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The Subject of the Pattern Language 
Why Urban Adaptation to Temperature Extremes?
Urban adaptation to both temperature extremes is crucial, due to climate change 
intensifying heatwaves and making cold spells unpredictable. Urban settings particularly 
face high vulnerability, due to rapid urbanisation leading to dense populations, while the 
urban form, land-use patterns and anthropogenic heat generation amplify one or the 
other temperature extreme. This shift in the urban climate will strongly impact the both 
the energy demand of buildings and, as examined in this thesis, the comfort of people 
(Palme & Salvati, 2021). These extremes also pose serious risks to public health, 
especially for groups of people that have lower acclimatisation capabilities to these 
climate effects (Seltenrich, 2015). 

While climate change mitigation is important to reduce greenhouse gas emissions 
to decrease the implications of climate change, this effort cannot prevent the current 
increasing climate effects. Thus, the adaptation patterns developed within this Pattern 
Atlas emphasise the necessity to rethink the current public spaces, that provide social 
cohesion, recreation and well-being for urban inhabitants, to ensure they remain 
comfortable and usable throughout the year.

For whom is this Atlas?
While the Atlas and its patterns can be used as a communication tool between 
designers, planners, developers and residents to explain, discuss and co-design 
together with various stakeholders (Rooij & Van Dorst, 2020), the main aim of this Atlas 
is to bridge the gap between research and design, providing designers with a pattern 
set to explore and design adaptive public spaces for various urban morphologies. 

The intended audience for this graduation thesis outcome is municipalities and design 
studios working on adapting urban environments to temperature extremes. This atlas 
could be used as an interdisciplinary tool that guides urban greening implementation, 
transport infrastructure planning and urban renovation and redevelopment plans 
all together through the lens of temperature adaptation. This tool could allow the 

departments to priorities and distribute adaptation strategies, such as reducing 
Exposure, safeguarding Sensitivity and increasing Adaptive Capacity, in different 
neighbourhoods, while reducing vulnerability to temperature extremes throughout the 
whole city. 

Future studies can be undertaken to develop a more non-designer friendly pattern set 
to extend the usability for different stakeholders, including public participation to future 
temperature adaptation strategies.

What does the Atlas Include?

In order to identify interventions to adapt public spaces to extreme cold and heat, a 
study was carried out to list and understand potential design solutions. Through 
literature review, possible solutions were extracted fitting the goals derived from 
analysis of Exposure, Sensitivity and Adaptive Capacity. As multiple solutions were 
found addressing the Focus, Urgency and Approach Adaptation Goal categories, a 
system of cataloguing them in relation to their corresponding challenges and spaces 
was needed. Pattern language emerged as a structural method to map potential 
design interventions and their potential units of application. This method provided 
a categorised set of strategies and technologies proven to be effective to manage 
urban temperature extremes, which could be used to analyse the current public space 
adaptation capabilities and to further adapt the problematic spaces.  

Christopher Alexander’s Pattern Language approach was chosen to represent the 
possible design solutions for its ability to analyse and catalogue complexity. As stated 
by Salingaros (2008) pattern language emerges for two distinct goals: one being to 
understand and, if required, to change a complex system, the other being to create 
a design tool, with which something functional and spatially coherent can be built. 
To tackle the challenges of urban climate, both of these ambitions are required to 
deconstruct the system into understandable parts and then be able to implement 
changes to it. 
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The Design of the Patterns
Designing the Pattern Cards

The design of the pattern as a card was inspired by previous studies working with 
pattern language  (Bechmann, 2023; Croxford et al., 2020; de Meijer, 2024). The two 
card sides emphasise different application of the pattern, with the card face face-
side, including the sketch, title and the main statement, allowing designers and non-
designers alike to discuss the possibility and implication of the pattern, as it states a 
simplified design component open to interpretations. The back side defines the pattern 
with empirical justifications and expresses spatial implications of its implementation, 
which can be used to precisely design and plan adaptive spaces. The exemplary 
project or literature cites, where the empirical justification has been taken from. Each 
pattern is linked to specific adaptation goals derived from the previous chapter on 
Urban Climate Analysis. The patterns’ primary adaptation purpose is indicated within 
the top-left square, in which it states the number and the category of either Exposure 
Reduction (E), Social Well-being (S) or Coping Networks (C). These three categories are 
respectively linked to Focus, Urgency and Approach Adaptation Goal groups. However, 
the patterns were identified to also influence other goals, which were marked in the 
top-right position, indicating each specific Adaptation Goal, with triangles representing 
Focus, hexagons – Urgency, and circles representing Approaches. 

