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Abstract

:

Urban Green Spaces (UGSs) are considered the most effective tool to mitigate Urban Heat Islands (UHIs). The optical properties of the materials and the vegetation types of the UGSs affect their surface temperatures, directly influencing their cooling ability. The hydraulic properties of urban soils are also affected by the vegetation coverage. The aim of this study is to investigate the temperature and reflected radiation (albedo) differences between UGS’s elements, around noon on a warm summer day, in Greece. The results indicate that green elements have smaller surface temperatures and higher reflectance compared to the artificial or the dry bare soil, presenting differences with the direct air temperature (measured above the surfaces with unshielded thermometers) −5.5 °C (shrubs), −3.8 °C (grass), +7.8 °C or +8.7 °C (paved surfaces inside or outside the UGS), +10.8 °C (dry bare soil), +12.2 °C (concrete) and +12.5 °C (asphalt), and albedo values 0.14 (grass and shrubs), 0.15 (dry bare soil), 0.27 (concrete), 0.21 (asphalt) and 0.20 (paved surfaces). The tree shades also produce great surface differences. The unsaturated hydraulic conductivity of the urban soil is greater than the surfaces covered with grass compared to the shrub-covered or bare soil, presenting values of 27.6, 10.8 and 11.4 mm h−1, respectively.
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1. Introduction


Urban Green Spaces (UGSs) provide multiple benefits for local communities [1]. Their importance has been enhanced and acknowledged by the public, especially during the last decades, mainly due to the expanding urbanization and, most recently, due to the restrictions imposed by the spread of the COVID-19 pandemic [2]. The most important benefit of urban vegetation is its ability to regulate urban climate by affecting several micrometeorological attributes of the urban environment that impact the exchange of the mass and energy fluxes, providing a cooling effect and relieving the impacts of the Urban Heat Island (UHI) phenomenon.



The characteristics of the UGS and the persisting weather conditions in each area can highly affect its ability to regulate urban climate. The seasonal radiation conditions and the size of the park are among the more influential parameters for the parks’ cooling effect [3], whereas the shape of the green area, its coverage with trees and shrubs and grass-covered surfaces also affect UGSs’ cooling effects [3]. Following up on the findings of other studies [4,5,6,7,8], it is concluded that the proportion of green areas within an urban setting is a key role factor in the distribution of the UHI intensity. According to Qui et al. [9], the intensity of the UHI phenomenon can be relieved by up to 1.57 °C in comparison with surrounding commercial areas, addressing evapotranspiration as an efficient attribute for UHI mitigation. Maimaitiyiming et al. [10] also suggest that the presence of vegetated areas lowers local temperatures, underling the importance of the quality characteristics of the green areas, i.e., the density of green patches might be positively linked with alleviation of the UHI but cannot compare in strength with the cooling effect that an uninterrupted large green space would offer, a fact also pointed out by Cao et al. [3], Li et al. [11] and Zhang et al. [12]. Qui et al. [13] reported that urban vegetation could amount to a 0.5–4.0 °C reduction in the air temperature of the neighboring area, whereas Mackey et al. [14] suggest that an NDVI (index indicative of vegetation cover) above 0.35 triggers a notable temperature drop. Jusuf et al. [15] observed a considerable correlation between land use and temperature data, as well as an obvious temperature reduction as the vegetation body increased. Similarly, Huang et al. [16] studied the cooling effects of several UGSs across Harbin, China, factoring in the features of the parks, and determined that the vegetal arrangement, including the size and shape of the parks, is positively linked to their cooling efficiency. They confirmed, using the NDVI, that higher vegetation cover translates into a less intense UHI phenomenon, a point also supported by Bao et al. [17].



Edmondson et al. [18] identified an alleviating effect of the UHI by vegetation cover, distinguishing the higher potential of woody plants compared to herbaceous coverage. They noted that the mean maximum surface temperature of the soil was mediated by about 5.7 °C more by the presence of trees and scrubs when compared to the effect of grass-covered surfaces. During summer, the estimated residual temperature under tree cover was found to be negative, whereas it was found to be positive in the case of non-woody coverage, and this relationship seems to be reversed in winter. However, they noted that, as also reported by Armson et al. [19] and Wu et al. [20], the existence of trees in urban environments, while it might offer benefits due to shading, can also hinder the free movement of air currents, thus impeding the release of long-wave radiation at nighttime, trapping heat.



