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Abstract: Recreational green spaces are associated with human thriving and well-being. During the
ongoing COVID-19 pandemic a spotlight has been shed on the interconnection between access to these
spaces, human well-being and social equity. Containment measures enacted in many cities effectively
precluded people from reaching distant recreational areas during the pandemic and consequently,
recreational areas close to home became particularly important. Urban density is often associated
with building or population density with the assumption that if either parameter has a high value, the
availability of open (green) space is low. Certain densities are associated with specific spatial qualities.
Addressing challenges of sustainable development, a detailed evaluation of density is necessary
to allow evidence-based arguments, planning and decision-making. In this study we develop a
multi-scale analysis method for quantifying and assessing green infrastructures from settlement unit
to building level to reach a differentiated view on density, arguing that density can be organized in
different ways achieving very different qualities. For this purpose, we use geospatial-data analysis
and in-depth neighborhood studies to compare two cities in Asia and Europe, revealing different
ways of organizing density in the built environment and identifying a derivation of approaches for
sustainable development in dense urban regions.

Keywords: urban density; green density; recreational spaces; green accessibility assessment; building
proximity score; urban design solutions; geospatial analytics; sustainability

1. Introduction

Recreational open spaces are associated with human thriving and well-being. Where
access to open green spaces is limited, concerns of inequality are raised [1,2]. During the
ongoing COVID-19 pandemic especially, a spotlight has been shed on the interconnection
between access to open spaces, human well-being and social equity [3,4]. Containment
measures enacted in many states and cities effectively precluded people from reaching
distant recreational areas during the height of the pandemic [5]. Consequently, recreation
areas close to home became particularly important [6]. Furthermore, rural spaces were
transfigured into places of longing [7–9]. Yet historically, certain planning narratives as-
sumed a dichotomy between “green” versus “built” spaces in European cities, first as
an outside or inside [10]. The medieval city was separated from the surrounding rural
and dangerous area by defensive walls. Inside the enclosed city, constant growth was
accompanied by a significant increase in population and building density and consequently
poor living conditions [11]. The Renaissance Garden established a new concept of designed
landscape for recreation in addition to nature as a resource in Europe around the late
15th century. In contrast, the creation of large parks during the Baroque period was an
expression of humankind’s dominion over nature. The complexes were inaccessible to
ordinary citizens and reserved exclusively for the nobility [12]. The English landscape
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garden emerged at the beginning of the 18th century and endeavored to recreate an ideal
representation of nature [13]. Publicly accessible parks as we know them today did not
appear in Europe until the mid-19th century. They were a response to the increasingly
deteriorating living conditions in cities as a result of industrialization [14], including the
spread of many highly infectious diseases such as Cholera in the densely inhabited poor
urban quarters [15]. In this context, utopian urban concepts avoiding population density
such as Ebenezer Howard’s Garden City (1898) are also to be understood as a response to the
dire living conditions in cities, yet at the same time also sought to counter the inadequacies
of countryside life. The self-sufficient settlement units of the garden city movement are
characterized by their low building density and the dominance of lush green open spaces
and public parks [16,17]. Urban expansion plans of many European capitals in the 1920s,
such as Berlin, included in the provision of generous public and private green spaces,
including forests, parks and allotment gardens, which also served self-sufficiency [18,19].

This contrasts with concepts of early modernism promoting higher density, e.g., Le
Corbusier’s Ville Radieuse and the idea of the urban landscape amid flowing green
spaces [17,20]. However, these concepts were also accompanied by the separation of func-
tions throughout the urban area made possible by efficient transportation. This also let rise
to the “car-oriented city” [21] in Europe with the end of the Second World War at the latest.
In the course of erecting urgently needed housing following the modernist paradigm, the
development of public spaces and recreational areas had often been neglected. Green areas
merely functioned as stand-off greenery allowing ventilation and lighting, whereas the
utilization of the very green spaces themselves was often neglected [22]. On the other hand,
concepts such as greenbelts enacted worldwide, saw a concentration of green and open
spaces outside the core cities [15]. China’s tradition of urban planning can be dated back to
the Zhou Dynasty in 1000 B.C. and developed with the walled city a characteristic urban
form. The ancient Chinese word of City (Chen) means the city wall. Essential to its tradition
are the principles of Chinese geomancy or Fengshui, which, among other things, focus
strongly on the relationship of humans with the natural environment [23,24]. Apart from
the colonial influences in the first half of the 20th century [23], a shift in planning culture at
the level of the entire urban area can be observed starting in the 1950s with the turn to a
socialist mode of spatial production following the modernist planning ideals [25,26]. The
earliest attempts at modern urban planning, including public green systems can be traced
back to the late 1920s [27]. Although such projects were hardly realized, some modern
residential communities were built in Nanjing, Wuhan and Guangzhou during 1930s [28].
The fast development of industrialization since 1950s in New China has been accompanied
by the strong influence of the modern urban planning system from the former Soviet Union,
which pays more attention to functional zoning in land use and the hierarchy of the green
system for social equality [29]. The new development approach used since the 1990s based
on the market system, triggered the strong urban sprawl tendencies in big cities [30]. Green
spaces serve not only as an ecological infrastructure for the rapidly growing city, but also as
important socio-cultural facilities at the community level in view of the rapid demographic
development of the city [31,32].

