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The purpose of this thesis was to find out what health risks floods cause to health and 

how Finnish authorities are preparing for floods. Climate change is increasing flooding 

globally. 

 

Methods: This thesis was conducted by scoping a literary review of 16 articles and 

semi-structured theme interviews of two experts. The articles and interviews were ana-

lysed with inductive content analysis. 

 

Results: The results form seven categories. 1) Health risks are divided into physical and 

psychosocial risks. The preparedness of different stakeholders include 2) the prepared-

ness of health care authorities, 3) business and economy life preparedness, 4) develop-

ing of early warning systems, 5) using mathematical, hydrological and hydraulic model-

ling to predict floods, 6) making preparedness plans and 7) co-operation with different 

authorities. The EU has made directives for member countries to make plans for climate 

change and flooding. The biggest and most probable risks for health are contamination 

of drinking water, non-communicable diseases and damp damages in Finland. Losing of 

property, family members and being evacuated cause also long-lasting psychological 

problems. There is a need for disease surveillance, competent health care personnel and 

education of public. Many sectors in the society, like business life need to be prepared 

for flooding, especially in flood-prone areas. Early warning systems are made by munic-

ipalities. In Finland the flood centre is responsible for managing floods. Flood centre 

consists of Finnish meteorological institute and ELY centre. Suomen ympäristökeskus 

SYKE makes the flood estimates using mathematical, hydrological and hydraulic mod-

elling. Luova is an information channel between Finnish authorities in disasters like 

floods. Preparedness is important also in planning of infrastructure in towns and villag-

es. 

 

Conclusions: Finland is well prepared for floods because of a stable society, good gov-

ernance and powerful institutions. Finland’s strengths are good health care and educated 

people. 
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 INTRODUCTION 1

 

 

Floods are one of the most common disastrous phenomena on earth. The recurrence of 

floods has increased during last decades. It is probable, that climate change has a great 

impact on flooding. The effects of flooding are wide on the society like disruption and 

damage of houses, communities, businesses and also threat for people’s health (Coates, 

Li, Ahilan, Wright & Alharbi, 2018). It is suggested that the average temperature rise is 

2.6–4.8 degrees C by 2100 because of global warming (Papworth, Maslin & Randalls, 

2014). 

 

Floods affect more than 5 000 000 million people worldwide every year and 122 000 

people have died because of flooding during last 10 years. Floods will affect 2 billion 

people lives until year 2050 (T. De Groeve, Thielen-Del Pozo, Brakenridge, Adler, Al-

fieri, Kull, Lindsay, Imperieali, Pappenberg, Rudari, Salamon, Villars & Wyjad, 2014). 

Floods cause water contamination, which may lead to communicable disease out brakes 

like gastroenteritis, especially in areas where the hygiene is poor and population are 

displaced (Houghton, Austin, Beerman & Horton, 2017). If there is interruption in 

availability of public health services, people can not get the medical services and that 

can have effect on the treatment of non-communicable diseases. Floods cause short- and 

long-term effects on mental health and social relationships (Sonpaveerawong, Limmun 

& Chuwichiang, 2017). Displacements and loss of households increase the mental 

health burden of the victims (Wickes, Zahnow, Taylor &Piquero, 2015). The economi-

cal losses are high both at individual and society level (Coates et al., 2018 ). 

 

 It is predicted that risks of flooding will increase in Finland by 2100 in the Bothnian 

sea and in the Gulf of Finland. In Bothnian bay there is not so much changes because 

there the land uplift is stronger. To make preparedness plans for coastal floods requires 

detailed knowledge of future flooding risks, and information of short- and long-term sea 

level variations. It is called flood modelling. Meteorological Institute gives the warning 

of strong precipitation and possible floods to the municipalities who are responsible of 

taking measures (Pellikka, Leijala, Johansson, Leinonen & Kahma, 2018).  
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WHO (2013) has made statements, how different countries should prepare for future 

floods worldwide. Every nation has made their own preparedness plans for flooding. 

Wealthy countries have better chance to cope with the floods, than developing coun-

tries. The actions to prepare for floods are the hydrometeorological knowledge like 

flood risk maps, risk- and vulnerability planning and early warning systems. Other plans 

and strategies have been made to prevent personal, environmental and economical loss-

es are maintaining IT capacity and specific hydrometeorological knowledge. There is a 

need for appropriate institutional structures and training programs and collaboration 

between different countries. Building resiliency for natural disasters engages many sec-

tors in society like education, public health, infrastructure, social care and economical 

sector (T. De Groeve et al., 2014). 

 

The climate change issues including floods are highly relevant at this moment. We have 

to think future generations to diminish the effect of global warming. The purpose of this 

thesis is to bring up what are the health threats of flooding and how do Finnish authori-

ties prepare for floods in Finland. This study may highlight this topic to health care pro-

fessional awareness. Health care professionals don’t have to be so concerned about the 

health risks of floods now, because it has not been so many flood catastrophes in Fin-

land. In the becoming decades the situation may change. This is an issue, which will 

touch the whole health care system in Finland. Increased flooding will touch also people 

living in flood prone area, municipalities and decision makers. 
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 BACKGROUND 2

 

 

There is consensus of the health risks that climate change causes for human health. Ex-

treme weather conditions cause drought, flooding, landslides and hurricanes. The catas-

trophes caused by climate change have increased during last 30-40 years. There were 

623 million people living in flood risk areas in the year 2000. The number of people 

will be growing to 934 million people at 2050. Approximately 7 % of cropland is in 

flood prone area. The magnitude of floods has been increasing in tropical Africa, in 

East- and South Asia, in South America, central Europe and in high latitude places in 

Asia and North America. In Mediterranean, central Europe, southwestern Africa, central 

America and in some parts of Russia (that are in Europe) the magnitude of floods has 

been decreasing. There is less consistency in the change in Western Europe and in large 

area of North America (Arnell & Gosling, 2014).  

 

Cities that have grew quickly as a result of migration are vulnerable for floods specially 

if there is just too little land and if there are not well-made city plans. It is important that 

the decision makers make adaptation plans. It is a challenge to find shelter for people in 

weather related events specially in populous areas. Often local authorities rely on exist-

ing infrastructure such as schools, sports halls and community centres to settle the dis-

placed population. Permanent solutions should be provided by side of transitional shel-

ter.  The federation of Red Cross and Sphere Project define the minimum humanitarian 

standards at the Camp Coordination cluster. These criteria cover primary conditions at a 

shelter such as water, sanitation, living space and thermal control etc. There are stand-

ards to arrange order and safety at temporary accommodation. It is also important that 

people have access to vital public services (Melgerajo & Lakes, 2014). 

 

Rural areas face different challenges due to few population densities. If there is a mas-

sive rain, the rural water basins run faster than in urban area, and when there are not so 

many bridges (on these areas are only low water crossings) the motorists are in danger 

in flooding events. People at rural areas are often old, poor and less educated. They have 

often illnesses and they don’t have good adaptation capacity. The local health care ser-

vices might not be available in rural areas (Houghton, Austin, Beerman & Horton, 

2017). 



7 
 

 

 

The most common health impacts of climate change are heat stress, increased risk for 

water- and foodborne diseases, as well as the risk to get a vector borne disease. Mosqui-

tos, sand flies and tics are most common spreaders of arthropod-borne diseases (Bouzid, 

Hooper & Hunter, 2013). 

 

Extreme weather conditions cause also other harm on health, like injuries, mental health 

illnesses and even fatalities (Bouzid, et al., 2013). Floods have also long-term influ-

ences, like disruption in access to health services, displacement, delayed recovery of 

illnesses and shortages of safe water. There may be shortage of electricity, and other 

loss of infrastructure too (WHO Europe, 2017). 

 

The effects of floods on society, economy and health vary a lot depending of the coun-

try’s geographic location and the degree of economy and development. In the develop-

ing world like in Africa, parts of Asia and South America where the climate is warm, 

the infectious disease are more common. These countries infrastructure and economical 

resources are less powerful to survive of nature catastrophes, especially if the people 

already suffer of weak health as a result of malnutrition and chronical illnesses like HIV 

(Alexander, Heaney & Shaman, 2018). 

 

 

2.1 Floods 

 

Definition of floods is the overflow of areas that are normally submerged 

with water or stream that has broken its normal confines or has accumulat-

ed due to lack of drainage. For flood to be classified as disaster or flood 

event, must one of following criteria be fulfilled: either ten or more people 

killed, 100 or more affected or state emergency must be declared, or inter-

national assistance called (Brown & Murray, 2013). 

 

Flood is a nature phenomenon that is depending on weather and water system. The form 

of landscape in a drainage basin and the use of land effects on floods. The regular floods 

are common and natural in areas where big lake basins are and where the flow fluctua-

tion is minor. There are different kind of floods, like urban runoff floods, water system 

floods and seawater floods. Water system floods are a consequence of long-lasting rain 

(several days or weeks) and melting of snow in large areas. This type of flood occurs 
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mainly in plains, when dikes or defences along wide rivers can no longer contain the 

flood discharge. Spring floods are a good example of this. Heavy rain cause floods also 

in all seasons of a year. Also, ice dams can cause a high water rising. It is predicted that 

winter floods are more common in future because of a climate change. This kind of 

floods develop more slowly, so the early warnings and preparations of the floods can be 

made. All seashore storms with other factors can rise sea levels. Wind, air pressure and 

water flows affect also on floods. Extreme water conditions can be caused by coastal 

storms and high tides. The mechanism of high tides are gravitational effects of the sun 

and moon. Urban runoff floods mean that there is rain and melting water on the ground 

on built areas. Built-up area and storm rain are also terms that are used of urban runoff 

floods. Rainstorms are sudden, short and local phenomenon. In the tight density living 

area storm rain can cause floods in creeks and ditch when the capacity of storm drains is 

exceeding. Local sudden (flash) flood can occur in hilly and mountainous areas. In the 

cases there is not much time to prepare and severe damage can happen (SYKE fact-

sheet, 2017; WHO Europe, 2013). 

 

In Nordic climate conditions, the snow is in the main role in hydrology. Climate change 

can both increase or decrease floods. Rains are expected to be more common and severe 

at this century. It is likely, that temperature increases, and that will decrease snow cu-

mulation. Floods caused by snow melting are most common in Finland, so the increased 

temperatures have effects on the floods. The watersheds in Finland can vary from small 

coastal rivers to large lake networks, so the effect of climate change is not the same in 

entire Finland. “The watersheds in Finland can be divided into three categories: small 

and medium size coastal rivers, those characterized by numerous lakes in central Fin-

land; and medium or large size of rivers in Northern Finland” (Veijalainen, Lotsari, 

Alho & Pyykkö, 2010). 

 

 

2.2 Floods impact on health 

 

River and coastal flooding have affected millions of people in Europe since 2000. The 

direct impact on health are drownings, injuries, contamination of drinking water which 

lead to infection (gastro-enteritis), heart attacks, mental health problems (acute and de-

layed), exposure to dangerous chemicals (carbon monoxide) and electrocution. There 
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are also long-term effects, that are not easy to identify. They include effects of destruc-

tion of homes, delayed recovery and shortages in water delivery (EEA, 2016; WHO 

Europe, 2013). 