The use of different materials in the city and also inside the UGSs may also affect their energy exchange characteristics. Mohajerani et al.’s [21] research on the contribution of different materials used in urban areas to the UHI phenomenon revealed asphalt’s and concrete’s great significance since their presence basically boosts the UHI. They note that asphalt’s high heat capacity and low albedo in combination with its extensive use in cities largely influence the urban environment’s thermal conditions. It has been reported that freshly paved asphalt concrete can capture up to 95% of the received solar radiation [22] thus easily surpassing surface temperatures of 60 °C on hot summer days. As commented by Grimmond [23], the artificial materials commonly used in urban surfaces differ substantially in their thermal, hydraulic and radiative properties from naturally occurring ones. They also state that modifying the albedo of a surface is an easier and more tangible solution than meddling with any of its other characteristics to mitigate UHI and that a suggested practice is to add a top, light-colored, low-albedo layer on paved surfaces to enhance its reflectance and promote the return of radiation back to the atmosphere.



Generally, solar radiation drives plants’ physiological processes and productivity [24]. Solar light availability, especially at the photosynthetically active waveband [25,26,27], in conjunction with the plant’s optical properties (reflectance, transmittance and absorbance), determines the energy and mass fluxes of the vegetation-covered surfaces and ecosystems [28]. The radiation reflectance of urban surfaces is considered a most influential factor for UHI [29]. The surfaces that comprise urban landscapes have lower reflectivity, larger heat capacity, and generally different thermal properties than others in less built-up areas, thus storing more solar energy, which, in turn, translates into higher surface temperatures [30,31]. Due to their high thermal inertia and heat flux, the surface materials that are commonly used in cities are greatly influenced by ambient temperatures [32]. In addition, the densely built space of the city does not allow the dispersal of long-wave radiation from the ground, effectively obstructing the otherwise naturally occurring reduction in temperature [33,34,35]. Baldinelli et al. [29] suggest that an increase in radiation reflectance in the city (urban albedo) would result in its cooling. Similarly, Erell et al. [36] state that the high albedo surfaces result in lowering air temperature but increase the thermal stress in sunny conditions due to radiant exchange.



Most studies conducted in cities analyze the impacts of UGSs on UHI by assessing differences in air temperature between highly built-up and open, green or not, spaces. Specifically for Athens—Greece, Giannopoulou et al. [37] identified five geographic zones in the city with different thermal balances. The authors explored the heat island phenomenon in 25 sites in Athens during the summer season and found higher air temperatures in the industrial western part and in the center of the city and lower in its northern and eastern parts. Their findings are in line with those by Livada et al. [38], who also mention that UHI was developed intensively in the central and western industrialized part of the city.



Skoulika et al. [39] studied the cooling island intensity of an urban park in Athens during summer and confirmed its important mitigation impact on its surroundings, whereas Zulia et al. [40] investigated the microclimatic conditions in the National Garden in the center of Athens during summer and found a clear influence of the park, being cooler compared to other monitored urban locations, with greater air temperature differences during the night in streets with high buildings and wide streets with low traffic, whereas the relative differences were higher during the daytime in streets with high anthropogenic heat during the day.



Melas et al. [41] examined the microclimatic conditions of small open spaces (small courtyards and backyards) and found that vegetated backyards produce stronger cool island patterns compared to non-vegetated spaces. Tsiros and Hoffman [42] also evaluated the cooling effect in a courtyard’s garden during a hot weather summer period in Athens and found a well-defined and strong daytime cool island and a significant air temperature reduction compared to an urban square with low canopy coverage. In addition, Tsiros [43] studied the trees cooling effect in Athens by measuring air temperature under the canopy in five streets during the exceptionally hot weather period in 2007 and found that the trees’ average cooling effect at noon varied from 0.5 to 1.6 °C.



UGSs also provide important services for flood prevention due to the high water absorption by the soil, which is highly affected by the type of urban vegetation cover. Hidayat et al. [44] mention that soil characteristics including hydraulic conductivity are affected by the forest canopy cover, with higher hydraulic conductivity and thus infiltration rate at high-density canopies. Luo et al. [45] reported the different hydraulic profiles of clay soils covered by different vegetation types or with no coverage. Measurements of the unsaturated hydraulic conductivity showed that planting Vetiver grass causes a significant rise in hydraulic conductivity values, probably due to the structure of its root system, whereas, conversely, the Bermuda grass cover reduced the conductivity compared to the reference bare soil studied. The same pattern was observed when it comes to the infiltration rate, with the Vetiver grass almost doubling its value, whereas the Bermuda grass cut it in half. Gadi et al. [46] inquired into the variation in the hydraulic properties of the soil in close proximity to a tree, taking into account the state of vegetation cover. When studying the hydraulic conductivity as a function of floral density, they discovered that densely vegetated soils differed by 33–99% from soils with poor vegetation cover. This can be attributed to the intensified suction related to the water uptake by roots, which in turn lessens the water flow through the soil [47,48]. Multiple studies have showcased the escalation potential of hydraulic conductivity as a response to the growth of the plant’s root system [49,50,51], which is accredited to water’s preferential flow around the roots [52]. Gadi et al. [46] also marked the significant influence of the presence of shredded leaves upon the soil surface, as the associated hydraulic conductivity was 49–100% higher than in portions where leaves were absent. Jarvis et al. [53] studied the effects of both land use and climate on the hydraulic conductivity values and found that arable sites have, on average, ca. 2–3 times smaller saturated water conductivity than natural vegetation, forests and perennial agriculture.



