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Abstract

With the intensification of climate change and the urban heat island effect, there is growing
awareness of the role of urban greening in improving the urban climate. The aim of this
study is to explore how various characteristics of green spaces—including type, configu-
ration (size and shape), location, and distance from the urban centre—affect their cooling
effect. Landsat remote sensing land surface temperature data were analysed through
Geographic Information Systems, using Sheffield as a case study. The results show that
the cooling effect of woodland was significantly stronger than that of grassland and urban
parks, with a cooling intensity reaching up to 2.93 ◦C, and a cooling extent that can reach
up to 500 m beyond its boundary. When closer to the city centre, both the shape and size
of green spaces show a positive correlation with their cooling effect, but this relationship
becomes less evident as the distance from the city centre increases. The size of a woodland
had a greater effect in terms of a reduction in land surface temperature than the shape of the
woodland. The findings of this study can provide a better framework for landscape archi-
tects and urban planners to plan for climate change and propose stronger green strategies
to mitigate the urban heat island effect.

Keywords: urban green spaces; vegetation cooling; urban heat island; land surface
temperature; remote sensing

1. Introduction
In recent decades, largely due to global climate change and the urban heat island

(UHI) effect, many cities have experienced urban warming [1]. This rise in urban heat has
intensified the frequency and severity of heat events, heightening the risks for populations
particularly vulnerable to extreme temperatures [2]. There is a growing awareness of the
importance of leveraging natural systems for climate resilience, advocating for Nature-
Based Solutions (NBSs) that utilise green spaces to lower local temperatures and lessen
overall thermal stress in cities. Urban green infrastructure includes a variety of green spaces
such as street trees, parks, rain gardens, private yards, and green roofs. As a strategically
planned network of natural and semi-natural areas [3], green infrastructure has gained
recognition as a crucial NBS for mitigating and adapting to urban heat [4,5]. A study
in Glasgow (maritime temperate climate in Köppen–Geiger classification [6]) stated that
raising greenspace coverage by 20% beyond current levels could reduce the city’s projected
2050 UHI effect by approximately one-third to one-half [7].

The cooling benefits of urban green spaces stem from mechanisms like plant evapo-
transpiration, shading, and increased albedo [8], which have been clarified by numerous
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reviews [8,9]. Urban green spaces typically exhibit lower air temperatures during summer
compared to the surrounding built-up areas, with mean temperatures 1 to 2 ◦C lower [10],
commonly called the “cool island effect”. Furthermore, due to the outward flow of cooler
air during nighttime and early morning hours, which is known as “Park Breeze” [11],
the cooling influence of green spaces often extends into surrounding urban areas. Park
breeze is characterised by a divergent outflow from the green space, and its speed is less
than 1 m/s [12]. It is believed that this breeze is driven by a thermally induced pressure
gradient across the green space, functioning similarly to a gravity current [13,14]. The
cooling effects within and beyond green space boundaries are especially evident under
specific conditions: when the green space lies upwind, is positioned at a higher elevation
relative to nearby urban areas, or is bordered by less-developed buffer zones. To improve
the thermal conditions of the city and enhance residents’ thermal comfort, maximising
the cooling effect of green spaces in surrounding urban areas has become an important
research focus.

Currently, many quantitative studies have investigated the impact of green spaces
on the surrounding urban thermal environment, and have summarised that the extent
and intensity of this cooling effect are influenced by the local climate, the morpho-
logical characteristics of the green space, and the features of the surrounding urban
environment [8,10]. In cities in temperate climate zones, regarding air temperature re-
duction, a study monitored the cooling effects of eight green spaces in London, found that,
on average, small green spaces (ranging from 0.8 to 3.8 ha) cooled the surrounding area
by 0.4 to 0.8 ◦C of nocturnal air temperature over a distance of approximately 30–120 m
beyond their boundaries. Medium-sized green spaces (ranging from 10.1 to 12.1 ha) cooled
the surrounding area by 0.6 to 1.0 ◦C over approximately 180–330 m [15]. According to
another field measurement in London, the nocturnal cooling influence of green spaces
could reach as far as 440 m beyond their boundaries, with an average extent of 125 m.
The cooling effect was observed to decline with distance, decreasing at an average rate
of 1.4% per metre [16]. Regarding land surface temperature (LST) reduction, a study in
Copenhagen found that, during summer, 95% of blue-green spaces exhibit a cooling effect
within a range of 60 to 210 m, with an average cooling extent of 150 m and an intensity of
2.47 ◦C. In spring, autumn, and winter, the mean cooling extent and intensity are 105 m
and 1.53 ◦C; 120 m and 1.36 ◦C; and 90 m and 0.26 ◦C, respectively [17].

Although a large number of studies on the cooling effects beyond green spaces already
exist, their research focus are often broadly referred to as “urban green spaces.” According
to De Haas, Hassink and Stuiver (2021), urban green space is defined as urban land,
partly or completely covered with grass, trees, shrubs, or other vegetation [18]. Due to
differences in the types of vegetation cover (land cover), green spaces’ impact on the
surrounding thermal environment may vary. There is currently no unified definition for
the classification of green spaces. Parks are the predominant type of urban green space
discussed in the literature relating to use and preference [19]. The cooling effect of parks
has been confirmed by numerous studies [8]: for air temperature, a meta-analysis based on
89 studies showed that parks can reduce air temperature by 1.5–3.5 ◦C. As for LST, due to
the better thermal conductivity of solid surfaces compared with air, parks have an even
greater cooling potential [20]. Remote sensing studies have observed reductions in LST
ranging from 1.9 to 6.7 ◦C over 60–120 m spatial footprints [8]. However, one problem
with analysing parks as the units of analysis is that their land cover (and therefore heat
reduction capacity) can be highly varied—including areas of trees, lawn, rocks, soil, water,
build environments and so forth [21]. In contrast, many studies classify green spaces
through their land cover as either tree-dominated, shrub-dominated, or grass-dominated
identified using visual interpretation or machine learning methods [17,22]. For instance,



Land 2025, 14, 2284 3 of 29

Yang et al. defined tree-covered and grass-covered green spaces as areas covered by more
than 80% trees/grassland [17]. By comparing LST across four seasons, they found that no
matter which season, tree-covered green spaces are better than grass-covered green spaces
in summer cooling or in winter warming. In summer, the cooling extent and intensity
of tree-covered green spaces could meet 145 m, 3.58 ◦C, but grass covered were 105 m,
2.21 ◦C [17]. Jonsson [23] and Wong et al. [24] also found similar conclusions, namely that
the cool island effect of different types of green space differs obviously, trees provide the
highest, while the shrubs and the grass provide the lowest.