This approach differs from a standard toolset, as it also focuses on the relationships and 
categories between the patterns, highlighting synergies and conflicts between them. 
The relationships between patterns were observed by comparing if the two patterns 
provided benefits when applied together, they solved the same issue, they hindered 
each other or whether one pattern was required to apply the other, creating links that 
emphasised their complementary, alternative, conflicting or embedded patterns. The 
relationship between patterns were noted individually, through logic reasoning and site 
analysis, when patterns were selected that were the most successful in improving the 
sites and interacted with one another.  These relationships are indicated below each 
pattern card. Figure 01.	 Explanation of the Pattern Card Structure
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Figure 02.	 Possible Pattern Traits to Categorise Complexity

Pattern Card Properties

The patterns are also arranged into three 
main properties marked as circle diagrams 
below the pattern’s number and goals. 
These properties relate to the pattern scale, 
implementing Stakeholders and category 
specific traits. Urban climate scales are 
used to illustrate pattern impact extent, 
various stakeholder diagrams specify, 
which groups is responsible to ensure the 
pattern is implemented and maintained. 
Exposure Reduction (E) traits list, which 
climate factors the design influences, 
Social Well-being (S) traits explain the 
social spaces arrangement, and lastly, 
Coping Network (C) traits describe the 
adaptation type. 
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The Transformation of the Patterns
The Always Expanding Atlas Set 

While the adaptation goals are established and could be expanded to include alternative 
approaches or other sensitive groups, such as people with pre-existing health conditions 
or impoverished people, in future studies, the collection of Exposure Redcution (E), 
Social Well-being (S) and Coping Networks (C) solution patterns acts as an undefined 
set, which is changing and increasing with each iteration and implementation. 

When developing these patterns, 9 possible creation or transformation options 
were identified to further increase the Pattern atlas set, Illustrated in the Possible 
transformations of Patterns diagram. Three creation options to directly answer 
a specified adaptation goal, deriving the answer from literature, observations or 
precedent studies, were the most recuring. The specificity of a pattern was the most 
difficult task, as the patterns could be merged if they were too vague, split if they were 
too definitive, or cloned if similar alternatives could be used.

Urban climate scales were also informative, as design solutions could be upscaled 
or downscales depending on the required development or the gained effect. The 
differentiating scales also allowed previously conflicting patterns, such as Channelling 
Wind (E7) and Green Windbreaks (E17), to operate together, as one design creates 
ventilation corridors through street canyon on a local scale, while the other creates 
small microclimates sheltered from wind throughout the canyon.     

The most successful pattern transformation was produced by merging multiple 
relevant patterns, linking Exposure Reduction (E), Social Well-being (S) and Coping 
Networks (C) pattern categories. These new pattern are more site specific and act as 
development guides for a particular city or neighbourhood type. 

Figure 03.	 Possible transformations of Patterns

Literature Patterns 

Pattern Merge

Pattern Upscale

Observation Patterns

Pattern Split

Pattern Downscale

Precedent Patterns

Pattern Clone

Structure Development
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The Adaptation Framework 
How do you use this Atlas?

A large set of design patterns focused on one specific problem can lead to a 
comprehensive design that tackles the problem from different scales and points of 
view or can bring out a discourse on the prioritisation of one solution over others to 
optimise the possible outcome. However, when tackling multiple problems, as in this 
case, working on adapting to opposite temperature extremes, the large set of solutions 
can become overwhelming or contradicting. To overcome this challenge, the created 
patterns are linked to specific Adaptation Goals, which prioritise one Focus, Urgency 
or Approach Goal over the other. In this sense, the large set is reduced to patterns 
that only focus on the chosen problem, which later on can be extended with additional 
patterns that solve issues, which will emerge in the future.

