijares there is the municipality of Castellon, the
provincial capital, which housed the historical observatory until 1975 in a secondary school in the
town centre, and the municipality of Almazora, where the observatory is still operating in the Mijares
industrial area close to the river of the same name. To the south and by population, there is the urban
area of Villarreal whose industrial park is connected to the west to Onda and to the south to
Alquerias, a route which is rounded off with Burriana which covers the southern side of the Mijares
delta.

Permanent crops, the typical orange trees of the Valencian Region, were the main cultivation in
both 1990 and 2018. In 1990, at 244 km? they accounted for 76% of the surface area, a figure which by
2018 had fallen to 189 km? or 58.9%. Heterogeneous agricultural areas also decreased from 23 km? to
13 km?. The most striking increases are in two categories of artificial surfaces, namely the urban fabric
and industrial, commercial and transport units. Each gained some 21 km? to reach 40 km? and 29 km?,
12.6% and 9%, respectively. The historical observatory located in the Francisco Ribalta secondary
school is in the provincial capital’s city centre. Although records began in 1879, the first years have
been lost and they have only been preserved since 1911. Hence, it was always surrounded by an
urban environment which has steadily grown as shown by the 1990 and 2018 maps (Figure 3). Indeed,
an almost continuous urban-industrial environment has emerged running from the coastal strip of
Castellon and Almazora through the capital and extending towards Villarreal where it splits into two
arcs to the west and south. This growth has surrounded the current Castellon-Almazora observatory,
originally on a small industrial estate which is now much larger.
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Figure 3. LULC distribution in Castellon’s urban area between 1990 (left) and 2018 (right). Source:
“Generated  using  European  Union’s  Copernicus  Land  Monitoring  Service  information;
<https://doi.org/10.2909/5c1f2e03-fcba-47b1-afeb-bc05a47badal> <https://doi.org/10.2909/71c95a07-
€296-44fc-b22b-415f42acfdf0>".

As Figure 4 shows, permanent crops remained dominant, yet artificial surfaces, both urban
fabric and also industrial, commercial and transport units (16 km? each), had grown at their expense
in the urban-industrial continuum described above. The new urban areas wrested from permanent
crops equal the urban fabric of 1990. Artificial surfaces have also taken territory from other
agricultural areas and natural vegetation, albeit to a much lesser extent. This includes the almost 5
km? of urban fabric built in what used to be heterogeneous agricultural areas. The abandonment of
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orange groves is well documented by their reversion to minor uses such as pastures, heterogeneous
agricultural areas and scrub and/or herbaceous vegetation associations.
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Figure 4. LULC flows in Castellon’s urban area between 1990 and 2018. Source: “Generated using
European Union’s Copernicus Land Monitoring Service information; <https://doi.org/10.2909/5c1f2e03-
fcba-47b1-afeb-bc05a47badal> <https://doi.org/10.2909/71c95a07-e296-44fc-b22b-415f42acfdf0>".

3.2. LULC in 1990 and 2018 in Valencia

The urban area around the city of Valencia studied here is the main part of the regional capital,
leaving aside the southern section where I’ Albufera Natural Park is located. The city of Valencia was
initially on the southern bank of the River Turia, a few kilometres from the coast. However, urban
growth over the course of the 20th century meant that the city reached the coastline (Figure 5). The
weather observatory was set up in the University of Valencia’s La Nau building in the original city
location and operated between 1859 and 1937. The baton was taken up by the current observatory in
the then new urban areas to the north of the old Turia riverbed in Viveros Park, defined by the
CORINE Land Cover base as an artificial, non-agricultural vegetated area.

