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Summary 

While improved urban water management for climate adaptation is recognised as a priority by field 
experts, stakeholders across other responsibility areas develop their own perception as to which 
are the primary risks that threaten a city. As resources for resilience development are finite these 
risks should be co-investigated. We have applied a semi-quantitative risk analysis model that 
examines risk interaction and how these shape the uncertain future of cities. The case study city is 
Thessaloniki, Greece, and the method is informed through a participatory process involving multiple 
key stakeholders. Weather extreme intensification is identified as a force that drives multiple other 
risks. 
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Introduction 

Risk analysis and scenario planning 
Scenarios and qualitative risk analysis are useful tools to think about and visualise the future. As 
such, they are utilised by many policymakers and practitioners in fields such as engineering and 
infrastructure, social and health policy. Risk analysis and scenario planning offer a way to relate to 
changes and uncertainties in the (contextual) environment, to understand how change occurs, and 
ultimately aims to create order in the complex world and transform future insights into strategic 
thinking (Lindgren and Bandhold, 2003; Schwartz, 1996). 

Risk analysis and future scenarios have been used in only a limited extent to explore the urban 
context in depth (Boyko et al., 2012). To successfully cope with rapid change, Cities (as the 
amalgamation of businesses, organisations and communities and physical assets) need to 
understand their current environment as well as future development in its various likelihoods 
(Lindgren and Bandhold, 2003). This can be done through Future Strategy, an analysis that offers 
significant advantages over the commonly used Strengths - Weaknesses – Opportunities - Threats 



 

 

(SWOT) analysis that takes a rather static outlook towards the future and does not analyse 
interdependences between the different elements.  

Trends (which are not necessarily negative but with potential for negative impacts, e.g. economic 
globalization) and risks at the local, national and global level can impact a city, and the ways they 
interact with each other may shape different scenarios in a city’s future that are not apparent in the 
present. These trends and risks can be less or more predictable, i.e. have high or low uncertainty, 
or have an increasing or decreasing evolution. Certain trends are externally imposed on the 
environment in which they act (e.g. climate change for a small island on the Pacific) while others are 
driven by us (e.g. unsustainable water management on the same island in the Pacific).  

The analysis of trends takes into consideration the widest possible range of social, economic, 
political and cultural drivers and root causes: demographics, production and consumption, poverty, 
urbanization, industrialization, governance, conflict, globalization of trade, finance, information and 
others (UNEP, 2002). It should also explore the relationships between policy and urban 
development, showing how policy can affect the urban environment and how urban development 
can drive policy.  

Scope of work 

The concept of urban resilience is based on the vision of enhancing the performance of the city in 
the present so that it evolves in the future. This concept is useful for instructing how to change with 
transformative capacity rather than to resist change. It is also described as the ability to recognize 
opportunities to improve in any occasion, whether there is a crisis or not. In short, a resilient city is 
one that is reflective, robust, redundant, flexible, resourceful, inclusive and integrated (100 
Resilienct Cities and ARUP, 2015; Satterthwaite and Dodman, 2013; 2015) 

Ahern describes the important principles that make a city resilient more widely: multi-functionality, 
modularization, (bio-social) diversity, multi-scale networks, adaptive planning and design for making 
decisions even with imperfect knowledge about change and uncertain disturbances (Ahern, 2011). 
The 100 Resilient Cities and ARUP (2015) report challenges to urban resilience commonly come as 
acute shocks like natural disasters and human-made catastrophes (e.g. industrial accidents) or 
systemic chronic stresses like economic shifts, mobile populations and demographic changes, 
climate change, food insecurity, and aging or faulty infrastructure.  

The complexity of urban systems can be better understood through the generation of collaborative 
knowledge by experts in multiple different fields. Guijt and Braden (1999) note the following main 
benefits of participatory processes: (i) uncovering new information, (ii) limiting biases, (iii) ironing 
out contradictory views or perceptions, (iv) avoiding a superficial action plan by looking deeper into 
the causes of the problems and (v) facilitating action that has a broad ownership. A good example 
where participatory and collaborative action research is crucial is the management of the 
multifaceted challenges of climate change on the urban context (Dhar and Khirfan, 2017). For this 
reason EC (Pearl FP7) and UK (Blue Green Cities, Urban Flood Resilience) research projects have 
developed advanced multi-stakeholder platforms, known as Learning and Action Alliances, for 
improving flood resilience. 