The Pattern Language as a design method is applied in 4 steps:

1.	 The initial urban analysis provides specific goals related to temperature Fo-
cus (triangle), sensitive group Urgency (hexagon) and possible adaptation Approach-
es (circle). These Adaptation Goals can be considered as the area’s adaptation brief, 
which selects specific solution patterns linked to these goals.

2.	 The area’s site analysis allows the designer to situate these goals to potential 
spaces for adaptation and select the most applicable solution patterns based on exist-
ing structure analysis and thermal comfort findings, narrowing down the list. 

3.	 The chosen patterns are implemented or merged to create a new, integrated, 
site-specific pattern, which adapts the current environment to a specific temperature 
extreme considering a sensitive group of people that are residing in the area.

4.	 Lastly, if a new pattern is developed, it is included into the Pattern Atlas to be 
implemented in other contexts.      

Figure 04.	 The Pattern Language Design Framework

1. Adaptation Goals

2. Selected Patterns

3. New Integrated Site-specific Pattern
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Adaptation Goals 
Focus Adaptation Goals

Temperature exposure analysis revealed that some urban environments are more 
prone to trap and store heat, while others quickly dissipate it. Because of this, the 
adaptation process needs to focus on either one temperature extreme before the 
other or areas that required a dual approach. Therefore, three Focus Adaptation Goals 
were created: Cool in Density, Covered in Cold Plains, and Seasonal Spaces for areas 
exposed to extreme heat, cold, and both, respectively. Exposure Reduction patterns 
were created in continuity to these Focus goals to help urban environments mitigate 
extreme temperatures.

Urgency Adaptation Goals

Analysis of temperature sensitivity indicators revealed age group distributions with 
some neighbourhood populated with larger percentages of elderly, while other have 
larger proportions of children. While adaptation is important for both demographics, 
the types of spaces these neighbourhoods should adapt and improve differ, creating 
specific urgencies for one group or the other. In response to this, three Urgency 
Adaptation Goals were created according to population distribution: Safe Children, 
Risk-Free Elderly, and Resilient Communities for areas with high proportions of children, 
elderly citizens, and both demographics, respectively. Social Well-being patterns 
address these Urgency Adaptation Goals by emphasising the user-selected spaces 
that provide social and physical benefits for sensitive demographics.

Approach Adaptation Goals

In order to see how Adaptive Capacity can be realised spatially, Approach Adaptation 
Goals were created based literature on accessibility and climate shelters. Community 
Refuge, Comfort Trails, Shelter-in-Place, and Sanctuary Routes are offered as four 
possible approaches to shelter populations ranging from bottom-up outdoor shelters 
for low-risk temperature extremes to district public indoor shelters for extremely 
hazardous temperatures. While the previous meso-scale analysis suggested possible 
Approach Goals to increase adaptive capacity, local adaptation planning should 
consider the possibility to incorporate all four approaches to create a comprehensive 
coping network. The Coping Networks patterns address these Approach Goals by 
improving urban accessibility and people’s mobility with the aim of increasing Adaptive 
Capacity. 

While the initial Focus, Urgency and Approach Goal selection allows to simplify the 
designing process of spaces, long term future adaptation requires to incorporate all 
the mentioned goals.  
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The Focus
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The Urgency 
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The Approach
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Alternative Alternative
Complementary Complementary

Conflicting Conflicting
Embedded Embedded

Exposure Reduction Patterns

C19; 	 E2, E9 E1, E5, E23, E26
E4, E8 -
C7 C7; 	 E15

E7; 	 S2, S3 C1, C17; 		 S2, S3, S5
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Alternative Alternative
Complementary Complementary

Conflicting Conflicting
Embedded Embedded

C6; 	 E4, E8, E25 C1, C6;		  E3, E8, E25
E7 E1, E5, E6, E9, E11
C18 C18

E17, E18, E19, E20, E24 C11, C14, C17; 	 E16; 	 S9, S10, S12, S13
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Alternative Alternative
Complementary Complementary

Conflicting Conflicting
Embedded Embedded

E2, E9, E10, E23 -
E4, E8 E4, E8, E16, E20, E21
C7;	 E15 C18

C17; 	 E7, E17, E25; 	 S1, S2, S5 C6, C10, C14; 	 E11, E13, E22; 	 S1, S4, S12
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Alternative Alternative
Complementary Complementary

