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Abstract
Human health risks in dealing with floods in a river basin in South-Western Finland are analysed as an example of scientific 
and practical challenges in systemic adaptation to climate change and in integrated governance of water resources. The 
analysis is based on case reports and plans, on literature studies and on conceptual models of risks and risk management. 
Flood risks in the Northern European study area are aggravated by melt- and storm-water runoff, ice jams and coastal flood-
ing. Flood risk assessment is linked with management plans based on EU directives as applied in the case area. National risk 
management policies and procedures of increasing scope and depth have been devised for climate change, water resources 
and overall safety, but an integrated approach to health risks is still largely missing. The same is true of surveys of perceived 
flood risks, and participatory deliberation and collaborative planning procedures for flood risk management in the case area, 
specifically for adaptive lake regulation. Health impacts, risks and benefits, socio-economic and systemic risks, and over-
arching prevention, adaptation and compensation measures are not fully included. We propose a systematic framework for 
these extensions. Particular attention needs to be given to health risks due to flooding, e.g. from water contamination, moist 
buildings, mental stress and infrastructure damage and also from management actions. Uncertainties and ambiguities about 
risks present continuing challenges. It is concluded that health aspects of flooding are complex and need to be better included 
in assessment and control, to develop more integrated and adaptive systemic risk governance.
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1 Introduction

Flood risks constitute a key challenge notably in adapting 
to climate change and variability (CRED 2015). In Finland, 
severe floods are not as common as in some other countries 
(EEA 2010; cf. Tanoue et al. 2016), but estimated aggregate 
losses due to coastal flooding of major Finnish cities are on 
a medium level in the EU (Prahl et al. 2018). Also in Fin-
land, the economic losses vary widely, for instance, from ca. 
3 M€ in the 1990s to 8 M€ in 2004 and to 17 M€ in 2005, of 
the latter estimate 12 M€ from the severe coastal flooding 

that year (Sane and Huokuna 2008). These loss estimates 
are dwarfed by those assigned in high-risk localities to rare 
floods. Moreover, some types of impacts and risks have been 
considered insufficiently, and many risks are projected to 
increase and change (Parjanne et al. 2018). Impact and risk 
estimates are thus uncertain, but at times highlighted in pro-
fessional, media and social media debates.

Floods, their impacts and their controls influence, and are 
being influenced by, a host of natural and societal processes 
(Peltonen-Sainio et al. 2017; Tuomenvirta et al. 2018). The 
challenges to human health from floods are increased by 
climate change and by other systemic transitions (McMi-
chael and Hales 2006). While floods occur naturally, anthro-
pogenic factors can boost their frequency, magnitude and 
impacts. Floods bring benefits besides risks, also to human 
health due to the renewal of nutrient storages and biotopes. 
Nevertheless, the human health effects of floods can be dev-
astating, and can impact systems far beyond the flooded area, 
with repercussions on private and public economies (Schmitt 
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et al. 2016; Unterberger 2018), on overall welfare and on 
other societal systems (Hildén et al. 2016).

In Finnish regulation and official guidance, health 
impacts of flooding have not been extensively accounted 
for, although health is a prime objective of national flood 
risk management legislation (Finnish Parliament 2010). 
This contrasts with the accounts of impacts from floods on 
property (MoE 2017), on infrastructure and safety (MoI 
2019), on agriculture and increasingly also other livelihoods 
(MoAF 2011) and on economy as a whole (Perrels et al. 
2010; Pilli-Sihvola et al. 2016). Even though such accounts 
in other sectors sometimes refer in passing to health, it has 
been considered insufficiently in connection with floods. 
Also the Climate Act (Finnish Parliament 2015) referes only 
in passing to health in the context of floods. Here, the goal of 
“Health in all Policies” (Leppo et al. 2013) is not reached, as 
is the case also in many other regions (WHO 2016), imply-
ing an important gap in knowledge and practice.

Finnish research on climate–health links has focused on 
adverse health impacts of high temperatures (Näyhä 2005), 
also of water (Karvonen et al. 2010), allergens (Haahtela 
et al. 2013), vector-borne diseases (Laaksonen et al. 2010; 
Juntunen et al. 2017) and food production (Molarius et al. 
2010). Only some studies have addressed related strategies, 
such as Helama et al. (2013), regarding suicide prevention 
and climate warming, and Sairinen et al. (2010), regarding 
health impacts of climate change in rural adaptation. On 
the other hand, flood risks and their management have been 
studied increasingly in the context of climate change (Silan-
der et al. 2006; Söderholm et al. 2018). Yet, the specific 
links between flooding and human health in Finland have 
been considered seldom and narrowly, mainly implicitly in 
risk mapping and planning or in connection with damage 
from floods to buildings and infrastructure (Alho et al. 2008; 
Lonka and Nikula 2008; Mäntylä and Saarelainen 2008; 
Wahlgren et al. 2008).

There is a lack of information in this area also globally 
(WHO 2016). While specific health effects from floods 
have been often studied (Saulnier et al. 2017), only some 
work has been done on systemic risks to health and well-
being (Lane et al. 2013), on strategic decisions and benefits 
(Landeg et al. 2019; Olanrewaju et al. 2019), on economics 
of health impacts (Schmitt et al. 2016) or on the capacity 
of those exposed (Ryan et al. 2019). Bouzid et al. (2013) 
noted the absence of systematic reviews of the effective-
ness of interventions to reduce health impacts from climate 
change especially regarding floods. Some models of benefits 
from flood control have also omitted health (Pagano et al. 
2019). The study by Houghton and Castillo-Salgado (2017) 
on health benefits of green building design and community 
resilience to flooding constitutes one of the few cases where 
these aspects have been systematically evaluated.