Urban and industrial development spread in other directions following the main
communication routes: to the west towards Madrid and to the south towards Alicante. In 1990, there
were three main agricultural areas around Valencia: permanent crops, arable land and heterogeneous
agricultural areas. The urban counterpoint to the famous “Huerta de Valencia” market garden zone
was the 61 km? of urban fabric and 26 km? of industrial, commercial and transport units. By 2018,
these agricultural areas had lost 55 km? with the main beneficiaries being the artificial sectors,
especially industrial, commercial and transport units. In this year, artificial surfaces made up 48% of
Valencia’s urban environment compared to 32% in 1990. The territorial transfers are more complex
in Valencia since, as noted above, there were three agricultural areas in the “Huerta de Valencia” and
all three helped to extend new urban, commercial and industrial developments. Industrial,
commercial and transport units took more than 10 km? from permanent crops, almost 8 km? from
arable land and just over 5 km? from heterogeneous agricultural areas, in total more than 23 km?,
which accounts for the 100% increase in their size. The urban fabric also grew at the expense of these
agricultural areas, albeit to a lesser extent (Figure 6).
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Figure 5. LULC distribution in Valencia’s urban area between 1990 (left) and 2018 (right). Source:
“Generated  using  European  Union’s  Copernicus Land  Monitoring  Service  information;
<https://doi.org/10.2909/5c1f2e03-fcba-47b1-afeb-bc05a47badal> <https://doi.org/10.2909/71c95a07-
€296-44fc-b22b-415f42acfdf0>".
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Figure 6. LULC flows in Valencia’s urban area between 1990 and 2018. Source: “Generated using
European Union’s Copernicus Land Monitoring Service information; <https://doi.org/10.2909/5c1£2e03-
fcba-47b1-afeb-bc05a47bada0> <https://doi.org/10.2909/71c95a07-e296-44fc-b22b-415f42acfdf0>".

3.3. LULC in 1990 and 2018 in Alicante

Alicante is the most distinctive Valencian provincial capital in terms of its location, set in the
arid lands of the south and on the coast. Its city hall is barely 190 metres in a straight line across the


https://doi.org/10.20944/preprints202408.1549.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 21 August 2024 d0i:10.20944/preprints202408.1549.v1

10

famous Alicante Esplanade from the port, specifically from the plaque showing the 0-metre reference
level of Spanish cartography. Its closeness to the coast might be explained by the protective presence
of two imposing castles, San Fernando and Santa Barbara. The plain they overlook has seen the
expansion of the capital of Alicante and the successive allocation of its historical weather
observatories: Asylum Garden (1855-1875), Former Provincial Secondary School (1876-1938) and
Garden City, since 1938 and still in operation. As its name suggests, it is in a small area of
discontinuous urban fabric, barely 130 metres from the northern edge of Alicante’s urban fabric.
Between 1933 and 1938, the Provincial Secondary School’s observatory worked alongside another
which was first set up in the seismological centre and later in the aforementioned San Fernando
Castle.

Two agricultural areas predominated around Alicante in 1990: permanent crops (53 km?),
especially fruit trees, and heterogeneous agricultural areas (135 km?). Evidence of its location in the
more arid southeast was the 54 km? taken up by scrub and/or herbaceous vegetation associations.
Meanwhile, artificial surfaces had 33 km? in urban fabric, namely Alicante’s urban nucleus with
expansion to the northwest in the neighbouring municipality of San Vicente del Raspeig and towards
the north in the population nuclei of Muchamiel and San Juan, plus the Alicante and El Campello
coastal strip. The impact of tourism left its mark. The 9 km? of industrial estates were scattered across
Alicante and San Vicente (Figure 7).

2018
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Figure 7. LULC distribution in Alicante’s urban area between 1990 (left) and 2018 (right). Source:
“Generated  using  European  Union’s  Copernicus  Land  Monitoring  Service  information;
<https://doi.org/10.2909/5c1f2e03-fcba-47b1-afeb-bc05a47badal> <https://doi.org/10.2909/71c95a07-
€296-44fc-b22b-415f42acfdf0>".

Almost 40 years later, artificial surfaces had grown significantly, especially in the north. They
had practically overrun the municipality of San Vicente, to the extent that Alicante’s neighbouring
town experienced a similar expansion. The coastal strip had become an urban continuum. Urban
fabric stood at almost 70 km?, 23.5% of the territory, while industrial, commercial and transport units
covered just over 20 km? (Figure 8).

The once predominant heterogeneous agricultural areas divided their land especially into urban
areas (27.2 km?), primary uses, such as pastures (25.9) and scrub and/or herbaceous vegetation
associations (28.1). The urban fabric rounded off its growth at the expense of another agricultural
cover, permanent crops. Industrial, commercial and transport units increased by taking space away
from heterogeneous agricultural areas, permanent crops and scrub and/or herbaceous vegetation
associations. There were significant territorial transfers between non-artificial surfaces. In addition to
those mentioned above originating in heterogeneous agricultural areas, there was also the flow from
scrub and/or herbaceous vegetation associations to pastures and from permanent crops, with
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heterogeneous agricultural areas finally as beneficiaries. There were other flows, under 10 km?, from
heterogeneous agricultural areas to permanent crops or from permanent crops to pastures or scrub
and/or herbaceous vegetation associations, reflecting the prevalent decline in agriculture on the
Mediterranean coast in general [73] and in the province of Alicante in particular [74] (Figure 8).
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Figure 8. LULC flows in Alicante’s urban area between 1990 and 2018. Source: “Generated using
European Union’s Copernicus Land Monitoring Service information; <https://doi.org/10.2909/5c1£2e03-
fcba-47bl-afeb-bc05a47bada0> <https://doi.org/10.2909/71c95a07-e296-44fc-b22b-415f42acfdf0>".