 

These known risk factors expose to flood related morbidity and mortality: fast flowing 

water, hidden hazards, unknown depth of water, driving or walking in flooding water, 

contamination risk (chemicals, sewage), exposure for electricity during cleaning stage, 

polluted drinking water and lacking possibility to complete the routines of hygiene, 

shortage of food and access to health services. During a flood catastrophe people with 

chronic illnesses, (diabetes, renal failure, cancer and mental illness) are in risk, if they 

can’t get medical care or medicines they need. Houses get damp damage and that causes 

mould which exposes people for respiratory (acute bronchitis, asthma) and other ill-

nesses (Houghton et. al, 2017). It can often be difficult to track flood-related morbidities 

and mortalities, if flooding is not mentioned as primary cause in the diagnoses of death. 

Sometimes electricity shortages happen after flooding, if people warm their houses with 

combusting appliances. That can lead to carbon monoxide concentrations in the air, 

which leads to poisonings (WHO Europe, 2013; Houghton et al., 2017). 

 

To evaluate the vulnerability for the health effects of flood is a complex task that in-

clude many variable factors. If a flood starts rapidly and is very strong, it causes damage 

specially if it comes with short notice. If there is an early warning system, it can help in 

preparedness. One important factor is the available health service and if there is access 

to health care during flooding. Living in a flood risk area is naturally a risk factor 

(WHO Europe, 2013). 

 

One big effect of floods is their impact on mental health. Mental health effects can be 

divided to short- and long-term effects.  The most common mental health problems after 

flooding are psychological distress, PTSD (posttraumatic stress disorder), depression 

and anxiety. People can also suffer of somatisation, alcohol problems (men), or even 

suicide efforts. Victims of flood can suffer from mental health problems for long after 

the disaster. Risk factors for post-disaster mental health problems are gender (female), 

age (old people), prior physical condition and pre-existing mental health problems. Oth-

er influencing factors are low-income households, lower education, long term health 

problems and lack of social support. People, who have gotten injuries, who have seen 
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someone else to get injuries or have seen someone to die, suffered more often of PTSD 

(Parantjothy, Gallacher, Amlot, Rubin, Page, Baxter, Wight, Kirrage, McNaught & 

Palmer, 2011; Sonpaveerawong, Limmun & Chuwichian, 2017). Children can suffer 

from aggression, depression and suicidal behaviour as well (Houghton et al., 2017). If 

people’s houses get water on floors and damp damage, it had stronger correlation to 

mental health problems. Those, who had become evacuated, suffered more of mental 

health problems. Psychosocial support is in significant role to prevent mental health 

problems and it helps in recovery of them (Parantjothy et al., 2011; Sonpaveerawong, 

2017). 

 

 

2.3 Floods, economy and community resilience 

 

Floods have a wide effect on different sectors of a society. In 2007 United Kingdom had 

the most devastating floods since 1914, and that was called the biggest civil emergency 

in British history (Paranjothy et al., 2011). The economic costs for insurance industry 

were £ 3 billion. Worldwide there were over 200 floods affecting 180 million people at 

the same year. Floods caused 8000 deaths and over £ 40 billion in damages (Paranjothy 

et al., 2011). Both individuals and society suffer from big economical losses which 

cause poor post-disaster functioning. Economic vulnerability is actually the biggest 

threat for community resilience. The negative effects on an individual level are stronger 

if individuals have low income and if they live on low-income area, or if they belong to 

ethnic minorities. The increasing factor of social vulnerability is the percentage of chil-

dren and elderly people in the community. People living in poor conditions have bigger 

risk to die following a disaster. Economical inequalities are associated with community 

resilience (Wickes, Zahnov, Taylor & Piquero, 2015).  That is reason why flood risk 

management have become an important political matter (Coates, Li, Ahilan, Wright & 

Alharbi, 2018). 

 

Social networks and social capacity are in important role when surviving from a disas-

ter, such as floods. Social capacity is linked to health and level of education. Social co-

hesion is a mechanism that is important in belonging to a group and building networks. 

It is a sense of belonging and attachment, and it symbolizes working together for a 

common good.  Capturing together the level of bonding social capital can be done by 
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calculating the number of family members and friends that are living in the same local 

community. Local organizations can provide a link to wider community, which is not so 

close as family network or neighbours. Ethnic and nationality groups, religious organi-

sations and neighbourhood watch are examples of local organizations. Volunteer work 

is an indicator of social capital as well. Also access to political organizations is im-

portant for community resilience after disaster. Sharing the information of earlier floods 

helps to build resilience for the next events (Wickes et al., 2015).  

 

It is recognized in United Kingdom that effective business continuity management 

(BCM) reduces the effect of floods on business. BCM also helps more rapid return to 

normality. An agent-based simulation model is developed to prepare small and medium 

size enterprises to prepare for future flooding. “Agent based simulation models (ABM) 

have been highlighted as a means of gaining understanding of business relations and 

networks and reproducing the interactions between different organizations and net-

works” (Coates et al., 2018). Agent based models have been used to study of complex 

processes and systems in diverse fields like business, biology and social science (Coates 

et al., 2018). ABM and simulation have been used also in disaster management domain, 

like to model evacuation strategies and evaluating flood communication strategies on 

individuals. ABM has been useful on analysing individual behaviour on flood risk 

community, and in the use of social media in flood affected area what comes to people’s 

evacuation. ABM has been used also for assessment of how individual’s households 

react to preferences (Coates et al., 2018). 

 

 

2.4 Floods and road networks 

 

Essential for functioning of a modern society’s are road networks. They are vulnerable 

for nature catastrophes, like floods, landslides and earthquakes. If nature events destroy 

the road network, it causes the long-term cut-off inhabitants from the roads. People 

don’t get the services from society they need. Building up the road networks again is 

very expensive. “A robust road network should include a certain amount of link redun-

dancy, so that a small disruptions would not lead to collapse” ( Bil, Vodak, Kubecek, 

Bilova & Sedonik, 2015). There is also a negative side of robust network: it is expen-

sive and demanding to maintain. Less robust roads are the most vulnerable, and they 
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will disintegrate into two parts after any link is out of use. An example of this are moun-

tain valleys, which are weakly connected with the rest of the road network. If one or two 

links are disrupted, there will be a total cut-off situation. It is also possible to prepare for 

infrastructure disruption by studying the earlier flood damages and making emergency 

plans. Bil et al. (2015) have introduced a new measure based on the network efficiency 

index, which takes into account the importance of nodes based on their population. 

 

 

2.5 Preparedness for floods 

 

There are laws laid that the members of EU must monitor and inform of the hazards of 

floods. ”Directive 2007/60/ EC on the assessment and management of flood risks sets 

out clear deadlines for each of the requirements” ( The EU floods directive, 2017). ”The 

directive which applies all kind of floods on the territory of EU also claim that EU 

member states have to use flood risk management in a three state process, whereby: 

 

1. Member states must till 2011 undertake a preliminary flood risk assessment 

2. Where real risk of the flood damage exists, they must by 2013 develop flood 

hazard maps and flood risk maps. 

3. Finally, by 2015 flood risk management plans must be drawn up for these zones  

(The EU floods directive, 2017). 

 

Planning is an essential measure to effectively minimize the health impacts of floods. 

The implementations must be made with different organisations widely in society, and 

that include naturally public health and primary care. Land use planning is important in 

reducing health risks of flood. Houses or health care centres should not be built on flood 

risk area. Flood hazard and flood risk chartings must be made. Also building endurable 

constructions to prevent and minimize negative effects of floods is important (WHO 

Europe, 2013; Ympäristö.fi, 2017). 

 

Planning and preparedness for floods on individual level means getting sand sacks or 

other protective material in advance, to make a shelter bank for the house. It’s important 

to follow information given from news or internet. All windows in basement, doors, 

ventilation pipes and well openings must be insulated with silicone, plastic, board or 
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duct tape. A pump is important to get the water out of a house basement. Ditches should 

be open, and in winter it is needed to shovel the snow out of storm drains. All valuable 

property should be removed to a safe place. Car should be parked to shelter from water. 

It is good to check the insurance coverage in case of flood damage. It is wise to keep 

home flashlights, food and other beverages that you have them at least of one week 

(Spek). 

 

 

 Preparedness for floods by using hydrological and mathematic modelling 2.5.1

 

It is essential to investigate historical effects of natural hazards to reconstruct the events 

and assess the potential frequency and the consequences of the events.  To avoid health 

risks and economical losses what the increasing flood frequency can cause, is preven-

tion by help of weather forecast important. However, warnings of severe weather condi-

tions often come on short notice, a couple of days or few hours before the event. Reason 

for this is, that forecasts are reliable only in the short-medium term. Preparedness for 

safe operations of risk situations needs several days or weeks. There are several other 

innovative warning tools for this purpose, like seasonal climate forecast models. They 

have been developed from ensembles of integrations of numerical climate models, 

which are reliable.  Weather circulation type (WT) classification represents a tool that 

can improve the reliability of seasonal weather forecasts ( Messeri, Morabito,Messeri, 

Brandani, Petralli, Natali, Grifoni, Crisci, Gensini & Orlandini, 2015). A specific risk 

index is developed (WT-FLARI) for each weather type in Italy by above mentioned 

research-group.  

 

The risk-index represents the seasonal and annual vulnerability of each 

Italian region and   indicates that additional preventive actions are neces-

sary for some regions . The WT approach could make better use of sea-

sonal forecasts and provide useful information on the prevailing WT 

(Messeri et al., 2015). 

 

The use of statistical modelling is very common in predicting nature hazards like floods. 

Mathematical methods are an effective way to support flood management to reduce so-

cio-economic consequences (Szalata, Kuzminski & Zwozdziak, 2017). Flood mapping 

is the base for flood-danger and risk management. Flood maps tell the area of probable 

flooding and what kind of damage it causes. The biggest challenge in flood risk map-
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ping is estimation of water level. Water levels and flowing can be defined by using 

probability distribution based statistical methods or modelling of hydrological cycle. 

Assessing flooding in rivers the water levels are modelled using geometry of the riv-

erbed and flow information. Flood maps form the foundation for efficient management 

of the flood risks (Ympäristö.fi, 2018). 

 

Level model of the ground from the examined area is also needed for flood modelling in 

addition to water level information. Differing from general flood maps detailed flood 

maps enable also building observing at which point for example basic map can be used 

as a background map (Ympäristö.fi, 2018). 

 

By using defined water levels and level model, the flood area can be modelled numer-

ously with depth information by subtracting the ground level model from the level mod-

el of the water level (Ympäristö.fi, 2018). 

 

Flood risk maps can be connected in place information system with material that de-

scribe vulnerability. This way the damage potential caused by certain sized flood can be 

presented on the flood risk map. Besides flood risk mapping national and local infor-

mation are used in flood mapping. Examples of this are building- and flat register as 

well as supervision- and load information system (Ympäristö.fi, 2018).  

 

Flood risk map contains information of how many inhabitants there are at the flood risk 

area and are there hospitals, schools or nursery-schools. Roads and energy networks are 

marked on the maps, as well as waterworks. There are also presented economical func-

tions, that are vital for the society. It is also important to know, if there are any objects 

at flood risk area, that could cause spoiling for the environment. Also, the cultural herit-

age targets should be known. Actualised floods can be modelled on maps with the help 

of air or satellite pictures (Ympäristö.fi, 2018).  

 

 

 Preparedness at health sector 2.5.2

 

When it comes to the role of health sector in preparedness for floods, they are responsi-

ble of protective measure against communicable diseases and measures to track and 
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ensure that people get aid to mental health problems during flood and after it. It is im-

portant to ensure the quality of drinking water and food, and the standard of hygiene. 

The gender considerations and evacuating recommendations should be taken to account 

in emergency planning and displacement of vulnerable groups of people (WHO Europe, 

2013). 