We thus set out to explicate concepts, identify key issues 
and outline methodological approaches in the analysis and 
governance of risks to human health associated with flood-
ing, especially in the context of systemic adaptation to cli-
mate change. In applying and modifying generic approaches 
in a specific case, our objective is also to compare the risk 
governance conditions and developments in one country and 
region with those reported in others.

2  Case and methods

2.1  Study area

The Kokemäenjoki river basin represents a system where 
procedures have been actively developed and are in place 
for flood control and for the overall governance of water 
resources with respect to hydrological, technical and broader 
environmental and socio-economic impacts (Verta and Triip-
ponen 2011; Dubrovin et al. 2017b), but where adaptation 
to climate change and related health risk issues have sur-
faced more recently (Assmuth et al. 2016; Söderholm et al. 
2018). The river basin of Kokemäenjoki is the fourth largest 
in Finland, with a catchment of 27 000  km2 and mean flow 
in the delta of 245 m s−1. As typical in Finland, the basin in 
the upper reaches includes many lakes (comprising an area 
of 11% of the basin), two of them flanking the large city of 
Tampere. The river discharges to the Baltic Sea through the 
City of Pori and a coastal wetland delta (Fig. 1).

Flooding takes frequently place in the River Kokemäen-
joki. In a Northern location, flooding is regular during spring 
snowmelt, in addition to autumn and winter rains. The river 
and its lakes as well as the coastal delta also regularly freeze 
over, influencing flows and winter floods (Koskinen 2006). 
Two significant flood risk areas along the river, Pori and 
Huittinen, have been subject to increasing flood risk assess-
ment and risk management planning according to the EU 
Floods Directive (EP and EC 2007) and the national legisla-
tion (Rajala 2013). Climate change is expected to increase 
floods risk in the river due to increasing autumn and winter 
floods, while spring snowmelt floods are likely to decrease 
due to warmer winters with less snow (Veijalainen et al. 
2010, 2017; Söderholm et al. 2018). Also coastal floods are 
projected to increase with rising average sea levels and more 
frequent storms (Pellikka et al. 2018).

The river is profoundly altered and many of its lakes are 
regulated (Fig. 1), mainly for waterpower generation and 
flood prevention (Verta and Triipponen 2011). The river 
and its lakes are used also for crop irrigation and animal 
husbandry, fishing (mainly recreational) and other recrea-
tional purposes, permanent and free-time housing on shores, 
water traffic, nature conservation and as recipient of treated 
wastewater. Due to these multiple uses, the watercourse has 
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been subject to statutory multi-actor water resource planning 
and governance for decades (NBW 1984; Marttunen et al. 
2004; Marttunen 2011). The natural flow of the river has 
been extended by diversion of part of its water to a managed 
groundwater recharge area from which the region of Turku 
obtains its potable water (Lyytimäki and Assmuth 2015).

2.2  Methodological approaches

We apply previous generic frameworks for integrated assess-
ment and governance of systemic risks to health, environ-
ment and safety (IRGC 2005; Morris et al. 2006; Assmuth 
and Hildén 2008; Briggs 2008; Finkel 2011; Quigley and 
Luke 2019) and to watershed governance (Parkes et al. 2010; 
Verta and Triipponen 2011; VARELY 2015). We thereby 
focus on strategic management in connection with floods. 
We define risks as functions of the probability and conse-
quence of unwanted events, of hazard and vulnerability and 
of probability, exposure and vulnerability or susceptibility 
(cf. Kiljn et al. 2015). We frame risks broadly, to include 
benefits from risk prevention, reduction and compensation 
(cf. Penning-Rowsell et al. 2010; Assmuth et al. 2016). In 

applying these frameworks to links between floods and 
health in our case, we use case-relevant information on 
multiple scales. The information sources include published 
reports and plans, documents describing local conditions, 
historical accounts and flood information systems mainly 
of the Finnish Environment Institute.

In contextualizing the case, we utilize comparative evalu-
ations of scientific literature based mainly on PubMed and 
Web Of Science searches. These sources involve various 
perspectives of flood risks and impacts and of health. The 
perspective has often been biomedical or technical and pre-
occupied with disease as a direct consequence of flooding. 
We define health more broadly as an entity including physi-
cal, mental and social well-being (WHO 2006), and as a 
dynamic salutogenic process instead of a risk-dependent 
state (Antonovsky 1996). Based on qualitative structured 
analysis of the case and of pertinent literature, we then build 
a conceptual systems model of integrated flood health risk 
governance. Quantitative analysis is beyond our scope, due 
to the lack of information on flood–health links and to our 
focus on adaptive governance. However, we include relevant 
quantitative estimates of flood occurrence, vulnerability and 

Fig. 1  Map and hydrological system diagram of the Kokemäenjoki 
river basin with the main lakes and river stretches. The principal 
inland city of Tampere, the discharge to the sea through the City of 
Pori and the pipeline transfer of water through aquifer recharge to 

potable water in the region Turku, outside the actual river basin, are 
shown (by Hjerppe, based on SYKE hydrological map service; right-
hand side modified from Söderholm et al. (2018))
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damages, assess uncertainties and discuss their implications 
for methods and practices.