Conflicting Conflicting
Embedded Embedded

- E3, E4, E19, E20, E25
C6; 	 E3, E8, E17, E18, E25 E1, E5, E6, E7, E9, E10, E26
C18 C18

E1, E5, E9, E10; 	 S10, S11, S12 C1, C2, C15; 	 E17, E18; 	 S6, S7, S8
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Alternative Alternative
Complementary Complementary

Conflicting Conflicting
Embedded Embedded

E1, E5, E10 E5, E9, E23
C6; 	 E4, E8, E17, E18 E8
C7 -

E7, E20; 		  S9 E7, E11, E12, E15, E17, E25; 	 S1
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Alternative Alternative
Complementary Complementary

Conflicting Conflicting
Embedded Embedded

E13 E13, E23
E4, E16 C14, E14;	 S3
- -

C3, C12, C15; 	 E6, E10, E12, E14, E24; 	 S3, S6, S7, S8 C3, C8; 	 E10, E11, E15, E17, E24; 	 S1, S5, S7
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Alternative Alternative
Complementary Complementary

Conflicting Conflicting
Embedded Embedded

E11, E12, E15, E16, E21, E23 C3, C6, C12; 	 E16, E20
- E12
- -

E6, E14, E22, E24; 		 S4, S10 C14, C16, E11, E13, E17, E18, E24, E25, S4, S6, S7, S11, S12, S13, S14
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Alternative Alternative
Complementary Complementary

Conflicting Conflicting
Embedded Embedded

C6; 	 E13, E16, E20, E23 C4, C6; 	 E13, E14, E15, E20, E23
- E6, E11
- -

C2, C15; 		 E10, E12, E17, E24, E25; 	 S2, S5, S7, S10 E4, E18, E19, E24, E25; 	 S4, S11, S12, S13
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Alternative Alternative
Complementary Complementary

Conflicting Conflicting
Embedded Embedded

C6; 	 E18, E24 C6; 	 E17, E20, E24, E25
E7, E9 E7, E9; 		  S7
- -

C2, C3, E3, E5, E8, E10, E12, E14, E15, E19, E25, S1, S6, S10, S11 E3, E8, E14, E16, E19; 	 S11, S12
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Alternative Alternative
Complementary Complementary

Conflicting Conflicting
Embedded Embedded

E8, E20; 		  S4 C6, C15; 		 E8, E14, E15, E16, E18, E19, E21
- E6; 	 S1
C18 -

C1, C17, C18; 	 E3, E16, E17, E18; 		 S12 C14, C18; 	 E3, E9; 		  S4, S7, S10, S11, S12, S13
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Alternative Alternative
Complementary Complementary

Conflicting Conflicting
Embedded Embedded

E13, E20, E23 C6
E6 E23
- -

C7, C18; 		 E22, E24; 	 S4 C7, C18; 		 E6, E13, E21, E25; 		 S4, S12, S14
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Alternative Alternative
Complementary Complementary

Conflicting Conflicting
Embedded Embedded

E2, E5, E10, E12, E13, E15, E16, E21, E26 C6; 	 E17, E18
E22 -
- -

C7, C18;		  E24, E25; 	 S1, S14 C13, C16, E3, E11, E12, E13, E14, E15, E16, E21, E23, E25, S7, S9
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Alternative
Complementary

Conflicting
Embedded

E3, E4, E8, E18
E7
C18

C1, C2, C3, C4, C6, E5, E10, E14, E15, E16, E17, E22, E23, E24, S1, S5, S6, S8
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61

Alternative Alternative
Complementary Complementary

Conflicting Conflicting
Embedded Embedded

Social Well-being Patterns

S2 S1
E20 -
C8 -

C1, C2, C3, C4, C6; 	 E5, E6, E10, E12, E17, E23, E25; 	 S5 E1, E2, E5, E15; 	 S3, S5
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63

Alternative Alternative
Complementary Complementary

Conflicting Conflicting
Embedded Embedded

- E19; 	 S9
E12 -
C12 -

C5, C14, C15, C16; 	 E1, E2, E11; 	 S2, S7 C1, C2, C4, C6, C17; 	 E6, E13, E14, E16, E20, E21, E22
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65