In its wider effort to generate such knowledge, the Resilience Department of the City of Thessaloniki 
developed a workshop where the city’s resilience was addressed through a participatory process. 
This paper aims to explore interactions between risks and trends through that process. Without 
applying an a-priori hierarchization on them, extreme weather intensification is studied among 
other risks/trends as perceived by expert relevant stakeholders. 



 

 

Methods 

The present work applies the TAIDA (Lindgren and Bandhold, 2003)  risk analysis methodology in an 
urban context. The methodology is commonly used by businesses for long-term strategy 
development and here is presented for the case study. Thessaloniki is a mid‐size, second-tier city 
situated on the Thermaikos Gulf of the East Mediterranean Sea, with a metropolitan population of 
more than 1.1 million. It is the most important administrative, cultural and business centre in 
northern Greece and the second most important in Greece after Athens. Its economy suffered a 
depression and shrank by approximately 30% between 2009 and 2014 (EC Eurostat).  

The terminology of the TAIDA model requires a broader interpretation to apply the model in the 
urban context. The process requires answering a “key (focal) question”, a clear definition of the 
“client/customer”, a “target”, and the “time-frame” of the scenarios (Lindgren and Bandhold, 2003). 
The key question for this case study is “which factors will affect the resilience of the city?” with a 
vision towards 2030. The Local Council is considered as the client since they will review and approve 
the Strategic Plan for Resilience, which forms the “target” of the process. Once the problem was 
defined, the process followed the steps described in following section.  

The assessment process was carried out with the participation of 27 members during a full day 
workshop, including asset managers, academics, civic society representatives and local authority 
decision-makers. They represented the following organisations and bodies: Fire Department, 
Municipality of Thessaloniki, Alexandria Innovation Zone, Industrial Association of Northern Greece, 
Women’s Entrepreneurship Association, Association of Small Business Owners, Deloitte, 
Thessaloniki Port Authority, Thessaloniki Water Company S.A., Hellenic Electricity Distribution 
Network Operator S.A, Thessaloniki's Integrated Transport Authority, Egnatia S.A. (publicly owned 
engineering company), Institute of Engineering Seismology and Earthquake Engineering, Aristotle 
University of Thessaloniki, City College, University of Macedonia, Centre for Research and 
Technology Hellas, Technical Chamber of Greece, Solid Waste Management Authority, Arsis (NGO 
on refugee programs) and ThessDiktuo (NGO collaborative platform).  

Although the workshop duration is considered limited for an in-depth analysis, participants were 
engaged in advance by the organising committee and had developed an initial understanding. The 
workshop event gave them the opportunity to re-evaluate through engaging in group discussions.   

Results and Discussion 

Mapping trends 

Trends towards 2030 can be observed either at a local, national or global level. Some may be 
influenced by the city while others may be independent. At the same time, they may be more or 
less certain and of varying importance for the resilience of the city. On the basis of these two 
variables (i.e. likelihood and significance), a variety of trends/risks were mapped, as seen in Fig. 1. 
These trends were of societal, economic, cultural, technological, environmental or demographic 
nature.  



 

 

 

Fig. 1. Trends mapped according to their likelihood of occurrence and their importance/significance 
to the key question, i.e. impact to urban resilience 

Scoring of trends 

The trends considered to be of higher significance (upper two quadrants) are prioritized and 
qualified for further analysis. It was deemed suitable to choose trends/forces of different nature 
and relative independence. These are (i) Ageing Population, (ii) Drop in City’s GDP, (iii) Weak 
Integration of Refugees, (iv) Low Technology Adaptation, and (v) Increasing Frequency of Weather 
Extremes. 

The interaction between the qualified trends is evaluated on a scale from 0 to 3, based on how they 
may influence one another. Tab. 1 shows the scoring obtained for each set of trends. The level of 
influence/dependency between forces is not necessarily the same in their interaction, e.g. an ageing 
population may make refugee integration more challenging due to conservative attitudes prevailing 
in society or more limited resources due to higher expenditures on health and social services, but 
this relationship is one directional. The subjectivity of the scoring is dependent on the perception of 
the participants who carried out the generation process. 

The sum of the influence or dependency for each force individually can be calculated, e.g. for ageing 
population is 8 and 5 respectively.  The average score of the influence and dependency of all forces 
together is obviously equal and can be calculated from either the rows or columns. The average 
score is equal to 5.8. This value is useful for the following step as it suggests the relative influence 
or dependency of each force.  