Our approach is predicated on complementary notions of 
knowledge and hence various ways of framing risks, impacts 
and decisions (Assmuth et al. 2010, 2016). In keeping with 
this, in adaptive governance we include participatory pro-
cesses of deliberation, collaboration and learning (Faulkner 
et al. 2007; Benson et al. 2015) besides technical manage-
ment. We complement previous analyses by addressing spe-
cifically health issues and their links with other areas and by 
broader and more systematic consideration of risks, impacts 
and options.

3  Results

3.1  Flood risk management in Finland and its 
relation to other areas of governance

According to the EU’s Floods Directive (EP and EC 2007), 
implemented in Finnish legislation in 2010 (Finnish Parlia-
ment 2010; Finnish Government 2010) in the context of the 
Water Framework Directive, flood risk management takes 
place on the basis of flood hazard and risk mapping and 
by flood risk management plans and associated procedures. 
These were established already during the past decades 
(WGFR 2009; Rajala 2013) and have been rapidly devel-
oped (Verta and Triipponen 2011; Parjanne et al. 2012). 
They have been superimposed on traditional flood control 
planning and on extant legislation and institutions, such as 
presently particularly the Regional Centres for Economic 
Development, Transport and the Environment, assisted 
by Finnish Environment Institute (SYKE 2019a, b, c, d, e, 
f). Consequently, 22 important flood risk areas have been 
defined nationally in Finland, 4 of them recently, while 3 
areas have been removed from this category. These areas 
contain 40,000 inhabitants, 25,000 buildings of which 50 
deemed to be hard-evacuated, 1800 km of transport routes 
and 200 facilities or sites dangerous to the environment 
(SYKE 2019b).

Additionally, the Rescue Act (Finnish Parliament 2011) 
influences flood risk management within disaster response, 
assigning duties to regional rescue authorities. Municipali-
ties in many sectors, from rescue to technical and environ-
mental services, are in a key position in local activities. The 
links to climate and energy policies have been continuously 
reinforced (MoE 2017; MoLE 2017). Thus, national poli-
cies, strategies and plans of several sectors back up and 
interact with management activities at river basin and local 
levels.

Flood risk management is consequently organized in 
operative bodies that involve regional and local authori-
ties mainly for water, environment, safety and enterprise 

(on the regional level, the present regional centres for eco-
nomic development, transport and the environment). Finnish 
Environment Institute (SYKE) acts as a central expert body. 
Operative bodies also include prominent water power gen-
erators. Other actors such as other users of the watercourse 
have an increasing role (MoE 2015).

Many of these areas of risk management have been sub-
ject to detailed analysis and development, such as risk map-
ping (Alho et al. 2008) and guidance for building (Parjanne 
and Huokuna 2014). Regulation, planning and development 
of rescue services constitute another key area of develop-
ment (Raivio 2006; Finnish Parliament 2011; MoI 2016). 
Also more comprehensive approaches encompassing addi-
tional sectors and actors have been included in flood risk 
management policies, programmes, plans and related advice, 
even in the case area. Several technological and institutional 
measures are inherently included and integrated in land use 
planning and have been implemented with regard to flood 
control on some level (cf. Peltonen et al. 2006; MoE 2015).

Lake regulation is a key means for managing water levels, 
volumes and flows in the case river basin (Dubrovin et al. 
2017b; Söderholm et al. 2018). Its various uses are to be 
reconciled, but those for waterpower generation have tradi-
tionally dominated in Finland, while uses for fishing, recrea-
tion or the protection of aquatic environments have generally 
had lower priority. Flood control in inland watercourses has 
been also traditionally linked to the needs of agriculture, in 
addition to the protection of buildings and industries, roads 
and waterways, and other infrastructure.

The coastal City of Pori is one of the 22 nationally impor-
tant flood risk areas. Exceptional floods have been experi-
enced here, such as the spring floods of 1677, 1936, 1951 
and especially 1899, and the winter floods of 1755–1956, 
1944 and, especially in Pori, of 1974–1975 and 2004–2005 
(Rajala 2013). Consequently, flood protection measures 
of variable and increasing extent and efficiency have been 
implemented here and in other high-risk areas over the 
centuries. They include dredging, diking, channelling, and 
dams, walls and embankments which are linked also to dam 
safety based on the Dam Safety Act (Finnish Parliament 
1984). Moreover, control measures include spatial planning 
and statutory EIA (Finnish Parliament 1994; Finnish Gov-
ernment 1994). These measures play a key role in develop-
ing adaptive risk management (City of Pori 2009; Fig. 2). 
However, links with health and general welfare are yet sel-
dom dealt with explicitly and in depth, or brought to bear 
on the practical implementation of assessments and plans.

3.2  Identification and assessment of flood risks 
in previous procedures and contexts

The flood risks in the Kokemäenjoki river basin have been 
framed in the statutory flood risk management plan (Verta 
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and Triipponen 2011; VARELY 2015) which emphasize 
geographical representations, and frequencies of risks 
and their direct monetary valuation. Flood risk manage-
ment plans in principle cover the cycle of risks and their 
management from risk and flood prevention to protection 
and preparedness (Huokuna 2012). However, framing of 
risks in some other respects is often restricted, such as 
regarding societal drivers and root causes, adjacent sectors 
such as health care, social impacts, risks of management 
actions (counter-veiling risks) and risk compensation, all 
of which are important in governance. Among drivers for 
management, climate change has gained increasing atten-
tion (Söderholm et al. 2018).