In addition, the characteristics of the green space also have a significant impact on
its cooling effect. Regarding green space’s morphology characteristics, many researchers
choose to use certain patch-level metrics to describe their configuration. For example, the
size (area) of patches has been found to provide a significant positive correlation with green
space cooling effect in all climate zones [10]. Based on a systematic review [25], the Shape
index (SHAPE) is one of the most frequently used 2D metrics. It is often analysed with
LST-related indicators, such as cooling intensity, cooling distance, and cooling gradi-
ent, typically through bivariate analysis methods such as correlation and OLS (ordinary
least squares) regression. The relationship between patch complexity and its cooling
effect, however, varies from scholar to scholar, and whilst some studies show positive
effects [17,26,27] others are negative [28,29]. A meta-analysis from Li et al. identified
consistent negative correlations between Shape index values and LST; however, the sample
size of these meta-analyses is very small (only 4–9 studies) [25]. Therefore, the relationship
between 2D metrics and the green space cooling effect still requires further research for
confirmation. On the other hand, the location of green spaces and the distance from the
urban centre also influence their cooling effect. A study in Beijing found that the cooling
benefits provided by green spaces varied across urban zones, with the middle-distance
zone demonstrating a markedly higher contribution compared to the inner and outer zones.
They attributed these differences to variations in the underlying surface structure and land
cover typical of urban versus rural areas [30].

Despite previous empirical research regarding the cooling effect outside green spaces,
an issue of conceptual and practical significance has remained inadequately understood;
although the relationship between the cooling effect of broadly green spaces on their
surrounding urban thermal environments and their characteristics has been extensively
explored through quantitative studies, further research is needed to understand how the
subtypes of green space influence this relationship. It remains unclear which specific
characteristics of different types of green spaces—such as parks, woodlands, or grasslands,
respectively, in urban or suburban areas—have the greatest impact on their cooling effect,
and to what extent. While the general correlations have been well established by previous
research, more detailed and refined studies are essential to provide targeted guidance for
urban and landscape design.

Given the knowledge gap mentioned above, this study aims to quantitatively investi-
gate how various characteristics of green spaces, including type, configuration (size and
shape), and location, (distance to urban centre—reflecting an urban–rural gradient), affect
their cooling effect. This study used green spaces in Sheffield, UK, as a case study. Based
on remote sensing data and Geographic Information System (GIS) analysis, this study
employed multiple metrics, such as cooling intensity, cooling extent, and comparisons with
baseline land surface temperatures, to examine the cooling impact of green spaces on the
surrounding built environment. The findings could provide targeted recommendations
for urban designers, landscape architects, and policymakers seeking to improve the urban
thermal environment and enhance residents’ thermal comfort.
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The structure of this manuscript is as follows. In Section 2 (Materials and Methods), we
introduce the study area (i.e., Sheffield) and its climatic context, the methods for acquiring
and processing remote sensing data, the approach to land cover identification, and the
method for analysing LST data. In Section 3 (Results and Discussion), we primarily analyse
and discuss the impact and extent of different green space types on their thermal effects, as
well as the relationship between landscape metrics and the intensity of these thermal effects.
Based on the findings of this study, practical suggestions for urban planners and landscape
practitioners were proposed. The conclusion of this study is presented in Section 4.

2. Materials and Methods
2.1. Study Area

The study was conducted in Sheffield, a city in the UK at a longitude of 1.47◦ W
and latitude of 53.38◦ N with a total area of 367.94 km2. Sheffield is known as one
of the greenest cities in the UK as per the NatWest Green Cities report with around
22,600 acres of green space [31]. As a city in a warm temperate climate region (Cfb),
according to Köppen-Geiger climate classification [6], Sheffield has an annual mean air
temperature of 9.5 ◦C and precipitation of 800.8 mm [32]. During an extreme heatwave, the
maximum air temperature reached 38.7 ◦C on 19 July 2022 [33].

2.2. Data Collection and Processing
2.2.1. Land Surface Temperature Retrieval

The research methodology utilised GIS (ArcMap 10.8) as a primary framework for
data collection and analysis. Remote sensing satellite imagery was used to create heat
maps, combining these with land cover datasets from Ordnance Survey maps (obtained
through the Digimap service for UK higher education [34]).

When selecting remote sensing datasets, the four types of resolution that need to
be considered are spatial, spectral, temporal and radiometric [35]. Spatial resolution is
important as highly detailed map data are needed to understand the correlation between
vegetation and heating. While various modes of satellite imagery are used for research,
such as MODIS, ASTER, LANDSAT, etc., Landsat mission datasets were used for this study
as they provide the highest resolution currently available and are the most used within
research papers [36]. While MODIS and ASTER provide thermal datasets at 1 km and 90 m
resolutions, respectively, Landsat 8 and 9 are collected at a 100 m resolution and frequently
resampled to a 30 m resolution. Whilst we recognise that this may potentially introduce
inaccuracies—it is a widely used practice which brings the significant benefit of increased
spatial resolution. Within the Landsat missions, Landsat 8 and 9 were preferred as these
datasets provide higher imaging capacity and are better geometrically and radiometrically
compared to previous versions [37].

Landsat imagery was downloaded from Earth Explorer on USGS (United States
Geological Survey) for peak summertime in 2023. Data were selected from mid-June
to mid-September for land cloud cover lower than 10%. Land cloud cover refers to the
percentage of cloud that is above land, excluding water bodies from the scene [38]. This
search returned LANDSAT8 data for 6 September 2023 at 10:57:52–10:58:24 with a cloud
cover of 2.08%, which were subsequently downloaded.

Heat maps are created using Band 10 of LANDSAT. To calculate heating maps, the
following equations are used.

TOA (L) = ML × QCAL + AL, (1)
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where
TOA—Top of Atmospheric spectral radiance;
ML—band-specific multiplicative rescaling factor (value for RADIANCE_MULT_BAND_10
obtained from the metadata file provided in Supplementary Materials);
QCAL—remote sensing raster image in tiff format for Band 10;
AL—band-specific additive rescaling factor (value for RADIANCE_ADD_BAND_10 ob-
tained from the metadata file).

BT = (K2/Ln((K1/L) +1)) − 273.15, (2)

where
BT—brightness;
K1—(value for K1_CONSTANT_BAND_10 obtained from metadata file);
K2—(value for K2_CONSTANT_BAND_10 obtained from metadata file);
L—TOA. Precisely 273.15 is subtracted to convert data from Kelvin to Celsius.

