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Supplementary Materials 
 
 
Supplementary Material 1. Place Pulse 2.0 dataset: Formulas and indicators. We converted pairwise comparisons 
into perceptual rating scores (Q-score), based on Dubey’s and Zhang’s methodology31,33. For each indicator, we 
defined the win (𝑊!) and the loss (𝐿!) ratios of image 𝑖 as follows: 
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where 𝑤! ,	𝑙! 	and	𝑡! represent the times when image 𝑖 won, lost or equalled its paired image. The perceptual rating 
score (Q-score) ranging from 0 to 10 for each image	𝑖 is defined as: 
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where 𝑗' and 𝑗, denote the total number of images won and lost, respectively. Equation (3) simply corrects an image 
win ratio (𝑊!) by adding (or subtracting) the average win (or loss) ratio of the compared image30. Once Q-scores	were 
assigned to Google Street View (GSV) images, we obtained a double dataset of lively-oriented and beautiful-oriented 
urban perception preferences. 
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Supplementary Figures 
 

 
 
Supplementary Fig. 1. Feeling Nature survey. This image depicts six distinct screens comprising the online survey 
Feeling Nature (accessible at https://feeling-nature-survey.vercel.app/). The first screen presents participants with 
the project details, subject matter, objectives and scope, along with a concise informed consent statement required 
for all users before proceeding to the subsequent questionnaire. It also offers language switch options and 
acknowledges the research partners supporting the project (TU Delft, MIT), which is funded by the European Union’s 
Horizon 2020 research and innovation programme under the Marie Skłodowska-Curie grant agreement No 
101026318. The second frame displays the prerequisite question for selecting the city case and accessing the survey. 
The third and fourth pages include pivotal survey questions designed to gather data on biophilic perceptions (BP) 
across the eight city cases. Participants were asked to make image selections from six pairwise comparisons and 
provide comments on their preferences in the related comment box that follows. The fifth frame concludes the 
survey by requesting participants to provide personal information such as their age and gender. The final page 
provides acknowledgements and contact information for the survey authors. 

https://feeling-nature-survey.vercel.app/
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Supplementary Fig. 2. Feeling Nature survey, image comparison design. We outline the rationale behind the 
sequence of six pairwise comparisons presented in the core survey. Although the images may appear random to 
participants, each image on the right and left is selected from a specific subset containing images generated from the 
Pulse Place 2.0 dataset. These images represent the highest 5% of scores in 'lively' and 'beautiful’ perception 
preferences, as well as the lowest 5% of scores in these categories. The paired images in each selection were 
automatically chosen from the four subsets of 'top' or 'bottom’ for lively and beautiful perceptions and presented in 
a predetermined sequence of 'left vs. right' combinations based on the following order: Q2 - ‘Top vs. Top - Lively'; Q3 
- 'Bottom vs. Bottom - Lively'; Q4 - 'Top vs. Top - Beautiful'; Q5 - 'Bottom vs. Bottom - Beautiful’; Q6 - 'Top vs. Bottom 
– Lively’; Q7 - 'Top vs. Bottom - Beautiful'. The figure provides further details on the Feeling Nature survey design.  
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Supplementary Fig. 3. Biophilic classes. Within the Dense Prediction Transformer (DPT) model, which classifies, 
detects and segments images of urban settings by labelling each pixel based on 150 semantic classes, we identified 
25 biophilic classes (BC). These classes encompass nature-based features or elements, as well as living beings. This 
figure illustrates how we grouped the 25 BC into four main biophilic categories of cityscapes: greenscape (tree, grass, 
plant/flora, fire, flower, palm tree, natural food); landscape (sky, earth/ground, mountain, field, rock/stone, sand, 
hill, light/sunlight, land/soil); waterscape (water, sea, river, fountain, swimming pool, waterfall, lake); living beings 
(person, animal/fauna). The DPT model can only recognise visible elements via pixels. Therefore, three of the four 
natural elements were present as BC and included in a distinct category. Fire, considered a living natural element 
traditionally associated with greenery, was embodied in the greenspace category.  
  