Geographically, the regional flood risk management 
plan (VARELY 2015) encompasses the whole river basin, 
whereas local flood control involves specific plans and 
procedures, e.g. for storm-water floods. Risks to potable 
water in the region of Turku through artificial ground-
water recharge have not yet been included in operative 
flood risk management. The highest flood risks in the basin 
are located along the river itself, especially around the 
City of Pori (Fig. 2) and the small rural town of Huittinen 
(Fig. 3). Lehtoranta et al. (2016) found awareness of flood 

risks among inhabitants of Huittinen especially regarding 
impacts on transport, fields, gardens, lives, buildings and 
wastewater treatment systems.

In terms of time, risks have been considered mainly on 
the scale of decades and with recurrence times of up to 
1000 years. Seasonally, winter-time floods are important 
along with floods due to excessive runoff from spring snow-
melt and autumn rains, because in winter flooding through 
frazil and ice jams is frequent in the river. Climate change 
has been projected to increase winter rains and render spring 
floods earlier and may impact frazil (Aaltonen et al. 2010).

The focus in statutory operations is on direct and immedi-
ate risks. Flood control has been further focused on water 
quantity instead of quality although these are linked, specifi-
cally as flooding may impair water quality. Physical impacts 
and risks from flooding have been routinely mapped, while 
perceived risks (Lehtoranta et al. 2016) and collaborative 
capacities (Söderholm et al. 2018) have been more seldom 
investigated.

Flood damage assessments for the river basin have 
focused on monetary losses (especially insurable) and have 
excluded many other losses, usually also indirect damage 
(Silander and Parjanne 2012; cf. FFFS 2014). The damage 

Fig. 2  Flood risk map of the City of Pori. The map utilizes GIS based 
data on, e.g. housing, potentially polluting facilities, high-vulnerabil-
ity buildings and water intake structures, in addition to flood hazard 

maps (shown for a flood with discharge of 250-year recurrence time 
and sea level of 1.4  m above mean), based on the national Finnish 
flood map service (SYKE 2019c), elaborated by Mikko Sane
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estimates are dominated by worst case scenarios for City of 
Pori (Dubrovin et al. 2017a). Floods in Pori can be caused 
by several factors and their combinations: high discharges, 
frazil or ice jam, and high sea levels. In a rare flood, if the 
flood protection levees are overtopped, the estimated direct 
damage in Pori increases to hundreds of M€, and inhabitants 
in the flooded area to ca. 10,000 (VARELY 2015; Koskinen 
2006). Damage estimates are uncertain as both the extent 
of the flood and the impacts, many of them indirect (Koks 
et al. 2015), depend on framings and are unforeseeable. 
Including indirect losses, the total damage of a worst case 
flood in Pori has been estimated to increase to several G€ 
(City of Pori 2010). This tallies with macroeconomic scale 
losses of severe floods estimated in the US and EU to reach 
0.3–11% of GNP (Unterberger 2018), which for Finland 
would amount to 0.6–3 G€ annually. Great uncertainties, 
however, apply also to these estimates and also to impacts 
and risks to human health and well-being.

3.3  Development of adaptive flood control 
approaches as an alternative to statutory lake 
regulation

In order to develop improved approaches to flood control and 
health, management strategies need to be evaluated. We use 
as a starting point the analysis of Söderholm et al. (2018) of 
lake regulation and associated damages, benefits and risks 
in the Kokemäenjoki river basin. The analysis examined the 

characteristics and consequences of options, specifically 
watercourse regulation schemes focused on lake levels, and 
alternatives. Several other analyses, plans and recommen-
dations have also been made for the case river basin (Mart-
tunen et al. 2004; Dubrovin et al. 2017a,b).

Estimable flood damages, mainly direct costs as proposed 
by Silander and Parjanne (2012) using international litera-
ture, were compared between present management and a 
damage-minimizing optimizing strategy, in a severe winter 
flood scenario. The options were formulated and evaluated 
with a broad group of stakeholders engaged in flood control 
and related activities.

It was found in the analysis by Söderholm et al. (2018) 
that by altering the statutory watercourse management sys-
tem and its objectives and control means to better consider 
flood risks, the damages especially in the City of Pori could 
be significantly reduced, resulting in reduced total losses. In 
addition, a strategy not focused only on flood damage mini-
mization during flood but including also proactive regulation 
could further reduce losses. The realization of options and 
their consequences, however, involves considerable uncer-
tainties and would depend (in the winter flood scenario), e.g. 
on whether, how and to what degree controlled ice cover 
steering of flows is possible and whether dams would hold 
increased water levels for emergency storage.

Also, the distribution of risks and benefits from manage-
ment strategies between regions (upstream lakes and down-
stream river-plains including the City of Pori) could be iden-
tified as a problematic issue that involves uncertainty and 

Fig. 3  Estimated frequencies and extents of flooding in the Huittinen area in the lower reaches of the River Kokemäenjoki (cf. Fig. 1). The maps 
have been processed by Mikko Sane on the basis of the national Finnish flood map service; cf. Lehtoranta et al. (2016); SYKE (2019c)
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ambiguity of value judgments and political choices associ-
ated with conflicting interests of sectors and actors. In a his-
torical account of such conflicts and their resolution in flood 
risk management in the case river basin, Rajala (2013, 66) 
emphasized the shift of focus from agricultural goals over 
water transport and subsequently waterpower generation to 
environmental protection and the importance of associated 
competing interests.