Please refer to Supplementary Materials for comprehensive details regarding the
metadata file used for the Landsat satellite imagery.

In terms of topography the landscape in Sheffield varies from the uplands and moor-
lands in the west to the lowlands in the south-east. Since this paper focuses on the urban
heat island effect and its relationship to green spaces, all datasets were clipped to the urban
boundary of Sheffield downloaded from The Open Geography portal of the Office for Na-
tional Statistics (ONS) (https://geoportal.statistics.gov.uk (accessed on 9 September 2024)).
This excludes rural areas that are a part of the Peak District National Park.

As urban morphology plays a vital role in the heating effect within cities, the research
was undertaken using discrete buffer zones of Sheffield based on distance. The main dense
urban settlements are concentrated within the city centre with urban density reducing as
one moves away from the city centre. Sheffield as a city works as a single core centre that
grows radially from the centre with the main urban density reducing as one travels further
away towards the suburbs (see Appendix A for details). This buffer approach is commonly
used in the wider literature in similar GIS-based analyses that operate at city-wide spatial
scales. To create these various zones, a point was placed at the town hall in the city centre
and was buffered to 2 km all the way to the suburban areas. Due to the variations in
urban structure within the first zone, this zone was further split into two zones of 1 km.
This first zone captures the corresponding area that is commonly perceived as the city
centre of Sheffield [39]. Therefore, the study area was divided into a total of 6 zones, as
shown in Figure 1. Further information (including topography, building height, and land
use, for example) that sets the zones in context can be found in Appendix A. Zones 5 and
6 in particular contain large amounts of undeveloped rural land; however, it should be
noted that our analysis excludes such areas, as only the urban land areas are included, as
shown in Figure 1.

2.2.2. Land Cover Identification

The dataset for parks was obtained from the council green space dataset with a to-
tal of 219 parks within the study area [40]. The woodland dataset was obtained from
the aggregation of two sources—Land Cover Map (LCM) data for 2023 [41] and the
council open green space data [40]. Of a total of 243 woodland areas—83 are under
the council dataset, 189 are from the LCM, and a total of 29 woodland polygons are
overlapping. LCM data for both coniferous and deciduous woodland were extracted
(including trees > 5 m high when mature, which form a canopy cover of >20% [42]) and
combined with the woodland data obtained from the council open green space data.

https://geoportal.statistics.gov.uk
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Comparison of areas defined as woodland by LCM against the base map is shown on
Figure 2. For grassland the dataset was extracted from LCM data, combining areas of arable
grassland, improved grassland, neutral grassland, semi-natural grassland, and heather
grassland, resulting in a total of 292 grassland polygons within the study area. The overall
accuracy of LCM 2023 Is reported as 83% [42].

 

Figure 1. Map showing temperature variation in Sheffield along with the different 2 km buffer zones.
Temperature variation here is brightness calculated through remote sensing imagery and is used to
understand areas that experience more heat.

Figure 3 shows the green space-type data for woodland, grassland, and parks for
the study area—the urban area of Sheffield. The boundaries of parks purposely overlap
with those of woodland and grassland due to definitions, as we sought to investigate the
differences between analysis that focused specifically on parks [8,20], compared to that
which focused on vegetation [17,22].
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Figure 2. Map showing overlap of woodland obtained from Land Cover Map (LCM) (shown in dark
green hatch) overlaid on the base map indicating green spaces (shown in light green). The three
purple circles show distances of 1 km (Zone 1), 2 km (Zone 2), and 4 km (Zone 3) from the city centre.
This provides an idea of how many of the green spaces are classified as woodland as per LCM.

The initial study is undertaken for the entire Sheffield urban area as a whole, after
which a more focused study is carried out for each of the six urban zones—focusing on the
relationship between size and shape with respect to heat.

2.3. Data Analysis
2.3.1. Computation of Landscape Metrics

To facilitate comparisons with relevant studies, this study utilised a frequently used
patch-level landscape metric, the Shape index (SHAPE) [25], to describe the shape complex-
ity of green spaces. It was calculated as

SHAPE =
pij

2
√

πAij

(3)
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where p is the perimeter of the green space, and A is the area of the green space [43,44].
For the SHAPE, when the value increases, it indicates that shape complexity is increas-

ing. When the SHAPE = 1, this means the shape of the green space is a circle.

 

Figure 3. Map showing heating areas of parks, woodland, and grassland within Sheffield.

2.3.2. Calculation of Cooling Effects

Three quantitative indicators, including cooling intensity, cooling extent, and com-
parison with baseline temperature, were employed in this study with the following two
considerations: Firstly, these indicators can help quantitatively describe the cooling effect of
a green space on the surrounding environment, aligning with our research aim. Secondly,
these are commonly used in relevant studies [26,27,29,45] and can facilitate comparison
and analysis with the results of similar research. The cooling intensity (some studies use
the term UCI (Urban Cool Island) intensity [26]), is shown in Figure 4 and is defined as the
temperature difference between the temperature of the edge of the green space and the
temperature at the first temperature drop point [27]. Cooling distance (which some studies
call UCI extent [26], is shown in Figure 4) is the distance between the edge of the green
space and the first turning point of the temperature drop compared with the green space’s
temperature, which represents how far the cooling effect of the green space can influence
the surrounding urban environment [29,45]. To calculate the above-mentioned indicators,
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the LST within a 500 m radius around the green space was examined, with measurements
taken at 50 m intervals.

 

Figure 4. The illustration of cooling intensity and cooling extent (adapted by [10,46]).

Thirdly, to calculate an expected comparator, estimating the temperature without the
green space, the temperature for each 50 m interval was compared against the other areas
within the zone that were outside the green space buffer. This is shown below in Figure 5,
which shows the difference between the base temperature calculation for the interval
0–50 m ((average temp of park + average temp of 50 m) – average temp of remaining site)
and 150 m ((average temp of park + average temp of 150 m) – average temp of remaining site).

 
(a) (b) 

Figure 5. Map showing how base temperature is calculated for Zone 1. (a) Temperature base study
for 50 m; (b) temperature base study for 150 m. The dark green areas are parks, the varying buffer
distances of these are shown in green hatch, whilst the comparison baseline temperature is calculated
based on the remaining areas in the zone as shown within the yellow circle with a purple outline.