 
 
 
 
 
 
 
 
 
 
 
 
 

5 Tree

14 Earth/Ground

3 Sky

25 Biophilic Classes
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Supplementary Fig. 4. BS and BP by diversity including biophilic ‘sky’ class. This figure presents the complete results 
for biophilic settings (BS) diversity and biophilic perceptions (BP) diversity calculated for all 25 BC. The pie charts show 
the relative prevalence of the specific BC across the eight case studies, with BS diversity on the left side and BP 
diversity on the right side. ‘Sky’ emerges as the predominant BC due to its disproportionate number of pixels in each 
GSV image processed via DPT, overshadowing the genuine diversity among the other BC illustrated in Fig. 3 in the 
main article. 
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Supplementary Tables 
 

Supplementary Table 1. Global biome classification. This table summarises sources referring to global geographical 
classification, such as life zones, biomes (or biome-types, zonobiomes), ecosystems (or ecozones) and domains, from 
1947 to 2020. In addition to literature sources, interactive maps issued by National Geographic and NASA are also 
included. Grey columns highlight all sources that explicitly classify the globe through biomes, ranging from a minimum 
of 7 to a maximum of 17 biomes. Based on this review, we selected eight terrestrial biomes that are highly urbanised 
and commonly found in various classifications, along with eight city cases representing each biome. 
 

 
City   BIOMES 

  

Sources 

Major 
Terrestrial 
Biomes 

Literature  Interactive Maps 

1947 
Holdridge 
38 Life zones 

1947 
Allee 
7 Biome-types 

1961 
Kendeish                     
9 Biomes 

1962 
Whittaker 
9 Biomes 

1974 
Goodall 
16 Terrestrial 
Ecosystems 

1976 
Walter                    
9 Zonobiomes 

1988 
Schultz 
9 Ecozones 

1989 
Bailey 
4 Domains 

1992 
Prentice                                             
17 Biomes 

2001 
Olson & Dinerstein                                                          
14 Terrestrial Biomes 

2010 
Forseth 
8 Terrestrial 
Biomes 

2019 
National Geographic                                                                
14 Biomes 

2020 
NASA 
7 Biomes 

 Amsterdam  

F
O
R
E
S
T  

T
E
M
P
E
R
A
T
E  

Cool temperate moist forest            
Cool temperate wet forest              
Cool temperate rain forest            
Warm temperate dry forest 
Warm temperate moist 
forest 
Warm temperate wet forest 
Warm temperate rain forest 

Deciduous 
Forest  

Temperate 
Deciduous 
Forest  

Temperate 
Rainforest         
Temperate 
Seasonal 
Forest  

Temperate Deciduous 
Forests                    
Temperate Broad-
Leaved Evergreen 
Forests                                                       
Wet Coastal Ecosystems 
Dry Coastal Ecosystems 

Warm 
temperate               
Nemoral                               

Humid mid-
latitudes 

Humid 
Temperate 
Domain 

Temperate Deciduous Forest                       
Cold deciduous forest                               
Broad-leaved evergreen/ 
warm mixed forest 

Temperate Broadleaf & Mixed 
Forests                        
Temperate Coniferous Forests 

Temperate 
Deciduous 
Forest        

Temperate Broadleaf & Mixed Forests                          
Temperate Coniferous Forests 

Temperate 
Deciduous 
Forest 

 

 Singapore  

T
R
O
P
I
C
A
L 

Tropical dry forest 
Tropical moist forest 
Tropical wet forest 
Tropical rain forest                
Subtropical dry forest 
Subtropical moist forest 
Subtropical wet forest 
Subtropical rain forest 

Tropical Forest Tropical 
Forest          

Tropical 
Rainforest                                 
Tropical 
Seasonal 
Forest/Sav
anna     

Tropical Rain Forest 
Ecosystems                          
Wetland Forests                                                                 
Mires: Swamp, Bog, Fen, 
Moor 

Tropical                                                  
Equatorial 

Tropics with 
winter rain       
Tropics with 
winter rain   
Subtropics with 
winter rain    

Humid 
Tropical 
Domain 

Tropical Rainforest                                 
Tropical Seasonal Forest                         
Tropical Dry Forest/Savanna     