3.4  Identification and assessment of health risks 
of floods

The protection of human health is among the foremost 
objectives of the national legislation (Finnish Parliament 
2010) based on the Floods Directive. However, health 
impacts and risks of floods also in the present case have not 
been explicitly addressed in detail although some of them 
are implicit in risk management planning (e.g. VARELY 
2015). The aspects or factors of health risks that are included 
in statutory flood risk management plans mainly include the 
amount of inhabitants in the flood risk area, and the loca-
tion of health care facilities, hard-evacuated facilities and 
wastewater treatment plants and other waste management 
facilities (Table 1).

For more extensive assessment, health impacts and risks 
may be classified based on various criteria that overlap, 
including direct impacts, indirect impacts, e.g. through infra-
structure and economy-wide effects, and impacts and risks 
of flood control and adaptation (Table 1). Health impacts 
and risks of flooding are diverse and include in worst cases 
drowning and other lethal accidents, in more numerous 
cases of injuries or diseases, and in still other mental health 
impairment also due to evacuation (Lamond et al. 2015). 
Impacts and risks are moreover caused in multiple stages. 
This multiplicity of health impacts, risks and vulnerabilities 
is reflected in risk management and risk governance (Fig. 4).

An important type of health impacts caused directly by 
water intrusion in buildings and other spaces is due to mois-
ture. This has been reported in studies from other countries 
(Azuma et al. 2014). Some of these impacts are immediate, 
as with acute respiratory infections, but a more important 
impact may in many cases be health impairment due to 
exposure to moulds promoted by moisture in living space 
especially through allergic reactions. Such health problems 
have been found in many Finnish schools (Borràs-Santos 
et al. 2013) but have not been studied specifically in relation 
to floods. Besides residents, disaster response workers may 
be severely exposed (Johanning et al. 2014).

Water pollution is a key health risk especially with mal-
functions in wastewater purification plants or other waste 
treatment facilities caused by flooding (e.g. due to electric-
ity failure), but also through leaching from household, farm 
animal and industrial wastes. Besides organic wastes and 

harmful organisms, dangerous chemicals can leak from 
facilities at risk (cf. 3.1). These contaminants may extend 
far with flood waters and even through water transfer sys-
tems and may incur great cleanup costs especially in flooded 
buildings but also more extensively (Assmuth et al. 2016). 
Damage to ICT infrastructure can significantly increase and 
modify such risks (Dawson et al. 2018).

Health impacts and risks from evacuation are potentially 
important, as a large population may be exposed, and may 
exceed adverse immediate impacts. For instance, in the 
EU, half a million people were displaced due to floods in 
1998–2009, while the number of direct fatalities was ‘only’ 
1126 (EEA 2010). Also in Finland, during a rare country-
wide flood, many of the 40,000 exposed inhabitants in the 
22 high-risk areas (SYKE 2019b) might suffer losses or have 
to be evacuated. Mental health impacts of floods and flood 
risks are potentially important in a variety of ways, also for 
social cohesion (Greene et al. 2015). They may be down-
played as they are not as concrete and tangible as physical 
impacts.

Counter-veiling health risks of flood control pose poten-
tially important limitations to the efficacy, feasibility and 
acceptability of risk management, and require analyses 
of indirect, also unintended adverse consequences. For 
instance, health problems from relief responses to those to 
be relieved and to relief personnel are to be avoided (Johan-
ning et al. 2014), by Hippocrate’s rule (“first of all, do not 
do harm”). More generally, tradeoffs between strategies and 
options with widely varying requirements and consequences 
are needed in every step of risk management. We identi-
fied such tradeoffs between subregions in the river basin and 
between activities of different administrative sectors.

Health impact assessment (HIA) and health risk assess-
ment (HRA) are increasingly linked to management deci-
sions and actions in a strategic options assessment mode 
(Morris et  al. 2006). While many of these methods are 
advanced, e.g. in epidemiological risk analysis, others are 
in an emergent stage. In the context of floods, there is a need 
to combine and align these analytical methodologies with 
those in other and fields such as hydrological risk and uncer-
tainty analysis and technical safety and reliability analysis 
(De Moel and Aerts 2011). Key additions in our case were 
found to be perceived risks, health as a holistic process in 
welfare, action preferences and behavioural choices, socio-
economic and political conditions and impacts, risk com-
pensation measures and the multiplicity of decision criteria 
(Fig. 4).

3.5  Multi‑actor governance and stakeholder 
participation

Flood risk management is a complex field which involves 
a multitude of stakeholders and other actors with various 
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positions, interests and views (Bruine de Bruin et al. 2014). 
The needs for extended and integrated multi-sector and 
multi-actor governance have been increased by climate 
change and by developments in society, e.g. regarding more 
responsive roles of the public sector and interactive means 
of communication, as reflected in national Finnish strategies 
(MoLE 2016, 2017) and also in the case study area (Söder-
holm et al. 2018). It is important that all relevant actors are 
able to genuinely participate in policy formulation, decision-
making and action and in related deliberations. At the same 
time, challenges and opportunities for the various sectors 
and actors have also to be identified (Haapala and Johansson 
2012). Thus, there is an obvious need to combine integrated 
and specific framings and approaches.