2.4. Limitations and Assumptions of the Study

One main limitation for heat maps is the availability of high spatial resolution datasets.
Currently heat maps are only available at a 100 m resolution through LANDSAT, which
are then resampled to 30 m [37]. This downscaling of resolution can potentially create
gaps in data readings. The use of 30 m resolution images makes it difficult to reflect the
complex internal structure of urban green spaces, lacks classification accuracy verification,
and is prone to systematic errors. Whilst we appreciate that the resampling may potentially
introduce inaccuracies, the practice is widely used and brings the significant benefit of
increased spatial resolution.
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We acknowledge that our research investigates a single city at one time point and
therefore lacks multi-temporal and cross-regional exploration. We did, however, compare
the spatial pattern of LST between our single day (6 September 2023) and that for the entire
summer period (1 June 2023 to 31 August 2023) and found a strong association (R-squared
of 90%)—justifying our data. This single day was specifically selected as the hottest day of
the year, and is therefore in the light of climate change likely to reflect important human
health implications.

3. Results and Discussion
3.1. The Impact of Green Space Type
3.1.1. Land Cover Patterns of Woodland, Grassland, and Parks

Table 1 compares the temperature gradients over distance from parks, woodland,
and grassland. Overall it shows that woodlands appear to provide a larger impact in
terms of distance and intensity followed by grassland and then parks. It also highlights
that differences in temperature with distance are unsurprisingly greater at relatively short
distances and by 200 m only relatively small distance effects are evident (of the order
of under 0.2 ◦C). This is aligned with the findings of Doick et al., who observed that in
London there was an exponential decrease in the extent of cooling as the distance from the
greenspace increases [16]. Whilst parks and woodland appear to be having greater effects
overall, woodland appears to have considerably longer distance decay effects in LST [16].
The full individual results of this research can be found in the Supplementary Materials.

Table 1. Average land surface temperature effects by distance and type of green space.

Distance from
Green Space

Park Mean
Temperature (◦C)

Park Distance
Decay Effect (◦C) 1

Woodland Mean
Temperature (◦C)

Woodland
Distance Decay
Effect (◦C) 1

Grassland Mean
Temperature (◦C)

Grassland
Distance Decay
Effect (◦C) 1

Inside greenspace 28.07 N/A 27.38 N/A 28.51 N/A

0–50 m 29.11 1.04 28.00 0.62 28.99 0.48

50–100 m 29.54 0.43 28.67 0.67 29.41 0.42

100–150 m 29.86 0.32 29.28 0.61 29.74 0.33

150–200 m 29.97 0.11 29.68 0.40 29.97 0.23

200–250 m 29.99 0.02 29.92 0.23 30.11 0.14

250–300 m 29.99 0.00 30.02 0.10 30.21 0.10

300–350 m 29.99 0.01 30.11 0.09 30.25 0.04

350–400 m 29.98 −0.01 30.20 0.09 30.21 −0.04

400–450 m 29.99 0.01 30.23 0.03 30.19 −0.02

450–500 m 29.99 0.00 30.31 0.08 30.35 0.15

1 difference in temperature compared to previous distance temperature; for example, the difference for 200–250 m
compares the mean temperature for 200–250 m with the temperature at a distance of 150–200 m.

From Figure 6, it can be seen that the LST of woodland and its surrounding environ-
ment is consistently the lowest among the three types of green spaces, particularly within
a relatively close distance to green spaces. This is supported by the findings of Schwaab
et al. by comparing LST and land cover data across 293 European cities, which found that
tree-covered urban green spaces have a cooling effect that is 2–4 times higher than that of
treeless urban green spaces [47]. Findings from many similar studies around the world also
support this [17,29,48,49]. However, it is worth noting that when comparing the differences
regarding the extent to which woodland and grassland reduce LST across different studies,
attention should be paid to how woodland and grassland are defined in each study. For
example, in the study by Yang et al. (2020), woodland/grassland is defined as having more
than 80% tree or grassland cover [17]. In contrast, in this study, woodland is characterised
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as an area of land with over 20% tree cover consisting of trees higher than 5 m. Grassland
is defined as an area dominated by grasses and other herbaceous plants [42]. For this study
all woodlands have been combined under one category and a similar method has been
undertaken for grassland.

 

Figure 6. Graph showing temperature difference for each green space type (including standard
error bars).

The stronger cooling effect of woodlands compared to grasslands may be due to the
following reasons: Firstly, trees have broad canopies that can cast large areas of shade. For
example, in Sheffield, mature trees of common species such as Quercus robur (English
oak) can have canopy widths reaching up to 8 m [50]. The canopy shading reduces direct
solar radiation reaching the ground, thereby effectively lowering surface temperatures.
Additionally, due to their greater height (mature height of between 20 and 40 m for Quercus
robur [51]), trees can cast a larger area of shade, particularly when the sun is low in the sky
in the late afternoon. In contrast, grasslands—where the height of the grass is approximately
between a few dozen centimetres and about one metre [52]—offer minimal shading and
therefore have a limited direct impact on surface temperature. Secondly, compared to
grasslands, woodlands have a more complex, multi-layered ecological structure, including
trees, shrubs, and herbaceous plants. This results in a greater overall leaf area. The leaf
area index (calculated as the total area of green leaves divided by the total ground area
they cover) of woodlands can reach approximately 5 in summer—in a broadleaf woodland
at Risley Moss Nature Reserve, Lancashire, UK [53]—while for grasslands in the UK it
is typically around 1 [54]. A larger leaf area enhances transpiration, which contributes
significantly to cooling.

3.1.2. Distance from the Urban Centre

Figure 7 builds on the previous outputs by also including the distance from the urban
centre that demonstrate changes within the urban–rural gradient. It shows temperature
effects over both distance and within the three different types of urban green space within
the six zones of increasing distance from the urban centre. Figure 7 shows strong trends
of lower average temperatures further away from the city centre (through the zones).
For woodland, it particularly highlights the contrast in temperatures between inside a
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woodland and within 0–50 m—perhaps indicating the large local effects in terms of cooling.
The modest sample sizes within Zone 1 give rise to large standard errors—particularly
for woodland.

(a) 

(b) 

(c) 

Figure 7. Graphs showing land surface temperature differences for each zone for each green space
type: (a) woodland; (b) grassland; (c) park.

Differences in temperature are particularly stark between Zone 1 and Zone 2 for parks.
It should be stressed that park green space is a management concept. In Sheffield, parks
are categorised by the Sheffield City Council into three types based on different catchment
areas: city parks, district parks, and local parks [55]. When looking at distance, the cooling
effect by parks can be experienced to approximately 150 m, with an intensity of around
1.9 ◦C, post which the difference is negligible. This, however, varies from zone to zone.
Within Zone 1 there is a modest impact with a difference of 0.7 ◦C created by parks while a
larger impact can be seen in Zone 2 with 1.7 ◦C. One of the main reasons for this is likely to
be due to the composition of soft and hard surfaces of parks. Parks within Zone 1 are only
18.49% green while other zones have a green composition of higher than 30%—reducing
cooling opportunities through NBS. The exact composition can be seen in Table 2. This
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demonstrates the importance of utilising the most appropriate units of analysis, whereby
for land surface temperature analysis, vegetation coverage rather than park boundaries
should be sought.

