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Overview and Context

• Framings of urban planning with 
respect to climate change and 
extreme weather events | IPCC, 
SDGs, risk definition

• Emergence of the notion of societal 
resilience | socio-spatial resilience

• Examples and ongoing work from 
Finland and abroad | computational 
planning support systems

• Spatial planning | […] gives geographical 
expression to the economic, social, cultural 
and ecological policies of society. It is at the 
same time a scientific discipline, an 
administrative technique and a policy 
developed as an interdisciplinary and 
comprehensive approach directed towards a 
balanced regional development and the 
physical organisation of space according to an 
overall strategy (European Regional/Spatial 
Planning Charter 1983)



Who Am I?

• Master’s, Urban and Regional Planning [sustainable urban design]

• PhD, Geography [spatial economics, urban simulation, CC adaptation]

• Senior Researcher, Climate Change and Society Group, Finnish 
Meteorological Institute.

• Assistant Professor in Sustainability of Complex Urban-Rural Systems, 
University of Twente.

• In a nutshell: Combining science with operational spatial planning 
with computational methods.



Key climate change 
risks for cities
• Temperature extremes, human health and 

epidemiology, flooding, drought, and water 
scarcity have been indicated as the main CC 
risks for cities and urban areas since IPCC 
AR4 (2007) & AR5 (2014).

• For European cities, esp. heatwaves and 
flooding (AR5 2014).

• Climate change affects intensity but also 
temporal and spatial patterns of 
heatwaves. 
[



Risk framework (IPCC 2012)[



Implications for planning goals vary…

• Heatwaves: Energy use and performance, mortality, productivity, 
emergency preparedness, disaster relief, building standards, climate 
architecture and site planning.

• Flooding: Steering urban growth outside floodplains, harmonizing 
planning institutions with real estate markets, increasing the share of 
nature-based solutions for flood regulation, information & behavior.

• Health and epidemiology: Density, micro-housing, green 
infrastructure, mobility patterns, residential location patterns.



…and in some cases, the implications are stark. Consider 
the existential trajectory of settlements.



[Cities are complex but incomplete 
systems that cannot be fully controlled 
Sassen S 2017 ‘The city: A collective good?’ The 
Brown Journal of World Affairs XXII(II): 119—125.



‘Sustainable’ but non-resilient, unlivable futures 
Emphasis on a few urban phenomena | Poorly understood distribution of impacts across 
space, activities and population groups | Aggregate emphasis vs bottom-up realities



[



Therefore, social complexity, with implications for 
spatial planning…

• …understanding of a population group’s or locality’s adaptive responses to change 
or challenges.

• …knowledge of and flexibility to accommodate the diversity of socio-spatial 
processes that compose urban and regional systems.

• …understanding and addressing the distribution of livability [and vulnerability-
exposure to threats] across socio-spatial domains.

• …accounting for the temporal evolution of socio-spatial processes.



Fundamental processes of urban & regional models 

A model of urban models

Wegener  M 1994 ‘Operational 
urban models: State of the Art’ 
J. American Planning 
Association 60(1): 17-29.[ Applicable to all main paradigms of spatial governance:

• Political versus technological paradigms in planning
• Aesthetic versus rational paradigms in planning
• Comprehensive versus “muddling-through” planning 



Cellular automaton model of Helsinki’s urbanization 
under various flood adaptation options

Votsis A 2017 ‘Utilizing a cellular automaton model to explore the influence of coastal flood adaptation 
strategies on Helsinki's urbanization patterns’ Computers, Environment and Urban Systems 64: 344–355 

Spontaneous growth: 01
New spreading center: 29

Edge growth: 56
Slope resistance: 42 

Road-influenced growth: 61

Urban spatial form 

Transport network, categorized

Constraints, Zoning, Ad-hoc factors

Annual spatial growth of Helsinki Urban Region by 2040 (left) 
Extension to Local Climate Zones (right).



Spatial planning inferences

Helsinki [metropolitan region] has been 
consistently scoring high in sustainability or 
livability rankings at various spatial scales.