Some multi-actor governance has taken place in Finland 
within flood control and watercourse management based on 
established legislation, institutions and procedures, mainly 
those in water and safety (rescue) sectors (cf. 3.1). The key 
actors include Regional Centres for Economic Development, 
Transport and the Environment, regional rescue authorities 

and municipalities, all of these having defined responsibili-
ties and competences (Fig. 4). Also, citizens in impacted 
areas have been involved, e.g. in hearings and, more recently, 
EIA processes (Rajala 2013). However, participation is still 
often dominated by official bodies such as authorities, and 
stakeholders such as power industry and others with strong 
economic interests. Participation is also often restricted in 
the horizontal dimension between sectors, although coordi-
nation of their policies and activities is increasingly needed 
and also attempted. While EIA procedures are statutory in 
flood risk management, similar separate and detailed con-
sequence analyses have not been required for Health Impact 
Assessment or Social Impact Assessment.

For the case area, as an important unofficial body for 
watercourse regulation, the monitoring group for water-
course regulation of the province of Pirkanmaa functioned 
largely as a discussion forum. This group has been trans-
formed in 2017 to a more general-purpose collaboration 
group for water management (SYKE 2019f). Thus, multi-
level, multi-sector and multi-actor (and multi-functional) 

Flood 
protection 

Preparedness  

Land use planning 
-authorities 
-planners 
-independent actors 

Lake regulation
-regulators 
-power firms 
-stakeholder community 

Prevent frazil and 
ice jams 
-waterways managers 
(regional, municipal)  

Water retention and 
controlled flooding 
-waterways managers 

Dredging
-waterways managers 
-contractors 

Dams, pump stations
-water/land constructors

River channeling
-waterways managers 
and constructors 

Property protection
-rescue authorities 
-builders, owners

Forecast / warning 
-flood / meteorol. 
expert organizations 

Rehearsals
-rescue organizations 
-volunteers

Public information 
-authorities 
-media  

Rescue / relief plans 
-rescue organizations 
-social authorities 

Temporary protect-
ion structures 
-rescue organizations 
-building authorities 

Flood 
prevention 

Flood risk 
compensation 

Recovery and coping 
support  
-health/welfare author. 

Flood risk 
prevention 

Flood insurance
-regulators 
-insurers 

Loss compen-
sation / recovery 
-government authorit. 
-subsidy organiz. 

Burden-sharing / 
relief work 
-public organizations 
-voluntary organiz.  

Over-arching 
risk prevention 

Integrated plans 
-authorities 
-stakeholder organiz. 
-planners 

Communication 
-authorities 
-stakeholders 
-other actors 

Healthcare system 
adjustments 
-health/welfare author. 
-care providers 

Structural safety 
-safety authorities 
-planners 
-builders, owners 

Prevent   
contamination  
-regulators 
-actors 

Watersource protect.
-regulators 
-water supply organiz. 
-water users 

Prevent risks from 
flood controls 
-(EIA/HIA) authorities 
-planners 

Climate change 
mitigation  
-regulators (indirectly) 
-private actors (-“-) 

Resilient infra
(transit, energy, IT) 
-regulators 
-constructors, operators 

Multi-actor coord., 
conflict resolution  
-policy-makers 
-stakeholder actors 

Funding, cobenefit
utilization  
-public financing 
-private funders

Conflict resolution 
-policy-makers 
-stakeholder actors 

Runoff control
(artif. wetlands, NBS) 
-land use planners 
-authorities (municipal)

Agriculture / industry 
planning 
-farmers/enterprises 
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Reduce
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-social authorities 
-private actors

Reduce human 
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-private actors
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-rescue org./authorities 
-evacuees 
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Health emergency 
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-health care organiz.
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-water managers 
-icebreakers, pioneers
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-building authorities 
-standards organiz.

Risk mapping
(vulnerable objects) 
-authorities
-mapper/expert bodies

Fig. 4  An extended approach to flood risks in integrated governance, 
with previously proposed (Verta and Triipponen 2011; VARELY 
2015) and identifiable new elements (hatched boxes) of flood risk 
management in the Kokemäenjoki river basin, emphasizing health 
risks, adjacent sectors, management cycles and adaptation. Suggested 

principal actors have been shown, and key areas of risk management 
and governance are indicated by boldface. Note the different levels 
(natural, technical, social) of risk management. NBS Nature-based 
solutions, EIA environmental impact assessment, HIA health impacts 
assessment, org./organiz. organizations, author./authorit. authorities
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governance structures, mechanisms and processes are grad-
ually developing. However, different understandings and 
views as well as structural factors and inertia may hamper 
risk management, also preparedness. The creation of con-
sensus views and new practices is related to the historical 
development of flood risk management, involving responses 
to high-risk events.

Stakeholder participation in flood risk management was 
studied by Söderholm et al. (2018) in the Kokemäenjoki 
river basin. Participatory and coordinative elements are 
included in flood risk management within spatial planning 
also in local areas (City of Pori 2008). Such approaches 
are becoming more common in related fields such as civil 
safety, particularly rescue services and disaster prepared-
ness (Lehtonen 2006; Raivio 2006; Huokuna 2012). Citi-
zen groups and organizations have been engaged also in 
opposition to flood protection solutions such as embank-
ments, channels and dredging operations, due to concerns 
for adverse impacts (Rajala 2013, 66). On the other hand, it 
is evident that the concerns as well as the behavioural pat-
terns and functional capabilities of citizens, especially those 
exposed to floods in the area, are often crucial for risk man-
agement and as such need to be accounted for (Lehtoranta 
et al. 2016).