Galli et al. [54] measured the unsaturated hydraulic conductivity in degraded and rehabilitated urban green spaces and found increased values in rehabilitated soils, especially five years after the soil rehabilitation process. They also concluded that in spaces with an absence of soil and vegetation maintenance, the unsaturated hydraulic conductivity may decrease after 9–12 years. Vegetation improves the soil structure and increases the soil’s unsaturated conductivity. In addition, Galli et al. [54] identified the time since soil rehabilitation, the soil compaction and the vegetation cover as the most critical factors affecting the unsaturated hydraulic conductivity. They suggested that the higher unsaturated hydraulic conductivity values in the examined rehabilitated green spaces are associated with the time after the vegetation introduction and the development of the plant’s root system and the development of a coherent soil matrix with stable connections between pores and the establishment of pathways for the water movement.



Based on the above findings, it is concluded that the optical properties of the UGSs determine the microclimate of a city. Along with the UGSs’ soil characteristics, the basic cycles of energy and water in the city are highly affected, impacting also the quality of life of the citizens. The aim of this study is to investigate the differences in the surface temperatures of the green and grey elements inside an urban park and extend our knowledge on the performance of UGSs on absorbing/reflecting radiant energy and infiltrating water, under the weather conditions persisting in a hot summer day at a city with a Mediterranean climate.




2. Materials and Methods


This work was implemented for the broader area of Athens (Attica) in the Municipality of Amaroussion. The long-term meteorological data for the region, derived by the nearest station of N. Philadelphia (38.05° N, 23.67° E, alt.: 12 m, operated by the Hellenic National Meteorological Service) indicate that the climate is semi-arid, according to UNEP’s [55] aridity climate classification, which is based on Thornthwaite’s [56,57] water balance approach, with an aridity index value of 0.44 for the period 1955–2019 [58,59], presenting a decadal trend to more arid conditions [60].



The study site is an urban green space (38.04° N, 23.80° E, alt.: 190 m), with a total area of 0.91 ha covered by different types of materials including both green (trees, shrubs and grass) and grey (paved corridors and concrete) elements, whereas the UGS is surrounded by asphalt roads (Figure 1).



The vegetation in the UGS includes trees, shrubs and herbaceous plants. The trees are generally deciduous broad-leaved (e.g., Tilia tomentosa, Acer negundo, Melia azedarach, Platanus orientalis, Morus alba, Cercis siliquastrum, Prunus cerasifera, Ailanthus altissima) and randomly distributed in the UGS. Most of them are of small age (less than 5 years) and have not yet produced large canopies. The shrub-covered surfaces (Figure 1) host a variety of species (e.g., Nerium oleander, Teucrium fruticans, Rosmarinus officinalis, Lavandula angustifolia) in mixed patterns with herbaceous plants (e.g., Calendula arvensis, Lactuca serriola, Matricaria recutita, Pallenis spinosa, Capsella bursa-pastoris, Solanum elaeagnifolium, Plantago lanceolata, Convolvulus arvensis), whereas two surfaces were covered with grass (e.g., Lolium perenne, Poa annua, Arundo donax, Cynodon dactylon, Eleusine indica).



