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The Case Study Vilnius Climate Context

Polar
Continental
Temperate
Arid

Vilnius situated within European Climate Zones
Updated European Map of Köppen-Geiger Climate Classification Types 

(Adapted from Kottek et al., 2017)
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Shifting Temperature ExtremesThe Issue

Climate Change affect on Temperature Extremes 
Conceptual changes in the extremes of the temperature distribution 

(Adapted from Sarto & Flandoli, 2024)
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2.1 
Heatwaves/Year

<3.5 
Heatwaves/Year

7.0 
Heatwaves/Year

9.5 
Coldspells/Year

>6.5 
Coldspells/Year

4.7 
Coldspells/Year

Today’s 
Situation

Preferred
Future
(SSP1–1.9)

Plausible
Future
(SSP5-8.5)

30°C 30°C 30°C

-15°C -15°C -15°C

Projected Future Climate
Modelled Temperature Extremes

(Ministry of Environment of the Republic of Lithuania, 2024)

Vilnius Climate 
Avarage Temperature in Vilnius (adapted from Weather Spark, 2025)

The Case Study Vilnius Climate Context
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The Effected Space Surrounding UsThe Issue

Extreme Cold affecting Public Space
Interchange public spaces effected by winter 

(Žiūra, 2021)

Extreme Heat affecting Public Space
Civic public spaces effected by heatwaves

(Tribouillard, 2021)

Problems of 
Temperature Extremes
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Research QuestionResearch Underpinning 

Main Research Question:
How could public spaces in Vilnius, 
Lithuania be adapted to seasonal 
temperature extremes, while 
simultaneously fostering social well-

being throughout the year?

Temperature Effected Public Space
Public space exposed to cold stress (photo taken by author)
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Conceptual FrameworkResearch Underpinning 
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Research Underpinning Concepts

Exposure Sensitivity

+ -

Vulnerability

Adaptive Capacity



10

Vulnerability to Extreme Temperatures Exposure

Heat in the Built Environment
Different urban environments with their overlayed Land Surface Temperature 

Exposure
The uneven distribution of heat across urban 

areas, that is amplified or suppressed by 
the reflective, heat-storing, and conductive 

properties of urban materials and vegetation.
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Inner Core

Intermediate zone 

Vulnerability to Extreme Temperatures Measuring Exposure
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High Heat 
(Level 3)

Light Cold 
(Level 1)

High Heat 
(Level 3)

Medium Cold 
(Level 2)

High Heat 
(Level 3)

High Cold 
(Level 3)

Medium Heat 
(Level 2)

Light Cold 
(Level 1)

Medium Heat
(Level 2)

Medium Cold
(Level 2)

Medium Heat
(Level 2)

High Cold
(Level 3)

Light Heat 
(Level 1)

Light Cold 
(Level 1)

Light Heat
(Level 1)

Medium Cold
(Level 2)

Light Heat
(Level 1)

High Cold
(Level 3)

Temperature Exposure Overlap Diagram
Exposure classification levels, that allow a comparison between temperature extremes within a matrix  

Temperature Extreme Exposure Map
Spaces with exacerbated Temperature Extremes due to urban morphology 
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Sensitivity

Vulnerability to Extreme Temperatures Sensitivity

Sensitive Demographics 
Elderly experiencing heat (Garcia & Bloomberg, 2022) and A child adapting to winter (taken by author) 

The degree to which a system or population can 
endure its effects without experiencing lasting 
harm. It varies depending on socio-economic 

and health factors, with vulnerable groups.
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Vulnerability to Extreme Temperatures Identifying Sensitivity

Inner Core

Intermediate zone 

Transportation corridors

0-10 Child/ha
10-20 Child/ha
20-30 Child/ha
30-40 Child/ha
40-50 Child/ha
50-60 Child/ha
60+ Child/ha

0-10 Elderly/ha
10-20 Elderly/ha
20-30 Elderly/ha
30-40 Elderly/ha
40-50 Elderly/ha
50-60 Elderly/ha
60+ Elderly/ha

Urban Block Sensitivity Diagram
Ternary Diagram illustrating an urban block’s demographic proportions

Temperature Extreme Sensitivity Map
Map showing areas with high proportions and densities of sensitive groups
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Vulnerability to Extreme Temperatures Adaptive Capacity

Mobility & Accessibility to Shelters 
Top left - covered stairs in Trails, Canada (Bertrand, 2020); Top right - climate Shelter Network in Barcelona (Barcelona for Climate, n.d.); Bottom left - 

sustainable rapid public transport (Vilnius Green Capital, 2025); Bottom right - natural spaces suitable for recreation (Balandis & LRT, 2021)

