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Abstract. This research attempts to combine the fields of urban 
planning, urban design and cognitive psychology, and propose three 
corresponding evaluation indicators for urban ecology, and further 
explore the coherence and divergence between them. This research 
defines land vegetation coverage, visibility of street green vegetation, 
and people's green perception as planned green, visual green and 
perceived green. Specifically, the three measures (i.e., planned, visual 
and perceived) refer to objectively extracting park lands and canopy 
areas from land use data, objectively extracting green pixels from street 
views, and subjectively collected through visual surveys. This study 
hypothesizes that there could exist large variation between the three 
measures, which would provide distinct implications for city planners. 
To test our hypothesis, this study selects Brisbane as the research area, 
effectively using computer deep learning, data visualization and 
mathematical statistics methods to achieve an accurate description of 
the three sets of data, and proposes a comprehensive evaluation of the 
urban ecological theory system. The results show the credibility and 
scope of application of the three types of greening, and quantitatively 
proposed and tested the relevant theories of urban design. 

Keywords. Urban Green Space; Urban Ecology; Street View Image; 
Green Perception; Subjective Measure; SDG 3; SDG 11; SDG 13. 

1. Introduction 

Urban ecology refers to the relationship between living things and their surroundings 
in the context of urban environments and significantly affects the urban culture and 
aesthetic experience. (Mostafavi and Doherty, 2016) Therefore, urban designers have 
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long been committed to promoting urban ecology to enhance the health and well-being 
of the urban population (Breuste et al., 1998; Gaston, 2010). However, there is no 
agreement on the consistent connotation or measurement of ecology. Urban green 
spaces (UGSs) are often used as a proxy for the social benefits of greening and its role 
in sustainable urban development. In this regard, the greening ratio obtained from 
satellite images and land use GIS data is used in many studies (Kabisch et al., 2015). 
While the green ratio works as a satisfactory proxy for the 'planned green', emerging 
studies indicate that a more precise definition of ecology is needed for analyses at 
street-scale. For instance, Ma et al. (2021) used Google Street View images rather than 
satellite imagery to measure human-scale and eye-level 'visual green'. In addition, with 
increased interdisciplinary communication, scholars have begun to study the positive 
effects of green space on human psychology (i.e. perceived green), including stress 
relief, improved mental health, and increased well-being (Parsons, 1991). For example, 
Reid Ewing (Ewing and Handy, 2009) recorded video clips of 48 commercial streets 
in the United States and asked experts to rate their imageability, enclosure, human 
scale, transparency, and complexity. They developed a statistical model of the physical 
characteristics of the city and people's subjective perceptions. 

However, there has been less discussion regarding the coherence and divergence 
between the three main types of greening. These are: firstly, the 'planned green', 
reflecting the proportion of planned green space and objective ecology; secondly, 
'visual green', representing the proportion of vegetation within the line of sight; and 
thirdly, 'perceived green', capturing people's subjective perception of the environment. 
We hypothesise that these three types of green are interrelated but have different 
impacts on urban ecology, which have not been addressed adequately by the current 
urban ecology research. Table 1 describes some related research. 

Table 1. Summary of Related Works 
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This study attempts to synthesise theories from various fields, including urban 
planning, urban design, and cognitive psychology, through statistical analysis of 
satellite images, street images, and subjective perceptions of urban residents about the 
spatial environment. We combine this synthesis with image recognition and extensive 
data analysis methods and propose quantitative definitions of the three types of green 
systems. 

It is known that urban ecology is an extremely important sustainable factor. 
Effective ecological designs can improve people’s well-being and health. This research 
proposes typology studies for physical space by defining and quantifying three urban 
green indicators, which provides design reference with specific data for the consistency 
of objective ecological feature and subjective ecological experiences. Therefore, it 
satisfies the following goals: Good Health and Well-being, Sustainable Cities and 
Communities, and Climate Action. 

2. Methodology 

2.1.  METHODS OF OBTAINING PLANNED GREEN, VISUAL GREEN, 
AND PERCEPTUAL GREEN DATA 

Figure 1. Flow chart for obtaining three evaluation indicators 

Figure 1 shows how to obtain the three types of greening. Planned green and visual 
green are the physical characteristics of the street and are objective data obtained 
through analysis. By extracting the green pixels in the urban satellite image, we 
obtained the proportion of green pixels in the study area as the basis for planned green, 
reflecting the objective distribution of vegetation in the urban area. Planned green 
objectively measures green from an 'overlook' perspective. The formula can be 
expressed as the vertical projection area of the greening/urban land area. 