To study the micrometeorological environment inside the UGS, an automatic meteorological station was installed in 2019 by the Institute of Mediterranean Forest Ecosystems (IMFE), measuring several attributes including air temperature (at a height of 2 m above ground) and radiation attributes. For the study of the spatial variations in air and surface temperatures, portable sensors were used in order to take 258 point measurements at different points inside and outside the UGS. All measurements were taken during midday (from 13:00 to 15:00) of a hot summer day (23 June 2022) under clear sky conditions. A portable LP 471 RAD probe (Delta OHM), irradiance meter with cosine correction was used to measure shortwave solar radiation incoming and reflected flux densities within the spectral range of 400 to 1050 nm. In addition, an MI-210 infrared radiometer (Apogee Electronics) was used to measure surface temperatures above the different surfaces. The recordings of the surface temperatures were obtained by placing the sensor 40 cm above the surface facing downwards (zero angle). At the same height above the surfaces, the direct air temperature was measured with an HD 2301.0 handheld thermo-hygrometer (portable device with a Pt100 humidity/temperature combined sensor), considering that the substrate surface highly affects its above-measured air temperature [61] and thus the recordings of the portable device are more reliable compared to the temperatures recorded at the nearby meteorological station by a radiation-shielded thermometer. The sensor was directly exposed to radiation. To compare the differences in air temperature inside and outside the UGS, continuous 10-min temperature and relative humidity data, along with global solar radiation flux densities, were obtained by both IMFE’s station and a nearby (270 m distance) automatic meteorological station (model: Davis Vantage Pro 2 Plus) installed by the Municipality of Amaroussion, on the roof of a one-floor (with height about 5 m) elementary school building.



The ability of the UGS to infiltrate water was assessed by measuring the unsaturated hydraulic conductivity at specific points inside the UGS, covered with bare soil, shrubs and grass (Figure 2). The field experiments were conducted with a minidisk infiltrometer (Meter Group) and the unsaturated hydraulic conductivity was estimated according to the method proposed by Zhang [62], applying the van Genuchten parameters obtained from Carsel and Parrish [63]. Before each infiltration experiment, the soil moisture was measured with a delta-t, SM150 sensor. In total, nine infiltration experiments were conducted above bare soil, shrub-covered and grass-covered surfaces.



Zhang’s [62] method is simple and reliable for measuring infiltration into dry soils. It uses cumulative infiltration (I) measurements plotted against time (t), and the results are fitted to the equation


  I =  C 1     t  +  C 2    t  



(1)




where C1 and C2 (in mm s−1) are factors related to soil sorptivity and hydraulic conductivity, respectively.



The soil hydraulic conductivity (K) is estimated by the equation:


  K =    C 1   A   



(2)




where A is an estimator calculated by the following equation:


  A =  {        11.65    (   n  0.1   − 1  )     e  2.92  (  n − 1.9  )    a    h 0         (  a    r 0   )    0.91     ,       f o r   n ≥ 1.9         11.65    (   n  0.1   − 1  )     e  7.5  (  n − 1.9  )    a    h 0         (  a    r 0   )    0.91     ,       f o r   n < 1.9        



(3)




where n and a are the van Genuchten parameters that differ for specific soils [62], r0 is the infiltometer’s disk radius, and h0 is the suction applied at the disk’s surface. In our experiments, the soil was loamy sand, r0 = 2.25 cm and h0 = −1 cm.



In the present study, spatial patterns of the attributes measured or calculated in the UGS were also produced in the form of contour maps, by using the Surfer® ver. 13 Software [64]. Point Kriging geostatistical gridding method was applied to each irregularly spaced point dataset to produce accurate grid values. The method is widely used and reliable, estimating the unknown grid values at all points across a well-defined spatial domain by using weighted averages of all known values around each grid point [65].




3. Results and Discussion


3.1. Temperature Attributes


During the warm summer day (23 June 2022) when measurements were taken, the air temperature inside the UGS was elevated, presenting a 24 h average value of 30.1 °C, which reached 36.0 °C at midday (13:00–15:00 h), whereas the soil temperature at 10 cm depth was even higher with a 24 h average 36.4 °C reaching 44.6 °C at midday (13:00–15:00 h). The respective air temperatures recorded on the concrete roof of the nearby building were similar and slightly higher (24 h average 30.3 °C and midday average at 13:00–15:00 h 36.3 °C). The 24 h temperatures were higher compared to the month’s (June 2022) average by about 3.7 °C for air temperature and 2.8 °C for soil temperature in the UGS and by 4.2 °C for air temperature on the building’s roof, indicating the hot conditions prevailing during the day when the measurement campaign was conducted.



The diurnal changes of the meteorological parameters during 23 June 2022 as recorded by both stations (inside the UGS and at the building’s roof) along with the respective monthly average values for an average day of June 2022 are depicted in Figure 3. The air temperature and relative humidity in both stations appear to have similar values both during the day of the campaign (UGS 0.1 °C cooler than the roof) and during June 2022 (zero difference), especially during daytime (6:00–20:00 h). It is notable, however, that during the nighttime the temperature differences between the vegetation-covered UGS and the concrete-covered building’s roof are maximized indicating cooler conditions in the UGS by about −0.9 °C in June 2022 becoming higher (−2.0 °C) during the campaign’s day. The pattern of the relative humidity is the opposite compared to the respective one of temperature, presenting similar values for both stations at daytime and higher values (+2.4% in June 2022 and +6.4% on 23 June 2022) at nighttime.



