

  land-10-01367




land-10-01367







Land 2021, 10(12), 1367; doi:10.3390/land10121367




Article



Integrating Quantity and Quality to Assess Urban Green Space Improvement in the Compact City



Shanshan Chen 1,*, Dagmar Haase 1,2[image: Orcid], Bing Xue 3,4[image: Orcid], Thilo Wellmann 1[image: Orcid] and Salman Qureshi 1[image: Orcid]





1



Institute of Geography, Humboldt Universität zu Berlin, Rudower Chaussee 16, 12489 Berlin, Germany






2



Helmholtz Centre for Environmental Research–UFZ, Department of Computational Landscape Ecology, 04318 Leipzig, Germany






3



Key Lab for Environmental Computation and Sustainability of Liaoning Province, Shenyang 110016, China






4



Key Lab of Pollution Ecology and Environmental Engineering, Institute of Applied Ecology, Chinese Academy of Sciences, Shenyang 110016, China









*



Correspondence: chenshan@hu-berlin.de or sschen3929@hotmail.com







Academic Editor: Piyush Tiwari



Received: 1 November 2021 / Accepted: 8 December 2021 / Published: 11 December 2021



Abstract

:

Urban green space (UGS) has gained much attention in terms of urban ecosystems and human health. Measures to improve green space in compact cities are important for urban sustainability. However, there is a knowledge gap between UGS improvement and planning management. Based on the integration of quantity and quality, this research aims to identify UGS changes during urban development and suggest ways to improve green space. We analyse land use changes, conduct a hotspot analysis of land surface temperature (LST) between 2005 and 2015 at the city scale, and examine the changes in small, medium and large patches at the neighbourhood scale to guide decision-makers in UGS management. The results show that (i) the redevelopment of urban brownfields is an effective method for increasing quantity, with differences depending on regional functions; (ii) small, medium and large patches of green space have significance in terms of improving the quality of temperature mitigation, with apparent coldspot clustering from 2005 to 2015; and (iii) the integration of UGS quality and quantity in planning management is beneficial to green space sustainability. Green space improvement needs to emphasize the integration of UGS quantity and quality to accommodate targeted planning for local conditions.
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1. Introduction


Sustainable Development Goal 11 of the United Nations (UN) 2030 Agenda emphasizes making cities and human settlements inclusive, safe, resilient, and sustainable [1]. Urban green space (UGS) plays a crucial role in urban human habitats, which are expected to support 68% of the world population by 2050 [2]. With the acceleration of urban problems, such as air pollution, urban flooding, urban heat, and human health crises, the need for UGS improvement to maintain human wellbeing and support urban ecosystems has increasingly been recognized [3,4].



UGS improvement has been discussed temporally in terms of a triad of concepts, namely, “nature in cities”, “nature for cities”, and the “nature of cities” [5], and spatially at the global, city and neighbourhood scales. UGS is generally defined as a space covered with vegetation and as the basic infrastructure of cities; it can take multiple forms, such as public parks, urban forests, community gardens, cemeteries, and natural conservation areas. Given that different forms of UGS have dynamic shapes, sizes, patterns, and ecosystem functions, more consideration should be given to specific local conditions for UGS improvement [6]. With land use modification and urban redevelopment [7], understanding how to improve UGS has become a key point for providing universal access to safe, inclusive and accessible green space worldwide [8].



Landscape ecology provides insight into UGS improvement [9], suggesting a principle of green space related to structures as well as ecological functions [10]. Generally, assessments of the amount and ecological functions of UGS have been adopted in numerous studies. In terms of UGS amount, the methods for measuring quantity include the percentage of green space, greening rate, normalized difference vegetation index (NDVI) [11,12], and green view index [13]. Taking into account UGS patches, the multifunctional management of land use is the basis of large, medium and small patches serving as urban green corridors and stepping stones in a UGS network [14]. With green wedges, green ways, and green extension, urban space strategies for expansion under urbanization have demonstrated good connections by guiding the locations and amounts of UGS [15].