Adaptive Capacity
The ability of a system or population to adjust 

its characteristics and behaviour to better 
manage current and future stresses. It includes 
strategies such as leveraging social networks, 
taking up protective behaviours, and accessing 

cooling or heating resources.
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Vulnerability to Extreme Temperatures Mapping Adaptive Capacity

A1 Possible adaptation approach
A2 Possible adaptation approach (Destination)
A2 Possible adaptation approach (Movement)
A3 Possible adaptation approach
A4 Possible adaptation approach

Proximity Adaptive Capacity Diagram
Distances and ranges that define the available adaptive capacity approaches 

Adaptive Capacity to Temperature Extremes Map
Map showing the spaces that increase a person’s adaptive capacity

Inner Core

Intermediate zone 
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Adaptive 

Capacity

Sensitivity

Exposure

Vulnerability to Extreme Temperatures Vulnerability

Vulnerability to Temperature Extremes
Vulnerability framework, which examines the risk of temperature extremes from 3 aspects: Exposure, Sensitivity and Adaptive Capacity

Vulnerable City Periphery 
Due to high cold exposure, high sensitivity, and most limited adaptive capacity 

(photo taken by author)

Vulnerable City Core
Due to high heat exposure and medium sensitivity, although 
the region does exhibit high adaptive capacity (Činga, n.d.)



17

Contextualising Vulnerability Assessing Vulnerability

Li
gh

t H
ea

t E
xp

os
ur

e

Light Cold Exposure

M
ed

iu
m

 H
ea

t E
xp

os
ur

e

Medium Cold Exposure

H
ig

h 
H

ea
t E

xp
os

ur
e

High Cold Exposure

Level 01

Level 02

Level 02

Negative Correlation 

Level 03

Level 03

(LCZ 08)

(LCZ E)

(LCZ 02)

(LCZ 05)

(LCZ 06)

(LCZ A)
(LCZ B)

(LCZ 9)

(LCZ D)

(LCZ G)

(LCZ 01) (LCZ 04)

Exposure Assessment
Levels of Exposure of each Local Climate Zones in Vilnius, represented in a spatial matrix

Compact Highrise (LCZ 01)

15 ha (0.1%)
725 Residents (0.1%)

Dense Trees (LCZ A)

Open Lowrise (LCZ 06)

5833 ha (42.3%)
101297 Residents (18.1%)

Compact Midrise (LCZ 02)

392 ha (2.8%)
26798 Residents (4.8%)

Scattered Trees (LCZ B)

Sparsely Built (LCZ 09)

1676 ha (12.4%)
26885 Residents (4.8%)

Open Highrise (LCZ 04)

50 ha (0.3%) 
13739 Residents (2.5%)

Low Plants (LCZ D)

Large Lowrise (LCZ 08)

2606 ha (18.9%)
11502 Residents (2.1%)

Open Midrise (LCZ 05)

3203 ha (23.2%)
377734 Residents (67.6%)

Bare Rock / Paved (LCZ E)

Built Types

Land Cover Types

Urban Form & Climate Types in Vilnius
Classification scheme of Built types (above) and Land cover types (below) (adapted from Stewart and Oke, 2012)
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Exposure Indicator
Required Focus Goals

Adaptation Focus Goals
Temperature Adaptation Goals relating to urban 

morphology

Adaptation Urgency Goals
Temperature Adaptation Goals for sensitive 

groups

Adaptation Approach Goals
Possible Approach Goals to Temperature 

Adaptation

Sensitivity Indicator
Required Urgency Goals

Adaptive Capacity Indicator
Possible Adaptation Approaches

Contextualising Vulnerability Defining Adaptation Goals
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Contextualising Vulnerability Setting Adaptation Requirements 

Vulnerability based on Vilnius Urban Form  
Vulnerability results contextualised within the 3 major Vilnius Urban Climate Types

Compact Mid-Rise  

Open Mid-Rise 

Open Low-Rise 
Reduce / Minimise

Increase / Add

Protect / Shelter 

Redevelop / Improve  
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Public Space Adaptation Intervention Sites

Site 01 - Naujamiestis Blocks

Site 02 - Karoliniškės Residential Neighbourhood 

Site 03 - Northern Verkiai Territory

Compact Midrise (LCZ 2)
Site of Intervention - Site 01
Open Midrise (LCZ 5)
Site of Intervention - Site 02
Open Lowrise (LCZ 6)
Site of Intervention - Site 03
Other Built Environments

Sites of Interventions 
Chosen sites with typical characteristics of the studied Urban Climate Types

Sites located in Vilnius
Vilnius urban fabric classified to the three main Urban Climate Types
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Intervention Sites