Tropical & Subtropical Coniferous 
Forests                     
Tropical & Subtropical Dry 
Broadleaf Forests               
Tropical & Subtropical Moist 
Broadleaf Forests         
Mangroves 

Tropical Forest 

Tropical & Subtropical Coniferous Forests                     
Tropical & Subtropical Dry Broadleaf Forests                  
Tropical & Subtropical Moist Broadleaf Forests          
Mangroves 

Rainforest  

 Quebec 

T
A
I
G
A  

Boreal dry scrub 
Boreal moist forest 
Boreal wet forest 
Boreal rain forest 

Taiga 
Woodland                 
Coniferous 
Forest  

Boreal 
Forest Coniferous Forests    Boreal Boreal zone 

Humid 
Temperate 
Domain 

Cool conifer forest                                     
Cool mixed forest                                      
Taiga  

Boreal Forests/Taiga 
Northern 
Coniferous 
Forest 

Boreal Forests/Taiga  Coniferous 
Forests 

 

 Barcelona  

G
R
A
S
S
L
A
N
D  

M
E
D
I
T
E
R
R
A
N
E
A
N 

Warm temperate desert 
scrub                   
Warm temperate thorn 
scrub 

  Chaparral  Woodland/
Shrubland 

Mediterranean-Type 
Shrublands                                             
Heathlands and Related 
Shrublands 

Mediterranean                             Dry mid-
latitudes 

Xerophytic woods/scrub  
Mediterranean Forests, 
Woodlands 
 & Scrub 

Mediterranean  Mediterranean Forests, Woodlands & Scrub    

 Buenos 
Aires   

G
R
A
S
S
L
A
N
D 

Tropical thorn woodland       
Subtropical thorn woodland Grassland  Grassland 

Temperate 
Grassland/ 
Cold Desert  

Natural Grasslands                                                         

Continental  

Dry tropics and 
subtropics 

Dry 
Domain 

Warm grass/shrub  
Temperate Grasslands, Savanna 
 & Shrublands  Grassland Temperate Grasslands, Savanna & Shrublands Grassland  

 Nairobi 

S
A
V
A
N
N
A 

Tropical desert scrub 
Subtropical desert scrub   Tropical 

Savanna Tropical Savannas Semidesert 

Tropical & Subtropical 
Grasslands, Savanna & 
Shrublands  Savanna  

Tropical & Subtropical Grasslands, Savanna & 
Shrublands 

Shrublands 

 

Flooded Grasslands & Savanna Flooded Grasslands & Savanna  

 Dubai   

D
E
S
E
R
T  

D
E
S
E
R
T 

Warm temperate desert          
Tropical desert                         
Subtropical desert  

Desert  Desert  Subtropical 
Desert  

Temperate 
Deserts/Semi-Deserts                
Hot Deserts and Arid 
Shrublands 

Subtropical   Hot desert  Deserts & Xeric Shrublands Deserts Deserts & Xeric Shrublands Desert  

 Trondheim 

T
U
N
D
R
A  

T
U
N
D
R
A 

Subpolar dry tundra     
Subpolar moist tundra  
Subpolar wet tundra       
Subpolar rain tundra                                    
Cool temperate desert 
scrub 

Tundra Tundra Tundra Polar and Alpine Tundra Polar 
Polar/subpolar 
zone 

Polar 
Domain 

Tundra                                                        
Cool grass/shrub Tundra Tundra Tundra Tundra  
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Supplementary Table 2. Feeling Nature survey participant data. This table provides an overview of participant data 
from the Feeling Nature survey, organised by city. It includes the amount of gathered and evaluated feedback, 
distinctions between native language and English inputs, as well as age- and gender-based groups. 
 