 

Minimizing health impacts of flood needs primary, secondary and tertiary measures. 

 

A. “Primary prevention can be structural (physical interventions) and non-structural 

interventions (like policy and organisations)”( WHO Europe, 2013). Measures, 

like emergency plans, planting trees on flood risk area, controlling water sources 

and flowing by regulations, drainage systems, building barriers and defences 

should be planned in advance (WHO Europe, 2013, Ympäristö.fi, 2017). 

 

B. Secondary prevention means identifying the vulnerable or high-risk populations 

before the flood occurs. This measure can be achieved by using early warning 

systems, having water supplies and evacuating plans. Also, communication and 

information strategies must exist. Secondary prevention measures take place just 

before or during the flood situation to mitigate the flood impacts. In these cases, 

multisectoral cooperation is demanded between health services, emergency ser-

vices, early warning systems and water supply companies (WHO Europe, 2013). 

 

C. Tertiary measures in this context means moving people and their belongings to 

safe areas. The measures include taking care of the primary needs of people, en-

suring the health care services at during the flood and afterwards, like recover 

and rehabilitation. There is need for multisectoral collaboration between fire de-

partment, health care services, police, military and water supply companies. It is 

required that there is surveillance during and after floods to identify possible in-

fection disease outbreaks and notice also non-infectious health risks (WHO Eu-

rope, 2013). 
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2.6 Climate change and floods in Finland 

 

In Finland, the effects of climate change are small in global scale. High gross national 

product, high grade health care and infrastructure have an impact on that. In Finland the 

most significant impacts are indirect, like receiving refugees and economical disad-

vantages. We can expect temperature changing ( heat and frost), increased pollen, pollu-

tion ( caused by wildfires), contamination of drinking water ( caused by heavy rains), 

increasing of cyanobacteria’s in swimming waters, increasing infections of vector-borne 

diseases, storms, floods, higher winter temperatures ( rain instead of snowing in win-

ters),  longer dark winter periods ( lack of snow and cloudiness) might also cause winter 

depression (Opasnet Suomi,2017). 

 

The impact of climate change has influence on all population groups in Finland. Cli-

mate change has effect on people and their life areas, like their living, consumption hab-

its, working life, travelling and leisure time. The group of people, who suffer most are 

the elderly, handicapped, children and people whose livelihood structure is sensitive for 

floods, such as farmers. Poor, low-income people and those who have many illnesses 

are also in risk. Mental health and social problems may increase, due to loss of property 

in case of flood, or the rising price of energy,  People who live in countryside may be 

isolated and far from health services and their relatives which may increase the prob-

lems as well ( THL, 2017; Houghton et al., 2016). One future threat is, that there will be 

growing differences in people’s income, and not everyone can afford of versatile food. 

There will be more climate refugees. Finland is in quite good position because of our 

nature resources (forests, pure water) and because we have a functional infrastructure 

and our people are educated. One advantage is a stable society (THL, 2017). Climate 

change has impact also on industry, like pit mining (Ministry of environment and statis-

tics, 2013). 

 

Floods don’t usually cause big destruction in Finland. There may be a risk, if they 

spread in big areas and if they last long. If there would be a big flood and people would 

be in the water and if the floodwater would pollute drinking water, there would be nega-

tive effects on health. Indirect health effects come from dampness damage of houses, 

because the climate will be warmer and damp. Floods can cause negative effect to Fin-

land economically: damages for houses, property, fields and cut in traffic connections 
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and collapsing of roads. Floods can also damage industry and dykes. The sewage net 

may be overloaded during the heavy rain and floods. The water supply and sewage have 

preparedness plans for water catastrophes. 

 

 

 The health impact of climate change and floods in Finland 2.6.1

 

There is not so much research made of the health impact of climate change in Finland 

(Tuomenvirta, Haavisto, Hilden, Lanki, Luhtala, Meriläinen,Mäkinen, Parjanne, Pel-

tonen-Sainio, Pilli-Sihvola, Pöyry, Sorvari & Veijalainen, 2018). Rainwater and the 

water that comes when snow melts are important sources of drinking water. Increased 

precipitation, torrential rain, floods and increased temperatures may weaken the micro-

biological quality of water. Sometimes there happens contamination if spring water gets 

bacteria’s from soil with the rainwater or meltwater. Norovirus and campylobacter are 

the most common microbes that causes epidemical infections, if drinking water has be-

come polluted. Campylobacteria’s get benefits of mild winters and they survive and 

multiply easily. There is more norovirus infection in rainy periods. Water purification is 

important with activated carbon, sedimentation technique or disinfection to kill mi-

crobes. Sixty percent of Finnish drinking water comes from waterworks that use 

groundwater. Groundwater is very vulnerable for pollution. Climate change increases 

the need for disinfection and purification processes (Tuomenvirta et al., 2018).  

 

 

 Preparedness for floods in Finland 2.6.2

 

The flood risk control goals and plans are made in Finland for the years of 2016–2021 

on those 16 areas which are vulnerable for floods. In the significant areas there are 27 

000 inhabitants and 17 00 buildings in risk zone. In assessment of the flood risk have to 

be taken note the probability of flood regionally and locally and the possible effects for 

circumstances. Also assessing possible risks for the functioning of the society and the 

cultural heritage is essential. ELY-center prepares the plans together with local flood 

preparing groups. ELY-center is in charge of informing of the danger and making pre-

paring measures before the flood. Emergency authorities are responsible of planning 

and leading the flood situations and of rescuing people. The municipalities protect the 
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infrastructure and their own operational activity, and they support the rescue action dur-

ing the flood. Preparing for the urban runoff is also on the answer of municipalities. 

Civilians have to cover themselves and their property (Ympäristö.fi, 2017). 

 

In Finland we try to practise natural protection of floods by using the existing drainage 

basins. Natural flood protection is controlling the water sources, regulation of waters 

and building barriers for floods. The readiness for floods is based on the use of the early 

warning systems and flood predictions, but also practising for the flood situations. The 

measures, that have to be done during the floods can be blocking the slash dam for-

mation, installing ice gates and breaking the ice dams (Ympäristö.fi, 2017). 

 

After the floods there are also measures to be done, which are recovering from the dam-

age and preparedness for the next upcoming flood. This means in practise that environ-

ment and people also cope from the mental and physical aftermath and can continue 

their lives as normally as possible. There are actions to be made to eliminate the possi-

ble poisons from environment. Also repairing the buildings and advising how to claim 

for the damages are on the list. In the assessment of damages should be considered peo-

ple’s health and safety, necessity services like water and medical care (Ympäristö.fi, 

2017). 

 

In Finland we have an information channel, Luova which is used between the authori-

ties and specialist institutions. Luova warns and spreads information of natural disasters 

in Finland and abroad. This system has existed since 2012, and Ministry of transport 

and communications is responsible of that.  There are three organisations, which pro-

vide information for Luova. Finnish Meteorological institute is in charge of weather-

related warnings round the clock. The university of Helsinki’s institute of seismology 

provides information of earthquakes. The Finnish environmental institute SYKE reports 

all waterway and flood warnings. The duty officer of Finnish Meteorological institute 

follows different sources every day and produces warnings. The duty officer gets sup-

port of an expert network ( Ilmatieteenlaitos.fi). 

 

 The most common tool, which is used in predicting flood, is a hydraulic 

modelling. The most    common way of implementing Flood Directive has 

been producing flood extent or inundation maps, which are already in use 
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in 23 European countries (Veijari, Lotsari, Alho, Vehviläinen & Käyhkö, 

2010). 

 

 A hydraulic map describes the surface of watercourse with a topographical material, 

which is a good way to predict floods and investigate river dynamics. Hydraulic maps 

can serve emergency service in changing circumstances. In future flood maps can be in 

real time, and they can produce information for different kind of target groups. The 

flood maps can receive information of different sources and they can even make an 

alarm if needed (SYKE, 2012).  

 

The formation of situational pictures as reliable and pre-analysed as possible is the ob-

jective of Luova. The information that Luova provides aims to estimate disaster effects 

and consequences to be used in decision making in rescue operations and evacuations. 

For example, the seismologist can prepare and estimate in 15 minutes after the message 

of an earthquake has arrived. A realistic estimate of the damages is in Luova after 30 

minutes. This enables a fast help and action. Luova can list the critical infrastructure as 

nuclear power plants in the vicinity of earthquake area.  

 

Luova is an information channel between authorities like the situation cen-

tre of prime minister’s office, Ministry of Agriculture, Ministry of 

transport and communication, Ministry of Interior and Rescue forces, the 

Finnish Defence Forces, Radiation and Nuclear safety and Finnish Red 

Cross (Ilmatieteenlaitos,fi). 

 

 

 The central adaptation measures in health sector 2.6.3

 

There is a need for developing adaptation measures for the health hazards that are 

caused of extreme weather phenomenon. Citizens must be informed of the health effects 

of climate change and floods, so they have time to prepare for them. The health effects 

can be followed by already existing data collection methods in environment- and health 

care sector. 

 

Other concrete methods to protect citizens are warnings of slippery weather and sand 

the pavements. It is also important to invest on quality of building and mending proper-

ty. Maintaining of the buildings and ventilation are in important role to prevent becom-
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ing mouldy.  Waterworks have a Water Safety Plan which means identifying the risks in 

mains to guarantee the good water quality. Finland have a high-quality infection disease 

surveillance system which enables a quick reaction to change in infection diseases situa-

tion. Terveyden ja hyvinvoinnin laitos (THL) produces snapshots weekly of infection 

threats analysing the information that comes from national surveillance systems and 

from EU and WHO (Tuomenvirta et al., 2018). 

 

 

2.7 Summary 

 

Floods are a very researched object, due to frequency of floods worldwide. This back-

ground consists mostly of articles made of European floods, but there are also research 

articles made in North and South America, Australia, Asia and Africa. Floods effects 

stretches widely in the society. The severity of floods predicts long lasting recovery of 

them. There have always been floods, but it is undeniable that the climate change is 

going to increase the risk for floods in future. Articles made of floods in Europe came 

mostly from England, Poland, Czech, Netherlands and Italy. The WHO had advised 

European countries to prepare for floods. One important thing is to plan how to use land 

specially in flood prone areas. It is important that each country keep statistics of earlier 

floods to be able prepare for floods in future. The health effects of floods are widely 

known, but there are conflicting results of them. There is data about health impacts 

caused of floods. Waterborne diseases outbreak is often after heavy rain, so it is likely 

to believe that they are connected. Mostly these connections are indirect, like in vector 

borne diseases (Bouzid et al, 2013). Papworth et al. (2014) think, that the transmission 

from vectors to human is dependent of multiple environmental, geographical and socie-

tal factors. Hereby it is not possible to make conclusion that climate change is the most 

important control on the spread of vector borne diseases. Bich et al. (2011) mentioned 

that there has been only limited systematic research of health impacts of flooding. 

Bouzid et al. (2012 ) think that evaluation of the effectiveness of public health interven-

tions are lacking. 

 

Veijalainen et al. (2010) emphasize that “comprehensive climatological and hydrologi-

cal knowledge and several climate scenarios must be used in estimation of climate 
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change impacts on flooding”. Efforts of predicting floods have been done on continental 

scale, but the results have been contradictory. 