This brief overview is by no means intended to be a comprehensive review of the
city and green infrastructures. Rather, it serves to illustrate how the perception of density
is shaped by historical and societal conventions and connotations [33]. Subsequently,
certain densities are associated with specific urban space qualities. In that tradition, urban
density is often associated with building or population density followed by the assumption
that if these two parameters have a high value, then the availability or accessibility of
recreational, open and green space is low. However, there are different mechanisms that
can be utilized to cope with or manage density. Examples include the vertical structuring of
urban functions and green spaces, as in Singapore with complex building designs such as
Kampung Admiralty by WOHA [34,35], high-density high-rise public housing with vertically
structured public spaces [36] or projects in Vietnam by VTN Architects [37] such as Diamond
Lotus [38]. In a European context, the architectural projects of offices such as MVRDV with
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e.g., the proposal for La Serre d’Issy in Paris [39], Benthem Crouwel and Felixx with Valley
in Prague [40] or OMA with the Bajes Kwartier in Amsterdam [41] strive for progressive
solutions integrating green spaces in architecture to respond to current challenges in cities.

The planning and development of urban regions today faces complex challenges. The
functional separation of urban functions, such as working and living, with the aim of reduc-
ing density in cities led to a crisis of both resource consumption and the environment [42].
On the other hand, open spaces are much needed in cities, e.g., to mitigate climate change
with often rising temperatures and more heavy rain events [43–46]. At the same time, green
spaces are understood to have a positive impact on people’s well-being and health [47–49].

In order to address the challenges of sustainable development, a detailed assessment
and evaluation of density is necessary to allow evidence-based arguments, planning and
decision-making. The evaluation of accessible green spaces in the proximity of housing
and offices is mostly based on vague data and often considers urban areas as uniform
entities, with all the inaccuracies that this implies. We want to present a differentiated
view on density, arguing that density can be organized in different ways and by doing so
we can achieve very different qualities. For this purpose, we use geospatial data analysis
and an in-depth comparative neighborhood study to compare two different cities with
different planning approaches, history and culture in Europe and Asia, to reveal different
ways of organizing density in the built environment. In a novel approach, we apply a
multiscale analysis using different density measurements, correlations between density
and green space, as well as the influence of architectural form and spatial structures to
understand the accessibility of recreational green on the micro-scale of a building block.
This comprehensive approach to understanding density offers a new understanding of
green space provision on the daily life neighborhood scale, where previous research is
conducted at too large a scale to allow for a nuanced distinction.

The objectives of this study are: (a) to develop a multi-scale analysis method for
quantifying and assessing green infrastructures from settlement unit to building level;
(b) to identify how density in correlation to green infrastructures can be newly defined to
overcome the assumed dichotomy of built vs. unbuilt; (c) to identify if there is an inevitable
“correlation” between building and green space density in order to identify a derivation of
possible approaches for sustainable development in dense urban regions.

2. Case Studies: Berlin and Qingdao

Berlin and Qingdao have been chosen as case studies due to their similarity in popu-
lation figures as well as the differing approaches they have taken in sculpting their built
environment. Both cities developed in an archipelago-logic with districts of varying build-
ing and population density interspersed with open and green spaces of different size and
qualities. Berlin has 4.6 million inhabitants and Qingdao has 3.8 million [50]. Both cities
have given themselves sustainability policies that also address how to develop and manage
open spaces [51–53]. With these two study regions we can analyze and critique differing
approaches of developing the built environment and assess how these approaches deal
with different densities, whether it be building, green, or population density.

Berlin, located in the Northeast of Germany, is a federal city-state and the capital
of Germany. It is surrounded by the federal country of Brandenburg as Berlin’s rural
hinterland. Berlin is the largest city in Germany by population and area. Due to its size and
historical characteristics, Berlin offers a broad spectrum of social milieus and types of open
spaces and urban configurations [54]. The foundation of Berlin can be dated back to 1170.
On the banks of the Spree River, a twin city developed, formed by Alt-Berlin and Cölln that
continuously grew. In the 18th century Berlin became the Royal seat of Prussia and the city
was continuously extended, starting with the baroque Friedrichstadt. At the end of the 19th
century, in the course of industrialization, there was an immense increase in population
and accompanying urban growth with 1.9 million inhabitants around 1900. Development
pressure led to the growth of settlement units on the outskirts, which were added to the
urban area in 1920 as part of the establishment of Greater Berlin, with a total population
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of 3.8 million inhabitants. Subsequently, these areas were densified by larger settlement
projects. In 1942, Berlin had 4.48 million inhabitants, which represents until today the
population peak. Due to the impacts of World War II, the German division in 1949, and the
division of the city by the Wall in 1961, the population had dropped to 3.04 million by 1978.
The division of Berlin after World War II was particularly formative for the further spatial
development of both parts of the city with further inner-city rebuilding and densification
in the Western part of the city, and the development of comparatively more new urban
quarters in the Eastern part [15].

