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Abstract:



The Urban Heat Island (UHI) phenomenon prevalently concerns industrialized countries. It consists of a significant increase in temperatures, especially in industrialized and urbanized areas, in particular, during extreme warm periods like summer. This paper explores the climate variability of temperatures in two stations located in Matera city (Southern Italy), evaluating the increase in temperatures from 1988 to 2015. Moreover, the Corine Land Covers (1990–2000–2006–2012) were used in order to investigate the effect of land use on temperatures. The results obtained confirm the prevalence of UHI phenomena for industrialized areas, highlighting the proposal that the spreading of settlements may further drive these effects on the microclimate. In particular, the presence of industrial structures, even in rural areas, shows a clear increase in summer maximum temperatures. This does not occur in the period before 2000, probably due to the absence of the industrial settlement. On the contrary, from 2000 to 2015, changes are not relevant, but the maximum temperatures have always been higher than in the suburban area (station localized in green zone) during daylight hours.
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1. Introduction


In the context of climate change, mean temperatures are increasing, in particular extreme temperatures, with heat waves becoming more frequent, more intense, and longer lasting. In many cities, extreme heat waves have drastically increased. In an urban center this effect may be up to 10 °C warmer, due to different local environments and atmospheric conditions [1,2,3,4,5].



A microclimatic phenomenon called Urban Heat Island (UHI) occurs in the metropolitan areas proportionally to the population size and density of a city. It consists of a significant difference in temperature compared to the rural and/or suburban areas. In particular, some authors have found an increase in average temperatures of 1–2 °C, and sometimes of 5–8 °C [6,7,8,9,10]. Currently, increasing industrialization and urbanization have increased this phenomenon and it has recently also been detected in small cities [11,12,13].



Decadal variability and a general tendency for average annual conditions to be warmer and drier characterized the Mediterranean during 1860–2005. Many studies suggest that anthropogenic forcing has characterized aspects of the Mediterranean climate during this period [14,15]. In general, observational evidence shows trends in some locations of urban heat islands with a similar or greater magnitude. Increasing greenhouse gas and further urbanization of the global population, which is expected throughout the 21st century, has forced climate change and consequently UHI [16].



UHI is the important reason that leads to the different spatial distribution of heat waves in a city. This phenomenon is much more relevant in summer and is most readily detected at night [1,2,7]. Moreover, there are many factors that increase the urban heat island in cities, such as: highly absorptive construction materials, low-albedo asphalt pavements, dense vehicular traffic, reduction of green spaces and evaporation surfaces [17,18].



Therefore, the location and climate of the surrounding cities and meteorological conditions play an important role in determining the UHI magnitude [19].



The human responses to climate change are very important through mitigation and adaptation, which can require global, regional and local approaches [1,20,21].



There are various approaches to detect climate variations on local scale. Common methods include the use of climate data and their analysis with satellite imagery or mathematical modelling that compares a climate variable or an indicator between two locations [2,22,23,24,25,26].



Many UHI studies have been conducted using data from satellites, in particular the association of land use on temperatures using Corine Land Cover maps (CLC). In 1985, the Corine programme was initiated in the European Union. CLC was finalized in the early 1990s as part of the European Commission programme to COoRdinate INformation on the Environment (CORINE). It provides consistent, reliable and comparable information on land cover across Europe. The CLC spatial and temporal analysis allows us to define the variations in land cover, directly linked to the UHI phenomena. The CLC system is chosen because of its availability of a harmonized and standardized collection of land cover data, availability of land cover data for a wide range of applications and users, and possibility of a comparison and correlation of land cover classes [27,28,29,30].



The implementation of the CLC focused mainly on identification and mapping of land cover and land cover changes for more than 25 European countries. CLC has largely been used by planners, policy makers and researchers [31].



The present study provides an assessment of the local climate variability in recent years and in a long time period versus land cover changes, focusing on the case of Matera city. It can represent a methodological approach to support territorial planning and to improve the assessment of urban-industrial expansion, in terms of development of sustainable practices shaping urban and rural environments.




2. Materials and Methods


2.1. Study Area


This research focuses on two meteorological stations located in the city of Matera (Basilicata region, Southern Italy).



This zone has a typical Mediterranean climate with mild winters and hot and humid summers.



The urban area of Matera stretches over an area of approximately 390 km2 and has a population of 60,500 inhabitants.



In the Mediterranean area, Matera represents a significant example of vernacular architecture. The structure of the city is articulated by a vertical succession of dug layers sometimes excavated or partly excavated and partly built, according to the original shape and height of the calcarenitic slope. The caves have different types of shapes and an irregular development [32,33]. We chose Matera because of its demographic, touristic and economic development. Moreover, Matera has been awarded the international title of the 2019 European Capital of Culture. Matera has attracted more visitors which has caused an increase in fluctuating population, especially in the summer, of approximately 300% from 2000 to 2015.