4  Discussion

4.1  Extended approaches to managing 
and governing flood risks and health

It is evident from the case that flood risks need to be 
assessed more extensively and in a holistic manner. In many 
contexts, they have been considered fleetingly (e.g. Hassi 
and Rytkönen 2005). Adaptive flood risk management has 
developed especially in connection with climate change, in 
the case study area (Dubrovin et al. 2017a; Söderholm et al. 
2018) and in all Finnish watercourses (Dubrovin 2015). 
Needs for extensions arise from new drivers and impacts, 
from increasingly complex problems and solutions, involv-
ing several actors, and from public and private expectations 
and demands (Benson et al. 2015; Klein 2016; cf. IRGC 
2009). Health aspects of floods, and of extreme weather 
events and natural disasters in general, present particularly 
complex challenges to existing systems of governance, both 
within health care and in adjacent areas such as building 
and infrastructure (Bardy and Parrukoski 2010; MoI 2019).

Concepts of and approaches to health need to be extended 
to cover better the various aspects of health and well-being, 
including mental and social dimensions and outcomes 
(Greene et al. 2015; Lamond et al. 2015), the benefits from 
health promotion and from disease prevention, the distribu-
tions of health risks and benefits among particular groups 

(Jimenez et al. 2013) and the capacities of communities 
to ensure health and well-being (Meyer et al. 2018) along 
with the attainment of other goals in the context of flood 
risks. Such extensions call for a broad, integrative and active 
notion of health, which is to be carried over to risk govern-
ance deliberations and interventions.

There are positive and negative consequences from flood 
control and also from more extensive and participatory 
management. The balancing of benefits and costs, region-
ally, among victims and beneficiaries and over time, is a key 
challenge in deliberation and action in some ways especially 
for health risks (Houghton and Castillo-Salgado 2017). 
Important synergies and co-benefits exist between manage-
ment areas and policy sectors (EEA 2016). The choice of 
(combinations of) strategies and measures depends on the 
case and on the valuation of outcomes (and of processes), 
and these in turn depend on stakeholder perceptions and 
views. Thus, often clear-cut best solutions cannot be found, 
and traditional utility-maximizing optimization falls short 
(Woodward et al. 2014). Heuristic approaches encompass-
ing the variability and evolution of views through participa-
tion have advantages, e.g. in education and social learning 
(Meyer et al. 2018). It seems natural to combine such heu-
ristic methods with quantitative and formal decision support 
systems.

An extended approach to risk management is also needed, 
covering its stages, options and consequences more fully and 
in an adaptive and active mode (IRGC 2009; Prutsch et al. 
2014). In water regulation, extensions and developments 
have already been undertaken (Dubrovin 2015). Cost–benefit 
analyses can be made of extreme events (Virta et al. 2011) 
but quantification is difficult. Building resilience in tech-
nological, natural and social terms is key (Gallopin 2006; 
Bosher et al. 2009; Mudombi 2018; Pearson et al. 2018). In 
the case of health aspects of flood risk management in the 
context of adaptation to climate change, many additional 
types and classes of options can be discerned (Fig. 4). There 
is thus continuous need to improve the coordination between 
policies and strategies (Mickwitz et al. 2009; EEA 2016). 
As part of such extended approaches to risk governance, 
deliberation on scenarios could be developed to cover both 
natural and social or technological factors of hazard and vul-
nerability, as well as strategic and technical options. Such 
experimentation could be linked with risk communication 
(McCarthy et al. 2007; Perrels et al. 2008), learning activi-
ties (Viglione et al. 2014) and resilience development (Pear-
son et al. 2018).

The scale of risks and of their management is crucial, 
as shown in our case by the need to integrate upstream and 
downstream solutions and, more generally, various levels 
of policies and strategies. The appropriate modes of gov-
ernance and management procedures also vary between 
regions (Biesbroek et al. 2010; Lumbroso et al., 2011). Thus, 
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adaptive multi-level, multi-sector and multi-actor (includ-
ing civil society actors) governance and management are 
needed (Fig. 4), especially as the tasks grow more extensive 
and complex (Assmuth et al. 2009, 2010; Keune and Ass-
muth 2018). Regional strategies and systems are important 
(Haanpää et al. 2009), and river basins constitute a natural 
entity with regard to floods. However, governance has to be 
mainstreamed also on municipal level (Næss et al. 2005). 
The collaboration between municipal and regional authori-
ties (mainly environmental, economic, transport and safety) 
builds a core, but additional sectors and actors need to be 
included.

4.2  Knowledge for adaptive and systemic 
participatory risk governance

Information of many kinds is needed for decisions and 
actions on floods (Månsson 2019). In addition to definite and 
quantitative information, many issues in flood risk manage-
ment require qualitative, reflective, experiential, lay, local 
and traditional knowledge. ’Hard’ knowledge is obtained 
by models and analyses, in interaction with observation and 
other empirical means. In health care, clinical examinations 
and reports are a key source of information, including per-
ceived or feared impacts. These can complement each other 
in joint fact-finding and knowledge brokering involving the 
deliberation on values, especially for adaptive governance 
where dynamically evolving and pluralistic notions and 
framings are central (Michaels 2009; Saarela et al. 2015), 
and in multi-directional transfer and co-production of knowl-
edge (Liu et al. 2012). Similarly in flood risk management, 
multi-criteria analyses provide important tools to address 
pluralistic notions and values, also in management of the 
case study watercourse (Marttunen 2011). The consideration 
of risk perceptions, mental health impacts and socio-cultural 
aspects of adaptation, including trust, requires knowledge 
that extends beyond the objectively measurable (Wesselink 
and Warner 2010; Viglione et al. 2014).