The urban planning strategy after the reunification in 1989/90 saw the focus on
redeveloping the inner city by physically reuniting both parts. Later, the city’s expansion
into its outskirts and hinterland was promoted in strategic plans, despite the continued
population shrinkage [19]. Since 2011, Berlin is facing a relatively high population growth
unseen in the city for almost a century [15,55,56]. Therefore, in 2014 the city of Berlin
defined its urban development concept by focusing eight strategies around economic
strength, quality of life and social conscience. The Berlin Strategy [51] has been constantly
updated with the current version being Berlin Strategy 3.0 [52], in which it defines the goal
of becoming a climate-neutral metropolis by 2050.

Qingdao is a sub-provincial city in the province of Shandong located on the eastern
coast of northern China, approximately 670 km southeast of Beijing. The period from
1897 to 1949 was the period when the city of Qingdao was formed. During this period,
urban planning played an important role in the development direction of Qingdao’s ur-
ban space. Urban planning at this stage mainly focused on residential areas, but lacked
planning and thinking about urban green space. From the 1950s to the 1980s, as a coastal
industrial and port city, Qingdao vigorously developed industry, the urban spatial pattern
expanded northward, and the urban population grew more rapidly than the green space
development [57]. Currently, the sub-provincial municipality Qingdao has a population
of 10.1 million inhabitants [58]. Today, major growth occurs along the north and western
sides of Jiaozhou Bay [59,60]. The urban fabric has been constantly transforming, grad-
ually increasing the density in main urban areas such as the Shibei and Shinan districts.
Qingdao is starting a new phase of urban development, brought on by the national govern-
ment’s focus on qualitative urban development. In the National New Urbanization Plan
(2014–2020) [61] one of five key areas for qualitative urban development is the building of
“green and cultural cities”. At present, under the guidance of the “14th Five-Year” Forestry
Development Plan of Qingdao City, Qingdao is vigorously promoting the construction of
the park green space, including promoting the construction of suburban park green space
and the construction of waterfront green space [62]. Following the decades of fast urban-
ization of China, the national government is shifting its focus to include quality of life in
cities in its continued development. As a result of this, in 2016 the Urban Work Conference
created a new set of guidelines for the creation of more livable, green, and sustainable cities.
The City of Qingdao itself has defined more than 300 sustainability targets in different
plans (e.g., Qingdao Masterplan), and policies (e.g., building codes) [53,63–67]. Following
national plans, it aims to reach carbon neutrality by 2060 [68,69].

3. Materials

In this study, data-based methods of geospatial analysis are applied, utilizing ArcGIS
Pro 2.8.0 [70] using geospatial data from ALKIS Germany [71,72], ESRI World Topographic
Map [73], OpenStreetMap [74], ESRI World Imagery [75], Sentinel multispectral satellite im-
agery [76,77] as well as WorldPop Population Counts [78] and building related information
derived from Baidu [79] and Google Maps [80].

4. Methods

The analysis is carried out in four steps. In step 1 the study regions for the urban
regions of Berlin [81,82] and Qingdao ([83]; excl. Pingdu and Laixi) are defined applying
the TOPOI-method [84]. This is a method for identifying settlement units and assessing
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their properties and interconnectivity in a regional setting employing standard planning
parameters, such as building density, open space ratio and public transport connectivity,
while not regarding administrative boundaries or limits. This comes with the advantage of
being highly replicable as a method in different contexts. In step 2, key data is generated
by: (i) processing multispectral satellite images that are freely accessible and available in
equal quality for the entire globe to identify vegetation; and (ii) calculating the building
proximity score based on building footprints to identify clusters of building types. The data
and additional information are superposed to the defined study regions and a 100 by 100 m
analytical grid in step 3. In step 4, the data is analysed in a two-scale assessment framework.

4.1. Identification of Settlement Units and Definition of Core Urban Area (CUA) with Contiguous
Built-Up Areas as Study Region Applying the TOPOI-Method

The TOPOI method we employ departs from the building footprint to identify the
characteristics of different settlement units within regions. Montero et al. [85] identified the
four categories as: (1) density measures; (2) classification of remote sensing images; (3) clustering
methods grouping elements based on their proximity; and (4) analyses of a statistical distribution
for the delineation of cities. To allow an in-depth analysis of the provision of green spaces
from the daily life building and neighborhood scale all to the region the TOPOI method
describes settlement patterns based on actual qualities and relationships of built-up areas.
This is in contrast to conventional planning and analysis methods, which are often based on
defining or prescribing certain physical qualities within historically delineated areas, such
as districts, zones or administrative units. For the purpose of understanding the micro scale
of everyday life, it is crucial to begin at a building scale (see category 3 Montero et al. [85]).
Chaudhry et al. [86] developed a method that is based on building footprints yet focuses on
identifying the boundaries of urban settlements, i.e., cities and therefore includes settlement
units of different characteristics. The settlement units defined by the TOPOI method derive
from standard planning parameters to identify and classify built-up areas along the urban
and rural areas differing in type and size. A TOPOI settlement unit is defined based on two
parameters: a) the maximum distance between buildings, describing the cohesiveness of
a built-up group of buildings; and b) the minimum number of buildings to form such a
cohesively built-up settlement unit [84]. The maximum distance of 80 m between buildings
and a minimum building count of eight is used to define cohesively built-up settlement
units, including their open spaces, such as green courtyards, smaller and larger squares, etc.,
while still allowing large infrastructures such as open landscape or multi-lane rail stations
to retain their natural barriers [85]. For this study we applied steps 1–2 of the TOPOI-
method to the urban regions of Berlin and Qingdao in order to define our comparable
study regions. The urban region (A) Berlin is approx. 5550 km2 in size with a population of
4,625,504 inhabitants and has 2814 settlement units, while (B) Qingdao is 5694 km2 in size
with a population of 3,866,844 inhabitants and has 3273 settlement units (see Figure 1).