Alternative Alternative
Complementary Complementary

Conflicting Conflicting
Embedded Embedded

S14 -
- -
C8 -

C3, C4, C5, C8; 	 E2, E5, E12, E15, E25; 	 S1, S2, S6 C3, C5, C6, C14; 	 E8, E11, E14, E17, E25; 	 S5, S14
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Alternative Alternative
Complementary Complementary

Conflicting Conflicting
Embedded Embedded

C13 -
E18 -
C7, C12 -

C14, C15, C16, E8, E11, E12, E14, E15, E20, E24, S3, S8, S10, S11 C1, C3, C5, C6, C8; 	 E8, E11, E25; 	 S7, S14
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Alternative Alternative
Complementary Complementary

Conflicting Conflicting
Embedded Embedded

S4, S14 S11
- -
- -

C5, C6, C17; 	 E4, E9, E24; 	 S10, S12, S13 C6, C15; 		 E4, E7, E13, E15, E17, E20; 		  S7, S9
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Alternative Alternative
Complementary Complementary

Conflicting Conflicting
Embedded Embedded

S10 -
- -
C12, C17 -

C11, C13; 	 E7, E14, E16, E17, E18, E20; 	 S7 C6, C9, C10, C18, E4, E6, E7, E14, E16, E18, E19, E20, E22, S9, S13, S14
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Alternative Alternative
Complementary Complementary

Conflicting Conflicting
Embedded Embedded

- S5, S9
- -
C17 C17

C9, C10, C16, C18; 	 E4, E14, E16, E20; 		 S9, S12 C8, C9, C10, C16, C18; 	 E14, E22, E23; 	 S6, S8, S12
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75

Alternative Alternative
Complementary Complementary

Conflicting Conflicting
Embedded Embedded

Coping Networks

E4 -
C5 C5
- -

C2, C3, C4; 	 E2, E8, E19, E25; 	 S1, S4, S8 C1, C3, C4; 	 E8, E15, E17, E25; 		 S1, S4
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77

Alternative Alternative
Complementary Complementary

Conflicting Conflicting
Embedded Embedded

E14 C12; 	 E16
- -
- -

C1, C2, C4; 	 E11, E12, E17, E25; 	 S1, S5, S6, S8 C1, C2, C3, C8, C11; 	 E25; 	 S1, S4, S5
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Alternative Alternative
Complementary Complementary

Conflicting Conflicting
Embedded Embedded

- E3, E4, E14, E15, E16, E17, E18, E20, E22, E24
C1, C2, C6 C5; 	 E7, E9
- -

S3, S5, S6, S8, S9 E6, E25; 		  S1, S4, S6, S8, S9, S10, S12
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Alternative Alternative
Complementary Complementary

Conflicting Conflicting
Embedded Embedded

- -
- -
- -

C8, C9, C10, C11; 		  E21, E22, E23 C4, C7, C9, C10, C11, C12; 		  E12; 	 S5, S8, S14
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Alternative Alternative
Complementary Complementary

Conflicting Conflicting
Embedded Embedded

- -
- -
C11 C11

C7, C8, C10, C12; 		  S12, S13, S14 C7, C8, C9, C12, 		  E6; 	 S12, S13, S14
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Alternative Alternative
Complementary Complementary

Conflicting Conflicting
Embedded Embedded

- C4;	 E14
- -
- C7

C4, C7, C8, C12, C16; 	 E4; 	 S11 C8, C9, C10, C11, C13; 	 E11
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Alternative Alternative
Complementary Complementary

Conflicting Conflicting
Embedded Embedded

C14; 	 S7 C13
- E12
C7 -

C12, C16; 	 E24;	 S11 C15, C16, E4, E6, E14; 	 E20; 		  S3, S6, S7
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Alternative Alternative
Complementary Complementary

Conflicting Conflicting
Embedded Embedded

E20 C17
- -
- -

C14, C16, C17; 	 E8, E11, E15;	 S3, S7, S10 C11, C13, C14, C15;	 E14, E24; 	 S3, S7, S13, S14
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Alternative Alternative
Complementary Complementary

Conflicting Conflicting
Embedded Embedded

C16 -
- -
- -

C15; 	 E2, E4, E5, E19; 	 S4, S9 E19, E20, E21, E22, E23; 	 S12, S13, S14
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Alternative Alternative
Complementary Complementary