3.4. LULC in 1990 and 2018 in Elche

The municipality of Elche, which is next to Alicante, lies on the same flat land deposited by the
tertiary seas. Indeed, Alicante’s El Altet airport, one of the busiest in Spain as it welcomes tourist
flows to the sunny southeast [75], is in the municipality of Elche. It is here that one of the weather
observatories still in operation is located. In this respect, Elche has no historical records prior to the
beginning of the 20th century, yet it does have three weather stations which began taking
measurements around the middle of the last century: one of them in the city expansion area, on the
left bank of the Segura River; another on the edge of the historic centre on the right bank; and a third,
Elche-Campo Agricola, which as its name suggests is on land which was turned from a
heterogeneous agricultural area into an industrial, commercial and transport unit.

As was to be expected and just like in nearby Alicante, heterogeneous agricultural areas were
dominant here in 1990 at 214 km?, slightly over half of the territory. By 2018, however, they had
shrunk to 111 km?, meaning that by then they only accounted for a quarter. This is still a striking
figure for a single cover, yet it does speak to a sharp decline. Next in line are scrub and/or herbaceous
vegetation associations (86 km?) and two other agricultural areas, permanent crops and arable land.
Interestingly, there are 15 km? of wetlands in the Santa Pola salines and El Hondo lagoons. In the late
20th century, the urban fabric of Elche together with neighbouring parts of Santa Pola on the coast
and Aspe and Crevillente inland covered 21 km? while industrial, commercial and transport units
added almost 6 km? of artificial surfaces to the area (Figure 9).
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Figure 9. LULC distribution in Elche’s urban area between 1990 (left) and 2018 (right). Source:
“Generated  using  European  Union’s  Copernicus  Land  Monitoring  Service  information;
<https://doi.org/10.2909/5c1f2e03-fcba-47b1-afeb-bc05a47bada0>  <https://doi.org/10.2909/71c95a07-
€296-44fc-b22b-415f42acfdf0>".

By 2018, the urban fabric had grown to almost 50 km? and the industrial and commercial part
was over 20 km?2. The urban-industrial expansion follows a clear linear west-east trend alongside the
communication routes between Murcia and Alicante. Growth is more urban towards the coastal and,
therefore, tourist area of Santa Pola (Figure 9). This artificial growth took place to the detriment of
permanent crops and heterogeneous agricultural areas since scrub and/or herbaceous associations
were maintained, and arable land even increased (Figure 10).
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Figure 10. LULC flows in Elche’s urban area between 1990 and 2018. Source: “Generated using European
Union’s Copernicus Land Monitoring Service information; <https://doi.org/10.2909/5c1f2e03-fcba-47b1-

afeb-bc05a47bada0> <https://doi.org/10.2909/71c95a07-e296-44fc-b22b-415f42acfdf0>".


https://doi.org/10.20944/preprints202408.1549.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 21 August 2024 d0i:10.20944/preprints202408.1549.v1

13

3.5. LULC in 1990 and 2018 in Murcia

Murcia extends the flat lands where the communication routes run towards the eastern
Andalusian coast. However, the city is far from the sea, dominating its fertile “huerta” (market
garden area). A series of mountain ranges herald the Betic elevations to which they belong and in fact
have the same characteristic southwest-northeast alignment. There have been many ups and downs
in weather measurements. The first observatory was founded in 1856, in the very characteristic
location of the Provincial Secondary School, and the measurements continued until 1954 when they
were switched a little further north in the urban nucleus to the university campus. This observatory’s
life was extremely short and in 1967 recordings began in the Vistabella neighbourhood. Although
this observatory is still in operation, it is restricted to temperature and rainfall values as in 2000 the
main weather centre was relocated to the boundary of the Guadalupe district.