Based on the above, the cooling effect of the UGS can be considered minor. However, this should be assessed in conjunction with the prevailing micrometeorological conditions during the very warm campaign day. The increased air temperature during the specific day, which reached 30.1 °C (compared to 26.4 °C for the average day of June 2022), presenting a maximum of 36.4 °C in association with the rather low relative humidity (daily average of 47.6% with a minimum 10 min value 27.6%), the cloudless sky conditions along with the high solar radiation flux density (24 h average 300.0 W m−2, with maximum 10 min value 874.3 W m−2) and the very high soil temperatures (daily average 36.2 °C with maximum 10 min value 46.9 °C), impose a very high water demand for the vegetation to sustain high growth rates. Such conditions, considering also the extremely reduced water availability in the rootzone (soil moisture 8.4% p.v.), define the reduced evapotranspiration rates and, thus, the less effective cooling ability of the plants to allocate water and energy from soil to the atmosphere. For the specific UGS, the municipality green managers apply deficit irrigation in an attempt to reduce water consumption, and this decreases the UGS’s ability to produce cooling benefits to a maximum degree. The issue of reducing water consumption in UGSs, through plant selection or deficit irrigation, is critical and rather complicated, especially in the Mediterranean region, where water scarcity, on one hand, and the increased impact of UHI, on the other, impose contradicting criteria for UGS’s design and management. The cooling effect is also associated with the size of the UGS, its shape and the vegetation architecture, which, in our case, consists of young trees with no fully developed canopies that enhance the openness of the park, resulting in a negative effect on the air temperature [66]. According to Jaganmohan et al. [67], the larger the area of an UGS, the more prominent the associated cooling, though manifested differently depending on the landscape type (forests vs. parks). In their research on several UGSs in Leipzig Germany, it was also indicated that the shape factor also affects their cooling ability. Moreover, the features of the green space are more significant than those of their surroundings when it comes to the UGS’s cooling efficiency. Similarly, Monteiro et al. [68] assessed various sized UGSs in London, observing that very small UGSs (less than 0.8 ha) had no discernable cooling effect beyond their boundaries, but sizing up, one can note the drop in the air temperature of the surrounding environment. Furthermore, the tree canopy cover proved to be positively related to the cooling distance, but the degree of cooling was more strongly linked to the grass cover of the green space.



The general effect of the UGS was further assessed by analyzing surface temperature data taken above surfaces covered with different green and grey materials inside the park. The spatial patterns produced by the instant air temperature and surface temperature values in the UGS, after applying Kriging’s interpolation, are depicted in Figure 4. The surface temperatures measured at several points of the UGS during midday (13:00–15:00) were, in general, higher for the artificial surfaces compared to the ones covered with natural elements. More specifically, surface temperatures above asphalt during midday were the highest, compared to all other materials, reaching an average of 54.4 °C, and were about +12.5 °C warmer compared to the direct air temperature measured just above the surface. The respective differences with the air and soil temperatures obtained by the meteorological station were even higher (18.2 and 8.4 °C, respectively). Similar was the behavior of the concrete-covered surface inside the park, which presented an average surface temperature of 52.9 °C, +12.8 °C higher than the above-point-measured direct air temperature, being +18.0 °C and +11.94 °C warmer than the air and soil temperatures measured by the meteo station, respectively. The internal paved corridors inside the UGS also presented high surface temperatures (average 51.4 °C) and they were also higher compared to the direct air temperatures above their surfaces (+8.7 °C), and much higher compared to the air and soil temperatures measured by the meteo station (15.2 and +5.4 °C, respectively). The respective temperature differences of the paved surfaces surrounding the UGS were also of the same magnitude since their average surface temperature was 49.6 °C, about +7.8, +13.8 and +3.3 °C warmer than the direct air temperature above the surfaces and the air or soil temperatures of the station inside the UGS, respectively. The above pattern is rather expected since the artificial elements absorb the radiant energy from the sun and store it in the form of heat, increasing their temperature.



The general pattern of the above-mentioned artificial surfaces, appears to be followed in the case of dry bare soil, which also presents high surface temperatures of the same magnitude (average 50.0 °C) during the hot summer midday, being +10.8 °C warmer compared to the direct air temperatures above the surface and +15.9 and +6.6 °C warmer than the air and soil temperatures of the station inside the UGS. This is also expected since the dry and non-vegetation-covered (bare) soil appears to behave as an artificial material, storing heat and increasing its temperature.