Concerning ecological functions, the association between UGS patterns and ecosystem services provides potential for UGS quality improvement. The ecological functions of UGS provide benefits of mitigating temperature, storing carbon, purifying water and air, mitigating pollution, and promoting human mental and physical health [16,17,18,19]. Methods based on remote sensing are beneficial for calculating ecosystem functions to guide UGS planning [20]. For example, the spatial heterogeneity of land surface temperature (LST) identifies hot-cold spots that have a characteristic relationship with UGS patterns to enhance temperature mitigation [21,22]. Hotspots are defined as higher-temperature areas, while coldspots are defined as lower-temperature areas [23]. In general, the higher the quality of UGS is, the lower the temperature. Hotspot analysis has potential to optimize UGS planning based on the differential impact of patterns on ecological processes [13]. Combining the UGS amount and ecosystem functions, the integration of quantity and quality is needed to achieve UGS improvement, but insufficient attention has been paid to this issue.



With urban development and population growth, compact cities are facing competition for land to meet the demands of anthropogenic progress, which presents obstacles in terms of UGS development [24]. The compact city is being applied globally as an urban form for a sustainable urban future; the main characteristic is a higher density of urban living. To improve the UGS of compact cities, cities around the world have been exploring various strategies and designs. For example, some European and Chinese cities have expanded urban parks by transforming farmland into suburban areas [25,26], and brownfields have been converted into green space in American and European cities [27,28]. Community gardens and pocket parks in North America and Singapore and green belts in Europe have been established to strengthen UGS connections. In Finland, ecosystem services of carbon dioxide sequestration and recreation functions have been taken into account for the better design of green space to improve ecosystem quality [29]. UGS in Germany has a significant development goal of creating green space near residential areas [30]. Under the concept that “lucid waters and lush mountains are invaluable assets”, urban decision-makers in China are considering how to utilize UGS to drive economic growth [31]. In Singapore, UGS improvements are believed to support a sustainable economy by attracting talented and highly educated people [6]. Given the consideration of the economy, ecology, and society, UGS in compact cities under land competition emphasizes planning practices for decision-makers [32,33].



However, a gap between UGS quantity and quality and planning management exists for decision-makers in terms of improving UGS in compact metropolitan areas. Due to the importance of UGS quantity and quality, the identification of specific strategies could provide information for targeted planning. On the one hand, increasing the quantity of green spaces in a limited area requires refined land use management; on the other hand, climate adaptation, considered an important function of green space, can demonstrate the UGS quality of temperature mitigation. Therefore, this study aims to determine the integration of UGS quantity and quality to achieve UGS improvement and suggest planning management. We chose Berlin, one of the greenest cities in Europe and a compact city with a growing population, as the study city [34]. This research analyses spatiotemporal quantity changes in public UGS between 2005 and 2015 based on land use changes at the city scale, identifies quality changes using the hot-cold spots of LST, and specifically demonstrates the changes in large, medium and small patches at the neighbourhood scale.



Our study aims to answer the following questions:




	(i)

	
What were the changes in UGS quantity and quality between 2005 and 2015?




	(ii)

	
What specific green space management has been undertaken at the neighbourhood scale that we can detect in terms of both quantity and quality?




	(iii)

	
What conclusions for other large cities can be drawn from the data analysis performed for Berlin for this 10-year period?










2. Materials and Methods


2.1. Study Area


Berlin (52°27′ N, 13°19′ E) is in northeast Germany. As the capital city of Germany, Berlin contains 12 administrative districts (Figure 1). The city covered 891.1 km2 and had 3.67 million people in 2019, and it is estimated that its population will reach 4 million by 2030 [35]. Berlin UGS consists of forests, parks, allotment gardens, cemeteries, transportation green space and other areas. Public green space covers approximately 30% of the city area, which was confirmed by considering 2800 public parks in 2014 [36]. According to the standard value in Berlin, accessibility to green space is defined as a minimum of 6 m2 per capita and a maximum walking time of 15 min to the nearest green space [37]. The statistics of public UGS distribution in 12 districts show differences, with suburban areas having the highest percentage [38]. Under conditions of population growth and urban development, the Berlin 2030 strategy demonstrates UGS implementation for the purpose of building a human-natural system and achieving a sustainable city [39].