 

The mental health effects of floods rise in many of the researches.  Mental health disor-

ders had been diagnosed mostly during first months after the floods. Anyway, it had 

been noticed, that they can last longer, and more research of that had been recommend-

ed. Parajonthy et al. (2011) had noticed in their research, that specially water level in 

people’s home was linked with mental health symptoms. The psychological distress was 

four-fold bigger in flooded houses than non-flooded houses one year after flooding. If 

floods have effect on health and personal finances, the mental health symptoms increase 

by two to four-fold. Also, loss of essential services was a risk factor which was worsen-

ing mental health two to three-fold. 

 

The awareness of how to prepare and build capacity for floods is well known in high-

income countries. In poorer countries the havoc of floods can be bigger, and the capaci-

ty building is not enough. Poorer countries often must rely on international crises sup-

port. 
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FIGURE 1 The flood prone areas in Finland 
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 IMPLEMENTATION OF THE RESEARCH 3

 

 

3.1 Aim of the research 

 

The purpose of this thesis is to find out what impact floods have on people’s health and 

how we can build capacity and preparedness for future at municipal level in Finland. 

 

Research questions are: 

1. What are the health risks caused by floods? 

1. How are Finland’s authorities preparing for floods? 

 

 

3.2 Description of the procedure 

 

This research is qualitative of its nature. This topic is new and there are not so many 

studies made of this subject, specially not in health sciences. For this reason, the chosen 

methods as scoping literature review and semi structured theme interviews are suitable 

to find out information of this area. 

 

 

3.3 Method of the research 

 

Interviewing can be called as a discussion. In a normal discussion people are equal, but 

in a research interview the interviewer leads the discussion. Interview made in research 

purpose can be considered as a systematic data collection method. There is a purpose 

for the interview and collection of a high-class data. The interview can be categorized in 

different groups depending on how structured the interview is. If the interview does not 

have a structure, the researcher has chosen a theme, and all discussion is around the 

theme. The other extremity is a structured interview which is made in a form of a ques-

tionnaire. Then the order and form of questions are well thought through (Hirsjärvi, 

Remes & Sajavaara, 2008). 
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In qualitative interview there is no need for as many interviewees as in quantitative in-

terview. In qualitative interview the most important thing is the connection between 

interviewer and interviewee. In this thesis only two persons were interviewed besides 

the scoping literary review. The information gained this way served well the purpose of 

this thesis. There is often some structure in the interview, questions are mostly open 

ended. In a focus group interview is structured and there are more questions. The pur-

pose of a qualitative interview is to find out people’s experiences of the researched phe-

nomenon (Henrickson, 2012). 

 

In a theme interview the researcher has chosen some main questions or themes, which 

lead the discussion. The purpose of the interview is to get diverse answers of the re-

search phenomenon. The election criteria of interviewees are the knowledge of the re-

searched phenomenon. The knowledge gained with the interview reflects also the cul-

ture, society and research environment where the interview is made. The knowledge 

reached with the qualitative research is not quantitatively generalisable. It is more theo-

retically generalisable (Kylmä & Juvakka, 2012). 

 

In this thesis semi structured theme interview was used. Main questions were written in 

the script, and complementary questions were asked to reach the saturation. The literary 

review did not give straight answers to the research question, how Finland is prepared 

for floods. For that reason, the writer decided to interview two experts: one of ELY- 

centre and one from public health disease surveillance. 

 

The interviews were made by telephone. Information letters were sent before the inter-

views, and interviewees knew for which purpose the interviews were made. 

 

There are many types of literature review strategies, but scoping review is not a system-

atic review. Systematic review is a good method when there is a well-designed question. 

Scoping study tend to address broader range of research and non-research material in 

the review. Scoping reviews may contain information, which is informal or non-

informal, for example conference material. In this thesis some conference material of 

expert panels were used. The information can be from qualitative or quantitative studies 

(Rumrill, Fitzgerald and Merchant, 2010; Arksey & O’Malley, 2005). 
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3.4 Scoping literature review 

 

A scoping study might map concepts of underpinning a researched area rapidly to ex-

amine nature, breadth and field of research activity. This purpose is explorative of its 

nature. A preliminary mapping of some research area can address if there is need for 

systematic review. One purpose of scoping study is to summarize and disseminate re-

search findings and give them to consumers, policy makers etc so that they would save 

resources of doing that by themselves (Arksey & O’Malley, 2005). One intension of a 

scoping study is to find gaps in the existing research. The purpose of scoping review is 

not to evaluate the quality of the study. (Rumrill et al., 2019; Arksey & O’Malley, 

2005).  There are subspecies of scoping review. This study is summarizing and dissemi-

nating of is nature. The research questions have been identified and data was searched 

to bear in mind the research questions. Inclusion and exclusion criteria were defined. 

The writer has accepted three articles for the review which were not peer reviewed. 

There was a gap lacking Finnish researches. The writer found Finnish publications and 

reports, but only two relevant articles were found that answered to the research ques-

tion. 

 

 

3.5 Data collection criteria 

 

The data collection process for this thesis started in spring 2017, but mainly the searches 

have been done in the spring 2018 and between January and September 2019. The num-

ber of articles chosen for the analyse is 16.  

 

The search produced enough articles for the literature review, but there were only three 

relevant articles, that were from Finland. Two of these articles was used in the analyse.  

Most of the articles (14) used in the analyse were from Academic Search Premier and 

Cinahl, but one article was found from PubMed. They were all peer reviewed. Search 

from Finna produced no articles. The search was performed also with Swedish words 

översvämning AND hälsorisk/hälsoeffekt OR control from PubMed and 9 articles were 

found, but they were totally irrelevant. One article was from a conference publication 

picked by the Diakonia University of applied sciences’ library information specialist. 
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One relevant article was from an e-book and one was from internet. The articles chosen 

for analyses were published during years 2008–2019, so they include the criteria that 

they are not older than 11 years.  

 

 

Table 1: Inclusion and Exclusion Criteria 

 

Inclusion Exclusion 

Related to research 

question 

The equivalence of 

content was lacking 

Published during last 

11 years  

Older than 11 years 

Research or expert 

article 

Other type of article 

 

 

The meaning was to find relevant articles, which would be peer-reviewed and repre-

sentative. The materials used in the analyse are partly literature reviews and partly ex-

pert articles from scientifical publications. After every search the abstracts were read of 

the articles which titles matched the search word, mostly 20–40 first articles. Often the 

search results were totally out of the search words, so these articles became not read. 

Sometimes the titles and abstracts had some relevance, but otherwise the content was 

poor and there was nothing significant for this theses. Seven articles handled of the 

health risks of floods and seven articles handled preparedness for floods and one han-

dled the hydrological/mathematical modelling of the floods. The search of articles was 

finished when the saturation was reached. The health risks of floods came out well and 

preparedness for floods were described also in articles that handled simulations.  
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Searchwords Database Hits 

Floods and health Academic search prem-

ier 

48, 244 

Capacity building 

AND floods AND Fin-

land 

CINAHL 4 

Floods and Mental 

Health 

Academic search prem-

ier 

307 

Floods and economy Academic search prem-

ier 

699 

Floods and infrastruc-

ture 

Academic search prem-

ier 

1547 

Simulation and floods Academic search prem-

ier 

173 

Climate change AND 

floods 

Academic search prem-

ier 

16, 651 

Climate change AND 

floods AND Finland 

Academic search prem-

ier 

1040 

Climate change AND 

floods 

CINAHL 418 

Climate change AND 

floods AND Finland 

CINAHL 9 

Flood management in 

Finland 

PubMed 12 

Floods[MARJ] AND 

management 

PubMed 450 

Flood AND manage-

ment 

PubMed 1151 

Health impact and 

floods 

PubMed 91 

Prepare*AND floods* 

AND Finland 

CINAHL 56 

Preparedness AND Academic search prem- 218 
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flood AND Finland ier 

Floods impact on 

health in Finland 

CINAHL 117 

Floods impact on 

health 

Academic search prem-

ier 

40 

Översvämning AND 

hälsorisk OR controll 

PubMed 9 

 

 

3.6 The analyses method of the thesis 

 

This thesis is made by qualitative methods. Content analysis was made of the scientific 

articles and semi structured thematic interviews. Qualitative research tries to find simi-

larities or differences of the material. Content analysis is a method to use for doing re-

search from the meanings of the things, happenings, consequences and relations (Lat-

vala &Vanhanen-Nuutinen, 2001). In this research the writer used inductive content 

analyses, which means that the approach based on inductive data moves from the specif-

ic to the general. Content analyse is divided in three main phases: preparation, organiz-

ing and reporting. The preparation phase starts with choosing the analyse unit, which 

can be a word or a theme. “A unit can also consist of more than one sentence, more 

meanings or it can be a letter, portion of pages or number of participants in discussion” 

(Elo & Kyngäs, 2007). When the analyse starts, the researcher must decide whether to 

analyse the manifest or hidden content. When analysing the manifest content, like ana-

lyse units, they have to be viewed against the whole researched phenomenon. If the ana-

lyse is about latent content, the tone, silence, laugh or sigh are also noticed (Latvala et 

al., 2001; Elo et al., 2007). The material was read several times to understand the sub-

ject. The focus was on the manifest content. 

 

After reading the material many times, the organizing started and the questions were 

made for the data, to get answers for the research questions. The answers of the material 

became reduced. After that the data was grouped to find similarities or differences. The 

same meanings were put in categories and they got same headings. The purpose of the 

categorization is to describe the phenomenon and increase understanding and generate 

knowledge (Elo et al., 2007). 
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The final phase is to make abstractions by formulating the general description of the 

research topic through generating categories. Every category will be name by content-

characteristic words (Elo et al., 2007). When the categories of same contents are formu-

lated, main categories can be created (Latvala & Kangas-Nuutinen, 2001).  

 

 

3.7 Ethical aspects of the work 

 

Research ethics means the critical attitude towards practises and information during 

research process. The critical attitude can be seen how the researcher selects the topic, 

how the information is handled and how the results are discussed. This happens in every 

phase of the process (data gathering, analysing and publishing the results). The research 

questions must be asked so, that they are not manipulative or leading. Specially in a 

qualitative research there are fewer questions, and there is space that the interviewer can 

use in the way she/he wants (tenk.fi, 2012; Kylmä &Juvakka, 2007). 

 

The first ethical decision is selecting the topic. It should be beneficial for science. My 

topic is very actual in this changed climate where we live now. This is important for 

health care professionals to keep in mind what kind of effects flooding has on health. 

 

In qualitative interviews the most important things are keeping the anonymity and relia-

bility of interviewees. Interviewees have to know, that participating in a research is vol-

untary, and that they can interrupt anytime they want. They have right to know, what is 

the purpose of the research. Interviewer must code the participants identities so, that no-

one can recognise them (tenk.fi, 2012). When reporting the results, it must be kept in 

mind that sensitive information should be handled with care (Kylmä & Juvakka, 2007). 

The interviewees were informed of the topic and that they can refuse from the inter-

view, if they come to other thoughts. The interviews were taped, and tapes were de-

stroyed after been transcribed. Interviewees names don’t come out. The information that 

interviewees have told, has been told truthfully. The topic was not personal or sensitive 

for the intervieews. 
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The researcher must conform to honesty and transparency while collecting and pro-

cessing data as well as to the working methods and the use of sources. The researcher 

has to respect other researchers work and use appropriate citations by citing them 

(tenk.fi, 2012). The writer of this thesis has followed the ethical principles during gath-

ering data, analysing and referencing it. 
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 RESULTS 4

 

 

The aim of this thesis was to find out what are the health risks of floods, and how Finn-

ish authorities are preparing for floods. First will be discussed the health threats, that 

floods can cause. They are results of the literature review. Secondly, the ways, in which 

authorities can prepare for floods. Answers for that question are found from the interna-

tional and some Finnish articles and of two Finnish expert interviews. 