The effect of the live vegetation tissues is quite different since the absorbed solar energy does not transform into heat storage but is rather used to enhance the photosynthesis process. In our study, this seems to be true even under low soil water availability conditions. The natural surfaces covered with vegetation have lower surface temperatures compared to the artificial or dry bare soil-covered ones. More specifically, the surface temperature of the grass was measured on average to be 38.0 °C, i.e., −3.7 °C cooler compared to the direct temperature of the above air, −8.2 °C cooler than the soil temperature, but +2.2 °C warmer than the air temperature of the station inside the UGS.



The cooling effect of shrubs was even more evident. Their surface temperatures were the lowest recorded (average 36.8 °C), and they were −5.5 °C cooler compared to the direct air temperatures above the surfaces, −0.2 °C cooler compared to the air temperature of the station and −9.9 °C lower than the soil temperature.



It should be noted that the above patterns describe the behavior of the natural and artificial elements of the UGS during the summer Mediterranean noon on a very warm day and under conditions of limited soil water availability. This is expected to have reduced the cooling effect of the vegetation elements of the UGS, since only small water quantities would have been available to the plants for evapotranspiration in order to regulate their tissues temperatures and perform photosynthesis, considering that evapotranspiration is demonstrated to be the most effective way to improve UHI [9,69,70,71].



According to the results of the study of Đekić et al. [72], a distinct variation between the temperatures of various surfaces in UGSs was identified, particularly in the high solar radiation hours—around noon. More specifically, they found that the temperature difference between the grass surface (coolest) and the dark asphalt varied between 9 and 19.7 °C, whereas in our study it was on average 16.3 °C. In addition, Đekić et al. [72] also observed a difference of 10–24.5 °C between the hottest surface temperature and that of the ambient air, a range that is in line with the findings of our study where the respective difference between the asphalt and the ambient air temperature, measured by the meteorological station, was 18.2 °C. Similarly, Đekić et al. [72] mention that for the hotter period of measurements (mid-July to mid-August) the average maximum temperature for all artificial surfaces was well above 50 °C (average 52.1 °C in our study for all artificial materials ranging from 49.6 °C for the internal paved corridors to 54.4 °C for asphalt), while the grass-covered area more or less matched the temperature of the ambient environment, which is also in line with our study, since the temperature differences of grass and shrubs against ambient air temperature measured by our station were very close (38.0–35.8 °C and 36.7–36.1 °C, respectively.



During the measurement campaign, surface temperatures were also measured at shaded surfaces (below the tree canopies), to quantify how tree shades can reduce the increase in surface temperatures, especially above warm artificial surfaces and bare dry soil (Figure 4). The results indicate a rapid decrease in the surface temperature under shade in all cases. More specifically, the shaded asphalt was found to be −17.8 °C cooler than the unshaded, whereas similar differences were detected for the other surfaces (−15.2 °C for the internal paved corridors of the UGS, −11.6 °C for the concrete and −11.5 °C for the dry bare soil). The positive effect of shading is also portrayed by Đekić et al. [71] whereby even partly shaded asphalt surfaces were found to maintain lower temperatures than their counterparts that were fully exposed to sunlight.




3.2. Radiation Reflectance (Albedo)


The radiation reflectance of urban surfaces is considered the most influential factor for the Urban Heat Island effect [29]. The reflectance of the surfaces can highly affect their radiation budget and the radiative energy partitioning and exchange. The part of the incoming solar energy absorbed by the surfaces is determined by their reflectance characteristics including surface roughness and color. The shortwave radiation reflectance of a surface is the ratio of the reflected to the incoming global solar radiation flux density, and is commonly known as albedo.



The albedo changes above the different materials of the UGS of Amaroussion are depicted in Figure 5. Inside the UGS, the natural surfaces present, in general, lower reflectivity compared to the artificial surfaces, suggesting that they absorb more solar radiative energy. Specifically, the vegetation-covered surfaces, either with grass or shrubs, present albedos of about 0.14 and the dry bare soil appears to be of the same magnitude (0.15). On the other hand, the artificial surfaces’ albedo is greater, being 0.27 for concrete, 0.21 for asphalt and 0.20 for the internal UGS’s paved corridors.