2.2. Land Use Change Analysis and Greening Rate


This study applied the 2005 and 2015 land use data downloaded from the Berlin Senate Department of Urban Development and Housing (https://www.berlin.de/umweltatlas/en/land-use/ accessed on 19 February 2018). We further reclassified land use into five classes: built-up area, green space, farmland, brownfield, and water. Land use changes were applied in ArcGIS 10.7 to calculate the area of additional, remaining and decreased UGS between 2005 and 2015. This study focused on four types of public green space: forests, parks, cemeteries, and community gardens. The green rate of each district was illustrated by the green space percentage of the district area. For a further discussion on patch management, we divided the green space into three types according to patch area (PA)—small patches (PA ≤ 2 ha), medium patches (2 ha < PA ≤ 10 ha), and large patches (PA > 10 ha)—based on the sizes of pocket parks, which are generally less than 2 ha [40], and large forest areas, which are generally larger than 10 ha [41].




2.3. NDVI and LST Retrieval


Landsat 7 Enhanced Thematic Mapper Plus (ETM+) images in July 2006 and 2015 without clouds were downloaded from the United States Geological Survey (USGS) Earth Explorer (https://earthexplorer.usgs.gov/ accessed on 20 May 2019). LST was retrieved through the single-window method [42], where land surface emissivity was obtained by the NDVI threshold method [43]. NDVI is an index of vegetation calculated from the band 4-near-infrared band (30 m) and the band 3-visible band (30 m) [44].




2.4. Hotspot Analysis and Pearson Analysis


Hotspot analysis was conducted in ArcGIS 10.7 to calculate the Getis-Ord Gi * statistic and show the cluster pattern of LST hotspots, nonsignificant spots, and coldspots [45]. The Gi-Bin value was utilized to determine the statistical significance of hot- and coldspots. Hotspot analysis, as a method of spatial analysis in geographic information system (GIS), has received much attention regarding LST heterogeneity and its relationship with land use management [46,47]. Such analysis identifies a vector of the LST characteristics to identify the consistency of temperature with high-value clustering as hotspots and low-value clustering as coldspots. The pattern of hot-cold spot changes can show the neighbouring relationship among features [45] and has been confirmed to be an accurate and effective approach to mapping and analysing pattern clusters [48]. In the clustering pattern, hotspots are represented by high-LST-value clustering, nonsignificant spots represent areas with LST values ranging from high to low without apparent clustering, and coldspots are represented by low-LST-value clustering [49]. Additionally, Pearson analysis was used to analyse the correlation of LST and NDVI with PA.




2.5. Specific-Site Analysis at the Neighbourhood Scale


To further understand the planning practice of green space, three specific sites were chosen to present UGS improvement from the results of the hotspot analysis. We analysed changes in UGS quality and quantity at the neighbourhood scale. Further comparison of the planning practices was demonstrated through the related literature [39,50], the changes in large, medium, and small patches, and the cluster pattern of hot-cold spots.





3. Results


3.1. Quantity Changes at the City Scale


The analysis of land use changes in the studied decade showed a clearly apparent increase in green space and a decrease in built-up areas and farmlands. Total UGS increased by 1622.12 ha from 2005 to 2015. Figure 2 shows that the area increased was mainly attributable to the transformation from built-up areas (1236.55 ha) and brownfields (1422.34 ha). The quantity changes in the east were greater than those in the west, mainly because of changes from built-up areas, brownfields, and farmlands to green space. Furthermore, the 12 districts showed an overall increase in the quantity of green space with different kinds of changes. The three districts with the largest additional green space were Pankow, Marzahn-Hellersdorf, and Treptow-Köpenick at 436.53 ha, 435.39 ha, and 406.79 ha, respectively (Table 1). The districts with the highest rate of increase were Marzahn-Hellersdorf, Lichtenberg, and Tempelhof-Schöneberg, with rates of increase of 6.15%, 5.87%, and 5.49%, respectively. Mitte and Friedrichshain-Kreuzberg, as city cores, had less additional green space than the other districts. The quantity changes in UGS in each district depended on the regional functional conditions.