Table 2. Detailed information about parks located in different urban zones.

Zones No. of Parks Total Park Area (m2)
Area of Greenness (NDVI
of 0.7 and over)

Percentage of Greenness
(NDVI of 0.7 and over)

Zone 1 12 64,323.78 11,892.68 18.49%

Zone 2 28 976,571.66 428,136.40 43.84%

Zone 3 73 2,734,668.67 1,165,082.65 42.60%

Zone 4 68 3,376,071.25 1,881,841.34 55.74%

Zone 5 24 454,773.13 166,597.43 36.63%

Zone 6 42 583,412.15 189,183.52 32.43%

Although Zone 4 has the highest area and percentage of green cover, Zone 2 seems
to be exhibiting the largest impact in terms of decreases in LST. Other factors such as
urban density along with the type of greenness could be potential factors that make a
difference, whether these are woodlands or grasslands. This will be explored further in the
following sections.

3.1.3. Cooling Effects—Cooling Intensity Approach

In this study, for woodland and grassland, the cooling intensity in Zone 1 is the
strongest (see Figure 8). This may be because the level of building cover in the city centre is
relatively high (in Zone 1, the building coverage is 29.94%, significantly higher than Zone
2′s 19.78%, and approximately 16%~17% in the other zones—as shown in Appendix A),
resulting in higher LSTs [56]. Therefore, the temperature difference between the green
space and its surroundings tends to be larger. However, unlike woodland and grassland,
the cooling intensity of parks is strongest in Zone 3, followed by Zone 2 (see Figure 8).
This may be due to two reasons. First, the size and dominant ground surface materi-
als of parks in different zones may vary. Parks in Zone 1 are located in the city centre,
where they are usually smaller in size and have more impervious surfaces, whereas parks
in Zones 2 and 3 may be larger and have greater tree and grass coverage, resulting in
stronger cooling intensity. Second, the high building density in the city centre (i.e., Zone
1) reduces wind speed, thereby limiting the extent and strength of the ‘park breeze’ effect
spreading into the surrounding built environment. At the same time, we also found that,
regardless of the type of green space, the cooling intensity in Zones 5 and 6 is relatively
weak. This may in part be influenced by the surrounding rural areas affecting temperatures
within the urban study area—which is predominately an effect only in Zones 5
and 6 (as evident in Figure 1). Although the green spaces in suburban areas tend to
be larger in size, the surrounding built environment has a relatively low density, resulting
in lower LSTs. As a result, the temperature difference between the green space and its sur-
roundings there is not significant. However, this finding is contrary to that of An et al. [57],
who, through their analysis of the LST of green spaces and their surroundings in Beijing,
concluded that the green spaces within the Fifth Ring Road area exhibited a better cooling
effect than those within the Second and Third Ring Road areas. They attributed this to the
higher daytime LST in the central areas, suggesting that green spaces there have a stronger
cooling impact on the surrounding areas compared to those in the central areas [57].
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Figure 8. The cooling intensity of three types of green space: (a) woodlands; (b) grasslands; (c) parks.

In relation to parks, Algretawee et al., based on field measurements of 27 parks in
Melbourne and the surrounding urban environment’s LST, found that the closer a park
is to the city centre, the stronger its cooling influence on the surrounding city compared
to parks located farther from the city centre, which may reflect the fact that LSTs are
inherently higher in those areas [58]. However, our findings differ somewhat from their
conclusions, as we did not observe a clear correlation between cooling intensity and the
distance between parks and the city centre. For example, we found that parks located
in Zones 5 and 6 had the weakest cooling intensity, which aligns with the conclusion of
Algretawee et al. [58]. However, we also observed that parks in Zone 1 had a lower cooling
intensity than those in Zones 2, 3, and 4 (with a difference of 0.65–1.58 ◦C). This may be
due to the significantly smaller size and lower green coverage of parks in Zone 1 (area from
210.85 to 26,834.70 m2; green coverage 18.49%), which could limit their ability to cool the
surrounding urban environment.

Regarding park cooling intensity, Algretawee et al. measured that parks located within
the 0–3 km ring from the city centre had a mean maximum PCI (Park Cool Island, defined
as the difference between the LST at the measurement points outside the park and the
LST at the park boundary) of up to 8.3 ◦C, whereas parks farther from the city centre
(3–9 km) only reached around 6.2–6.3 ◦C [58]. The Park Cool Island values of parks
measured in that study are much higher than in the present study (cooling intensity
0.82–3.21 ◦C in Zone 1–6), mainly due to differences in the research method and the
accuracy of LST measurement [58]. Their study measured LSTs at a few specific points
using a temp gun, so the thermal properties of the underlying surface materials at those
points (asphalt road surfaces in the measuring photos) had a significant impact on the
results. While in contrast, the present study uses remote sensing to obtain LST over a
large area.

In relation to woodland and grassland, Schwaab et al. undertook a remote sensing
study and found that the temperature differences between rural forests and continuous
urban fabric (similar to our concept reflecting distances from the urban centre) closely
resemble the temperature differences between urban trees and urban fabric [47]. They
suggest that higher background air temperatures and LSTs may be the reason for higher
rates of plant transpiration and cooling in urban woodlands. However, increasing water
stress due to insufficient soil volumes may lead to reduced cooling in urban areas. Our
findings in Sheffield are similar to those from Central Europe (especially Scandinavia),
where the cooling effect of urban woodlands is stronger than that of more rural woodlands.
Jonsson stated that the vegetation in the city acts to reduce the temperature through
evapotranspiration [23]. While the rural flourishing vegetation and the increased soil
moisture and heat capacity hinder the temperature from falling during summer. Whereas
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in Turkey, rural forests show a greater cooling effect on LST compared to urban trees. This
difference may be due to variations in regional climates, differences in plant transpiration
rates, and the differing albedo of urban surfaces. Additionally, unlike previous studies,
we found that small-sized woodlands in Zones 4–6 exhibited a phenomenon where the
LST within a certain distance was actually slightly higher than that of the surrounding
urban environment. For example, for small woodlands located in Zone 4, the LST at
0–50 m from the woodland was 0.24 ◦C lower than inside the woodland itself. We believe
this phenomenon may be related to the layout of the woodland. For instance, parking lots
at the entrance of a woodland may be included within its boundaries, but the low-albedo
surface materials there could raise the overall average LST of the woodland. This may also
explain why some studies, after broadly classifying green spaces as woodland or park,
further visually categorise and analyse the land cover within the green space.