In the next step, the Natural Breaks (Jenks) algorithm [87] was applied in ArcGIS Pro [70]
to determine the threshold that separates large settlement units including the urban core
of both regions within the overall network from settlement units of different sizes. The
threshold, at which the two groupings of settlement units separate, is 25,404 ha for the urban
region of Berlin and 4719 ha for the urban region Qingdao (see Figure 2). The study regions
are defined by the core city and directly adjoining settlement units (see Figure 3).
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Figure 2. The histogram shows the distribution of settlement units by area. The threshold for the
three groups is defined by the Natural Breaks (Jenks) algorithm. Overall, the settlement units in the
Berlin urban region are much larger than in Qingdao urban region. The urban core of Berlin is one
large continuous settlement unit. The division of the urban core area in Qingdao into four settlement
units is a result of the rivers in the urban fabric; the other two settlement units are not connected to
the core and lay on the west-side of the bay.
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Figure 3. The study area for each urban region is defined by the core urban areas: (A) Berlin with an
area of 42,162.49 ha comprising of one large central settlement unit; and (B) Qingdao with an area
of 24,806.45 ha comprising of four neighboring large settlement units as most central areas of their
region; Data Sources: [71–75,88]; own calculation.

4.2. Generating Key Data

This study integrates three different dimensions of density: population, building and
vegetation density. The combination of building footprints and vegetation additionally
enables the quantification of other sealed surfaces, such as streets and paved areas. While
the population figures are obtained from the WorldPop Open Population Repository [89],
we apply remote sensing and geospatial analytics methods to generate the information on
building density and vegetation.

4.2.1. Identification of Vegetation Processing Multispectral Satellite Imagery

To identify and isolate vegetated areas the Normalized Difference Vegetation Index
(NDVI) [90] has been applied to Copernicus Sentinel multispectral satellite imagery dating
from December 2020 and January 2021 [76,77] to isolate vegetated areas. NDVI identifies
surface characteristics based on the absorption and reflection of the Red and Near InfraRed
(NIR) spectrum. Healthy vegetation absorbs red light and reflects huge amounts of NIR
spectrum due to the process of photosynthesis, and we use this unique signature to identify
vegetated areas. NDVI results span in the numeric range from −1 to 1, where higher values
mean higher occurrence of the mentioned signature. Depending on how high the value is
set, is the accuracy of the results. A low value may show false positives, however allows
the overall quantification of the vegetation, whereas a high value reduces the proportion
of identified pixels, yet allows the analysis of characteristic patterns of connected green
spaces. In Berlin the band has a minimum of −0.745 and maximum of 1, in Qingdao it
ranges from −0.578 to 0.907. For the overall quantification of vegetation, we used 0.4 as the
minimum threshold for identification (see Figure 4). For the detailed analysis we set the
minimum threshold to 0.2 (see Figure 5). The bitmap output is vectorized and imported
into a central geodatabase.
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4.2.2. Calculation of Building Proximity Score (BPS)

A Building Proximity Score (BPS), which we developed for this study, calculates
individually for each building the number of buildings within 100 m. The distance was
tested at a series of distances from 100 to 450 m, initially with the idea that using 450 m,
as it is commonly understood to be the distance of a 5-minute walk, would be the most
appropriate. However, 100 m was found to provide the most precise spatial description of
the urban system in high-density urban areas. Once the building density is calculated the
buildings are classified using the Natural Breaks (Jenks) methodology. For this classification,
the buildings were sorted into 10 proximity classes, from low (0–21 buildings) to high
density (194–428) (see Figures 6 and 7).
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Analyzing the distribution of the BPS we see that the range for Qingdao’s study region
is from 0–215 and the range for Berlin’s study region is from 0–428 (see Figure 7). In order
to create a set for greater comparison between both study regions we adjust the ranges of
the proximity classes: Class I: 0–21, Class II: 22–43, Class III: 4–64, Class IV: 65–171, and
Class V: 172–428. Adjusting in this way keeps Qingdao classes, which have over 2000 grid
cells, the same as previously, while unifying the tail end of the distribution, which are
uneven. Looking into Berlin’s Building Proximity numbers we see that the highest levels
correspond with the allotment gardens (german: “Kleingärten”) on the edges of the urban
area. Historically, Kleingärten are gardens with small cabins, which serve self-sufficiency.
Today, they offer urbanites access to private green. Due to the small size of the cabins
themselves and the plots of land they sit on their proximity scores are very high. This,
however, does not cause issues with the resultant distribution of the data, as the purpose of
the Building Proximity Score is to identify a cluster of building types and even though it
does not take into account the building height, volume, or how buildings are situated in
relationship to another, building proximity gives us information about their form.