Conflicting Conflicting
Embedded Embedded

E2, E23 E1
E8 -
C14; 	 E5, E7, E9, E10, E12, E15; 	     S6, S7, S8, S12, S13 C6, C13, C14; 	 E7, E9, E12, E16, E20, E23, E24; 	 S7, S12

- -
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Alternative Alternative
Complementary Complementary

Conflicting Conflicting
Embedded Embedded

- -
- -
C1, C2, C6; 	 E10, E13, E15, E22, E24, E25;	 S1, S4, S9 C12, C14, C15; 	 E10, E11, E13, E14, E15, E17; 	 S2, S3, S7

- -
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Alternative Alternative
Complementary Complementary

Conflicting Conflicting
Embedded Embedded

- -
- -
C4, C5, C9, C10, C17; 	 E8, E13, E15, E21; 		 S5, S8, S14 C3, C7, C8; 	 E3, E6, E15, E17, E25; 	 S1, S3, S4, S7

- -
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Alternative Alternative
Complementary Complementary

Conflicting Conflicting
Embedded Embedded

- -
- -
C6, C18; 		 E3, E4, E5, E8, E18; 	 S7, S10, S11, S12, S13 C11, C12, C13, C14, C16; 	        E1, E2, E14; 	      S2, S3, S7, S11

- -
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Network of Patterns
Two pattern fields were created to understand how the adaptation patterns can be 
implemented. The pattern field Network of Patterns illustrates the system of four 
possible relations between the developed patterns, while Implementation Stakeholders 
pattern field, signals, which parties are responsible for the patterns realisation and 
maintenance.

Throughout the process of designing public space adaptations and integrating 
various patterns into space, four possible relations between patterns were establish. 
These relations link patterns that are complementary, conflicting, can be consider 
as alternatives to one another or embedded within another. Complementary links 
illustrates that adaptation patterns provide benefits across the different pattern 
categories and informs the users of the Atlas, which patterns synergies. Most of the 
conflicting and alternative links were found between Exposure Reduction patterns, 
focusing on opposite extremes. Here the links show, which patterns diminish each 
other’s effect and provide alternatives to deal with a specific temperature extreme. 
And lastly, Coping Network patterns were found to be more likely embedded within 
other pattern categories, showing the required initial pattern to achieve the desired 
adaptation design.

Figure 05.	 Pattern Field, illustrating the four relationships between patterns

Legend
Adaptation Patterns
Complementary Patterns
Alternative Patterns
Conflicting Patterns
Embedded PattersExplore the full Pattern 

Field Here

The full pattern field and all pattern links can be 
examined on the KUMU website, accessible by the QR 
code. 
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Figure 07.	 Pattern Field, illustrating Alternative relationships between patternsFigure 06.	 Pattern Field, illustrating Complementary relationships between patterns

Legend
Adaptation Patterns
Complementary Patterns

Legend
Adaptation Patterns
Alternative Patterns
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Figure 09.	 Pattern Field, illustrating Embedded relationships between patternsFigure 08.	 Pattern Field, illustrating Conflicting relationships between patterns

Legend
Adaptation Patterns
Complementary Patterns

Legend
Adaptation Patterns
Embedded Patterns
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Implementation Stakeholders

Figure 10.	 Pattern field, plotting the patterns to their responsible stakeholders 

Clustering adaptation pattern categories 
to stakeholders, that are responsible to 
introduce and maintain these designs, 
demonstrates that adaptation strategies 
range from resident led bottom-up 
strategies to municipality regulated top-
down transformations. All adaptation 
groups slanted towards top-down 
strategies illustrate, that, while residents 
can provide local changes, these projects 
require help, supervision and could be 
strategically reproduced in other similar 
cases by regulating bodies. Other clusters 
reveal, that to implement Exposure 
Reduction patterns, which transforms 
urban form elements, they rely on private-
public partnerships to generate funding, to 
establish Social Well-being patterns, which 
maintain the most social collective spaces, 
requires community involvement, and lastly, 
Coping Network patterns, that ensures 
adaptive capacity, mobility and functioning 
temperature shelters, are dependant on 
public services. This distribution signals, 
that pattern implementation requires 
various stakeholders and their cooperation 
to achieve urban temperature adaptation.  
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