 

 

4.1 Health threats  

 

This chapter includes physical health threats, psychosocial heat threats and indirect 

health threats. Physical health threats can be traumas and being floated. One physical 

health threat is communicable diseases. Also, deprivation in treatment of already exist-

ing non-communicable diseases can cause weakening of health. Floods always cause 

some kind of psychological symptoms. The more severe the flood is the more severe are 

the effects on mental wellbeing. 

 

 

 Physical health threats 4.1.1

 

Loss of power, clean water, sanitation, health care systems and roads are typical conse-

quences of severe flooding. Disruption to essential services and breaking of infrastruc-

ture has indirect influence on health.  Power cuts expose people for cold and diseases, if 

people cannot cook water or they get cold. Losing clean water increases the risks of 

bacterial infections, if the drinking water is polluted or if people can’t take care of their 

hygiene or if the sewage systems doesn’t work. If the road network is damaged people 

can’t get the health care services. (Keim, 2008, Frumkin, Hess,Luber,Malilay & 

McGeehing, 2008). 

 

Sudden floods can cause physical injuries, like bruises, cuts and traumas caused by fall-

ing or moving objects or falling. If people are wet and in cold conditions, or are afloat, 

they may suffer from hypothermia. In worst cases people drown and die. The most 
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common reasons for flood-inflicted nonfatal injuries are cuts, falls, being struck by fall-

ing debris or objects moving quickly in flood water. Nonfatal injuries together with ex-

acerbation of chronic illness are the leading causes of morbidity among affected resi-

dents and relief workers immediately following floods. (Alderman, Turner & Tong, 

2012; Carrol, Balogh, Morbey & Araoz, 2010; Frumkin et al, 2008). 

 

Another health threat are communicable diseases. It is typical in floods and precipitation 

that they can mobilize pathogens in the environment and transport them into the aquatic 

environment, so that the drinking water becomes polluted. Typical infections are hepati-

tis A and E, leptospirosis, rotavirus, campylobacter, cholera, shigellosis, salmonellosis, 

typhoid fever, cryptosporidiosis and parasites infections. (Brown & Murray, 2013). 

Leptospirosis is a bacterium, that causes acute febrile illness, and can be transmitted 

through skin contact from areas where are rodents’ urine. This is the only water-borne 

disease than can be endemic (Alderman, 2012; Frumkin et al., 2008). 

 

Typical risks associated after floods, are water- and vector borne diseases. The WHO 

has noted that though there is a risk for water- and vector borne diseases after floods the 

outbreaks are rare. If the infrastructure is badly destroyed, people are evacuated and 

displaced and water networks are damaged, the risk for water contamination increases. 

That is also a reason for gastrointestinal diseases. In high income countries risks for 

communicable diseases are smaller. The depth of flooding, unhygienic conditions and 

the population density are predictive factors for the disease outbreaks (Alderman et al, 

2012).  

 

Examples of vector-borne diseases are malaria, dengue, dengue haemorrhagic fever, 

yellow fever and West Nile fever. Humans can be infected through the bites of mosqui-

tos carrying the virus. If people sleep outside because the impact of floods, the exposure 

for bites is bigger (Alderman, 2012; Brown et al., 2013). Respiratory infections such as 

cough, cold, ear and throat infections are the most common infections reported after 

floods in United States (2004), South Asia (2006) and England (2005). Also earache 

and skin rashes are common post-flood complaints. In the month following the 2005 

floods in Thailand, out of 102 patients complained of skin problems, 59 were diagnosed 

with inflammatory dermatoses and 40 with infectious skin conditions. (Wardekker, 

Jong, van Bree, Turkenburg & van der Sluijs, 2012). 
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Floods can have influence on existing non-communicable illnesses. If the flood destroys 

the road infrastructure or health care centres, people can’t get treatment to their illness-

es. If people lose their home and if they suffer from economical problems, they may not 

have money to buy medicines. If there was a break in medicine uptake, that was the 

biggest threat to the continuous treatment of chronical illnesses (Alderman et.al, 2012). 

 

When it’s flooding, the water can rise in houses, and that causes mould. Moulds have a 

negative effect on health, and they can cause several symptoms, mostly in airways. 

Floods can also dissolve heavy metals, agricultural chemicals and carbon monoxide 

(Alderman et al., 2012, Wardekker et al., 2012).  

 

 

 Psycho-social health threats 4.1.2

 

Disasters like floods have both short- and long-term effects on mental health. Floods 

cause stress and sleeplessness, grief of lost family members or fortune. Anxiety, depres-

sion and flashbacks are common symptoms after being involved with a nature catastro-

phe. Some can suffer from PTSD, and some may comfort them self with alcohol or oth-

er substances. It was noticed in France among females that they needed psychotropic 

medication after floods (Fernandez, Black, Jones, Wilson, Salvador-Carulla, Astell-Burt 

6 Black, 2015, Carrol, Balogh, Morbey & Araoz, 2010). Anger, difficulty of concentrat-

ing to everyday tasks can bother the victims of floods after the event. Children can have 

hyperactivity. Some have even suicidal thoughts. Suffering from PTSD long after a 

flood is associated with prior health and age, flood characteristics such as flood depth, 

and post-flood events including problems with insurers or high levels of disruption and 

deterioration. Indirect health effects, like loss of shelter and home, loss of personal and 

household goods, loss of income ( employment ), being evacuated, displaced and forced 

to permanent migration has influence on peoples wellbeing (Waite, Chaintarli, Beck, 

Bone, Amlot, Kovats, Reacher, Armstrong, Leonardi, Rubin & Oliver, 2017, Keim, 

2008) . Specially relocation and household income were predicting factors for mental 

health problems. Elderly, women and people with low socioeconomic status are more 

vulnerable for long-term psychological effects. Ethnic minorities may suffer from the 

worst impacts. Loss of access to health and social services was accociated with the big-
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gest increase in psychological morbidity. Loss of access to schools, work and other ac-

tivities has also influence on mood and mental health (Waite, et al.,2017). 

 

Shocking and traumatising events also have an affect on relationships in family, work 

and friends. It can be very heart-breaking to lose loved ones. Sometimes those, who 

haven’t been involved with disaster like floods, may have difficulties to understand 

what the victims go through. Personal coping styles affect in development of mental 

disorders after flood (Fernandez, et al., 2015). People who have positive attitude and 

who are proactive survive better from difficult situations. The support of family like 

parental support was protecting factor in children and adolescents. Also support of 

community and colleagues at work has a positive impact in adaptation to the post-flood 

situation. (Lamond, Joseph & Proverbs, 2015; Waite, et al., 2017). 

 

 

4.2 Preparedness of stakeholders 

 

With the exception of two Finnish articles, the reviewed articles are mostly from other 

welfare states, and thus comparable with the preparedness in Finnish conditions. The 

last chapter, that tells about Finnish authorities preparedness consists of the two expert 

interviews and Finnish articles. 

 

 

 Health care preparedness for floods 4.2.1

 

Disease surveillance is a traditional public health function to monitor the health status of 

community. Infectious diseases can occur as a results of climate change effects. Water- 

and vector borne diseases are example of that. Epidemic early warning systems combine 

different kinds of data as emergency department and outpatient clinic synchronic sur-

veillance with climate data, and vector biology data. In USA is a National Environmen-

tal Public Health Tracking Program which is collecting and integrating data on envi-

ronmental exposures and diseases. Data gathered this way is used to determine disease 

burdens and identifying affected people and places. Using this data, it is possible to 

plan, implement and evaluate public health interventions (Frumkin, et al., 2008).  
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It is essential to inform public and policymakers of climate change, and its effects on 

health. The health communication must be targeted to special groups for varying levels 

of understanding, ethnic and cultural differences and people who are vulnerable for the 

health effects of climate change. The information should be provided to individuals and 

communities, how for example reduce risks of infectious diseases after flooding (Frum-

kin, et al., 2008, Keim, 2008, Gowan et al., 2015). 

 

In preparedness for floods caused by climate change there is a need for multilevel, in-

terdisciplinary and integrated response, so it would be important to create partnerships 

with NGO:s ( Non-Governmental Organisations ), academia and the private sector. Pub-

lic health should widen the co-operation also with many other sectors, like the commu-

nity, industry and private sector, architects and city planners, because they can help di-

minish the burden that comes from climate change, with new innovations ( Frumkin, et 

al, 2008; Gowan et al.,2015). 

 

Health professionals knowledge is needed when plans for adaptation for climate change 

are made. Health scientists can provide evidence on the health impacts of various ap-

proaches to climate change mitigation. The health authorities in the cities make prepar-

edness plans and early warning systems, rescue plans, identify shelter facilities, prepare 

transport and rescue plans, ensure that there are backup generators and that there are 

clinical facilities to appropriate care including surge capacity (Frumkin, et al, 2008, 

Keim ,2008). 

 

It is essential to keep strong infrastructure for health care services. During the disaster 

also ongoing illnesses need treatment. Preparing for floods should include developing 

emergency medical systems and enhancing their disaster response capacity. The health 

care system needs the capacity for rapid needs assessment, mental health treatment de-

livery and long term follow up (Frumkin et al.,2008). 

 

Preparedness measures for the potential impacts of climate change are ensuring a com-

petent health care workforce. All medical care providers should be trained to recognise 

and manage health care threats. Also at this area should partnerships should be built up 

between health science schools and academic institutions (Frumkin, et al, 2008). 
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 Framework to prepare for economical losses in business life 4.2.2

 

Floods do not only concern health issues. If the floods ruin infrastructure (roads, houses, 

workplaces and companies) it has major effects of people’s life in that way. Floods may 

disrupt the business life also. That fore preparedness plans must be made also for busi-

ness continuity. It is necessary to find means to identify, determine and codify organisa-

tions affected by floods. An agent-based model and simulation (ABMS) in flood man-

agement is used in UK to model evacuation strategies without agents representing 

emergency service personnel. ABMS offers an opportunity for stakeholders to improve 

their response, reduce the disruption and economical losses and prepare for floods in 

urban areas (Coates, Hawe, McQuinnes, Wright, Guan, Harries & McEwen, 2013). 

 

This happens so that ABMS offers an opportunity for using and embedding iterative 

stakeholder learning and feedback within the modelling process. This can occur through 

organisation engagement with model outputs from agent-based simulations of past or 

future floods events based on historical data and/or predictions from flood modelling. 

The ABMS framework is used in analysing stakeholder strategies for floods in meaning 

to develop guidelines and recommendations to influence behaviour change enabling 

them to better prepare for future floods. Prior to simulations of organisational behaviour 

in terms of responding and preparing for floods, flood inundation modelling coupled 

with historical data will be used in a complementary manner to provide detailed infor-

mation to the ABM regarding which organisation agents are affected. The inundation 

model completes what is usually incomplete data from historical records, or where there 

is no data available. When information regarding inundation prediction is fed to the vir-

tual geographical environment component, it allows flood events to be modelled in ur-

ban areas. Thus, all organisations that are in risk to be affected by flood can be identi-

fied (Coates et al.,2013). 