For visual green, this research uses the pyramid scene parsing network (PsPnet) 
algorithm to identify objects in street view photos, such as trees, buildings, and cars 
and calculates the proportion in each photo. The proportion of pixels occupied by all 
vegetation types was the basis for our visual green. Visual green objectively measures 
green from human eye perspectives. The formula can be expressed as a green 
pixel/total street view imagery (SVI) pixel. 
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Perceptual green refers to people's subjective ratings of ecological experiences. We 
collected 500 street-view photos of Berlin city streets as training data. The photos were 
then randomly divided into pairs. Visitors from the online questionnaire platform were 
invited to score based on seven spatial environmental qualities, such as choosing which 
one is more ecological or orderly. The photos were ranked by scores based on the 
Microsoft TrueSkill algorithm. Then, based on the 38 street physical characteristics 
obtained from the PsPnet, the Pearson correlation coefficient was used to establish a 
correlation model with seven spatial environmental qualities. (For example, the data 
revealed that the enclosure strongly positively correlates with the sky, tree, and building 
areas.) After that, we collected more than 16,000 Google Street View photos in 22 areas 
of Brisbane as a database, used a statistical model to score these photos, and finally 
screened four representative areas for comparative research. Perceptual green 
subjectively measures green from human perceptual perspectives. 

2.2. DATA ANALYSIS METHOD 

2.2.1. The Relationship Between Planned Green and Visual Green 

Figure 2. Analysis Method of Planned Green and Perceptual Green 

Planned green and visual green behaved consistently in most areas. However, they 
diverged in some space typologies. These areas have a large amount of green 
vegetation from the urban planning perspective, but this was not reflected in the 
pedestrians' perspectives. This discrepancy was due to the view blockage caused by the 
inappropriate spatial organisation. The analysis method is shown in Figure 2. Firstly, 
we found the nodes with low visual green scores; then, we compared the distribution 
map of planned green to find places where the two values were different and returned 
to the street view to find the problem. Finally, we tried to classify and summarise these 
street scenes. 

2.2.2.  Relationship Between Visual Green and Other Related Factors and Per-
ception of Green  

Figure 3. Analysis of Various Factors and Perceived Green 
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Figure3 shows the analysis process of this part. This part of the research was not limited 
to the analysis of visual green but included other factors related to perceived green. 
This was because visual green is just one of several factors affecting perceived green. 
Too much attention to visual green could distort the 'whole picture'. In addition, we 
divided city areas into different types, such as city, industrial, and rural areas, an 
approach that makes the study of urban phenomena more comprehensive and targeted. 

3. Result 

It is worth noting that some street view photos reflect the perspective from the roadway, 
which is inconsistent with the pedestrian perspective we studied. Therefore, this study 
refers to viewpoints close to the sidewalk and attempts to draw the road section 
accurately to ensure reliable analysis. 

3.1. COMPARING PLANNED GREEN AND VISUAL GREEN  

Figure 4. Four types of spaces where planned green and visual green do not match 

As shown in Figure 4, the distribution of planned green and visual green is consistent 
in most areas, but there are still inconsistencies. By comparing planned green and visual 
green in most areas of Brisbane, the researchers discovered four common space 
typologies which lead to inconsistencies between planned green and visual green. 

The New Farm (Figure 4) is a residential area close to the city centre. These sites 
have relatively higher housing prices and building densities than other suburban areas. 
Many owners make use of the open space in the plot as much as possible. As a result, 
buildings occupy a large number of front and back yards and reduce green areas. 
Through the analysis of Type 1-1, it was found that, although vegetation could be seen 
in the satellite image, most of the greenery was concentrated in the private backyard. 
The front yard was occupied by houses and could not accommodate trees. Instead, only 
shrubs could be planted, and these shrubs were hidden behind the fence. This pattern 
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leads to almost no green street view. This observation is influenced by social, political, 
and economic factors, such as excessive marketisation and privatisation, while the 
government's control of public space is reduced. At the same time, the high rate of 
return on capital and changes in the demographic structure affect land use. 