In this study two meteorological stations were selected: Matera North (MTN) and Matera Civil Protection (MTCP), see Figure 1. Table 1 shows the principal characteristics for each station.


Figure 1. Meteorological sites map. Aerial orthophoto to courtesy of RSDI (Basilicata Region).
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Table 1. Meteorological stations in Matera, taking into account temperature analysis.







	
Station

	
Description

	
Elevation (m a.s.l.)

	
Coordinates (Lat—Long)

	
Time Period






	
MTN

	
Rural zone with industrial structures

	
210

	
40.690546

16.530218

	
1989–2015




	
MTCP

	
Residential area located in a green zone

	
440

	
40.662027

16.593354

	
2000–2015











2.2. Data


In this study, the maximum temperatures measured in both stations were used. MTN is a historical monitoring station managed by the regional agency for development and innovation in agriculture (Italian acronym—ALSIA). It is located outside the urban area, characterized by the presence of industrial sectors (small and medium enterprises, landfill, etc.). For this station we analyzed daily data from 1989 to 1999 and hourly data from 2000 to 2015. MTCP is a station managed by the National Civil Protection Department located in a park in a residential area (suburban background).



For the MTN and MTCP sites, data of temperature collected each 15 min for the period 2000–2015 are available. For the MTN site, daily data of temperature (minimum and maximum) for the period 1989–1999 are also available.



Furthermore, the distribution of land cover within the meteorological stations was used to develop an understanding of the effect of industrial constructions on maximum temperatures and the relative heat waves during the last 15 years. In order to evaluate the correlation between the increase of maximum temperatures and the land cover changes, the Corine Land Cover (CLC) data in this study with a geometric accuracy of 100 meters were used.




2.3. Data Analysis Procedure


This study is divided into two steps. The first part involves the comparison and the analysis of temperature data detected in the period 2000–2015. Particularly, for both the sites, we determine the series of daily maximum values and the series of daily minimum values. An h-scatterplot (with h = 0) was used for representing the differences. In order to evaluate the statistical significance of observed differences, we apply a paired t-test at monthly scale. We determine the differences matrix
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in which the generic element is defined as [image: there is no content] with i = 1, …, n (n = 12 months) and j = 1, …, m (m = 16 years). A t-test [image: there is no content], confidence level α=5% and freedom degrees = 11 or 15) applied for each row and for each column is able to point out the significant differences between the two sites in terms of interannual variability and seasonality.



The second part includes analysis of thermal anomalies in the period 1989–2012 for the summer season, associated with land cover changes.



In Figure 2, h-scatterplots for minimum and maximum temperatures are shown; as you can see, the main differences between the two stations are observed for maximum temperatures. This behaviour is confirmed by t-test results (Table 2).


Figure 2. H-scatterplots for maximum (a) and minimum (b) temperatures (MTN and MTCP stations).
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Table 2. Paired t-test results for differences matrix calculated for maximum temperatures. “X” indicate the years and the months in which the null hypothesis cannot be accepted.







	

	
Jan

	
Feb

	
Mar

	
Apr

	
May

	
Jun

	
Jul

	
Aug

	
Sep

	
Oct

	
Nov

	
Dec






	
2000

	

	

	

	

	

	
X

	
X

	
X

	
X

	

	

	




	
2001

	

	

	

	

	

	
X

	
X

	
X

	
X

	

	

	




	
2002

	

	

	

	

	

	
X

	
X

	
X

	
X

	

	

	




	
2003

	

	

	

	

	

	
X

	
X

	
X

	
X

	

	

	




	
2004

	

	

	

	

	

	
X

	
X

	
X

	
X

	

	

	




	
2005

	
X

	
X

	
X

	
X

	
X

	
X

	
X

	
X

	
X

	
X

	
X

	
X




	
2006

	

	

	

	

	

	
X

	
X

	
X

	
X

	

	

	




	
2007

	

	

	

	

	

	
X

	
X

	
X

	
X

	

	

	




	
2008

	
X

	
X

	
X

	
X

	
X

	
X

	
X

	
X

	
X

	
X

	
X

	
X




	
2009

	
X

	
X

	
X

	
X

	
X

	
X

	
X

	
X

	
X

	
X

	
X

	
X




	
2010

	

	

	

	

	

	
X

	
X

	
X

	
X

	

	

	




	
2011

	
X

	
X

	
X

	
X

	
X

	
X

	
X

	
X

	
X

	
X

	
X

	
X




	
2012

	
X

	
X

	
X

	
X

	
X

	
X

	
X

	
X

	
X

	
X

	
X

	
X




	
2013

	
X

	
X

	
X

	
X

	
X

	
X

	
X

	
X

	
X

	
X

	
X

	
X




	
2014

	
X

	
X

	
X

	
X

	
X

	
X

	
X

	
X

	
X

	
X

	
X

	
X




	
2015

	
X

	
X

	
X

	
X

	
X

	
X

	
X

	
X

	
X

	
X

	
X

	
X










In particular, the MTN station presents annual average maximum temperatures greater than those of the MTCP station in the 2000–2015 period (Figure 2).