With variable and unexpected phenomena such as 
floods, uncertainties hamper knowledge generation and 
action. New levels of uncertainty are added by the case 
dependency of health impacts (Parjanne et  al. 2018); 
the element of surprise (Merz et al. 2015), the complex 
repercussions of floods within health and welfare due 
also to behavioural factors, the connectedness of impacts 
and actions, and the subjective and evaluative aspects. 
These constrain modelling, formal decision analyses such 
as event trees (Cherqui et al. 2015) and quasi-objective 
knowledge (Leskens et al. 2014). As stressed by Söder-
holm et al. (2018), the assessment of risks of exceptional 
floods is particularly uncertain as there are not enough 
empirical data to build on. Many facts in social and eco-
nomic domains are also highly uncertain, but are also more 

easily accepted as such. Multi-criteria methods (Zagonari 
and Rossi 2013), participatory deliberation, and adaptive 
and also experimental risk governance are thus needed. 
The “translational discourse” of Faulkner et al. (2007) 
between scientists, practitioners and publics is a key part 
of such adaptive participatory governance. Flood and 
health risk experts need to interact with other parties in 
order to co-produce knowledge (Landström et al. 2011), 
but participatory deliberation is needed also for co-usage 
of knowledge in action.

With the management of flood risks, timely forecasts 
and information are crucial, as events and responses often 
develop rapidly. Assessment methods should allow rapid 
acquisition, processing and use of relevant information to 
steer action. Presently, there is often a mismatch of flood 
models and strategic decisions (Leskens et al. 2014). Sur-
veillance is a key part of risk management and needs to 
include many types of monitoring, from environmental 
and health states to human responses, utilizing ensem-
bles of decision support systems (Demeritt et al. 2010). 
Updating of information is needed for adaptive govern-
ance. On the other hand, knowledge is generated over long 
time scales, e.g. when using accumulated hydrological and 
health data. Both approaches have been developed also for 
the case study area (SYKE 2019b, e).

The ascertainment of causality is challenging with 
multi-factorial and multi-attribute health conditions or 
processes and with indirect impacts and risks. They are 
hard to attribute to causes (such as climate change) at the 
level of certainty routinely required in evidence-based 
medicine. Responses need to account for this unattribut-
ability along with other uncertainties and characteristics 
of floods, e.g. in insurance (FFFS 2014). Consequently, 
also the focus in health impact assessment and planning 
may need to shift, e.g. from prevalence to vulnerability 
(Dogra et al. 2019).

Broad and integrated knowledge on f loods, their 
impacts and risks and their management is needed (Måns-
son 2019). Information sources and methods in a vari-
ety of fields thus have to be combined, including flood 
risk mapping and assessment models and operative deci-
sion support systems. These should increasingly include 
health, linked to water and environmental management 
and to technical and civil safety. This integration is pro-
ceeding in many applied areas such as land use and water 
resource planning (notably based on the EU’s overarch-
ing Water Framework Directive in combination with the 
Floods Directive), in climate adaptation, in other areas of 
planning, in socio-economic assessment and in systems 
and safety analysis. In such contexts, also knowledge is 
integrated between levels of governance, top-down and 
bottom-up (Priest et al. 2016). An important part of this 
integration is the use of interactive and inclusive health 
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impact and risk assessment methods in other areas, and 
vice versa.

5  Conclusions and recommendations

Based on the above analyses, we formulate the following 
general conclusions and recommendations:

• Risk assessment and management of floods in Finland 
as elsewhere are under dynamic development espe-
cially under climate change, whereby new issues and 
approaches are incorporated to traditional flood con-
trol.

• There are clear needs and opportunities to broaden 
perspectives and methods and include non-technical 
and qualitative aspects; societal dimensions (e.g. risk 
perception, communication, compensation and govern-
ance), indirect factors and consequences of floods (e.g. 
macroeconomics beyond the area); over-arching preven-
tion; and counter-veiling risks of management (avoiding 
maladaptation and loss of systemic resilience)

• There is improved understanding of flood risks with 
regard to health, and of its links and synergies with 
other areas such as safety. There is also evolving con-
sensus on related goals in risk management, but also 
obstacles for their implementation. These include 
divergent interests of stakeholders and of sector poli-
cies. As such, the case provides an example of chal-
lenges in climate policy mainstreaming and in adaptive 
governance.

• Communication, deliberation and collaboration are found 
to be crucial in adaptive multi-actor governance of health 
risks from floods. They involve the collective resolution 
of appropriate balances of risks and impacts among 
populations, regions and periods, and the negotiation of 
competing and complementary interests.

• Knowledge plays a key role in developing extensive and 
efficient, integrated and adaptive flood risk assessment 
and management and can be based on improved framing, 
models and data of risks, impacts and options. However, 
knowledge is uncertain, imperfect, changing and valued-
laden, calling for inter-disciplinary and heuristic meth-
ods, flexible procedures combining simplification with 
specification and pluralistic knowledge co-generation.
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