The overwhelming agricultural ascendancy in these flat lands on the shores of the
Mediterranean is a constant and Murcia is no exception. Permanent crops at 28.6% and heterogeneous
agricultural areas at 38.1% account for two thirds of this territory. They are made up of the northern
part of the municipality of Murcia plus a small sector of Santomera in the north-eastern corner
together with, in the north-western part and in an anti-clockwise direction, part of Molina de Segura
and almost the entirety of the municipalities of Alguazas and Las Torres de Cotillas. The jigsaw is
rounded off with Alcantarilla, wholly surrounded by Murcia. The agricultural landscape was
completed by the meagre 17 km? of arable land, barely 4% of the area. 49 km? were taken up by scrub
and/or herbaceous associations and 11 km? were open spaces with little or no vegetation, the highest
figure in the five urban areas. These spaces with little or no vegetation stand in contrast to 16.6 km?
of forests. Although the south is more arid, the Murcia area is the only one to host some mountainous
terrain, specifically the Sierra de Carrascoy. The urban fabric covered an area of almost 35 km?,
especially the urban nucleus of the capital and the distinct and numerous districts were lined up in
the same direction as the plain. The picture was finished by 8 km? of industrial, commercial and
transport units, mainly in Alcantarilla and its neighbouring areas, and along the road between Murcia
and Molina de Segura (Figure 11).
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Figure 11. LULC distribution in Murcia’s urban area between 1990 (left) and 2018 (right). Source:
“Generated  using  European  Union’s  Copernicus Land  Monitoring  Service  information;
<https://doi.org/10.2909/5c1{2e03-fcba-47b1-afeb-bc05a47badal>  <https://doi.org/10.2909/71c95a07-
€296-44fc-b22b-415f42acfdf0>".

These industrial areas had increased by 248%, occupying 28 km? in 2018. They had grown from
less than 2% to almost 7% and mushroomed around most of the urban nuclei, forming a network to
the northwest of the capital of Murcia. The urban fabric took up 60 km?, gaining from heterogeneous
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agricultural areas, permanent crops and scrub and/or herbaceous vegetation associations. Industrial,
commercial and transport units had also pushed back these agricultural areas. As in Valencia, the
strong pressure exerted by the capital and its adjacent urban areas generated a conurbation which
devoured and broke up its famous “Huerta” [76]. There were also transfers between agricultural uses,
in particular the decline of permanent crops giving way to heterogeneous agricultural areas, the most
prominent territorial flow at 43 km? and which is very striking in the cartography. Alguazas
experienced a completely opposite flow (Figure 12).
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Figure 12. LULC flows in Murcia’s urban area between 1990 and 2018. Source: “Generated using
European Union’s Copernicus Land Monitoring Service information; <https://doi.org/10.2909/5c1f2e03-
fcba-47b1-afeb-bc05a47badal> <https://doi.org/10.2909/71c95a07-e296-44fc-b22b-415f42acfdf0>".

3.6. Landsat LSTs

In short, the surroundings of the large cities of the Valencian Region and Murcia, a prominent
part of the prosperous Mediterranean arc, have seen an increase in artificial surfaces mainly at the
expense of the decline in agriculture and, to a lesser extent, in abandoned land taken up by scrub
and/or herbaceous vegetation associations or by open spaces with little or no vegetation. The process
is typical of the Spanish Mediterranean basin [27]. Only arable land has increased. In Valencia and
Alicante, the process has resulted in their urban and industrial fabrics becoming the main land cover.
In the other urban environments, one or another kind of agricultural use (permanent crops in
Castellon, heterogeneous agricultural areas in Elche and Murcia) is still prevalent, although it is on
the decline. Even so, only in the Valencia and Alicante areas do artificial surfaces outnumber
agricultural ones (Table 5a,b).

There are numerous LULCs and also many territorial transfers between them. It should be
recalled that there are 15 Level 2 LULCs used and around one hundred combinations of these land
covers between 1990 and 2018 for each urban area. To facilitate this analysis, we only took into
consideration the most significant land covers in terms of area.

The changes in annual LST values by urban area show the characteristic phases of the global
series with an early decline associated with the June 1991 eruption of the Pinatubo volcano in the
Philippines [77] followed by a weak upturn in values in what has been termed the global warming
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hiatus [78]. These two phases can be seen in the series of all LULC changes. By contrast, there is the
thermal downturn of 1996, barely perceptible in Murcia, the one in 2002, more prominent in the
southern urban areas, the one in 2012, particularly pronounced in Murcia, and the one in 2021, which
conversely is found in the two northern observatories (Figure 13).