4.3. Data Integration

The previously described data—population [89], buildings proximity score
(see Section 4.2.2), vegetation (see Section 4.2.1)—are integrated into a joint geodatabase [88]
for the subsequent comparative analysis. Additional attributes such as sealed surface area
has been calculated and added. Based on the population dataset, a uniform grid of 100 by
100 m was created and all available information merged.

4.4. Evaluation Framework

The integrated geodatabase allows us to conduct a comparable evaluation of both
study regions in two scales: (i) the study region as whole; and (ii) in-depth analysis of six
selected neighborhoods identified based on an integrated GIS analysis.

First, we quantify and discuss the population figures, land cover including green
spaces and building density for the entire study regions. For better understanding, these
are intersected in the following density and spatial distribution analysis to derive two
different perspectives on vegetation in the built environment spatially at the grid level:
(i) amount of vegetation per person; and (ii) available green space in relation to the building
proximity score. Lastly, we identify three neighbourhoods of the same BPS in each study
region and enriching the spatial model with information such as building height and
inhabitants per building for a detailed analysis of the green structures in relation to the
spatial configuration.

5. Results
5.1. Initial Comparison of Both Study Regions

The study regions of the selected case studies have a population of 2.2 million inhabi-
tants on a total area of 42.1 ha in Berlin and 2.8 million inhabitants on a total area of 28.3 ha
in Qingdao (see Table 1). This yields a population density of 8630 Inh./km2 in Qingdao’s
study region, which is 1.7 times higher than in Berlin’s study region with 5140 Inh./km2.
The distribution of the spatial usage is very different: while the total building footprint
is very similar in Berlin’s study region at 19.7% and in Qingdao’s study region at 18.1%,
the proportion of vegetation and resulting other sealed area is very different. In the study
region of Berlin, 74.1% of the surfaces are covered with vegetation and only 6.2% are
otherwise sealed; in the study region of Qingdao, the proportion of sealed surfaces is eight
times higher at 50.2% and 31.7% are vegetated surfaces. This leads to the assumption that
Berlin offers a much higher and overall better accessibility to green spaces than Qingdao
due to its lower density and higher proportion of vegetated areas.
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Table 1. Data at the level of the entire study regions describing population density, land cover, and
quantitative as well as spatial distribution of identified BPS classes.

Study Region Berlin Study Region Qingdao

Settlement units in
study region 1 – 4 –

Population

Inhabitants total (Inh.) 2,164,198 – 2,796,692 –

Mean population density 5140 Inh./km2 – 8630 Inh./km2 –

Mean population per grid cell
(100 by 100 m) 27.0 Inh. – 78.7 Inh. –

Land cover

Area Total (ha) 42,126.5 ha 28,306.6 ha

Building footprint area 8291.4 ha 19.7% 5113.4 ha 18.1 %

Vegetation area (NDVI 0.2) 31,212.8 ha 74.1% 8969.9 ha 31.7 %

Sealed land 2622.3 ha 6.2% 14,223.3 ha 50.2 %

Mean area “vegetation” per
cell (NDVI 0.2) 0.37 ha – 0.12 ha –

Building Proximity Score
(BPS) Class

Building
count

Cells
covered [%]

Building
count

Cells
covered [%]

BPS Class I 14,975 23% 32,365 47%

BPS Class II 61,669 25% 54,502 44%

BPS Class III 106,460 23% 14,628 7%

BPS Class IV 229,719 26% 8832 2%

BPS Class V 74,558 3% 2089 0.0016%

For the next steps of assessment, we have therefore taken a closer look at the different
classes of the Building Proximity Score. Although the building footprint shows comparable
proportions, the characteristics in terms of density are very different. In Qingdao’s study
region 77% of the buildings in the region are located in areas with the two lowest proximity
classes and this is contrasted in Berlin’s study region where the third and fourth highest
levels of proximity classes are where 69% of buildings are located. From this we can deduct
that the dominant urban planning patterns differ greatly between the two sites. Berlin’s
study region being primarily composed of perimeter blocks, row or slab buildings and
Qingdao’s study region being primarily comprised of “superblocks” with mid to high
rise buildings.

This leads us to the question of whether it is possible to identify differentiated patterns
of the relationship between vegetation and population density, as well as building density
across the entire study regions.

5.2. Vegetation Density and Spatial Distribution Analysis
5.2.1. Intersecting Vegetation Data with Population Figures

At this stage, we analyze the ratio of vegetated area to the population figures in a more
precise resolution, for which the unified 100 by 100 m grid is used. Each grid cell contains
the information for the population and how much area is made up of green. This allows us
to calculate the ratio of vegetation per person within each grid cell (see Figure 8). Berlin’s
study region including large park areas and nature reserves averages around 3700 m2 of
vegetation per person in its central areas with Qingdao’s study region being twice as lower
with 1200 m2 of vegetation per person. The areas of Berlin with the highest amount of
vegetation per person are the allotment garden areas, which are small cabins surrounded
by garden space and are frequently found in German cities and towns. The main open
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vegetated space of central Qingdao is primarily located in the small mountain area, which
borders the east of the study region. It is largely uninhabited and therefore not included in
this study.
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Figure 8. The ratio of vegetation per person shows varying patterns for the study regions: (A) Berlin,
which is characterized by homogenized distribution; (B) Qingdao overall has a similar distribution
but with lower levels of green space per person. Note: Large green areas such as parks are excluded
in this analysis as they do not have any population data; Data Sources: [76,77,88,89]; own calculation.