Regarding grassland, our findings in Sheffield differ from those in Turkey [47]. In
Turkey, treeless urban green spaces exhibit greater cooling effects compared to rural pas-
tures, which may be due to irrigation. Although some studies have already shown that
irrigation has a limited effect on urban trees in Europe, distinguishing temperature and
transpiration differences between urban and rural vegetation remains challenging.

3.1.4. Cooling Effects—Cooling Comparison with Baseline Approach

Figure 9 uses a different approach to measure the cooling effect, comparing the tem-
perature within the green space buffer compared against a comparator area without a green
space (as a baseline). This was only undertaken for woodland in order to test the robustness
of previous findings—as we found woodland was the green space type with the greatest
potential to reduce LST (individual plots for each zone can be found in Appendix B). The
distance decay effects across all zones are clear—with larger temperature differences close
to woodland and with less effect further away—with only modest gains by a distance
of 200–250 m (although there is still an effect out to 400 m across most zones). Whilst
the greatest cooling effects were evident in Zone 1 (the city centre), caution should be
applied due to the very modest sample sizes within Zone 1. Across the zones, the cooling
effect within 50 m (where there is the largest effect) was a reduction in temperature of
between 1.30 and 4.40 ◦C. This is in line with the previous findings of this research (cooling
intensity of 0.82–3.21 ◦C).

3.2. Landscape Metrics

Many studies have found that AREA and SHAPE are both negatively correlated with
the LST of the built-up areas [46,59], i.e., positively correlated with the cooling effect of
green spaces. In the review article by Li et al., the meta-analysis shows that the SHAPE and
LST statistics have consistent negative correlations with Pearson correlation coefficients
ranging from about −0.5 to −0.1 [25]. However, Yang et al. stated that there is no significant
correlation between the mean SHAPE value of blue-green spaces and their average cooling
extent and intensity [17]. The reason for this discrepancy may be that Yang et al.’s study
considered green spaces and water bodies together, even though the cooling mechanisms
of the two are significantly different.

3.2.1. Landscape Metrics—Cooling Intensity Approach

Table 3 shows the sample size of woodland polygons when broken down by both size
(area) and SHAPE. When looking into the impact both size and shape have in terms of
cooling, size seems to create a much larger impact as opposed to the Shape index. Our
findings are generally consistent with previous research, but there are some differences
across the zones. As shown in Table 4, woodlands located in Zones 1 to 4 and Zone
6 exhibited a clear trend: the larger the Shape index, the stronger the cooling intensity.
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However, in Zone 5, the trend was somewhat different—woodlands with a small shape
index showed a higher cooling intensity than those with a medium shape index. Therefore,
we believe that when examining the relationship between landscape metrics and the cooling
effect of green spaces, it is important to conduct a breakdown analysis based on the location
of the green spaces within the city (i.e., whether they are in urban or suburban areas). The
correlation between the SHAPE and cooling effect is more pronounced for woodlands
located in urban areas. Regarding woodland size, woodlands in almost all zones (except
Zones 2 and 3) show a clear trend: the larger the area, the stronger the cooling intensity
(Table 5). This is consistent with previous research [17].

Figure 9. Graph showing comparison of cooling effect against baseline for the six zones of distance
from the urban centre.

Table 3. The number of woodlands in different categories.

Small Shape Index
(1.09–1.35)

Medium Shape Index
(1.36–1.81)

Large Shape Index
(1.82–6.40)

Small Size (360.33–6566.44 m2) 46 24 6

Medium Size (6566.45–36,205.04 m2) 30 41 13

Large Size (36,205.05–6,765,856.04 m2) 3 18 62

Table 4. The cooling intensity of woodlands across different zones and shape index categories (◦C).

Zone 1 Zone 2 Zone 3 Zone 4 Zone 5 Zone 6

Small shape index 0.00 1.45 1.72 0.86 1.49 1.51

Medium shape index / 2.41 2.51 1.57 1.25 2.15

Large shape index 4.75 2.41 2.70 2.86 2.50 2.94

Table 5. The cooling intensity of woodlands across different zones and size categories (◦C).

Zone 1 Zone 2 Zone 3 Zone 4 Zone 5 Zone 6

Small area 0.00 2.13 1.68 0.40 0.58 1.40

Medium area 4.56 1.96 1.33 1.00 1.68 2.20

Large area / 3.31 2.83 2.79 2.41 2.89
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When comparing the metrics AREA and SHAPE, many scholars believe that the area of
green space has a greater impact on LST. Chen et al. suggested that the area of green space
is the most important landscape metric for predicting LST, second only to the vegetation
index (richness of vegetation), while the role of the SHAPE is minimal [60]. Huang et al.
stated that, compared to the quantity and shape of green spaces, changes in the largest
area are the key factor influencing regional LST [61]. Also, some scholars also believe
that the area of green spaces is significantly positively correlated with their cooling extent
within a certain range. However, once the area exceeds a certain threshold, size is no
longer the primary factor influencing the cooling extent. For example, Yan et al., through
a study on the cooling extent of urban parks, identified 30 hectares as a critical threshold.
Parks smaller than 10 hectares had a cooling extent of only about 120 m, whereas parks
larger than 30 hectares could provide a cooling extent of approximately 480 m between
June and August [62].

3.2.2. Landscape Metrics—Cooling Distance Approach

Analysis is needed that compares the effects of both size and shape together—to
determine which factor exerts the greatest effect. Table 6 uses woodlands as an example
to show the LST inside and outside the green spaces, as well as their difference. For
woodlands of the same shape index category (i.e., small, medium, or large), the general
trend is that the larger the area, the stronger the cooling effect. This point is also mentioned
in the meta-analysis on urban parks—the larger the park area, the better its cooling effect [9].
Gunawardena et al. stated that the significance of scale could be attributed to increased
potential of the park breeze system [63], either due to an increased temperature gradient
or else increased fetch (length of area over which a given flow has contact) for smaller
scale parks. In addition, compared to the differences between shape-based groups, the
differences in cooling effect between size groups were greater [63]. This indicates that the
influence of woodland area on the cooling effect is more significant than that of shape.

Table 6. Land surface temperatures inside and outside of the woodlands (up to 2500 m) and
their differences.