Table 5. a. Area in km? of main artificial uses by year and urban area. b. Area in km? of main
agricultural uses by year and urban area

a
Urban Urban Urban Ind., com., Ind., com., Artificial
Area fabric fabric & transp.?! & transp.?! Total
1990 2018 1990 2018 2018
Castellon 18.9 40.4 7.7 29.0 69.4
Valencia 61.6 80.3 26.2 52.5 132.8
Alicante 33.4 67.8 8.5 20.8 88.6
Elche 21.4 48.1 5.9 20.6 68.7
Muzrcia 34.8 59.8 8.2 28.4 88.2
b
Urban Arable Arable Perm. Perm. Het. Het. Agric.
Area land land crop ? crop 2 agr. 3 agr. 3 Total ¢
1990 2018 1990 2018 1990 2018 2018
Castellon 0.0 1.3 244 189.0 23.1 13.0 203.3
Valencia 45.1 38.4 81.2 42.3 45.6 35.8 116.5
Alicante 6.8 8.1 53.2 15.5 135.0 56.0 79.6
Elche 16.0 46.8 54.2 37.0 214.0 111.0 194.8
Murcia 17.0 32.8 120.0 69.2 160.0 122.0 224.0

! Industrial, commercial and transport units. “Generated using European Union’s Copernicus Land Monitoring Service
information; <https://doi.org/10.2909/5c1f2e03-fcba-47b1-afeb-bc05a47bada0> <https://doi.org/10.2909/71c95a07-
€296-44fc-b22b-415f42acfdf0>" 2 Permanent crops. 3> Heterogeneous agricultural areas. + Agricultural. In green,
increasing changes. In red, decreasing changes. In bold, the main land use by year and urban use in the two
tables. In the case of the totals, the main artificial or agricultural use. “Generated using European Union’s Copernicus
Land  Monitoring  Service  information;  <https://doi.org/10.2909/5c1f2e03-fcba-47b1-afeb-bc05a47badal>
<https://doi.org/10.2909/71c95a07-e296-44fc-b22b-415f42acfd f0>".
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Figure 13. Annual evolution of LST by urban area for constant uses. Source: [60,61,70]. “Generated
using European Union’s Copernicus Land Monitoring Service information;
<https://doi.org/10.2909/5c1{2e03-fcba-47b1-afeb-bc05a47badal>  <https://doi.org/10.2909/71c95a07-
€296-44fc-b22b-415f42acfdf0>".

They also coincide in the higher averages of the industrial, commercial and transport units
whose values are especially striking in Castellon and Valencia. The Plana de Castellon presents an
average temperature of its urban fabric which is 1.1-1.6°C higher than the surrounding agricultural
fields, values that rise in the case of the industrial, commercial and transport units to 3.7-4.3°C. The
differences between surrounding fields and urban fabrics are smaller for the other urban areas.
Indeed, in the case of Alicante urban fabrics have lower temperatures. Its location, which is unique
among the urban areas studied as it is open to the sea, might have an influence due to local sea breezes
(Figure 13 and Table 6).

Table 6. Average LST (°C/year) in the most significant unchanged LULC flows.

Urban Urb. Ind. Pcrop. Hga. Scrub. Urban
Area Urb.! Ind.? pcrop.? Hga.* scrub. 5 Nucleus
Castellon 26.4 29.1 249 25.2 24.6 27.1
Valencia 27.1 29.7 26.9 275 26.0 27.6
Alicante 27.7 30.0 28.3 28.7 28.3 28.3
Elche 28.1 30.2 28.0 28.0 27.9 28.7
Murcia 28.3 30.5 26.6 27.6 28.0 28.4

! From urban fabric to urban fabric. 2 From industrial, commercial and transport units to industrial, commercial
and transport units. > From permanent crops to permanent crops. * From heterogeneous agricultural areas to
heterogeneous agricultural areas. > From Scrub and/or herbaceous vegetation associations to Scrub and/or
herbaceous vegetation associations.

The low urban values have prompted a more detailed study of the reasons, targeting the urban
structure. The urban fabric cover is at Level 2 accuracy, but when going down to the more detailed
Level 3, CORINE Land Cover separates continuous urban fabric and discontinuous urban fabric.
When extracting data for urban fabrics, this factor which lowers their averages is not taken into
account. To confirm this, LST points were extracted in the urban fabrics of Valencia and two towns
on its outskirts, Godella and Torrent, which are continuous urban fabrics, and they were compared
with discontinuous urban fabrics in their vicinity. The temperatures of these discontinuous fabrics
were 25.7°C compared to 27.7°C in Godella, 27.9°C in Valencia and as high as 28.3°C in Torrent.