3. Results


The MTN station presents annual average maximum temperatures greater than those of the MTCP station in the 2000–2015 period (Figure 3). For the same time period, the differences of monthly average maximum temperatures between both stations show almost always positive values (Figure 4) with a mean value of 2 °C.


Figure 3. Annual average maximum temperatures for both stations in the 2000–2015 period.
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Figure 4. The differences of monthly average maximum temperatures between both stations in the 2000–2015 period. Blue line shows the annual average value.
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In confirmation of this trend, Figure 5 shows the Summer Thermal Range (STR) obtained from the maximum and the minimum temperature differences between MTN and MTCP stations. In this case, the mean value of the range is 6 °C.


Figure 5. Summer Thermal Range (STR) in the 2000–2015 period. Red line shows the average STR.
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The analysis of hourly maximum temperatures was performed for both stations during the summer season in order to detect the daily trend and the differences between stations.



Figure 6 and Figure 7 showed two years (2003 and 2015) as examples to highlight the daily behaviour of MTN and MTCP stations.


Figure 6. Daily behaviour of maximum temperatures for four days of 2003 and their relative difference between MTN and MTCP stations.
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Figure 7. Daily behaviour of average maximum temperatures for four days of 2015 and their relative difference between MTN and MTCP stations.
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Moreover, a map with the overlap of Corine Land Cover maps (1990–2000–2006–2012) and the orthophoto was created for the study area in order to detect the variation of land use. Figure 8 and Figure 9 show the correspondence between the settlement development and trend of maximum temperatures for four years (1989–1999–2005–2011).


Figure 8. Correspondence between the settlement development (CLC 1990–2000) and trend of maximum temperatures (1989–1999).
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Figure 9. Correspondence between the settlement development (CLC 2006–2012) and trend of maximum temperatures (2005–2011).
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In the last 15 years, the development of building activities was predominant in industrial areas. A significant share of the maximum temperature growth in the MTN station is explained by the most dynamic behaviour of industrial districts in these zones.



The results show that it is possible to detect the existence of a difference of thermal behaviour between MTN and MTCP stations, for the maximum temperatures. This difference is also evident on annual data (Figure 3) with a deviation ranging from 1 to 3 °C and with just two exceptions (5.3 °C in 2014 and −0.5 °C in 2004); the mean value is less than 2 °C.



For monthly data, the differences of average maximum temperatures between both stations are amplified with a positive difference in about 94% of cases (Figure 4).



Moreover, the Summer Thermal Range obtained from the maximum and the minimum temperature differences between MTN and MTCP stations presents a higher mean value equal to about 6 °C (Figure 5).



Hourly data were studied for both stations in order to analyse the daily changes in temperature. From the analysis of hourly temperatures (Figure 6 and Figure 7), it is possible to observe that the trend varies depending on the daily period. Particularly in daylight hours, the MTN station showed the maximum temperature (industrial activities influence). In contrast, the nocturnal period (23:00–07:00) presents a temperature lower than the suburban station (MTCP), when the industrial structures are not active.




4. Discussion and Conclusions


Analysing Figure 8 and Figure 9 it is possible to note the behaviour of the summer maximum temperatures in relation to the change of land use. In particular, the first two CLC (1990–2000) present an increasing trend with temperatures ranging between 14.7 and 33.4 °C.



The CLC of 2006 also presents an increasing trend of maximum temperatures, but with values shifted upwards and varying between 21.5 and 42.4 °C. This does not occur in the period before 2000, probably due to the absence of the industrial settlement. This is confirmed in the CLC of 2012, with summer maximum temperatures ranging between 24.3 and 40.7 °C, always with an increasing trend.



The comparative analysis of land use variations with a trend of summer maximum temperatures demonstrates the important role played by the industrial activity on climate change. This effect (MTN) is more evident in daylight hours rather than in the nocturnal period, when the industrial structures are active.



In conclusion, the present study analysed the impact of human activities, in particular industrial, on the climate variability in the Mediterranean area. In accordance with the available data, we compared the trend of the temperatures in a station close to an industrial area, with respect to another station located in a suburban area, in the 2000–2015 period.



The existence of industrial districts and their rapid settlement development suggests that they have an important potential for climate variability in those zones in which they are present.



The presence of industrial structures (MTN) showed a clear increase in summer maximum temperatures. In this regard, the land use variations were analysed with Corine Land Cover maps in the 1990–2012 period.



The study concerns temperature and land use changes observed in a limited area and the methodological approach allows us to quantify the effects of urban-industrial expansion in this zone. The results are encouraging and they suggest that it would be valuable to test the procedure in other sites for developing an effective tool for territorial sustainable planning. In particular, the procedure may support local administrations in rural-urban contexts for monitoring, quantifying and, successively, forecasting the impacts of the spread of anthropogenic activities.
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