 

  
Case Studies  

   
Amsterdam Barcelona Buenos Aires Dubai Nairobi Quebec City Singapore Trondheim 

Feedback Final No   52 69 52 55 57 59 59 61 

Evaluated Feedback No   50 50 50 50 50 50 50 50 

Native Language 
Feedback   1 (Dutch) 5 (Spanish) 21 (Spanish) 0 50 (English) 9 (French) 50 (English) 3 (Norsk) 

English Feedback   49 45 29 50 50 41 50 47 

Age 

18-25 14 6 4 21 9 8 11 19 

26-40 30 29 30 20 31 25 30 21 

41-55 5 12 11 8 8 14 8 9 

>55 1 3 5 1 2 3 1 1 

Gender 

Male 15 22 21 21 21 25 18 27 

Female 32 24 27 28 28 25 30 23 

Other 2 1 1 0 0 0 0 0 

Prefer not to 
answer 1 3 1 1 1 0 2 0 
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Supplementary Table 3. BS and BP by intensity and coverage. This table provides an overview of the results obtained 
from DPT image modelling. These results include normalised and non-normalised values for intensity and coverage 
related to BS and BP for each city. 
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Supplementary Table 4. BP by cosine similarity. This table illustrates the results of textual analysis processed by 
Bidirectional Encoder Representations from Transformers (BERT), expressing BP in the form of cosine similarity 
scores. These values are associated with 25 BC per city, ranging from 0 to 1. 
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Supplementary Table 5. BP by specificity. This table presents a synthetic framework of BP values based on the results 
of topic cluster modelling. It outlines the qualitative indicator of specificity, which associates the highest values of BP 
with cityscape elements grouped into four main topic clusters (nature-based environment, anthropogenic 
environment, feelings and concepts, city identifier) and 14 sub-topic clusters (greenscape, landscape, waterscape, 
living beings, built environment, mobility and infrastructure, human activity, neighbourhood and community, urban 
mood, positive feelings, aesthetics, abstract concepts, vitality and movement, local features). Each topic or sub-topic 
is represented by the number of items mentioned in survey comments and their related preference percentages. 
 
 

  
SPECIFICITY 

 City Clusters No Nature-based Environment  Anthropogenic Environment Feelings &  Concepts City  Identifier Item  No 

 Amsterdam 10 

Items  Percentage Items  Percentage Items  Percentage Items  Percentage 

508 
249 49% 141 28% 96 19% 22 4% 

Greenscape Landscape Waterscape Living Beings  Built Environment  Mobility & Infrastructure    Positive Feelings  Aesthetics Abstract Concepts  Local Features  

155 31% 57 11% 30 6% 7 1% 81 16% 60 12%   62 12% 26 5% 8 2% 22 4% 

Barcelona 9 

Items  Percentage Items  Percentage Items  Percentage Items  Percentage 

420 
212 50% 142 34% 39 9% 27 6% 

Greenscape Landscape Waterscape Living Beings  Built Environment  Mobility & Infrastructure  Human Activity   Positive Feelings  Vitality & Movement  Local Features  

108 26% 85 20% 0 0% 19 5% 74 18% 54 13% 14 3% 29 7% 10 2% 27 6% 

Buenos Aires 10 

Items  Percentage Items  Percentage Items  Percentage Items  Percentage 

505 
275 54% 156 14% 69 14% 5 1% 

Greenscape Landscape Waterscape Living Beings  Built Environment  Mobility & Infrastructure   Neighborhood & Community  Positive Feelings  Vitality & Movement  Local Features  

164 32% 96 19% 2 0% 13 3% 68 13% 64 13% 24 5% 66 13% 3 1% 5 1% 

Dubai 9 

Items  Percentage Items  Percentage Items  Percentage Items  Percentage 

393 
213 54% 107 27% 63 16% 10 3% 

Greenscape Landscape Waterscape Living Beings  Built Environment  Mobility & Infrastructure  Urban Mood  Positive Feelings  Local Features  

135 34% 74 19% 1 0% 3 1% 45 11% 36 9% 26 7% 63 16% 10 3% 

Nairobi 10 

Items  Percentage Items  Percentage Items  Percentage Items  Percentage 

401 
166 41% 132 33% 84 21% 19 5% 

Greenscape Landscape Waterscape Living Beings  Built Environment  Mobility & Infrastructure  Human Activity   Positive Feelings  Aesthetics  Local Features  