Hence, LST averages were calculated for the urban nuclei of the five main cities under study. As
expected, these urban nuclei reveal differences with respect to their adjacent agricultural and
vegetation areas. As noted above, the contrasts are very sharp in Castellon and smaller in the case of
Alicante. In Valencia, they are +0.5°C in the case of permanent crops and practically non-existent for
scrub and/or herbaceous vegetation associations, which, on the other hand, are very scarce in the
Valencian urban area. In Elche, they are +0.7-0.8°C, very close to the margin of non-artificial use,
whereas in Murcia permanent crops are 1.8°C lower in their LST, 0.8 for heterogeneous agricultural
areas and 0.4 for the plentiful scrub and/or herbaceous vegetation associations (Table 6).

The differences vary around this average both annually (Figure 13) and monthly (Figure 14).
They tend to be smaller in the winter months, gradually widening to reach their peak in June, July
and August. Landsat images are diurnal and thus reflect UHI characteristics during the hottest hours
of the day. This evolutionary pattern is quite patent in Castellon while in Valencia it is blurred by the
behaviour of permanent crops. In Alicante, agricultural areas are warmer than the urban nucleus.
The capital of Alicante already had the softening effect of its proximity to the sea, but this is reflected
even more in the warmer months when the sea breezes are stronger. In Elche, the greatest differences
are from April to June, and in the hottest months arable land is warmer than urban fabrics. This is
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also true in nearby Murcia, which most likely explains the special features of this use in areas which
are more southerly and at the same time more arid.
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Figure 14. Monthly evolution of LST by urban area for constant uses. Source: [60,61,70]. “Generated
using European Union’s Copernicus Land Monitoring Service information;
<https://doi.org/10.2909/5c1{2e03-fcba-47b1-afeb-bc05a47badal> <https://doi.org/10.2909/71c95a07-
€296-44fc-b22b-415f42acfdf0>".

The thermal evolution of the urban areas of Elche and Murcia includes some exclusive LULCs.
In the case of Elche, there are marine wetlands, the Santa Pola salines and the El Hondo lagoons,
while Murcia has the Sierra de Carrascoy forests. Although coastal lagoons are a typical formation in
the Mediterranean arc, i.e., a low coastline where the sea swell has spread the materials deposited by
torrential watercourses, these lagoons have not always been preserved. Consequently, they are only
found in the Elche study area. The most significant of these lagoons, L’Albufera in Valencia, lies
outside the city’s urban area. As for forests, they are usually preserved in mountainous areas where
sloping terrain hinders human settlement. Conservation of these wooded areas against residential
and tourist encroachment has been helped by their declaration as protected areas, often natural parks.

Elche’s wetlands show much lower thermal values than those of the rest of the land covers. Their
average temperature of 24.5°C is far below the 28°C of the agricultural land covers, the 28.7°C of the
urban nucleus and, of course, the over 30°C of the industrial, commercial and transport units. Similar
circumstances can be observed in Murcia’s forests whose average is even lower at 24.1°C (Figures 13
and 14), a good example of the role that wooded areas can play in softening the UHI effect.

As with the thermal averages, the trends are particularly high for industrial, commercial and
transport units, especially with the conversion of agricultural land into this kind of artificial units.
The trends diminish when the conversion is in urban or agricultural land cover. For example, the
change of heterogeneous agricultural areas is always below 0.1°C/year (Table 7).

The trends are high, shaped by a colder period at the beginning. The recovery of values after the
fall due to the volcanic veil of 1991 leaves a very flat trend line which has even included some negative
trends since 2000. Most of them are trends in agricultural or shrub/herbaceous land cover (Figure 15).
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Table 7. LST trends (°C/year) in the most significant LULC flows.