Site 01 - Naujamiestis Blocks

Site 02 - Karoliniškės Residential Neighbourhood

Site 03 - Balsiai District

Compact Midrise (LCZ 2)
Open Midrise (LCZ 5)
Site of Intervention - Site 02
Open Lowrise (LCZ 6)
Other Built Environments

Public Space Adaptation

Site of Interventions 
Chosen sites with typical characteristics of the studied Urban Climate Types

Site located in Vilnius
Vilnius urban fabric classified to the three main Urban Climate Types
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Developing Solutions The Pattern Language

Exposure Sensitivity Adaptive 
Capacity

Social Well-being

Urgency Goal

Coping Networks

Approach Goal

Exposure Reduction

Focus Goal

Example Patterns in each Category
Pattern categories, that regulate temperature through their design elements, offer user-selected spaces, that improve social or physical well-being, and design measures that 

improve a person’s ability to adapt, by ensuring better movement, accessibility to shelters, temporary exposure reductions or designs encouraging community resilience 
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Intervention Site

N
0 250 500m

Public Space Adaptation

Karoliniškės Neighbourhood 
Exploring the Modernist housing areas (Photo: Bauras, n.d.)
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Public Space Adaptation Potential Spaces for Adaptation

Oasis Corridor

Schools for 
Everyone 

Garden 
Communities

Potential Spaces for Adaptation 
Karoliniškės residential district with Adaptation Goals and design strategies building up to new Structure Patterns 

N
0 150 300m
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Public Space Adaptation Adaptation Goal Positioning

Natural areas / Forests
Natural water bodies
Buildings
Contour line & Ground elevation

N
0 250 500m

Buildings
Public kindergarten (possible shelter)
Public school (possible shelter)
Retail services (possible shelter)
Public buildings (shelters)
Restricted education grounds

N
0 250 500m

Nature Structures
Environmental Analysis - Natural cool places

Public Buildings
Public Service Analysis - Possible indoor shelters

N
0 250 500m

High visability - Open Public

Low visability - Enclosed Private

Education buildings (shelters)

Public - Private Spaces
Neighbourhood visibility analysis  - Personal adaptation spaces 
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Public Space Adaptation Pattern Selection - Social Well-being

Apartment front 
gardens

Dominant Spaces  
Fieldwork documenting spaces and choosing patterns

Neighbourhood’s Social Spaces
Public space distribution and valued social spaces

Entrance 
interface

Apartment front 
gardens

Schools & 
Kindergartens

Community 
seating 
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Public Space Adaptation Pattern Selection - Exposure Reduction

Tall building 
downdraft 

Vehicle dominated 
space

Unutilised old 
trees   

Heat sink 
surfaces 

Neighbourhood’s Thermal Comfort 
Form properties that influence space thermal quality 

Dominant Form Qualities
Fieldwork documenting spaces and choosing patterns
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Public Space Adaptation Pattern Integration - Space Transformations

Buildings, bordering the potential transformation spaces
New construction buildings
Community Refuge Goal (A1):
Residential courtyards to redevelop and introduce gardening 
Comfort Trails Goal (A2):
Local streets to create resting spots and plant continuous vegetation
Shelter-in-Place Goal (A3):
Schools to connect with and integrate within the residential areas

Potential Adaptation Vision 
Karoliniškės residential district with possible large-scale adaptations strategies

Open Mid-rise Transect 
Axonometric drawing of public space adaptation strategies 
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Public Space Adaptation Pattern Integration - Community Refuge Goal

Comfortable social indoor 
spaces 

Comfortable social outdoor 
spaces 

Service spaces designated 
outside the courtyard 

Community Garden Adaptation 
Modernist micro-district courtyards adaptated for both temperature extremes

Adaptation 
Goal

New (Site-specific) 
Developed Pattern

Solution Patterns 
integrated within 

the Strategy
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Public Space Adaptation Pattern Integration - Comfort Trails Goal

Oasis Corridors Adaptation 
Irregular canyon transformation into an “Oasis Corridor” and optimisation for a 

heatwave and coldspell conditions at noon (H/W = <0.30)

Safe connecting spaces 
during heatwaves

Safe connecting spaces 
during cold spells

Adaptation 
Goal

New (Site-specific) 
Developed Pattern

Solution Patterns 
integrated within 

the Strategy
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Public Space Adaptation Pattern Integration - Shelter-in-Place Goal

Adaptation 
Goal

New (Site-specific) 
Developed Pattern

Solution Patterns 
integrated within 

the Strategy

Schools for Everyone Adaptation 
Education grounds transformation into “Schools for Everyone” illustrated in plan

Large open left-over 
spaces from modernist 

urban planning   

Enclosed and fenced-off 
education grounds

Distinction between private 
education grounds and shared 
grounds between two schools 

and the residential block 

Adding functions to the 
residence, such as a centre 

park and gardens rows.