Đekić et al. [72] cited the albedo values of some common urban artificial surfaces as well as those of green areas in order to accentuate their different influences on the city’s thermal balance. Thereby, the albedo values’ span for asphalt is 0.04–0.15 and the respective range for concrete is 0.10–0.35. As for the materials used for pedestrian routes, dark concrete tiles hold an albedo of 0.05–0.35 while white concrete tiles’ albedo is considered to be around 0.70. Lawns and arbors have values of 0.25–0.30 and 0.15–0.18, respectively. Compared to our study, the values for asphalt and grass are quite different probably due to the different types of materials in the studies; however, the albedos of the other attributes are in line with our findings.



In general, high reflectance materials are suggested for use in UGS and cities in order to reduce radiation absorption and, thus, to prevent increasing surface temperatures, and they are considered as a cooling strategy to mitigate the UHI effect in cities [29]. It should be noted, however, that the reflected radiation in densely built cities with tall buildings is only partly reflected back to the atmosphere, mainly due to multiple radiation reflection and scattering between the surfaces, which finally trap the shortwave radiation in the building canopies, resulting in decreased urban albedo in the large scale of a city [73] with regard to the geometric structure of the buildings [74] and the scarcity of urban vegetation [75].



The reflectance of the materials inside the UGS differs at larger scales. Sugawara and Takamura [75] used radiometers to measure the surface albedo above two cities in Japan using a helicopter and found an albedo value of 0.12, whereas, in the nearby forest, it was higher (0.16). According to the authors, the lower city albedo is attributed to the roughness of the urban surface, which is enhanced by the city buildings and an increase in the absorbance of the urban surface. This appears to be contradicted when studying the optical properties of specific artificial materials since their surfaces are far smoother compared to the large scale of a city.



The part of the absorbed radiation by the artificial surfaces results in their temperature increase. In the case of the green elements, the absorbed radiation is mainly used for photosynthetic processes and, to a lesser degree, results in the increase in the tissues’ temperatures. In our case, the lower reflectance of vegetation-covered surfaces results in greater sums of radiation absorbed by plants but, as already presented above, this did not lead to an increase in their temperature. It is worth noting that even the behavior of the dry bare soil is similar to the plant-covered surfaces, as regards its optical characteristics, but this increased radiation absorbance increased the heat storage in the soil, resulting in its higher temperatures.




3.3. Soil Water Infiltration


Water infiltration ability is a significant parameter in soil research and an important attribute for the UGSs, indicating the ability of the soil to absorb water. The unsaturated hydraulic conductivity is a measure of this soil’s ability, highly associated with the specific soil mechanical characteristics and especially the coverage of its upper layer. In the UGS of the present study, nine infiltration experiments were conducted at different points in the UGS covered with shrubs, grass and dry bare soil. The results of the analysis are depicted in Figure 6, indicating that grass-covered surfaces present a higher ability to infiltrate water compared to dry bare soil and shrub-covered surfaces. The respective average unsaturated hydraulic conductivity values are 27.6 mm h−1 (or lit m−2 h−1) for the grass, 10.8 mm h−1 for the shrubs and 11.4 mm h−1 for the dry bare soil.



Hidayat et al. [44] found that soil characteristics, including hydraulic conductivity, are affected by the forest canopy cover, with higher hydraulic conductivity at high-density canopies. The similar values for the bare soil and the shrubs in our UGS are probably attributed to the fact that the shrub-covered surface was only recently (1 year ago) planted and, thus, the short time slot passed was not enough to allow both the soil and the plants root to formulate water paths in the soil to enhance infiltration.



Vegetation improves the soil structure and increases the soil’s unsaturated conductivity. However, the time passing after the vegetation installation is critical. In a previous work by Galli et al. [54] on UGSs, the authors found increased unsaturated hydraulic conductivity values in rehabilitated soils, especially five years after the soil rehabilitation. They also identified that unsaturated hydraulic conductivity may decrease after 9–12 years in UGSs with no soil and vegetation maintenance. In our study, the soil at the spaces where shrubs were planted, was only maintained at the specific spots where the plants were established, whereas the experiments for the determination of the unsaturated hydraulic conductivity were conducted between the spots, where there was no soil maintenance.



On the other hand, the grass sections of the UGS were the only ones frequently irrigated and maintained, and within the first year of the grass installation, a dense root system was formulated and enhanced the soil’s ability to infiltrate water. Galli et al. [54] identified the time after soil rehabilitation, the soil compaction and the vegetation cover as the most critical factors affecting the unsaturated hydraulic conductivity in the UGSs. They suggested that the higher unsaturated hydraulic conductivity values in the examined rehabilitated green spaces were associated with the time after the vegetation introduction. This is due to the fact that as the plants grow their root system, the development of a coherent soil matrix with stable connections between pores and the establishment of pathways for the water movement inside the soil, are enhanced. In addition, many studies [46,49,50,51] support that soil hydraulic conductivity is highly affected by the growth of the plant’s roots, and this is accredited to water’s preferential flow around the roots [52].