104 26% 44 11% 1 0% 17 4% 27 7% 77 19% 28 7% 74 18% 10 2% 19 5% 

Quebec City 9 

Items  Percentage Items  Percentage Items  Percentage Items  Percentage 

542 
321 59% 115 21% 95 18% 11 2% 

Greenscape Landscape Waterscape Living Beings  Built Environment  Mobility & Infrastructure    Positive Feelings  Aesthetics  Local Features  

236 44% 65 12% 8 1% 12 2% 60 11% 55 10%   69 13% 26 5% 11 2% 

Singapore 10 

Items  Percentage Items  Percentage Items  Percentage Items  Percentage 

459 
221 48% 113 25% 116 25% 9 2% 

Greenscape Landscape Waterscape Living Beings  Built Environment  Mobility & Infrastructure  Human Activity Positive Feelings  Aesthetics  Local Features  

149 32% 68 15% 3 1% 1 0% 41 9% 64 14% 8 2% 94 20% 22 5% 9 2% 

Trondheim 9 

Items  Percentage Items  Percentage Items  Percentage Items  Percentage 

580 
270 47% 107 18% 192 33% 11 2% 

Greenscape Landscape Waterscape Living Beings  Built Environment  Mobility & Infrastructure    Positive Feelings  Aesthetics  Local Features  

131 23% 129 22% 5 1% 5 1% 51 9% 56 10%   143 25% 49 8% 11 2% 
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Supplementary Table 6. BP by gender-based specificity. This table summarises the values of BP gathered from male 
and female participants in the Feeling Nature survey. For each city, the number of cityscape elements (items) 
perceived more positively is grouped into the four main topic clusters (nature-based environment, anthropogenic 
environment, feelings and concepts, city identifier) and 14 sub-topic clusters (greenscape, landscape, waterscape, 
living beings, built environment, mobility and infrastructure, human activity, neighbourhood and community, urban 
mood, positive feelings, aesthetics, abstract concepts, vitality and movement, local features) considered under the 
qualitative indicator of specificity. 
 
 

SPECIFICITY 

City Case Gender-related data Nature-based Environment Anthropogenic Environment  Feelings &  Concepts City 
Identifier 

 
Gender Participa

nt No Item No Greenscape Landscape Waterscape Living 
Beings 

Built 
Environment  

Mobility & 
Infrastructure 

Human 
Activity 

Neighborhood & 
Community Urban Mood  Positive 

Feelings  Aesthetics Abstract 
Concept 

Vitality & 
Movement  

Local 
features 

Amsterdam 

Male  15 161 52 22 12 1 22 18       21 6     7 

Female 32 347 103 35 18 6 59 42       41 20 8  15 
Tot 47 508 155 57 30 8 81 60       62 26 8   22 

Barcelona 

Male  22 157 45 26 0 3 31 22 6     14     4 6 
Female 24 263 63 59 0 16 43 32 8     15     6 21 

Tot  44 420 108 85 0 19 74 54 14     29     10 27 

Buenos 
Aires 

Male  21 218 73 47 0 4 32 24   8  26    2 2 
Female 27 287 91 49 2 9 36 40  16  40    1 3 

Tot 48 505 164 96 2 13 68 64   24   66     3 5 

Dubai 

Male  21 154 61 28 1 2 15 9     9 24       5 
Female 28 239 74 46   1 30 27     17 39       5 

Tot 44 393 135 74 1 3 45 36     26 63       10 

Nairobi 

Male  21 180 40 19 1 6 17 34 14     36 3     10 
Female 28 221 64 25   11 10 43 14     38 7     9 

Tot 49 401 104 44 1 17 27 77 28     74 10     19 

Quebec City 

Male  25 210 85 23 2 4 27 31       27 5     6 
Female 25 332 151 42 6 8 33 24       42 21     5 

Tot 50 542 236 65 8 12 60 55       69 26     11 

Singapore 

Male  18 196 58 26     15 32 5     47 7     6 
Female 30 263 91 42 3 1 26 32 3     47 15     3 

Tot 48 459 149 68 3 1 41 64 8     41 64     9 

Trondheim 

Male  27 292 76 65 5 5 22 26       70 20     3 
Female 23 288 55 64     29 30       73 29     8 

Tot 50 580 131 129 5 5 51 56       143 49     11 

 