3.2. Quality Changes with LST Hot-Cold Spots at the Patch Scale


From the perspective of landscape ecology, large, medium, and small patches contribute to the quality of UGS modified through LST hotspot analysis. The minimum area of small patches in 2015 was less than that in 2005, and the maximum area of large patches in 2015 was larger than that in 2005. The number of large patches decreased from 372 to 371, with the area increasing by approximately 2000 ha and an average NDVI of more than 0.5. In comparison, medium patches increased in number, and their area rose by approximately 220 ha, with the average NDVI falling between 0.3 and 0.5. The number of small patches increased from 1295 to 1526, with an increase of approximately 110 ha, and the average NDVI between 0.3 and 0.5. Moreover, the hot- and coldspot pattern shown in Figure 3 demonstrates the changes in ecological functions to mitigate the temperature response to the pattern dynamics of the green space. In this decade, temperature mitigation effectively increased, as indicated by more coldspots in the LST. In addition, the remaining green space from 2005 to 2015 had Gi-Bin values from −1 to −3, which implied the strength of UGS quality, while some additional green space emerged in hotspots with G-Bin values larger than 1. Most hotspots were located in small and medium patches; in contrast, coldspots were distributed mainly in large patches. As shown in Figure 4, some large patches in the northeast were developed and present clusters of coldspots compared with those in 2005. Furthermore, Table 2 shows a significantly negative correlation between LST and PA in small, medium and large patches, while NDVI was positively correlated with PA. This finding implied that the PA of green space has a positive correlation with UGS quality.




3.3. Planning Practices at the Neighbourhood Scale


To investigate the integration of quality and quantity for improving UGS in compact cities, we further explored three site changes at the neighbourhood scale to provide guidance for decision-makers. First, increasing UGS quantity is considered during land redevelopment into large patches. Second, such a management link improves the UGS quality and UGS network. Third, increasing UGS with small and medium patches is practical in the city centre.



3.3.1. Site 1: Large Patches Increased by Redeveloping Brownfields


Increasing the quantity of large UGS patches by restoring brownfields could be an essential step in UGS improvement. Figure 4 shows the example of Tempelhofer Feld, which was converted from the Berlin-Tempelhof airport and planned as a large inner park to promote recreation and urban resilience. The airport was closed in 2008 and it was reopened for public use in 2010 as a public park with community participation [51]. As a flexible public space with resiliency goals, Tempelhofer Feld was designed to provide more space to develop ecological systems and human activities [52]. Community gardens, animal landscape conservation, history exhibition, project usage, and other recreational areas emerged in the park to provide multiple functions for both humans and nature. In the implementation processes, civic engagement played an important role in park events and activities [51].




3.3.2. Site 2: Medium and Large Patches for Improving Urban Green Networks


Green space quantity contributed to urban green networks in terms of strengthening UGS quality. Figure 5 shows the increase in the number of large, medium and small patches that developed into UGS networks and strengthened temperature mitigation. At this site, the small and medium patches increased through the transfer of the built-up area; similarly, the large patches were transformed mainly from brownfields and farmlands. Several polluted patches from postindustrial sites in 2005, such as Hobrechtswald, were redeveloped into green space with natural-based solutions for soil remediation by specific flora [17]. From the perspective of UGS quality, there were fewer LST hotspots in 2015 than in 2006, demonstrating a positive impact on temperature mitigation. This finding also showed that the linear green space of medium-sized patches was connected with large patches to a green network. Connectivity and networking provide better ecological functions than separate green spaces, which helps encompass the use of linear and nonlinear elements in UGS management [53]. UGS quantity helps enhance network connectivity, benefiting UGS quality [54]; thus, this issue may need more consideration by decision-makers in UGS planning [55].




3.3.3. Site 3: The Increase in Medium and Small Patches in the City Centre


City cores could have the potential to improve the quality and quantity of UGS despite the space limitations due to the high density of buildings and population. In Figure 6, the medium and small patches in the city cores increased linearly along with built-up areas and were connected with large patches to form green corridors. The largest patch, Tier Garden, a historically permanent green space in the city centre with an area of 210 ha, was initially built for royal hunting sports and gradually opened to the public. Due to its high ecological quality and long history, it is the most popular inner-city park and urban natural area in Berlin among local residents and visitors [56]. As shown in Figure 6, enhancing ecological quality and enlarging the PA of existing UGS could improve recreational and ecological functions in the city core. The strategic practices in the city centre include connecting the nearest green patches to large patches, enlarging small patches into medium patches, and establishing small patches as linear patches along with built-up areas and city streets.