 

The other authorities also have a main role in flood preparedness. It is handled in an 

article which discribes the early warning chain in Sweden. Their pattern to act is quite 

similar with the way of function in Finland. 
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 Early warning system and strengthening the infrastructure 4.2.3

 

One way of predicting floods is an early warning system (EWS). The goal of early 

warning system is to reduce losses of flood. EWS has a strategic role in proactive flood 

risk management. The risk management’s goal is to identify, analyse and assess poten-

tial hazards in a system and to identify and introduce risk management tools to reduce 

or eliminate potential hazards to people and environment. EWS is like a chain, that con-

sists of five main parts with an outcome, and a learning feedback loop. EWS is divided 

with four elements: risk knowledge, monitoring and warning service, dissemination and 

communication and response capability. EWS are used when dealing with physical 

planning matters especially close to lakes and rivers. The different flood scenarios and 

estimates have been added to the municipality’s masterplans giving planners a chance to 

adapt future exploitation to flood risk (Persson, Nyberg & Svedung, 2015, Keim, 2008). 

 

There is an example of Sweden’s crisis preparedness and early warning system. It is 

built so, that those municipalities who are responsible under normal circumstances, are 

responsible also in a crises, that public functions operate. Swedish Meteorological and 

Hydrological Institute (SMHI), that is under Ministry of Environment, actively sends 

warnings about floods and extreme weather conditions. Since municipalities are com-

monly responsible of actions related to floods, they get the early warnings of floods. 

There are also other actors working with EWS besides of SMHI. Municipalities get the 

information of floods from several sources. Because many rivers are regulated, the hy-

dropower companies from private sector provide information regarding water levels and 

flows in rivers and lakes. Municipal technical services, which deal with water and sew-

age, streets and parks operate with EWS. Often the first unit, that is contacted with the 

lowest warning level is the water and sanitation unit. Mainly technical matters get the 

warning at lower warning levels, together with safety coordinator and person responsi-

ble of communications, who are higher at the municipal hierarchy. As warning levels 

rise, more people higher up in the hierarchy will be included, as well as rescue services, 

county administrative boards, media etc (Persson, et al., 2015). 

 

The EWSs are built upon a precise hydraulic and hydrological models, which give bet-

ter understanding of the behaviour of the watersheds. The EWS models can be used in 
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building a bridge over the river or other buildings or nature areas in cities (Persson, et 

al, 2015). 

 

One way to prepare for the floods is to construct dikes and banks supported by pump 

systems. Flooding is an issue to keep in mind when the water systems are regulated. In 

city planning it is important to bear in mind that houses should not be built on flood 

prone area. Other measures to reduce flood risk can be building larger pathways to in-

crease the discharge of water at certain point (Persson, et al., 2015). 

 

 

 Mathematical, hydraulic and hydrological modelling 4.2.4

 

One tool for predicting floods is mathematical modelling. In Finland for example the 

Finnish Meteorological Institute measures the sea level with the digital time resolution 

at 15 minutes intervals. At this way the annual minima and maxima can be predicted. 

Future flooding estimation happens by combining the long-term scenarios of mean sea 

level with the short time scenario. Sea levels can be determined from the flood probabil-

ity distributions that combine mean sea levels change at short time variations.  

 

The early warning systems are built upon precise hydraulic and hydrological models to 

better understand the behaviour of the watersheds. When researching the extent of 

floods and river dynamics, the most effective method is hydraulic modelling. In this 

approach with the help of the riverbed’s topography, water height, roughness coefficient 

of the river ground and the waterflow can be predicted. The use of scientific data and 

mathematical models provides help in defining the scenarios, and that lead to better re-

sults. The municipality planners get a better chance to adapt for future floods by getting 

the scenarios and estimates in advance (Pellikka, Leijala, Johansson, Leinonen & 

Kahma, 2016, Alho, Laamanen, Kasvi, Wang & Flener, 2015). 

 

Laser scanning is one new method to produce information for flood charting and hy-

draulic modelling. Laser scanning is controlled deflection of laser beams. These obser-

vations can be transformed to three dimensional (3D) clouds of spots, which describe 

the geometry of the target. Airborne laser scanning is suitable to make 3 D modelling 

from the topography of landscape. Green laser has also been used (532 nm) in airborne 



39 
 

 

laser scanning. It permeates the spout well and it has been in use charting the coastal 

seabed.  The laser scanner can be used also from ground, putting a tripod on charting 

area or put laser scanner in a car, boat or rucksack. The information that the laser scan-

ning gives, is very sharp, like from ground, flora, river sandbank and floodplain. This 

gives a good possibility to get three-dimensional information of that part which is un-

derneath of the water (Alho et al., 2015 

 

 

 Preparedness of Finnish authorities 4.2.5

 

Finland is well prepared for the climate change and floods. Finland has plans made for 

floods until year 2020, and there is a purpose to find innovative solutions with help of 

research. Investments will be made for education and communication and informing 

people of this topic. Finland has a flood center, which is jointly operated by the Finnish 

Meteorological Institute and the Finnish Environment Institute. The purpose of the 

flood centre is to forecast and warn of imminent flooding to the authorities, households, 

public institutes and business residents in the flood prone area. Finland has the early 

warning system Luova which is an information channel between Finnish government 

officials and the security authorities. Luova is also an operational EWS in preparedness 

and response of an emergency situation ( Pilli-Sihvola, Harjanne & Haavisto, 2018). 

 

Elinkeino- ja liikenne elämän keskus ELY- center take care of the tasks of the state ad-

ministration and are conducting developing assignments in Finland. ELY-centres are 

developing and supporting economical, social and ecologically sustainable wellbeing.  

 

The ELY-centre representative told that state has given permission for local ELY-

centers to regulate their water systems. In some areas ELY-center can have stronger role 

as in other areas, especially if the area has a greater potential risk for flooding. Finland 

has had projects, where artificial lakes and embankments have been built on fields. A 

preventive measure avoiding floods in spring is sinking water levels in artificial lakes. 

That happens moving aside floodwaters. The water regulating means that space must be 

made for snow melting water, and the water levels in lakes must be low in flooding time 

in spring. If the river water level is high and floods begin, the reservoirs are closed. 
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There are also other measures, what ELY-center can do to prevent the harm of floods. 

ELY-center measures the snow drifts and the thickness of ice in river. The ice can be 

sawed to make the ice leaving easier. 

 

Suomen Ympäristökeskus SYKE has a main role in preparedness for floods. SYKE 

makes the modelling of floods and controls over the water systems and makes estimates 

of water levels. ELY- center is also following the flood situation carefully, especially in 

spring. The weather forecasts are the base, and there are many measure stations in Fin-

land.  

 

The EU has formed a law which obligates it’s member states municipalities to chart 

where the worst flood risks are and make risk management plans for that purpose. In 

Finland we have 20 flood risk areas, and a flood risk management plan must be made 

every six year. In mapped areas are buildings which are in danger, like hospitals, nurs-

ing homes and other targets, which are difficult to evacuate. In making floodrisk man-

agement plans must be considered how the risk for possible damage can be diminished. 

In thinking the future flood risks the land use planning is essential, so that houses would 

not be built in flood prone areas. SYKE has made climate change plans of how the 

streams are in future. Regulation plans have been changed caused by climate change.   

 

To ensure, that drinking water does not become polluted, water is tested constantly. Wa-

terworks makes daily surveillance. Other testing happens twenty times a year, and each 

time six samples are taken of different parts of water networks. Especially in flooding 

time there are a lot of solids in river water, which are used for household’s consump-

tion. Environmental health care can make an interruption of water taking of the river 

and use other water resources instead.  

 

There is a special occasion plan for securing water quality, and it is updated in 2017. 

There is also readiness plan, collaboration plan and crises communication card and con-

tact information of town municipalities, waterworks and Central hospital. In a crises 

situation the media is informed to reach the consumers. Environmental health care has 

the right to stop water use and give order to cook the drinking water. 
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The representant of environmental health care was asked, that what risks floods cause, if 

the drinking water becomes polluted. The possible pathogens in water can be e-coli, 

coliformic bacterias, enterococcus and hydrotropic colonies which can come from na-

ture. There are also chemical substances in water, that are harmful for health. Examples 

of these substances are nitrate, nitrite, clostridium perfingers and spore. When observing 

the water, also the look, smell, taste, colour, pH and muddiness are looked. Chemical 

screening contains observation of the iron, manganese, heavy metals and biocide. Also 

cyanobacteria are harmful for health. The contamination of waters happens if heavy rain 

or floods cause the surface water to go into well water or to the water reservoirs, espe-

cially if the water pipes are worn out or faulty. If dead animals, or their faeces ends up 

in water reservoirs the drinking water becomes polluted.  Measures after bacteria are 

found is to put chlorine in the water. During that time tanks are in use. If an epidemic is 

discovered, the food poisoning and water epidemic clearing committee is contacted. 

Criteria for waterborne epidemic is five affected victims. Inspector collects immediately 

20 litres of water, which is sent to Kuopio to find out, if there is salmonella, shigella, 

Vibrio cholerae or campylobacter. Also norovirus or hepatitis A can be tested. Some-

times there can be parasites in the water, like giardia, cryptospirum and toxoplasma 

gondii. 

 

Co-operation is important between different municipalities and stakeholders. ELY-

centre has regular connections to SYKE, rescue station, hydropower works and other 

municipalities. Hydropower works do their part of the regulating water systems. ELY 

center tells, when they can run the water and how much they can run it. In Finland we 

have a flood centre, which consists of the Meteorological Institute, SYKE and ELY-

centre. They are in close contact with the rescue station, if there is fear of floods and 

evacuations. In Finland the flood centre (Meteorological Institute and SYKE) give the 

early warning of floods. An announcement will be given to municipalities of imminent 

flood, ELY-center is active in giving warnings and making notice of current situation. 

Announcements go to websites, newspapers, radio and tv. If there is an imminent flood 

in some area, the rescuers go to that area. In case of crises the Non Government Organi-

zations and crises help are contacted. The municipalities are responsible that all munici-

pal services are functioning, like health care, schools and day nursery. If needed, re-

routes must be made, school transports must be organised etc.  

  



42 
 

 

 DISCUSSION 5

 

 

Floods are a common global phenomenon, that has a huge impact on the people’s life. 

The effects of flood on the society in rich and poor countries are different.  Rich coun-

tries have resilience and better coping capacity than poor countries. Also the geograph-

ical and climatic position have meaning when it comes to the health impact of floods. In 

warm circumstances in rural areas, where is high population density is also a bigger risk 

for communicable diseases. If there is not a proper health care, the infections spread. 

Also the basic state of health has influence on how people get better from illnesses. If 

people have non-communicable diseases, that are not medicated, they have negative 

impact for recovery as well as if people are undernourished.  In rich countries the com-

municable disease outbreaks are not so common. Epidemics can happen also here, but 

not in the same scale. Psychosocial problems are the same for people, no matter where 

they live.  Earlier literature has shown, that the higher water level in flooded houses the 

more severe impact it has on peoples health. This means that material losses are big. 

Practically this means also that people must be displaced. Also traumas and loss of rela-

tives predict longer lasting psychological problems. If the infrastructure is destroyed, it 

is also a strong predicting factor for longlasting health problems. It seems, that there has 

not been so much research made of the long term effects of floods. Mental health prob-

lems can continue long after flooding. Earlier literature points out that the support of 

community has main role in coping with the floods.  

 

The preparedness plans for floods are regulated by EU laws in Europe. The geography, 

climate and the location of the countries differs. In Finland and Sweden for example 

snow melting waters are the biggest cause for floods. Though the differences, preven-

tive measures for floods are almost the same. The land use planning is the first things to 

do. The recurrence of floods is increased probably because of the climate change. This 

demands commitment to obey the rules, that are made to slow down the progress of 

climate change. In USA the athmosphere is polarized, and not everyone sees the prob-

lem at same way.  