5.2.2. Intersecting Vegetation Data with Building Proximity Score (BPS) Classes

In Figure 9 we see the relationship between the BPS class and vegetation share per
grid cell. On the x-axis we have the percentage of vegetation per grid cell and on the y-axis,
we have the count for how many grid cells fall into that percentage. This is split into five
separate classes, one for each BPS Class. We can see in the graphs that Berlin’ study region
has the full range of percentage of vegetation per cell in each BPS Class, which is indicative
of a varied pattern of vegetation versus built environment across the city.
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Figure 9. Distribution of vegetated area according to the building proximity score class.

Qingdao’s study region, on the other hand, has a uniform distribution at each BPS
Class, with the vast majority of its grid cells throughout the city having 0–10% vegetation.
It can be assumed that the low proportion is due to a high building density and the high
degree of sealing (see Table 1). For a comprehensive evaluation, this would require a higher-
resolution database. Since this is not available, we will analyze selected neighborhoods in
more depth (see Section 5.3).

5.3. Neighborhood Based Analysis of Access to Green Spaces in the Built Environment

For the neighborhood-based analysis the building proximity score was utilized as
the starting point to define the sites for analysis. Looking at Figure 9 we can see that the
overlap between Berlin and Qingdao, when it comes to building proximity occurs from
a BPS of 0–64, i.e., BPS classes I, II, and III. Therefore, we determine three neighborhood
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sites in Berlin (see Figure 10) and three sites in Qingdao (see Figure 11) within grid cells
where the mean BPS is within these classes. Data on population, (residential) buildings
including footprint, height, gross building volume and gross floor area and land cover of
open spaces, i.e., paved and green areas, is aggregated (see Table 2).
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Figure 10. Selected study sites in the core urban area of Berlin. The NDVI identified vegetation is
manually qualified into the subcategories: public, private and street green. The boundaries of the
residential units (A–K) are manually identified while the numbers of inhabitants are distributed by
geospatial analytical methods; Data Sources: [75,88]; own calculation.
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Figure 11. Selected study sites in the core urban area of Qingdao. The NDVI identified vegetation is
manually qualified into the subcategories: public, private and street green. The boundaries of the
residential units (A–K) are manually identified, while the numbers of inhabitants are distributed by
geospatial analytical methods; Data Sources: [75,88]; own calculation.
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Table 2. Data on population, buildings and open spaces for the study sites in the core urban area
of Berlin and Qingdao. The selected sites are comparable in size yet differ in parameters such as
population density or gross building volume.

Study Region Berlin Study Region Qingdao

BPS I BPS II BPS III BPS I BPS II BPS III

Total Area [ha] 22.8 22.0 25.7 21.4 24.5 25.6

Population [Inh.] 1385 1571 2089 2795 9354 7725

Population Density [Inh/ha] 62.6 71.7 83.5 130.0 381.0 301.0

BUILDINGS

Residential Building Count 39 115 197 46 92 279

Total Building Footprint [ha] 4.1 5.3 9.0 2.9 6.8 6.2

Residential Building Footprint [ha] 3.1 4.3 8.2 2.9 6.3 6.2

Gross Building Volume [Million m3] 1.19 1.26 2.18 1.73 1.89 0.85

Gross Floor Area [m2] 294,000 276,000 507,000 402,000 440,000 198,000

OPEN
SPACES

Total Paved Area [ha] 1.4 3.2 2.9 8.6 16.3 12.4

Total Green Area [ha] 17.3 13.5 13.8 10.0 1.4 7

Private Green [ha] 1.1 6.1 7.7 4.0 0.7 4.6

Street Green [ha] 3.1 6.2 6.1 2.7 0.7 2.4

Public Green [ha] 12.9 1.2 – 3.3 – –

A further breakdown was required due to the differing qualities of the green spaces.
The previous analysis can only tell us if a grid cell includes vegetation, and to what extent
it is not related to types of green spaces. Therefore, we broke down the vegetation into
three categories: private green, street green, and public green. Private green areas are areas
of vegetation only accessible to a subset of the population, such as courtyards or gated
communities. Public green areas are areas of green in the neighborhood open and accessible
to all. Street green areas are the small pockets of green along streets and serve more as
transitional spaces. The latter, although they have a positive impact on, e.g., micro climate
and visual experiences in cities, are excluded from our analysis focusing on recreational
activities that streets can only fulfill to a certain degree and not for all population groups,
since they often do not permit lingering without consumption or play.

As the different green spaces are primarily shaped by the buildings in these two sites,
we calculated the inhabitants per building based on their overall volume. To do so the
height of the buildings was calculated using Google Maps [80] and Baidu Maps [79]. Next,
the height of each building was calculated based on this and then used to calculate the
volume. The population numbers were then distributed from the population grid cell to
the building based on the share of total building volume within each grid cell.

The last thing to be distinguished is the grouping of buildings based on their rela-
tionship to the surrounding green. For all six sites subdivisions were made based on each
building’s relationship to each other, streets, and green spaces resulting in a subdivision
from A to K. Now that the buildings have been grouped and have population figures we
can begin to assess the relationship of population to green type, as seen in Tables 3 and 4
and Figure 12.
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Table 3. Study sites Berlin: Accessible recreational green space, which includes public and private
green and excluding street green (see definition in Section 5.3), for housing units and their residents.