As the most prosperous business district, Brisbane City has a very high building 
density. The subtropical climatic conditions require the building to include shading 
structures. As shown in Type 1-2, once the canopy of the street tree is too high, it will 
be obscured by the overhanging sunshade, which means only the trunk is visible to the 
pedestrian. If the sunshade could be shortened and the tree canopy lowered and used 
for shading, pedestrians would obtain a better green experience. 

Milton is a relatively small business district that runs east to west beside Milton 
Road. Type 1-3 shows buildings along the street blocking the greenery. Satellite images 
show ample green spaces on the street corner, but people cannot see them because of 
the compact commercial stores along the street. In addition, the shop also occupies the 
landscaping space, therefore, only small shrubs can be grown. If the transparency of 
the ground floor could be increased and some spaces are left to accommodate trees, the 
ecological level of this area may be effectively enhanced. The situation in Type 1-4 is 
commonly found on pedestrian paths along railroads. Because such roads are often 
several metres above the ground, the sightline on the other side of the railway is 
blocked. In Brisbane, this situation is not very common, and green vegetation along the 
ramp is usually in place. 

3.2. COMPARE PERCEIVED GREEN AND ITS RELATED FACTORS  
This section examines several factors related to perceptual green in four different 

areas of Brisbane. Bardon and Red Hill are two suburban residential areas with dense 
vegetation and low building density. The City is located in the centre of Brisbane, 
facing the river on three sides, and has a grid of urban morphology and high building 
density. Finally, Woolloongabba is located on the south-eastern side of Brisbane City 
and is an industrial area. It is generally low in building density, with wide roads and 
large infrastructure, but lacks greenery. 

Figure 5. Factors related to perceived green in the four areas 

These correlation coefficients can be seen in Figure 5. The data show that visual 
green and perceived green are highly positively correlated in these four areas. 
Therefore, visual green can be used to describe the ecological level of a city. However, 
from the urban design perspective, visual green is not the only factor that affects 
perceived green. The chart also shows the other factors related to perceptual greenery. 

To further explore the significance of these data, the study selected two more 
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characteristic factors, order and enclosure, and analysed their specific performance in 
different areas in the physical space 

3.2.1. Order and Perceived Green  

Figure 6. Spatial Analysis of Order and Perceived Green 

Figure 6 clearly shows the research stages: first looking for relevant data and then 
returning to the street view to explore the problem. The data show that in Bardon, 
ecology and order have a strong positive correlation, with a correlation coefficient of 
0.46. This generally means that the more orderly the space, the better the green 
perception in this area. The reverse is also true. The more chaotic the space, the worse 
the perception of green. To explore the potential causality behind these two related 
factors, it is necessary to analyse specific street scenes. Here, the two sets of data were 
first visualised. Then, by observing and selecting several nodes with low ecology and 
order scores and by summarising and analysing the characteristics of these nodes, we 
tried to discover how order potentially affects ecology. The study found that these street 
scenes all have some things in common: 1. Place trash cans along the street; 2. Park 
vehicles on the side of the road; 3. Telephone poles and signage: 4. Patchy vegetation. 
As shown in Type 2-1, many similar street patterns can be found in this area. Therefore, 
it may be inferred that this mode of spatial organisation will make people feel chaotic 
and potentially reduce their perception of green. 

It is worth noting that, compared to Bardon, the data from Red Hill, which is also a 
suburb, show that there is a very weak positive correlation between ecology and order, 
with a correlation coefficient of only 0.048. In other words, the order of the streets here 
is not related to people's perceptions of green. If we make assumptions based on the 
conclusions drawn in Bardon that the lack of order in Red Hill still affects the 
perception of green, then there should be two other possible situations: the streets lack 
order but have a good green perception, or have order but lack green perception. 
Therefore, to find out how ecology and order run counter to each other, we looked for 
nodes with a larger difference in scores between the two. For example, the ecology 
score shown in the Figure6 was low, but the order score was high. It turns out that the 
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urban space here is generally organised by an orderly frame, which can be a continuous 
hedge, fence, building, or public facility. In other words, even if there is no single tree, 
it can be very orderly. Therefore, such a neat road no longer reflects the correlation 
between order and green perception. 