Urban Urb. Pcrop. Ind. Pcrop. Pcrop. Hga. Hga
Area Urb.? Urb.?2 Ind.3 Ind.* pcrop.® Hga.® Pcrop.”
Castellon 0.104 0.127 0.125 0.184 0.115 0.078 0.082
Valencia 0.112 0.109 0.138 0.137 0.111 0.116 0.099
Alicante 0.106 0.099 0.129 0.123 0.096 0.097 0.068
Elche 0.110 0.106 0.146 0.152 0.105 0.101 0.094
Murcia 0.111 0.127 0.168 0.127 0.107 0.108 0.082

! From urban fabric to urban fabric. 2 From permanent crops to urban fabric. ® From industrial, commercial and
transport units to industrial, commercial and transport units. ¢ From permanent crops to industrial, commercial
and transport units. > From permanent crops to permanent crops. ® From heterogeneous agricultural areas to
heterogeneous agricultural areas. 7 From heterogeneous agricultural areas to permanent crops. Source:
[60,61,70].  “Generated using European Union’s Copernicus Land Monitoring  Service information;
<https://doi.org/10.2909/5c1f2e03-fcba-47b1-afeb-bc05a47bada0>  <https://doi.org/10.2909/71c95a07-e296-44fc-
b22b-415f42acfdf0>".
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Figure 15. trends (°C/year) since 2000 by urban area for
“Generated  using  European  Union’s  Copernicus Land  Monitoring  Service  information;
<https://doi.org/10.2909/5c1f2e03-fcba-47b1-afeb-bc05a47badal> <https://doi.org/10.2909/71c95a07-

€296-44fc-b22b-415f42acfdf0>".

4. Discussion

LST values are always higher than air temperature values and more variable [79]. The higher
LST values and trends in industrial, commercial and transport units are extremely clear evidence in
all the urban areas analysed. The results match those obtained at seasonal level also by applying
Landsat and CORINE Land Cover in the city of Barcelona [24], 300 kilometres north of our study
area. Nonetheless, they are not so clear in urban fabrics, especially if the distinction between
continuous and discontinuous fabrics is disregarded. The aforementioned study notes a greater
difference in urban fabrics which may be down to the fact that it does not take into account
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agricultural uses but does consider covers that are more differentiated in their behaviour in relation
to urban impervious ones such as green urban areas and forests.

The main factor in LST varies over the course of the day where vegetation is the most prominent
during daylight hours and paving at night [79]. Other studies summarise it in the percentage of paved
area [9], since an increase in the latter will reduce the percentage of vegetated area. As discussed
above, Landsat LST data only capture diurnal data, meaning that the greater vegetation differences
between agricultural and natural areas and industrial, commercial and transport units result in a
large thermal contrast between these land covers. Urban areas have more densely populated zones,
more industrial, commercial and transport units and more traffic owing to their greater activity
[11,13] and our results show that they make the greatest LULC contribution to UHI.

The vegetation cover would explain the thermal distinctiveness of arable land which is only
vegetated for part of the year, always with more discreet plant growth and with high temperature
averages which, as noted above, can be higher than those found in urban nuclei.

There is no shortage of Landsat studies in which dry agriculture generates the highest LSTs
[23,33]. Mediterranean natural and agricultural landscapes around cities in summer are covered by a
mixture of scattered trees, dry grasses and bare soil that has already warmed up by the time the
Landsat goes by [28], since their heat conduction capacity is low and they heat up quickly. Cropland
and bare soil can reverse the UHI [40,42,43]. Meanwhile, urban areas with their buildings create shade
which prevents warming [43].

Equally there is no shortage of contradictory conclusions explained by the scale effect [7] and
the many factors shaping LST in a space as heterogeneous as the urban area and its surroundings [1].
Harnessing Landsat data from diurnal imagery hinders capturing the much higher and easier to
characterise [13], UHI intensity at night [25]. Studies in the city of Phoenix (Arizona) with high-
resolution Quickbird imagery concur with these results [9], yet conversely, a study with GOES
satellite data on the urban environment of Boston found the highest surface UHI intensity in the
middle hours of the day due to the lower thermal inertia of its artificial areas [18]. A large city such
as Boston falls into the category of cities with high population density and a large cluster of human
activities which experience more intense UHI during daytime hours [80]. Daytime UHI in the studied
sector of the Spanish Mediterranean is higher in summer since the impact of the lower presence of
vegetation is greater at this time of year [79]. Other Landsat studies reflect the highest intensity in the
spring and summer months [23,24]. However, as at daily level, the studies reveal a great diversity of
results on a seasonal scale due to the significance of local factors. Even in the Mediterranean area of
our research, cities such as Athens and Parma have the highest UHI during the day [12], while in
Thessaloniki [81], Salamanca [39], Malaga [42] and Zaragoza [37] it is at night. Madrid, Rome and
Athens have a higher urban impact in summer whereas the highest intensity in winter is observed in
cities such as Lisbon [80], Zaragoza [37], Malaga [42] and Barcelona [17,35].