N
0 25 50 75m

N
0 25 50 75m
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Public Space Adaptation Pattern Integration - Other Cases

Transformation Vision for an Open Low-rise Environment
Northern Verkiai Territory residential district with possible large-scale adaptations strategies

Transformation Vision for a Compact Mid-rise Environment
Naujamiestis eighbourhood  with possible large-scale adaptations strategies

Buildings, bordering the potential transformation spaces
New construction buildings
Comfort Trails Goal (A2):
Space to increase vegetation and reduce traffic within streets
Space to increase vegetation and connect green zones inside courtyards
Sanctuary Routes Goal (A4):
Space to increase public transport mobility and reduce heat exposure 
New public transport stops
Roundabout fountains to increase humidity
Parking streets to remove vehicles from block interiors
Overhead shading structures in shallow street canyons 

Buildings, bordering the potential transformation spaces
New construction buildings, that can substitute shelters
Current indoor shelters - education buildings and shops
Community Refuge Goal (A1):
Collective gardens to redevelop to optimize outdoor thermal comfort 
Shelter-in-Place Goal (A3):
Spaces adjacent to public transport to develop as retail hubs
Sanctuary Goal (A4):
To expand walkability and public transport in regional and local roads
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Open Mid-rise Interventions 
Open mid-rise LCZ interventions phasing 

dependant on future risks

Public Space Adaptation Transforming space through patterns 

Oasis 

Corridors 

Pattern

Medium-Risk 

Temperature 

Extremes

High-Risk 

Temperature 

Extremes

Schools for 

Everyone 

Pattern

Low-Risk 

Temperature 

Extremes

Garden 

Communities

Pattern



34

Public Space Adaptation ENVI-met simulations - Status Quo

Current Situation during a Heatwave  
Perceived temperature values during a typical heatwave

A1 A2 A3
A1

A1 A2 A3
A1

Current Situation during a Cold spell   
Perceived temperature values during a typical cold spell

50m

50m

50m

50mN N
New Developed Patterns:
A1 - Garden Communities
A2 - Oasis Corridors
A3 - Schools for Everyone

New Developed Patterns:
A1 - Garden Communities
A2 - Oasis Corridors
A3 - Schools for Everyone

< 32.00 °C
35.00 °C
38.00 °C
41.00 °C
44.00 °C

47.00 °C
50.00 °C
53.00 °C
56.00 °C
> 59.00 °C

< 2.00 °C
2.75 °C
3.50 °C
4.25 °C
5.00 °C

5.75 °C
6.50 °C
7.25 °C
8.00 °C
> 8.75 °C
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Public Space Adaptation ENVI-met simulations - Redesigned

Transformed Situation during a Heatwave  
Perceived temperature values during a typical heatwave after Implementing adaptation strategies 

Transformed Situation during a Cold spell   
Perceived temperature values during a typical cold spell after Implementing adaptation strategies

A1 A2 A3
A1

A1 A2 A3
A1

50m

50m

50m

50mN N
New Developed Patterns:
A1 - Garden Communities
A2 - Oasis Corridors
A3 - Schools for Everyone

New Developed Patterns:
A1 - Garden Communities
A2 - Oasis Corridors
A3 - Schools for Everyone

< 32.00 °C
35.00 °C
38.00 °C
41.00 °C
44.00 °C

47.00 °C
50.00 °C
53.00 °C
56.00 °C
> 59.00 °C

< 2.00 °C
2.75 °C
3.50 °C
4.25 °C
5.00 °C

5.75 °C
6.50 °C
7.25 °C
8.00 °C
> 8.75 °C
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Two Evaluation MethodsEvaluation

Pattern Workshop 
Testing the usability and clarity of the developed patterns 

(taken by author)
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Evaluation Interconnected Solution Patterns

Pattern Atlas Interactions 
Illustrating Complementary patterns, that synergies together, Alternative patterns, that can be substituted, Conflicting patterns, 

that require compromising and Embedded links, which specify patterns that are necessary for the other pattern to operate.

Scan Me! 



38

Adaptive 

Capacity

Sensitivity

Exposure

Conclusions Recommendations 

Utilise the developed Adaptation Patterns as Urban Design Tools
Utilise the developed Adaptation Patterns to adapt public spaces and transform the current urban systems to become 

temperature robust or adapted urban systems. (Photos: Vilnius Green Capital, 2025)

Incorporate Vulnerability within Adaptation Planning 
Incorporate Vulnerability frameworks within future urban adaptation plans, green action plans 

and city development plans 
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Thank you 

Kristupas Kadys

First Mentor: Dr. Daniela Maiullari
Second Mentor: Birgit Hausleitner

June 17th, 2025
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