• Transport-oriented growth, moderate growth rates

• Consolidation, in-filling of existing urbanized patches
• Contiguous expansion of existing urbanized patches
• Multi-nodal tendencies that control sprawling patches

• Green and blue infrastructure
• Densification (suburban, urban)
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Votsis,	A,	Haavisto,	R	2019 'Urban	DNA	and	sustainable	cities:	A	multi-city	comparison'	Frontiers	
in	Environmental	Science:	Land	Use	Dynamics,	https://doi.org/10.3389/fenvs.2019.00004

Hki

Quality of Life Index, Quality of Living Ranking, Gini coefficient, Happy Planet Index, 
Environmental Performance Index, Worldwide Governance Indicators

https://doi.org/10.3389/fenvs.2019.00004


Helsinki’s 2018-2019 heatwaves
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Source MEPS operational forecast archive (2.5km, hourly), accounting for the built environment.
Data Gridded multidimensional arrays with 50+ meteorological variables.
Method Computation of Apparent Temperature (T, rel. humidity, radiation, [wind speed]).
Example The animation reproduces the two hottest days of the two heatwave events.



Influence of weather patterns stronger than 
global urban form
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morning																																							afternoon

2nd		August	2018
southerly	flow

28th	July	2019
northerly	flow

Apparent temperature (oC)

The	point	being	that	UHI	
and	urban	form	are	not	
always	the	determining	
factors	for	heatwave	
exposure.	

Adaptation	to	non-
plannable,	but	regulatable	
factors	is	necessary.	
Remembering	climate	
architecture?



Local exposure and vulnerability

• Yellow warning: Tdmax ³ 27 oC AND Tdmean ³ 20 oC
• Orange warning: Tdmax ³ 30 oC AND Tdmean ³ 24 oC

• Exposure varies due to the urban heat island effect, type of built environment [plannable], 
weather pattern, impact of the sea [non-plannable, but possible to regulate].

• Exposure among different vulnerability groups can (a) be high and (b) vary significantly.
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% pop. exposed % 75+ exposed % workplaces exposed % dwellings exposed
warning 2/8/18 28/7/19 2/8/18 28/7/19 2/8/18 28/7/19 2/8/18 28/7/19
no 0.8 0.7 0.9 0.8 1.1 1.1 0.9 0.9
yellow 30.9 11.6 33.4 9.2 56.4 6.7 34.7 10.3
orange 68.4 87.6 65.7 90.0 42.5 92.2 64.4 88.8



Multiscale decision support tools for what-if analysis

Income, 
Population

Metropolitan 
housing market

Land use, 
housing prices, 
demographics

3D buildings Impacts

Metropolitan resolution Building block resolution
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User-defined resolution

Housing affordability, Energy 
use, Segregation, Microclimate

What city-level changes are expected? How does the urban fabric respond? Is it different if I take this or another action? How are people & buildings affected?

A Votsis, A Perrels, A Staffans, A Haapala, R Ruuhela, S Junnila, T Merikoski, T Rautio 2020 ‘Livable, resilient, sustainable futures?  The 
importance of multiscale, multisector scenarios’ Finnish Academy, Strategic Research Conference Oct 2020.



[A theory and operational framework to understand the 
way social and physical organization co-generate 
settlement patterns and socio-spatial networks.

Hillier B, Hanson J 2003 ‘The Social Logic of Space’ (Cambridge 
University Press).

Example: Resilience of the elderly through 
intergenerational public spaces in Singapore 
(Tiong Bahru neighborhood). 



Cities are complex but incomplete systems that cannot be fully controlled
Sassen, S. (2017). The city: A collective good? The Brown Journal of World Affairs, XXII(II): 119—125.

Wegener (1994), a model of urban models:

Scenarios of urban futures need to be scenarios about how the urban fabric can be given room to respond and adapt in its own 
ways to challenges and change | bottom-up, multiple scales and activities, living things; not abstract structures



Thank you! J
athanasios.votsis@fmi.fi
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