 

There are good preparedness plans made in Finland and they are easily available. The 

key role in preventative meaning has the flood center, which comprises of Meteorologi-
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cal Institute, SYKE and ELY-center. Water level surveillance and early warning of 

floods are important in minimizing the negative impact of floods. The co-operation of 

the different stakeholders is important before the floods and during the floods. This 

came out in the interviews, when the ELY-center representative told that they can have 

daily meetings with Flood center members and Emergency station. Following tightly 

the protocol came out also in the interview of the representant of environment health 

care. They had clear charts, how to operate in situations when water becomes contami-

nated, and clear instruction to which municipals they have to contact in certain situa-

tions. Finland has made adaptation plans for climate change as well as for floods, and 

they can be found of the websites of SYKE and ELY- center.  

 

Finland’s strengths in preparedness for floods and the climate change are good govern-

ance and functioning and powerful institutes. Finland has a high institutional and socie-

tal trust and high level of capital and living standards. Though Finland has a challenging 

climate, disasters are rare. Things, that must be kept in mind are reduction of poverty, 

though we are a Nordic welfare state. Also agricultural practices must still be developed 

(Pilli-Sihvola et al., 2017). 

 

The impacts of floods and climate change to Finland may be indirect, such as the global 

economy. Sometimes the indirect impacts may be even more severe. Also the populistic 

political movements may shake the western societys’ governments (Pilli-Sihvola et al., 

2017).  

 

 

5.1 The validity and reliability of the study 

 

The purpose of a research is to produce information, which is as reliable as possible of 

the research topic. If the research data is gathered in form of interviews, the results 

should reflect the interviewees’ thoughts of the researched phenomenon. One way of 

finding out is discussion of the subject with experts. The evaluation of reliability con-

sists the whole research process, and the choices that researcher has made and how the 

researcher arguments the choices. The author has tried to handle, analyse and present 

the data according to instructions (Kylmä & Juvakka, 2012).  
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Validity means that the method does measure the things that it should measure. In quali-

tative studies the key question is, if the researcher has understood and drawn right con-

clusions of the results. In this research it comes out in the content analyse. 

 

 

5.2 Conclusion 

 

This study was charting the information that was available of preparedness of floods 

globally and in Finland. The information that this study produces could be used in lift-

ing up awareness of the risks that floods causes on health, and how everyone could 

think their own preparedness for floods, if they live in flood prone areas. There are con-

ference and state reports available of flood preparedness in Finland, but not directly 

scientifical articles conserning the research questions of this thesis. The information 

available of this topic was fragmented. There would be need for more research of this 

topic, which would connect the whole information of this subject, and which would help 

in understanding how Finland health authorities work to prepare for floods in future. 

Health care students could be interested of this kind of knowledge, in study module of 

environmental health care. Limitations of this study is the small sample of informants 

and the little number of researches made in Finland, that would have handled this sub-

ject.  
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APPENDIX 1: Table of research articles 

 

 

Name, Author and 

year 

Research 

question/aim 

of the study 

Number of inter-

views/researches 

Method Results 

Floods and human 

health: A systemat-

ic review. Alder-

man, Katarzyna, 

Turner Lyle R., 

Tong Shilu, 2012 

To find out 

recent epide-

miological 

evidence on the 

impacts of 

flood on human 

health 

35 studies A systematic 

review 

Floods caused 

short -and long 

term effects, 

which are disease 

outbrakes and 

psychological 

distress. Long 

term effects are 

not fully under-

stood 

Tulvariskien hallin-

ta uusilla teknolo-

gioilla. Alho, P., 

Laamanen, L., Kas-

vi, E., Youngchen, 

W. & Flener,K., 

2015. Metsätieteen 

aikakausikirja 

1/2015 

  Expert article  

Adaptation by the 

least vulnerable: 

managing climate 

and disaster risks in 

Finland. Pilli-

Sihvola, K., Har-

janne, A., Haavisto, 

R, 2017 

Analyzing and 

discussing how 

well existing 

DRR and CCA 

aproaches re-

flect the per-

spective of the 

least vulnerable  

countries and 

whether the 

current ways of 

determinating 

vulnerability 

and exposure 

neglet some 

risks of hinder 

the seizing 

opportunities 

brought by 

climate change 

 Survey, inter-

views and 

workshops in 

two projects 

that analysed 

wearher and 

climate related 

risks in Fin-

land 

Disaster risk as-

sessment need to 

be contingent and 

a account for so-

cial and econmical 

contexts. Exposure 

should not be 

limited to direct 

geographical and 

physical exposure  

to natural hazards. 

In an institution-

slly  well-

functioning well-

fare society vul-

nerability assess-

ments should em-

phatize relative 

changes  in social 

trends and cohe-

sions 

Health and social 

impacts of flood 

disaster: responding 

to needs and impli-

cations for practice. 

Carrol Bob, Balogh 

Ruth, Morbey Ha-

zel, 2010 

Assess the 

health and 

social impacts 

of floods in 

Carlisle in 

northwest Eng-

land 

6 individuals an 5 

focusgroups 

In-depth taped 

individual and 

focusgroup 

interviews 

with people 

whose homes 

had been 

flooded 

Five main find-

ings: flood risk 

aweredness, phys-

ical and mental 

health impacts, 

impacts on front-

line workers, wa-

ter health and 

safety issues 
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Examining the 

relationship be-

tween infectious 

diseases and flood-

ing in Europe. A 

systematic literature 

review and sum-

mary of possible 

public health inter-

ventions.Brown 

Lisa & Murray 

Virginia, 2013. 

Aim of this 

review is  to 

strenghten the 

quality and 

completeness 

of evidence on 

infectious dis-

asters follow-

ing flooding, 

relevant to 

Europe 

 Systematic 

literature re-

view 

Evidence suggest-

ed that water-

borne, rodent re-

lated diseases have 

been associated 

with flooding in 

Europe, altough at 

a lower incidense 

than developing 

countries. 

A framework for 

organisational 

,operational re-

sponse and strategic 

decision making for 

long term flood 

preparedness in 

urban areas. Coates, 

G., Hawe, G.I, 

McGuinnes, M., 

Wright; N.G, Guan, 

D, Harries, T 

&McEwen, L.,2013 

Overview of a 

framework 

aimed at im-

proving such 

organisations’s 

response to and 

preparedness 

for floods in 

urban areas. 

How private 

and public 

health sectors 

behave and 

interact in the 

immediate 

aftermatch of 

floods 

 Research of 

literature 

Agent based simu-

lations  will enable 

analyses of how 

changes and in 

behaviour could 

influence these 

impact and better 

enable organisa-

tional operational 

response and in-

form strategic 

decision making 

for long term 

flood preparedness 

Climate change: 

The public health 

response. Frumkin 

Howard, Hess Jer-

emy, Luber George, 

Malilay Josephine 

& McGeehin Mi-

chael, 2008. 

Climate 

Change impact 

on human 

health 

 Expert article An effective pub-

lic health response 

to climate change 

is essential to 

prevent injuries 

and illnesses, en-

hancing public 

health prepared-

ness, and reducing 

risk. 

Flooding and Men-

tal Health: A sys-

tematic Mapping 

Review. Fernandez 

Ana, Black John, 

Jones Mairwen, 

Wilson Leigh, Sal-

vador-Carulla Luis, 

Astell-Burth Thom-

as & Black Debo-

rah, 2015 

Mental health 

impacts of 

floods  caused 

by extended 

periods of 

heavy rain in 

river catch-

ments 

83 papers Systematic 

mapping re-

view for 

mixed studies 

Most common 

mental healths 

problems are: 

PTSD, anxie-

ty,depression. 

Mental health 

problems were 

associated with 

floods. Long term 

mentalhealth prob-

lems are impact of 

secondary stress-

ors and the man-

agement actions 

identified 
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Prepared for 

what?adressing the 

disaster readiness 

gap beyond prepar-

edness for survival. 

Gowan Monica E., 

Sloan Jeff A. & 

Kirk Ray C. 2015 

There is a gap 

in preventive 

medicine and 

disaster plan-

ning  for build-

ing personal 

resilience -

preventatively- 

to persevere 

through pro-

longed recov-

ery timeframes. 

What is exactly  

we are prepar-

ing for? 

 Expert article Gap programming 

that addresses 

personal readiness 

challenges in pre-

vention 

timeframes could 

save lives and 

costs.  Bridging 

this readiness gap 

will prevent situa-

tions where peo-

ple, communites, 

and systems sur-

vive the initial 

impact, but their 

reciliense trajecto-

ries are vulnerable 

to challenges of 

long-haul recovery 

Building Human 

Resilience. The role 

of Public Health 

Preparedness and 

Response As an 

Adaptation to Cli-

mate Change. Keim 

Mark E., 2008 

The role of 

public health in 

reducing hu-

man vulnera-

bility to climate 

change within 

the  context of 

select examples 

for emergency 

preparedness 

and response. 

 Expert article Community based 

risk-reduction 

activities lessen 

human vulnerabil-

ity to the vagaries 

of natural disas-

ters, especially 

those activities 

that integrate pub-

lic health, disaster 

management and 

climate change. 

Sustainable adap-

tations to climate 

change, along with 

community-based 

public healthpre-

paredness and 

response activities, 

build human resil-

ience and lessen 

human vulnerabil-

ity. 

An exploration of 

factors affecting 

long term psy-

chologigal impact 

and deteriotation of 

mental health in 

flooded households. 

Lamond Jessica 

Elizabeth, Joseph 

Rotimi D. & Prov-

erbs David G., 

2015. 

Explore the 

characteristics 

associated with 

psychologiacal 

distress and 

mental health 

deterioration 

over the longer 

term 

Postal survey of 

households flooded 

during the 2007 flood 

event across England 

( 280 responders ) 

Descriptive 

statistics, cor-

relation anal-

yses and bi-

nomial logistic 

regression 

were applied 

Households in-

come, depth of 

flooding: having 

to move out dur-

ing reinstatement 

and mitigate ac-

tions are related to 

the prevalence of 

psychosocial 

symptoms in pre-

viously flooded 

households 

Future probabilities Coastal flood  Describing a The results predict 
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of coastal floods in 

Finland. Pellikka 

Havu, Leijala Ulpu, 

Johansson Milla M, 

Leinonen Katri & 

Kimmo K. Kahma. 

2018 

risk estimating 

and planning 

method used 

to estimate 

future proba-

bilities of 

coastal floods 

in Finland by 

constructing 

probability 

distributions 

for short-term 

sea level vari-

ations and 

long term  

mean sea level 

change, which 

then combines 

to yield esti-

mates of the 

probability of 

coastal floods 

up to 2100. 

that flooding risks 

will clearly in-

crease by 2100 in 

the Gulf of Fin-

land and the Both-

nian sea,while 

only a small in-

crease or no 

change compared 

to present-day 

conditions is ex-

pected in Bothnian 

bay, where the 

land uplift is 

stronger. 

Flood warning in a 

Swedish local risk 

management con-

text. Persson Erik 

Stig & Nyberg 

Lars, 2015 

To explore how 

local erly warn-

ing systems for 

floods are es-

tablished at the 

munipality 

level in Swe-

den and to 

analyse the role 

of EWS in a 

risk manage-

ment context 

Supervisors at each 

municipality in Swe-

den 

Kvalitative 

study with 

semi-

structured 

interviews , 

which went 

through a 

content anal-

yses 

The possible ef-

fects from an 

EWS is not only 

reduced flood 

losses but also a 

potential spinoff. 