Study Region Berlin: Accessible Green Areas Per Housing Unit

BPS I BPS II BPS III

Housing
Unit

Number
of Inh.

Accessible Green
(private + public) Inh. Accessible Green

(private + public) Inh. Accessible Green
(private + public)

Total [ha] [m2/person] Total [ha] [m2/person] Total [ha] [m2/person]

A 1147 16.1 140 218 1.8 82 136 0.4 29

B 181 17.1 944 142 2.6 183 191 1.1 57

C 57 16.2 2842 141 1.2 85 392 1.3 33

D – – – 284 3 105 102 0.4 34

E – – – 22 1.2 585 238 0.8 31

F – – – 765 4.6 60 215 0.4 19

G – – – – – – 239 0.5 19

H – – – – – – 215 0.9 43

I – – – – – – 190 1.4 74

J – – – – – – 53 0.2 33

K – – – – – – 118 0.5 41

Table 4. Study sites Qingdao: Accessible recreational green space, which includes public and private
green and excluding street green (see definition in Section 5.3), for housing units and their residents.

Study Region Qingdao: Accessible Green Areas Per Housing Unit

BPS I BPS II BPS III

Housing
Unit

Number
of Inh.

Accessible Green
(private + public)

Number
of Inh.

Accessible Green
(private + public)

Number
of Inh.

Accessible Green
(private + public)

Total [ha] [m2/person] Total [ha] [m2/person] Total [ha] [m2/person]

A 849 7.4 87 2383 0.1 0.3 2523 1.2 4.7

B 1125 6.7 59 1825 0.1 0.3 1334 0.4 0.9

C 339 6.7 197 3301 0.5 1.6 1272 0.9 6.9

D 482 8.8 182 1843 0.1 0.3 2596 2.1 8.0

The study sites with the greatest amount of green accessible to their residents are
found in Proximity Class 1 for Berlin and Qingdao. In both of these study sites the building
stories are higher than in the other sites, with Berlin’s site being comprised of slabs and
towers, while Qingdao’s site morphology follows the typical Chinese super-block. Each of
these utilize mid to high-rise buildings to free as much of the ground as possible for green
space, also reducing paved surfaces or buildings. In doing so, these sites are able to provide
higher levels of green to more people.

Study sites 2 and 3 in Berlin feature the typical Berlin perimeter block buildings with
courtyards, which are often subdivided. While from an aerial perspective the amount of
green in these courtyards is more than sufficient for a per person level, in reality when you
engage with these spaces they are commonly not of high quality and not frequently used,
as they are often cramped and constricted by the form of the buildings, which surround
and block sunlight. Additionally, these spaces are private and do not serve the larger
community, unlike the green spaces in study sites 1.



Sustainability 2022, 14, 1690 18 of 22Sustainability 2022, 14, x FOR PEER REVIEW 18 of 23 
 

 

Figure 12. Accessible green space for housing units and their residents and population numbers for the neighborhood sites by 

building proximity score classes (BPS) in Berlin and Qingdao. 

The study sites with the greatest amount of green accessible to their residents are 

found in Proximity Class 1 for Berlin and Qingdao. In both of these study sites the build-

ing stories are higher than in the other sites, with Berlin’s site being comprised of slabs 

and towers, while Qingdao’s site morphology follows the typical Chinese super-block. 

Each of these utilize mid to high-rise buildings to free as much of the ground as possible 

for green space, also reducing paved surfaces or buildings. In doing so, these sites are able 

to provide higher levels of green to more people. 

Study sites 2 and 3 in Berlin feature the typical Berlin perimeter block buildings with 

courtyards, which are often subdivided. While from an aerial perspective the amount of 

green in these courtyards is more than sufficient for a per person level, in reality when 

you engage with these spaces they are commonly not of high quality and not frequently 

used, as they are often cramped and constricted by the form of the buildings, which sur-

round and block sunlight. Additionally, these spaces are private and do not serve the 

larger community, unlike the green spaces in study sites 1. 

Study site 2 in Qingdao is an example of the housing blocks built in the 1960s in China 

and consist of 4–5 story high row buildings spaced tightly together with little to no green 

space, or most commonly just a few single trees. While these neighborhoods can house a 

large number of people the quality of life of the spaces between the buildings is frequently 

poor, as seen in the numbers (see Tables 2 and 4). 

Study site 3 in Qingdao is a neighborhood almost entirely consisting of villa style 

housing from the colonial days of Qingdao. Initially built as single-family homes these 

houses have been split into multifamily houses. As such the private green spaces that ex-

ist, which may have originally been suitable, have been split-up, subdivided, and built on, 

resulting in low green numbers for the neighborhood. This building type is a bit of an 

anomaly in China, where very few single-family housing complexes were built. 

If we look to see which study sites have similar numbers of green per person, we 

identify Berlin’s BPS II and Qingdao’s BPS I. Both sites have housing that is able to reach 

from 50–190 sqm of green per person. However, they achieve this in quite different ways. 