(a) Average land surface temperature in woodland (◦C)

Size:

Small Medium Large

Shape index: Small 28.44 28.25 28.65

Medium 28.85 28.52 26.99

Large 28.58 28.46 27.05

(b) Average land surface temperature within distance bands up to 250 m woodland (◦C)

Size:

Small Medium Large

Shape index: Small 28.58 29.13 29.08

Medium 29.27 29.31 28.81

Large 28.65 29.18 28.83

(c) Difference in land surface temperature (◦C), with the sample size in brackets

Size:

Small Medium Large

Shape index: Small 0.14 (46) 0.88 (30) 0.43 (3)

Medium 0.41 (24) 0.79 (41) 1.82 (18)

Large 0.08 (6) 0.72 (13) 1.78 (64)
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Among woodlands of medium and large sizes (i.e., areas over 6566.45 m2 or 6.6 ha),
there is a clear negative correlation between shape index and area—meaning that the
more regular (less complex) the woodland shape, the stronger its cooling effect within the
surrounding 50 m buffer. Generally, there was an iterative increase in the cooling effect
of woodland with increasing size—irrespective of the shape of the woodland. The only
exception was for large woodlands with small shapes, but here the sample size was only
three instances and so should be treated with caution. There was no clear pattern for shape
when size was considered and accounted for. Zhou et al. found, based on green space
analysis in Nanjing, that the cooling effect can be enhanced by increasing area and reducing
shape complexity, but only within certain thresholds—area increases improve cooling when
below 10 ha, while shape simplification is effective for green spaces larger than 5 ha [64].

3.3. Practical Suggestions for Urban Planners and Landscape Designers

This study provides practical suggestions for urban planners, landscape designers,
and policymakers. Firstly, whilst not the focus of our work, findings highlight potential
social justice issues in relation to green space cooling effects. Previous work has identified
that more deprived areas in Sheffield tend to lack larger high-quality green spaces [65] and
more widely within England—deprived areas have lower tree canopy cover [66]. Given
that findings of this work place a particular importance on the size of green space and on
wooded areas for surface temperature reductions, it is likely that deprived areas will be
disproportionately disadvantaged. Future work should seek to explicitly investigate these
important relationships.

In urban planning, where possible, our work recommends placing large green spaces
closer to the city centre should be prioritised to maximise the cooling effect. The planning
of Central Park in New York, Hyde Park in London, and Olympic Forest Park in Beijing are
examples worth referencing. Of course, from a practical perspective, it may not be feasible
to create large green spaces in already built-up city centres. However, even small-scale
green spaces—such as pocket parks or sitting-out areas with vegetation cover—can still
help improve the urban outdoor thermal environment to some extent and are therefore
worth promoting.

Furthermore, in green space landscape design, tree canopy cover should be regarded
as an important metric to enhance the cooling effect of green spaces. At present, many
urban green space policies primarily emphasise the concept of “green cover”; that is,
vegetation coverage area [67]. For example, the City of Sydney aims to achieve 40% green
cover across the local area, including proposed targets of 86% for parks [68]. However, our
research indicates that green spaces with substantial tree canopy cover differ significantly
from grasslands in terms of cooling intensity and extent. Previous work has identified
large disparities in tree coverage within urban centres within Great Britain [69], with a
lack of trees, and greenery more generally in deprived northern city centres. With our
work highlighting the importance of urban tree coverage for urban heat island effects, such
spatial inequalities raise important issues around social justice. Therefore, it is imperative
to further quantify tree canopy cover in green space policies and design guidelines.

3.4. Future Work and Limitations

The core limitation of the research rests with the resolution of the data (100m resampled
to 30m), which have been discussed in Section 2.4. Higher resolution datasets will be made
available in the future as the new satellites HotSat-2 and -3 are launched later in 2025
(building on HotSat-1 that was only operational from June to December 2023 and no UK
data was available). HotSat will provide data at a 3.5 m resolution facilitating more accurate
analysis [70]. Whilst we acknowledge that our paper focuses on a single city and one time
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point and therefore lacks multi-temporal and cross-regional exploration, future research
should seek to explore temporal patterns.

Regarding theoretical simplification in this study, it is assumed that urban morphology
changes uniformly with increasing distance from the city centre. While urban density
generally decreases as one moves away from the city centre, this decline does not occur
in a uniform pattern. In future research, we will explore the non-uniform variations in
urban and rural density more thoroughly. It should be noted that in particular Zones 5
and 6 contain large amounts of surrounding rural areas which are likely to influence the
temperatures of nearby adjacent urban areas in the study area within our findings. Future
work should explore and incorporate the temperature effects of these surrounding areas. In
terms of land use, this research has only taken into consideration three types—woodland,
parks. and grassland. Future research could potentially investigate other land uses and
combinations of them. In particular, future work should seek to explore how the combi-
nation of green space and land use affects the regulatory effect of surface temperature;
especially how the spatial distribution and interactions affect surface temperature regula-
tion. We acknowledge that in future work, the inclusion of more comprehensive grey space
related variables combined with green space modelling could help to improve the overall
understanding of the urban thermal environment.

4. Conclusions
This study aimed to quantitatively investigate the impact of green space charac-

teristics—including type, area, shape, and location—on their cooling effect in Sheffield,
UK, using ground surface temperature data obtained through remote sensing. Three types
of green space were included: urban parks, woodlands, and grasslands. Various cooling
indicators were used, including cooling intensity, cooling extent, and the temperature
difference relative to the urban baseline, to explore the cooling characteristics of temperate
green spaces.

Regarding green space type, the study found that woodlands had a significantly
stronger cooling effect compared to urban parks and grasslands, with higher cooling
intensity (up to 2.93 ◦C) and a broader cooling extent (up to 500 m from the woodland
boundary). Compared to urban parks (1.92 ◦C, 200–250 m), grasslands had slightly lower
cooling intensity (1.74 ◦C) but a longer cooling extent (300–350 m). Regarding the location
of green spaces within the city, the study found that for all green space types, those located
near the city centre exhibited the strongest cooling intensity. In contrast, green spaces
located further away (approximately 4–8 km from the city centre) showed a significantly
weaker cooling intensity. For shape characteristics such as area and form, the study used
the SHAPE to quantify the complexity of green space patches. Combining this with spatial
location analysis, it was found that green spaces closer to the city centre showed a clear
positive correlation between their area/shape complexity and their cooling effect. However,
this relationship was much weaker for green spaces located in suburban areas.