The mitigating 

effectiviness in 

case of a flood is 

largely dependent 

of well-being of 

the oraganisation 

and its risks man-

agement process-

es. 

The English nation-

al cohort study of 

flooding and health: 

cross sectional 

analysis of mental 

health outcomes at 

year one. Waite 

Thomas David, 

Chaintarli Katerina, 

Beck Charles R., 

Bone Angie, Amlot 

Richard, Kovats 

Sari, Reacher Mark, 

Armstrong Ben, 

Leonardi Giovanni, 

Rubin James G & 

Oliver Isabel, 2017. 

The national 

study of Flood-

ing and health 

was established 

in order to 

investigate the 

long-term im-

pact of flood-

ing and related 

disruptions on 

mental health 

and wellbeing. 

2126 people In year one  a 

cross sectional 

analysis was 

conducted in 

the neigh-

bourgood 

affected by 

flooding. Par-

ticipants were 

categorised  

according  to 

exposure as 

flooded, dis-

rupted by 

flooding or 

unaffected. 

Valididated 

instruments  

were used  to 
screen  proba-

ble psycholog-

The prevalence of 

psychosocial mor-

bidity was elevat-

ed amongst flood-

ed participants ( 

n=622) depression 

20.1%, anxiety 

28,3%, PTSD 

36,2%) and dis-

rupted participants 

(n=1099 9.6%, 

anxiety 10.7%, 

PTSD 15,2%). 

Increased flood 

water depth was 

significantly asso-

ciated with higher 

odds of each out-

come 
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ical morbidity. 

Health risks of 

climate change: An 

assessment of un-

certainties and its 

implications for 

adaptation policies. 

Wardekker Arjan 

J., de Jong Arie, 

van Bree Leendert, 

Turkenburg Wim C 

& van der Sluijs 

Jeroen P. 2012. 

Inventory of 

conceivable 

health impacts 

of climate 

change 

21 experts A question-

naire-based 

expert elicita-

tion . Experts 

were asked to 

indicate the 

level of preci-

sion which 

health risks 

can be esti-

mated, give 

the present 

state of 

knowledge 

Participants con-

sidered het-related 

mortality and non-

endemic vector-

borne diseases 

particularily rele-

vant for climate 

change adaptation 
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APPENDIX 2: Content analyses of research question 1 

 

 

What are the health risks 

caused by floods? 

  

Subcategory Generic category Main category 

Deaths Trauma Physical health threats 

Cuts   

Falls   

Bruises   

Being struck by fall-

ing/moving objects 

  

Hypothermia   

   

Cough, colds Communicable diseases  

Throat and ear infections   

Conjunctivitis   

Hepatitis A and E   

Leptospirosis   

Rotavirus   

Campylobacter   

Cholera   

Shigellosis   

Salmonellosis   

Typhoid fever   

Cryotosporidiosis   

Paracitic diseases   

Wound infections   

Dermatitis   

Worsening of existing ill-

nesses 

Non-communicable diseas-

es 

 

   

Moulds Exposure of toxins Environmental health 

threats 

Carbon dioxside   

Agricultural chemicals   

Heavy metals   

   

Post traumatic stress syn-

drome 

Mental disorders Psychological health 

threats 

Depression   

Anxiety   

Grief   

Hyperactivity ( children)   

Suicidality   

Substance abuse   

Sleeplesness   
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Flashbacks   

Anger   

Several visits to doctor   

Difficulty in concentrating 

every day tasks 

  

Problems with personal 

relationships ( home, work, 

friends ) 

Psychosocial disstress Social problems 

Lack of understanding ( of 

others ) 

  

Loss of loved ones   

   

Loss of power Disruption to essential ser-

vices and breaking of infra-

structure 

Indirect health problems 

Loss of clean water   

Loss of sanitation   

Loss of health care system   

Loss of roads   

   

Loss of shelter and home Loss of income and home  

Loss of personal and 

household goods 

  

Evacuation   

Displacement   

Permanent migration   

Employment   

Problems with insurances   
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APPENDIX 3: Content analyses of research question 2 

 

 

How are Finland’s au-

thorities preparing for 

floods?  

  

Subcategory Generic category Main category 

Finnish meteorological in-

stitute measures digitally 

with the time resolution 

sealevel at 15 minutes in-

tervals 

Tool for predicting flood Mathematical modelling 

This predicts annual mini-

ma and maxima 

  

Estimation of flooding in 

future happens by combi-

nating the long term scenar-

ios of mean sea level with 

the short term scenarios 

  

Sea levels can be deter-

mined from the flood prob-

ability distributions that 

combine mean sea level 

change at short term varia-

tions 

  

The early warning systems 

are built upon precise hy-

draulic and hydrological 

models to better understand 

the behaviour of the water-

sheds 

  

To be able to  make hydro-

logical modelling, there is a 

need for four kind of source 

material: topographical, 

flow of water or waterlevel, 

ground level and validityda-

ta 

  

Using scientifical data and 

mathematical models to 

define the scenarios lead to 

better results 

  

The different scenaros and 

estimates give the munici-

pality planners a chance to 

adapt to future flood risk. In 

Finland responsible is Finn-

ish Environment Institute 
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The goal of early warning 

system ( EWS )is to reduce 

flood losses 

Tool for predicting floods Early warning chain 

The risk management is to 

identify, analyse and assess 

potential hazards and make 

masterplans with goals, and 

measures to reach them 

  

EWS are used when dealing 

with physical planning mat-

ters,especially close to lakes 

and rivers 

  

EWS are used when dealing 

with physical planning mat-

ters,especially close to lakes 

and rivers 

  

When ever there is talk 

about planning new housing 

close to water, there have 

been consultations about 

the floodrisk at regional 

level in Finland  

  

The different ( flood ) sce-

narios and estimates have 

been added to the munici-

pality’s comprehensive 

masterplans, giving plan-

ners a chance to adapt fu-

ture exploitation to flood 

risk 

  

In floodriskmaps the possi-

ble negative consequences 

are presented at the area 

including amount of house-

holds, economical activity 

and facility that can pro-

duce water and soil contam-

ination 

  

Dikes and banks have been 

constructed, which are sup-

ported by pumpsystems 

Preparing for flood Constructing and strenght-

ening the infrastructure 

Floods is an issue to con-

sider when regulating the 

watersystem and damps 

  

Investments are done in 

damns, floodgate structures, 

spillway crests or diversion 

channels 

  

Resevoir space must be 

done in lakes to prepare 
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autums floods 

Identifiying vulnerable 

people 

Monitoring health status of 

community 

Monitoring health 

Disease surveillance is an 

traditional public health 

function,data systems for 

infectious disease are linked 

to climate variability 

  

Epidemic early warning 

systems combine different 

kind of data as emergency 

department, outpatient clin-

ic syndronic surveillance 

with climate data 

  

Investigating water-,food- 

and vector borne disease 

outbrakes 

Diagnosing and investigat-

ing disease outbrakes 

Diagnosing and investigat-

ing health hazards 

The capacity of public 

health laboratories must be 

enhanced to rapid diagnosis 

  

Rodent control is a preven-

tive measure during flood-

ing ( rodent proof water and 

food storage container ) 

  

Water storage containers 

need to be covered to pro-

tect from disease vectors as 

egglaying female mosquitos 

  

Solid waste should be 

properly stored, collected 

and disposed 

  

Informing the public and 

policymakers about health 

impacts of climate change 

and good diet and lifestyle 

Informing and educating 

people 

Informing and education 

The health communication 

needs to be targetting to 

specific  groups accounting  

for varying levels of under-

standing, cultural and ethnic 

differences, vulnerability to 

the health effects of climate 

change and other factors 

  

Providing information to 

individuals and community 

how to reduce risks of in-

fectious diseases after 

flooding 

  

Public health should have 

partnerships with industry, 

Multidisciplinary partner-

ships 

Partnerships 
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communities, private sector 

etc.  

Leading examples include 

collaborations with archi-

tects and city planners 

  

Health professionals can 

explain the health rationale 

of climate change, reduce 

morbidity and mortality 

Policies and preparedness 

plans for floods 

Policies and preparedness 

plans 

Health scientists can pro-

vide evidence of health im-

pacts to climate change 

mitigations 

  

The health authorities have 

to make preparedness plans 

that provide early warning 

  

Preparing for floods by de-

veloping emergency medi-

cal systems and enhancing 

their disaster response ca-

pacity 

Strong infrastructure for 

delivering health care ser-

vices 

Capacity to provide  health 

care services 

Preparing also for ongoing 

care for other chronical 

illnesses 

  

The health care system 

needs the capacity for rapid 

needs assessment, mental 

health delivery and long 

term follow up 

  

A trained and competent 

workforce is central to the 

succes of the health system 

Ensuring a competent pub-

lic and personal health care 

workforce 

Competent health care 

workforce 

Prepare the health work-

force for the potential im-

pacts of climate change 

  

Medical care providers 

should be trained to recog-

nize and manage emerging 

health threats 

  

Partnerships should be de-

veloped between health 

science schools and other 

academic institutions 

  

Agent based model and 

simulation ( ABMS ) have 

been used to model evacua-

tion strategies 

Means to identify, deter-

mine and codify organisa-

tions affected by floods 

Framework to prepare for 

economical losses in busi-

nesslife 

ABMS offers an opportuni-

ty for using and embedding 

iterative stakeholders learn-
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ing and feedback withing  

the modelling process 

This can occur through or-

ganisation engagement with 

modeling outputs from 

agent based or historical 

data and/or predictations 

from flood modelling 

  

The virtual geographical 

organisations affected by 

flood event can be identi-

fied 

  

Agent based modelling and 

simulation coupled with 

flood modelling provides 

means of identifying organ-

isations affected by floods 

  

Need to determine and cod-

ify how business respond to 

and prepares for flooding 

  

Agent based simulations  

will identify key drivers and 

barriers to enhance organi-

sation and resilience 

through continuity planning 

  

Finnish government create 

schemes to compensate 

damage caused by climate 

change 
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APPENDIX 4: Information letter 

 

 

INFORMAATIOKIRJE KOSKIEN TUTKIMUSHAASTATTELUA 

 

 

Opiskelen Diakonia ammattikorkeakoulussa Master of Global Health Care koulutusoh-

jelmassa, ja teen maisterityötäni. 

 

Maisterityöni on nimeltään Health risks as a result of floods caused by climate change 

and the Finnish authorities preparedness. Työni tarkoituksena on kartoittaa mitä uhkia 

tulvat aiheuttavat terveydelle, ja miten Suomessa varaudutaan tulviin viranomaisten 

taholta; onko esimerkiksi simulaatiosta hyötyä tulviin varautumisessa. Tutkimukseni on 

kirjallisuuskatsaus yhdistettynä kahteen asiantuntijahaastatteluun. 

 

Kysymykseni asiantuntijalle ovat: 

Miten ELY-keskus toimii saatuaan varoituksen tulvista ja minkä tahojen kanssa se tekee 

yhteistyötä ? 

Miten Suomessa varaudutaan tulevaisuuden tulviin? 

 

Haastattelussa saatua tietoa käsitellään luottamuksellisesti Suomen tutkimuseettisen 

neuvottelukunnan ohjeiden mukaisesti. Haastateltavalla on oikeus vetäytyä koska tahan-

sa tutkimuksesta. Haastateltavan nimi ei tule esille tutkimuksessa, ja nauhoite hävitetään 

kun tutkimus on valmistunut. 

 

Ystävällisin terveisin, 

Anita Kuutti-Hintikainen 

 