The neighborhood in Berlin is dominated by 4–6 story perimeter blocks with 6.1 ha of 

private green, 6.2 ha of street green, and 1.2 ha of public green. This means that only 11% 

of the available green space in the site consists of actually green areas, which are designed 

for people. The Qingdao site offers 4 ha of private green, 2.7 ha of street green and 3.3 ha 

of public green for 33% of publicly accessible green space, while at the same time having 

Figure 12. Accessible green space for housing units and their residents and population numbers for
the neighborhood sites by building proximity score classes (BPS) in Berlin and Qingdao.

Study site 2 in Qingdao is an example of the housing blocks built in the 1960s in China
and consist of 4–5 story high row buildings spaced tightly together with little to no green
space, or most commonly just a few single trees. While these neighborhoods can house a
large number of people the quality of life of the spaces between the buildings is frequently
poor, as seen in the numbers (see Tables 2 and 4).

Study site 3 in Qingdao is a neighborhood almost entirely consisting of villa style
housing from the colonial days of Qingdao. Initially built as single-family homes these
houses have been split into multifamily houses. As such the private green spaces that exist,
which may have originally been suitable, have been split-up, subdivided, and built on,
resulting in low green numbers for the neighborhood. This building type is a bit of an
anomaly in China, where very few single-family housing complexes were built.

If we look to see which study sites have similar numbers of green per person, we
identify Berlin’s BPS II and Qingdao’s BPS I. Both sites have housing that is able to reach
from 50–190 sqm of green per person. However, they achieve this in quite different ways.
The neighborhood in Berlin is dominated by 4–6 story perimeter blocks with 6.1 ha of
private green, 6.2 ha of street green, and 1.2 ha of public green. This means that only 11%
of the available green space in the site consists of actually green areas, which are designed
for people. The Qingdao site offers 4 ha of private green, 2.7 ha of street green and 3.3 ha
of public green for 33% of publicly accessible green space, while at the same time having
a population of 2,795 inhabitants compared to the Berlin site’s 1,571 inhabitants. This is
due, in large part, to the form of the residential buildings in Qingdao, which are residential
high-rise buildings of up to 20 stories. In this case a high population density can be given
good numbers for accessibility to green through a smarter building form.

6. Discussion

On an aerial level of analysis, we can see that Berlin has an overall larger volume
of vegetation than Qingdao. However, as the level of analysis gets smaller focusing on
individual neighborhoods in the dense inner-city core, we can begin to see that there is
another level of examination to be conducted. In the case of Berlin, the vast majority of
blocks within the core urban area have some amount of green, however the accessibility
and quality of these green spaces are more often than not poor. This is in large part due to
the morphology of the buildings that guide the form of the green spaces. The dominant
building form in Berlin’s city center is the perimeter block, which results in small green
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spaces that are private. As a result, the green spaces are chopped and sequestered on the
ground level while on the aerial level the NDVI is not able to make these distinctions (see
Figure 10 and Table 3). In the neighborhood sites in Qingdao we used for closer analysis,
we saw single family housing villas from the colonial era, early mid-rise apartment blocks,
and the Chinese “super block”. Each have very different relationships between building
form, population density, and green. Single family housing has entirely private green,
mid-rise apartment blocks have little to no green at all, and the “super block” has large,
open green areas (see Figure 11 and Table 4).

If we look at Qingdao’s neighborhood site in BPS class 1, we can see that the numbers
for green m2/p fall within ranges similar to that of Berlin’s BPS class 2. While these sites do
have differing BPS classes, they are both their respective cities standard form for building
new developments moving forward. Therefore, they can serve as an apt comparison.
Qingdao’s contemporary urban development form achieves similar numbers of green
while having a larger number of residents, and of course this makes sense as the buildings
consist of high-rise towers of up to 20 stories. A further commitment to this type would
greatly change the green levels in Qingdao and this is the plan outlined at the national level
by the Chinese government.

As seen from the high population numbers of the sites, the issues of housing are
evident in these cities. In Qingdao, this manifests itself in extremely high population
densities and in Berlin in rising prices and scarcity. In both of these conditions, along with
the issue of access to green areas, a potential solution can be found in the morphology of
study site 1 in Berlin and Qingdao. The question of how density and green accessibility can
be tackled lies on the level of urban and architectural form. High density of population
and green can be addressed through urban planning policy, which places importance on
freeing up land surface by utilizing mid and high-rise buildings, and reducing paved areas,
while scaling the site to be large enough so that the resultant green space gained by using
towers offers enough green space for the residents of its site and neighboring areas.

Future research could bring in an additional layer of analysis to provide insights on
the accessibility to recreational spaces related to social inequality. This could be done by
examining accessibility as determined by socioeconomic criteria. The COVID-19 pandemic
brought to light the fact that the issue of accessibility to recreational green spaces being in
close proximity to one’s place of residence is crucial, in particular in dense urban areas.

The analysis is based on freely accessible data available for both study regions. Our
study could be further detailed and automatized applying data-driven methods such as
semantic segmentation or agglomerative clustering, for which very high resolution (VHR)
resources as well as 3D data to describe the built environment are required. This would
allow the detailed typification of green spaces in the context of the built environment. Based
on this, a new assessment standard could be developed to evaluate the availability and
accessibility of recreational spaces in high-density urban regions.
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