4. Conclusions


The positive impact of Urban Green Spaces (UGS) on the local climate is generally accepted, imposing a need to redesign our cities by enhancing green infrastructure in order to cope with climate change and establish resilient cities and neighborhoods. The positive effect of UGSs is attributed to their micrometeorological–optical characteristics and hydraulics properties that allow for the greater absorbance of solar radiation without increasing stored heat in the urban environment and, also, the increased water infiltration, which, in large scales, can reduce flooding phenomena.



In the present study, we present the findings of a campaign implemented in an UGS in Amaroussion city in Athens—Greece, where solar reflectance (albedo) and surface temperatures were measured above the different-type surfaces of the UGS during the midday of a warm summer day (23 June 2022), using portable radiometers and infrared thermometers. In addition, the soil hydraulic conductivity was estimated for bare soil and vegetation-covered surfaces in the UGS.



The results show that natural surfaces have lower reflection coefficients (0.14 for grass and shrub-covered surfaces and 0.15 for dry bare soil) compared to the artificial ones (albedo values 0.27 for concrete, 0.21 for asphalt and 0.20 for paved-covered surfaces). The surface temperatures of the natural elements are also cooler compared to the surrounding air (direct air temperatures measured above the surfaces with unshielded thermometers) presenting higher negative differences above vegetation −5.5 °C (for shrubs) and −3.8 °C (grass). The bare dry soil and the artificial surfaces are much warmer presenting positive surface to direct air temperature differences, with values of +7.8 °C (+8.7 °C) for the paved surfaces inside (outside of) the UGS, +10.8 °C for the dry bare soil, +12.2 °C for concrete and +12.5 °C for asphalt-covered surfaces. The above findings indicate that the vegetation-covered surfaces absorb higher solar radiation quantities that, however, do not lead to increases in the surfaces’ temperatures. On the other hand, the artificial element’s optical behavior allows higher radiation reflectance, and the absorbed solar radiation fluxes lead to higher surface temperatures enhancing the urban heat island effect.



The hydraulic conductivity of the unsaturated soil is higher at the grass-covered surfaces and less at dry bare soils and shrub-covered surfaces inside the UGS, indicating faster infiltration of the precipitation water, which is very important when assessing the performance of UGSs to prevent urban floods.



The above results refer to the micrometeorological attributes of a small urban green area, during the noon of a very warm summer day with clear sky conditions and high incoming radiation fluxes. The temporal (diurnal or seasonal) changes of the atmospheric environment are also important to be studied, in order to understand the behavior of the urban green infrastructures and their impact on formatting the urban climate. Additional sites inside the urban environment, especially in the Mediterranean, should also be studied to reach sound conclusions.



The study of additional urban green areas in the broader area of Athens, with different materials and green species composition and in different seasons are within the future research goals of the researchers of this work, in order to verify and quantify the micrometeorological characteristics of urban green areas and their effect on the Mediterranean urban climate.
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Figure 1. Different types of land cover (materials) in the UGS, i.e., asphalt (dark grey), paved surfaces (light grey), concrete (yellow), non-irrigated soil with trees (orange), shrubs (light green) and grass (dark green) (base map by Google Earth, Image © 2022, Google, Maxar Technologies, Westminster, CO, USA). 
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Figure 2. Points inside the UGS where infiltration measurements were taken for the estimation of the unsaturated hydraulic conductivity of the soil (4 points for dry bare soil, 3 points for shrubs and 1 point for grass) (base map by Google Earth, Image © 2022, Google, Maxar Technologies). 
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Figure 3. Average 10 min values of micrometeorological parameters: (a). air temperature, (b). relative humidity, (c). soil temperature, (d). soil moisture, (e). global solar radiation) measured inside the UGS (green) and on a nearby (270 m distance) roof of a building (red), during a warm summer day (23 June 2022, dots) and in all June 2022 (lines) in Amaroussion UGS. 
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Figure 4. Spatial changes in (a) surface temperature in the UGS and differences (b) with direct air temperature measured above each point with sensor without radiation shield (c) with air temperature derived from the stationary meteorological station and (d) with soil temperature. 
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Figure 5. Spatial changes in the reflectance coefficient of shortwave solar radiation (albedo) inside the UGS. 
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Figure 6. Unsaturated hydraulic conductivity values for soils with a different cover in the UGS. 
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