4. Discussion


Due to the significance of green space in compact cities, this research shows evidence that more attention should be paid to the combination of UGS quantity and quality in the process of green space improvement. During the decade covered by this study in Berlin, land use management and planning practices had great potential to improve USG. Considering urban capacity to mitigate climate change, the impact of UGS quality on cooling effects can be enhanced by increasing green space through brownfield transformation. The results also demonstrate the positive correspondence of patch area and UGS quality by accessing NDVI and mapping the hot-cold spot clustering of LST. At the three specific sites, the small, medium, and large patches make different contributions to UGS quality and quantity and different applications in compact cities. Here, we demonstrate the following discussion on the Berlin inspiration, which provides suggestions for other compact cities.



4.1. Improvement in UGS Quantity and Quality


Improving the quantity and quality of green space in a compact city is necessary for urban sustainability. In our results, increasing the quantity of UGS depends on land use planning in terms of transforming built-up areas, brownfields, and farmland into green space. In the Berlin 2030 strategy, the implementation of land use planning emphasizes the bidirectional development of the human-natural environment {Berlin Senate, 2015 #25}. As Berlin is a postindustrial city, making comprehensive use of limited space is important for both urban systems and human wellbeing. Concerning the problems related to the management of urban shifts, our results demonstrate that transforming brownfields into green space is practical. In particular, the restoration of polluted areas requires natural-based solutions such as planting specific types of vegetation. Previous studies have also confirmed the potential of redeveloping brownfields [57]; for instance, improving green networks can increase human and urban animal mobility [58]. From the perspective of improving UGS quality with ecological functions, green space patterns directly affect ecological functional processes. In our research, the increase in LST coldspot clustering in 2015 demonstrates that the UGS quality of temperature mitigation had improved. Under climate change, temperature mitigation and adaptation in cities are receiving a great deal of attention. Green space providing shade and evapotranspiration can directly regulate climate at the microscale and regional scale, with heterogeneity in terms of patch size, shape, composition, and configuration. Previous studies have demonstrated that impervious surfaces that are converted to green space lack the presence of a cooling effect due to the underlying structures of the biotopes and soil [59]. As urban heat islands are common around the world, UGS improvement considering temperature mitigation and adaptation can enhance urban ecological functions [60]. Overall, improving UGS quantity with land transformation requires appropriate management to effectively strengthen green space.




4.2. Management Approaches for UGS Patches


This study on the 12 districts of Berlin shows different strategies for improving UGS. For instance, in city cores, small patches can be increased through building the linear green space along with built-up areas and streets to stimulate land potential. Numerous studies have confirmed the benefits of pocket parks in high-building-density areas [61]. Moreover, enlarging existing UGS can improve quality, a topic that has received less attention. To improve UGS in different districts, maximizing land use potential could be targeted, especially in compact cities. In addition, large, medium and small patches, as the foundations of green belts and corridors and as stepping stones in the UGS network, respectively, require specific management strategies depending on the surroundings. The utilization of landscape ecology provides guidelines for increasing ecological quality. Different patches could lead to different planning strategies to enhance UGS. Related research has studied the changes and lack of changes at the patch scale to measure loss, expansion and shrinkage to provide target-specific measurements for green space planners [62]. A larger patch size can enhance ecological functions more homogeneously in compact cities [54]. In our research, with general goals and systematic planning [63], the Berlin UGS strategy values local nature through integrated planning approaches. Different UGS patches are managed by multiple methods; for example, most large patches are managed based on wild nature management, and small patches are managed based on the biotope factor. Furthermore, urban wildness is an important forest management goal related to maintaining biodiversity [64]. To determine the green index, the biotope area factor (in German, Biotopflächenfaktor (BFF)) was first proposed in 1990 in a Berlin landscape planning and tree policy document [65]. This factor efficiently contributes to scientifically improving green quality according to the determined location for a green space in the city centre [66]. Therefore, UGS efforts require not only systematic planning and scientific management but also a scientific system to improve UGS for urban sustainability.