Numerous studies point to the lower LST in urban vegetation areas. Although this is not so well
documented here, it is an effect shown in the Murcian Sierra de Carrascoy forests, making increased
green areas the most significant resource for reducing UHI [40]. Urban fabrics with a greater
vegetation presence will diminish the rise in LST [1], and this also explains why LST is lower in
discontinuous fabrics which are more vegetated than continuous ones. This is because the percentage
of impervious surfaces is the main factor in LST [79]. The scale factor is further complicated by the
fact that continuous urban fabrics include compact structures, typical of historic centres, which are
more energy-efficient than less dense models found in more recent urban extensions [30].
Mediterranean cities such as the ones in our study have a very dense urban structure [82].

As for the water bodies in Elche’s urban environment, they have low LST values which can be
accounted for by their large specific heat capacity and high water evaporation which enables the
regulation of atmospheric humidity and temperature [21]. Likewise, the weakness of Alicante’s
thermal values might be attributed to its closeness to the coast, and thus to a water body, and the
greater intensity of the breeze system [28]. Barcelona, a city which is also located next to the sea, has
shown a mitigation of UHI intensity in the summer months when breezes are strongest [35]. While
city size is a consideration, cities can be affected by the presence of water bodies and prevailing winds
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[11] and these local aspects are thought to be more influential than the city’s size [80]. Once a
threshold is crossed, wind can eventually eliminate UHI [39,41,42].

This research and other studies mentioned in the references leave open some issues for the
future: using night-time images [13] for learning about night-time UHI at high spatial resolution;
obtaining daily LST data to ascertain the effect of meteorological factors such as wind [11,38], which
are judged to be more important than those related to the shape or size of the urban area [83],
acquiring data from weather stations whose location could be improved by these results, and
drawing on NDVI data as a proxy for the percentage of urban green areas [25].

5. Conclusions

Prompted by the robust urban growth of the main cities on Spain’s eastern coast, the study’s
objectives were to:

- determine the variation in land cover and land use around the main urban areas between 1990
and 2018

- determine the main flows between the two dates

- derive monthly and annual temperatures for each land cover

- calculate thermal trends

- ascertain the monthly thermal behaviour of the main land covers

Firstly, the analysis of the CORINE Land Cover LULCs led to the expected conclusion of
substantial growth in artificial surfaces, especially in the urban areas of Valencia and Alicante where
these artificial surfaces are now predominant.

The second point, which is closely tied to the first one, is that this artificial growth took place at
the expense of agricultural land and the few natural covers, usually scrub and/or herbaceous
vegetation associations, which remained in this fertile territory of high economic development and
prolonged and intense settlement.

Once the LST series had been obtained for each polygon indicative of a change between LULCs,
the next two objectives, the annual and monthly LST averages, were worked out which, in turn,
enabled us to interpret the thermal behaviour of the various covers. The results are shaped by the
flyover of the Landsat satellites in the middle hours of the day.

The highest average values are found, with significant differences compared to agricultural peri-
urban areas, in industrial, commercial and transport units which are devoid of vegetation, the main
factor affecting LST during daylight hours. They are thus the main UHI driver. The results for urban
fabrics are more diverse, reflecting the complexity of a cover which includes continuous and
discontinuous urban fabrics. In the former, it is even possible to differentiate between historic centres
with narrow streets and more recent urban developments in the form of city expansions. The thermal
behaviour differs and the results are extremely complex.

The differences are, thus, greater between urban nuclei and agricultural areas, particularly in the
case of permanent crops and not so much for scrub and/or herbaceous vegetation associations. Unlike
urban areas, this cover and open spaces with little or no vegetation generate hardly any shade at the
beginning of the daylight hours which may explain the slight thermal differences. The arable land in
Elche and Murcia, only vegetated for part of the year and smaller in growth, shares the same
behaviour. Alicante is unique with non-artificial areas featuring averages equal to or higher than
those of urban areas, a trait explained by its coastal location and consequent strong breezes, especially
in summer. The lowest thermal values are in wetlands and forests which are only to be found in Elche
and Murcia, respectively.

As for the trends, they present very high values influenced by the thermal drop at the beginning
of the study period brought about by the eruption of the Pinatubo volcano in June 1991. As in the
case of LSTs, the highest values are for industrial, commercial and transport units. Recalculated from
2000 onwards, the trends are fairly flat and, in some cases, even downward.

These are the main conclusions of this study which seeks to shed light on the complex issue of
UHI in terms of methodology and results. As noted above, further studies will of course be needed
to gain greater insight.
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