Tab. 1. Scoring of the two-way interaction between trends. A value of 0 represents no influence, 
while a value of 3 represents a strong influence. The total horizontal and vertical scores are shown 
in the external cells. 



 

 

 

 

Nature of Trends  

The results of the previous steps are presented graphically (Fig. 2) to understand the nature of each 
trend. A trend that predominantly influences the others can be characterized as a Driving Force. A 
trend with little influence or dependency (i.e. score below 5.6) is Independent. One that has little 
influence on the other trends but has high dependency on them, is a Dependent one. Finally, a trend 
that is both influenced and can be influenced is termed Linked (high score on both dimensions). The 
point coordinates are obtained directly from Tab. 1 as the sum of the dependence and influence of 
each force (exterior values of table). The relationships that scored “3s” are strong, and therefore 
are highlighted with dashed line links and arrows.  

 

 

Fig. 2. Map of the relative influence each force exerts on the rest. Note the coordinates on the 
diagram are obtained directly from Tab. 1 as the sum of the dependence and influence of each force 
(exterior values of table). The cross-section of the axis reflects the coordinates of the average (5.6). 
The continuous lines represent the influence of Extreme Weather on other trends/risks. In dashed 
black lines are high scoring links (equal to 3). 

It becomes apparent that exposure to extreme weather can threaten sensitive groups such as the 
elderly population and refugees (Correa-Velez and Conteh, 2013; Kenney et al., 2014; Tota-Maharaj, 
2016). Also, it exerts pressure on economic performance directly or indirectly (Hoang and Fenner, 
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2016). The impact of technological adaptation on dealing with weather extremes was probably 
underestimated, though research recognises it as a systematic failure (Biagini et al., 2014). The 
useful information extracted from this diagram is that it can help stakeholders and local authorities 
prioritise actions. For instance, dealing with the weak integration of refugees as a stand-alone issue 
will not bring extensive results. 

Some qualitative outputs from table discussions strengthen the findings; the Fire Department 
representative highlighted an incident of an elderly with limited mobility being drowned when her 
basement property became flooded. Refugee integration NGO representatives pointed out that 
refugee camps are built in high flood risk zones. Asset managers (water, energy) appeared confident 
that infrastructure is currently climate/weather resilient, however, underfunding might influence 
future performance. With regard to water supply for refugee camps, the water company 
representative suggested it is a fairly easy process, however connection to the sewer systems is a 
challenge. The impact of weather extremes on the overall economy was recognised but not deemed 
as significant. 

Trend-stress interactions 

The interaction between the priority risks and the chronic stresses identified by the participants 
(from a pre-selected list) was assessed in a qualitative manner. Tab 2 shows the interaction 
evaluation by the workshop participants in three possible answers: no consequence, primary impact 
(i.e. direct impact) and secondary impact (i.e. indirect impact). One can deduct useful conclusions 
as to which risk are critical for the city as they affect several stresses. For instance, one can see the 
potentially unexpected total impact that low technological adaptation can have. At the same time, 
Tab 2 shows which stresses have a more complex nature as they are influenced by multiple forces.  

The intensification of weather extremes appears to have a strong impact on energy costs (this refers 
to extreme heat or cold rather than drainage), on the lack of public trust on authorities, on 
environmental degradation due to CSOs or water stress in the summer, on the infrastructure 
(primarily household and road network) and on the general ability of the city to continue its 
operations during extreme weather.  

Tab 2. Qualitative assessment of the impact different trends/risks can have on the chronic stresses 
of the city should they materialise. 



 

 

 

Conclusions 

As local authorities deal with everyday problems, they are likely to miss a long-term vision of both 
positive trends/forces that can potentially improve the life of citizens, and also underestimate the 
threats that other forces can bring about. This case study demonstrated how a participatory 
resilience risk assessment linked the exposure to weather extremes to risks of different nature and 
chronic urban stresses. With the support of this methodology, stakeholders were able to better 
visualise the future and the context within which they should be prepared to operate and make 
decisions. In essence, the methodology supports systems thinking. Collaboration between 
seemingly unrelated experts can be prompted to maximize interventions benefits regardless source 
of funding. This is particularly relevant when looking at multifunctional Sustainable Urban Drainage 
Infrastructure (O’Donnell et al., 2017). Finally, in the context of Thessaloniki, the workshop raised 
awareness and allowed the development of a common concern and vision between different 
stakeholders on adaptation and mitigation of climate change. 
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