The findings of this study represent an important step toward understanding the
cooling effects of urban green spaces in temperate oceanic climate cities, offering planning
and design guidance for practitioners in the UK and similar climate zones. The innovation
of this manuscript lies in its inclusion of the specific urban location of green spaces in
the analysis, further clarifying the relationship between green space cooling performance
and urban context. Policymakers should note particularly the significance of green space
provision at the edge of city centre locations (1–2 km from the centre) as a means to
influence wider city cooling. In future research, a more comprehensive spatiotemporal
analysis should be conducted, covering a longer time span, incorporating green space
development over time, and including comparative studies with surrounding cities.



Land 2025, 14, 2284 20 of 29

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/land14112284/s1.

Author Contributions: Conceptualization, R.V., Z.L., and P.B.; Methodology, R.V., Z.L., and P.B.;
Software, R.V.; Validation, R.V., Z.L. and P.B.; Formal Analysis, R.V., Z.L., and P.B.; Investiga-
tion, R.V. and Z.L.; Data Curation, R.V.; Writing—Original Draft Preparation, R.V., Z.L., and P.B.;
Writing—Review and Editing, R.V., Z.L., and P.B.; Visualisation, R.V. and Z.L. All authors have read
and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Data Availability Statement: The core (surface temperature) data presented in the study are
openly available through the U.S. Geological Survey—https://earthexplorer.usgs.gov/ (accessed on
6 July 2025). Land cover data were collected from two sources: Land Cover Map (LCM) data for
2023 and Sheffield City Council Parks and countryside open green space data as detailed within the
manuscript Section 2.2.1.

Conflicts of Interest: The authors declare no conflicts of interest.

Appendix A
Appendix A contains material to help the reader understand the context of the six

Zones used within this analysis and the city of Sheffield, UK more generally. It contains
a number of maps (showing topography, land use, and levels of vegetation) and tables
(building heights and land use).
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Figure A1. Map of the topography of the site, the city of Sheffield (height above sea level in metres)
(© OS Terrain® 50, 2025). The red outline depicts the urban area of Sheffield as used in the research.
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Figure A2. Map of the land use of the site, the city of Sheffield (© GeoInformation Group Limited, 2025).
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Figure A3. Map of the vegetation of the site, the city of Sheffield, using the Normalised Differ-
ence Vegetation Index—showing the health of vegetation (scaled from +1 very healthy vegetation
to −1 non-vegetated).
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Table A1. Building height and size by zone.

Zone Number of
Buildings

Area Covered by
Buildings (%)

Average Building
Size (sq m)

Buildings per
Hectare

Mean Building
Height (m)

Median Building
Height (m)

1 2717 29.9 346.2 8.6 11.3 9.6

2 16,153 19.8 115.4 17.1 8.6 9.1

3 73,015 17.1 82.9 20.6 7.9 8.7

4 86,029 16.7 81.3 20.5 7.0 8.0

5 32,946 16.5 81.7 17.0 6.9 7.9

6 38,383 17.0 85.0 20.0 6.8 7.5

Table A2. Building land use in Sheffield by zone (© GeoInformation Group Limited, 2025).

Buildings in Zone 1 Buildings in Zone 2 Buildings in Zone 3 Buildings in Zone 4 Buildings in Zone 5 Buildings in Zone 6

Building
Land Use Count % Share Count % Share Count % Share Count % Share Count % Share Count % Share

Agricultural 0 0.0 0 0.0 27 0.0 62 0.1 40 0.1 76 0.2

Commercial—
derelict 44 1.6 70 0.4 61 0.1 21 0.0 7 0.0 6 0.0

Commercial—
mixed use 404 14.5 677 4.2 1121 1.6 595 0.7 285 0.8 267 0.8

Complex use 125 4.5 82 0.5 114 0.2 28 0.0 19 0.1 10 0.0

Defence 0 0.0 0 0.0 13 0.0 0 0.0 4 0.0 0 0.0

Educational 90 3.2 179 1.1 393 0.5 241 0.3 111 0.3 97 0.3

Emergency
services 4 0.1 2 0.0 16 0.0 6 0.0 13 0.0 14 0.0

Governmental 14 0.5 3 0.0 10 0.0 11 0.0 2 0.0 4 0.0

Health 8 0.3 77 0.5 154 0.2 43 0.1 22 0.1 19 0.1

Industry 0 0.0 20 0.1 62 0.1 131 0.2 32 0.1 112 0.3

Institutional
accommodation 24 0.9 20 0.1 76 0.1 22 0.0 8 0.0 10 0.0

Office 187 6.7 79 0.5 166 0.2 94 0.1 29 0.1 30 0.1

Petrol station 6 0.2 7 0.0 23 0.0 20 0.0 3 0.0 11 0.0

Recreation and
leisure 43 1.5 422 2.6 1129 1.6 961 1.2 394 1.1 249 0.7

Religious 34 1.2 46 0.3 175 0.2 97 0.1 63 0.2 48 0.1

Residential 1000 35.9 12,675 79.3 62,786 87.3 74,872 91.3 32,990 92.1 32,654 93.0

Residential with
retail below 8 0.3 0 0.0 0 0.0 6 0.0 3 0.0 0 0.0

Retail 326 11.7 336 2.1 596 0.8 451 0.6 143 0.4 200 0.6

Retail below
office or
residential

251 9.0 503 3.1 1361 1.9 720 0.9 178 0.5 98 0.3

Retail with
extensions 7 0.3 6 0.0 2 0.0 13 0.0 0 0.0 0 0.0

Transport 28 1.0 11 0.1 6 0.0 14 0.0 14 0.0 8 0.0

Unknown 174 6.3 740 4.6 3555 4.9 3543 4.3 1375 3.8 1198 3.4

Utilities 5 0.2 17 0.1 78 0.1 24 0.0 75 0.2 14 0.0

Warehousing 0 0.0 0 0.0 4 0.0 12 0.0 0 0.0 0 0.0

Warehousing
with office 0 0.0 2 0.0 1 0.0 0 0.0 0 0.0 1 0.0

TOTAL 2782 100.0 15,974 100.0 71,929 100.0 81,987 100.0 35,810 100.0 35,126 100.0

Appendix B
Appendix B contains individual plots for woodland by each zone comparing LST

between observed and expected baseline conditions.
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Figure A4. Zone 1 cooling comparison with baseline.

Figure A5. Zone 2 cooling comparison with baseline.

Figure A6. Zone 3 cooling comparison with baseline.



Land 2025, 14, 2284 26 of 29

Figure A7. Zone 4 cooling comparison with baseline.

Figure A8. Zone 5 cooling comparison with baseline.

Figure A9. Zone 6 cooling comparison with baseline.
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