4.3. Improving UGS with Practice Planning


The increasing demand for UGS development in compact cities is influenced by the pursuit of green and healthy lifestyles [67] and environmental education [68]. Public engagement in UGS strategies highlights the contributions of citizens to USG planning and management, as in the case of Tempelhofer Feld. Previous research in Berlin has confirmed that the concept of ecosystem services in governance can promote greenspace and its benefits to citizens [69]. Decision-makers and planning practitioners need to consider residents’ requirements for UGS in terms of improving UGS and focus on the importance of urban governance to integrate UGS quantity and quality. Due to the demand for public participation in developing and developed cities, civic engagement can drive UGS development [70] by building environmental educational infrastructure, guiding the public in managing private gardens, and supporting public organizations to protect UGS [71]. Moreover, the involvement of multiple disciplines can address urban ecological problems by combining green space with public health, computer sciences, and biophysical chemistry to specifically improve UGS. For example, the Green Belt Berlin was established by integrating ecological, social, and cultural approaches [63]. Furthermore, multiple dialogues can provide opportunities in complex urban systems with practical cooperation from the original concept to implementation. For example, resilient city congresses can be organized by the local government to support sustainability by engaging in a global, multirole conversation and contributing to city goals [72]. At the city scale, Berlin has also assigned responsibility systems to different commission groups and institutions to support scientific methods and provide advice for UGS management. Urban development with different stakeholders has been confirmed to be important in systematic approaches to governance in response to urban heat [73]. In compact cities, public engagement and cooperation among multiple stakeholders are needed to improve UGS in the process of the development of sustainable cities.





5. Conclusions


Improving UGS in compact cities is a crucial urban strategy in response to climate change and human health crises. However, the knowledge gap between ecology research and planning management needs more attention in compact cities. The aim of our research was to illustrate the changes in quantity and quality among Berlin public green spaces and to provide inspiration for compact cities. First, this study conducted an analysis of land use changes between 2005 and 2015 to determine UGS quantity changes in different districts at the city scale. Second, to assess UGS quantity, we retrieved and compared the spatiotemporal changes in the NDVI and LST through hotspot analysis at the patch scale. Third, the three selected sites demonstrated changes in small, medium and large patches at the neighbourhood scale that improved green space. This research shows an analysis of UGS quantity and quality from the city scale to the neighbourhood scale to identify the potential to improve UGS in compact cities.



Our results demonstrate that UGS improvement requires targeted strategies in different functional urban regions. To increase UGS quantity, an effective strategy is to redevelop brownfields. In terms of managing UGS quality, the integration of small, medium, and large patches with different plans is required to contribute to temperature mitigation and adaptation. However, the research has limitations, namely in terms of its transferability to other climates and the impacts on green space there. Comparative studies investigating cities in different climate zones are strongly recommended for future research on the combination of UGS quality and quantity at e.g., continental or global scale. As shown by the study of Berlin, we suggest that more attention could be paid to land use management for maintaining and building different types of green spaces and specific planning implementation for adapting to environmental and social conditions. UGS improvement with the bidirectional development of UGS quality and quantity in compact cities is crucial to strengthen urban sustainable development.
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Figure 1. Study area map. 
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Figure 2. (a) Changes in public UGS between 2005 and 2015; (b) land use changes. 
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Figure 3. The level of confidence in hot- and coldspots (a) in 2006 and (b) in 2015. −3 represents 99% confidence in a coldspot, −2 represents 95% confidence in a coldspot, −1 represents 90% confidence in a coldspot, 0 represents no significance, 1 represents 99% confidence in a hotspot, 2 represents 95% confidence in a hotspot, and 3 represents 90% confidence in a hotspot. 
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Figure 4. Tempelhof Park converted from a brownfield. 
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Figure 5. Additional green space in the northeast. 
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Figure 6. Green space in the city centre. 
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Table 1. Changes in public UGS from 2005 to 2015 in 12 districts.
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District

	
Increased

(ha)

	
Decreased (ha)