A similar situation also occurs in Woolloongabba and City, which are industrial 
and downtown areas, respectively. There is a weak negative correlation between order 
and green perception, with a correlation coefficient of -0.062 in City and -0.092 in 
Woolloongabba. The photo shows the view under a viaduct in Woolloongabba and on 
the side of a stadium. This scene has similar characteristics; the artificial objects form 
an order, but the plants are squeezed aside. 

These four areas show that order potentially affects green perception. Where there 
is a lack of planning, the order and perceptual greenness are more relevant, and the 
more artificial the place, and an irrelevant or even negative correlation between the two 
is likely. 

3.2.2. Human Scale and Perceived Green  
The definition of a human scale is not consistent. Generally speaking, if the various 

dimensions of the environment are close to the dimensions of a human being, we 
consider it to be a human-scale space. Road width, length, building height, width and 
other similar factors affect the sense of scale. Some details, such as the complexity of 
building components or decorative patterns and the number of pieces of street furniture, 
will also affect the sense of scale. In addition, even in high-density areas, if the design 
of the ground floor is sufficiently sophisticated, it can compensate for the human scale. 
According to Henry Arnold (1993), street trees can also adjust the scale of tall buildings 
and wide streets. This is because the canopy formed by leaves and branches allows 
people to experience a smaller space within a larger volume. 

Figure 7. Spatial Analysis of Human Scale and Perceived Green 

Figure 7 shows how the human scale and perceived green are related to the physical 
environment. In Bardon, the correlation coefficient between the human scale and 
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ecology was 0.48. This score shows that in this area, the closer the green elements are 
to the human scale, the better the people's green perception. The study also visualised 
the two sets of data and found places with higher scores for the ecology and human 
scale for analysis. It turns out that most of the roads at these nodes are relatively narrow, 
and the vegetation further forms an enclosure, shrinking the boundary. The tree canopy 
obscures the distant scenery and sky, thus forming a smaller space. The lush vegetation 
contributes a very high perceptual green score and forms a common road section in the 
suburbs. In City, the correlation coefficient between the human scale and ecology was 
0.24. By comparison, it was found that although the high building density forms an 
oppressive frontage, the places with lush tree canopies can often get closer to the human 
scale. 

It is worth noting that, in Woolloongabba, the correlation coefficient between the 
human scale and ecology was only 0.047. Through observation, it was found that most 
of the roads in this area are spacious, and the vegetation can only appear far away on 
both sides. Whether these trees are dense or sparse may affect green perception, but 
they cannot enclose the space. This is why even on a road where the sense of scale is 
always the same, the perception of green may be different. 

Based on the analysis of these three regions, the higher correlation between human 
scale and ecology appears because tree crowns often provide human-scale space while 
forming a larger green interface. Therefore, these two do not seem to have a causal 
relationship. However, from another perspective, using vegetation to limit the space, 
especially increasing the density of the tree canopy, will be an effective means to 
promote green. This is because the vegetation can shrink the horizontal and vertical 
spatial scales in the street view. 

4. Discussion 

In general, although these three green scores have different meanings, they all have a 
high degree of credibility. In contrast, planned greens are more suitable for evaluating 
the overall ecology of a particular area owing to the simple calculations involved. 
However, other scores may be required when the research is specific to the street level. 
(For example, the four types of spaces proposed in this study.) In this regard, the visual 
green can replace the planned green for a more accurate ecological evaluation. (In 
different regions, the correlation coefficient between visual green and perceptual green 
may reach approximately 0.9.) Planned green and visual green are both objective 
physical quantities used to speculate on the ecological nature of the city, while 
perceptual green is the most realistic simulation of human reactions. However, this last 
score is the most difficult to obtain. Therefore, it is not necessary to use it to evaluate 
urban ecology (because visual green is reliable enough), but it can be used as a reliable 
measure of subjective feelings. By combining various influencing factors in the city, 
urban designers should put forward more quantitative hypotheses or test the various 
hypotheses already been proposed. For example, this study illustrates the connection 
between green perception and space syntax. Therefore, spatial typology research can 
intuitively reveal the comprehensive factors affecting people's green perception and 
provide urban designers with more objective and targeted urban design strategies. 

Our study has several limitations. First, the small sample size and the lack of a 
detailed description of people’s perceptions may lead to doubts about the scientific 
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validity. In the future, the sample size can be expanded, or the sample area can be 
classified. In addition, the evaluation criteria for subjective feelings can be refined. 
Researchers can use only suburban samples to predict the results of other suburbs. 
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