	
Greening Rate *




	
2005

	
2015






	
Marzahn-Hellersdorf

	
435.39

	
55.64

	
10.38

	
16.53




	
Lichtenberg

	
358.73

	
52.89

	
12.22

	
18.09




	
Tempelhof-Schöneberg

	
330.99

	
40.06

	
12.71

	
18.2




	
Spandau

	
287.19

	
13.63

	
25.83

	
28.81




	
Neukölln

	
125.24

	
12.57

	
16.99

	
19.5




	
Friedrichshain-Kreuzberg

	
63.13

	
13.26

	
9.75

	
12.2




	
Steglitz-Zehlendorf

	
221.79

	
55.84

	
32.57

	
34.19




	
Treptow-Köpenick

	
406.79

	
164.84

	
46.58

	
48.02




	
Mitte

	
68.27

	
22.65

	
16.98

	
18.14




	
Reinickendorf

	
156

	
67.81

	
31.14

	
32.12




	
Charlottenburg-Wilmersdorf

	
119.49

	
60.55

	
36.12

	
37.03




	
Pankow

	
436.53

	
349.26

	
26.31

	
27.15








* Greening rate is the percentage of green space in relation to the district area.
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Table 2. Pearson analysis of LST, NDVI and PA in 2005 and 2015.






Table 2. Pearson analysis of LST, NDVI and PA in 2005 and 2015.





	Correlation Coefficients
	All Patches
	Small Patches
	Medium Patches
	Large Patches





	2005 LST
	−0.147 **
	0.031
	−0.1561 **
	−0.360 **



	2015 LST
	−0.179 **
	−0.017
	−0.129 **
	−0.366 **



	2005 NDVI
	0.192 **
	0.014
	0.165 **
	0.336 **



	2015 NDVI
	0.188 **
	0.050
	0.147 **
	0.331 **







** p < 0.05.



















	
	
Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.











© 2021 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).






media/file4.png
(@)

[ 1-area without change

B 2-area increased
I 3-area decreased

(b)

Built-up to Green space

I Farmland to Green space
I Brownfield to Green space

B Water to Green space

I Green space to Built-up

I Green space to Farmland

[ Green space to Brownfield
Green space to Water

12 Kilometers






nav.xhtml


  land-10-01367


  
    		
      land-10-01367
    


  




  





media/file2.png
Source: World Imagery from Esri

e mw Kilometers

0

5

10

20

55"0'0"N

40°0°0°N 45"0'0"N 50"0'0"N

001
002
003
004
005
006

=

00
008
009
010
01

—

012

500w

5°0°0"E 15°0'0"E 25°0'0"E
Mitte
Friedrichshain-Kreuzberg
Pankow
Charlottenburg-Wilmersdorf
Spandau
Steqglitz-Zehlendorf
Tempelhof-Schéneberg
Neukdlin
Treptow-Kdpenick
Marzahn-Hellersdorf
Lichtenberg

Reinickendorf






media/file5.jpg





media/file3.jpg





media/file1.jpg
x TN
A i
H e
£

L ———
08 Spances
09 T kporich






media/file7.jpg





media/file10.png
B small patch
I Medium patch

I Large patch

2015

Built-up to Green space
B Farmland to Green space
I Brownfield to Green space
- Water to Green space

-
\‘I\{
-
—

1

"l-{‘

N
’
 §
4

.. L
Ta

v"r'?’f“..“

\/,

i 7 vy
‘l.-
ZIfAN

= [

2006 LST Hot-cold spot

- 'i

2015 LST Hot-cold spot






media/file12.png
2015

I Small patch

I Medium patch

B Large patch






media/file9.jpg





media/file0.png





media/file8.png
g

]

s=gt
Lt
=

2005 2015
I Small patch

I Medium patch
I Large patch

-

Tempelhofer Feld






media/file11.jpg





media/file6.png
The levels of confidence
I -3 -2 -1cold spot
B B 2 O 1 Hot spot 2006

_ 0 No significance 0 3 6 12 Kilometers

(b)

The levels of confidence
I -3 -2 -1 cold spot
I : B 2 O 1 Hot spot

© 0 No significance

12 Kilometers






