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Abstract

During the last few decades the role of citizens in environmental monitoring
has changed remarkably in Finland. In this chapter, we briefly describe this
change by using examples of both traditional and modern monitoring sys-
tems. According to our findings, there are at least four important drivers chal-
lenging traditional monitoring systems. First, the monitoring is undergoing
a rapid process of globalisation and e.g. the systems that earlier focused on
national problems are today controlled by European legislation or influenced
by international problems, agreements and practices. Second, public obliga-
tions for monitoring have grown much more rapidly than economic resources
and it requires the monitoring systems to have a new kind of ability to adapt to
changes. Third, the migration of people from rural areas to towns has reduced
the potential of a voluntary workforce. The forth driver is the aging of the vol-
unteers. All drivers, without new monitoring strategies, challenge both the per-
formance and geographical coverage of monitoring systems. We expect that
a combination of new technologies, such as remote sensing, the Internet of
Things and Big Data, can empower new groups of volunteers and increase the
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social impact and effectiveness of voluntary monitoring to fulfil our national
and international obligations.
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Introduction

Monitoring provides a sufficient level of information to support decision-
making and comply with legal requirements. Volunteers are one of the greatest
resources for enforcing environmental laws and regulations. Their role is ever-
changing as there are more obligations than ever before and fewer resources.
There is a growing interest to motivate volunteers and increase the efficiency
and social impact of monitoring.

The European Union has rapidly expanded and many new directives have
come into force influencing environmental monitoring. The EU legislation has
had an impact on the national legislation of all Member States and the daily
lives of people living in the EU. Finland joined the EU in 1995, and today direc-
tives are influencing monitoring and their data dissemination practices. New
monitoring projects, such as beach littering, have been established, and global
obligations require the implementation of the INSPIRE Directive, which is
based on the infrastructures for spatial information.

In the past ten years we have seen an immense increase in the number and vol-
ume of citizen science projects. The Internet, sensor technology and smart phones
have made it easy to record observations with stamps on position and time, and
the communication with data has become quick and easy. However, the partici-
pation of non-scientists in scientific research and data collection is not a new
phenomenon. Well into the 19th century it was possible for non-professional sci-
entists to contribute remarkably to scientific research (Haklay 2015). Significant
scientific figures, such as Charles Darwin or Robert Boyle, may be considered, by
today’s standards, to have been non-professional scientists (Shapin 1994).

Urbanisation began relatively late in Finland and the process has been more
rapid than in other European countries (Heikkild 2003). The migration of peo-
ple from rural areas to towns has reduced the potential of a voluntary work-
force. Aging is another challenge, with the number of people over 60 being
over four times higher than it was in 1900 (Official Statistics of Finland 2016).
A whole new set of options have been used to solve challenges. The hydrologi-
cal monitoring service is currently using new technologies and has increased
marketing effort to recruit new observers. Modern monitoring projects, such
as the algal watch, the Lake&Seawiki and jellyfish, have utilised new mobile
sensor technologies as well as social networking and processes to mitigate the
impacts of drivers. Different monitoring projects seem to have different domi-
nating drivers, as shown in the following table.
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Globalisation Grown Urbanisation | Ageing
obligations
Hydrology 0 0 - —
Birds + + 0 _
Game animals 0 + — —
Algal watch + + 0 0
Lake&Seawiki + + 0 0
Jellyfish 0 0 0 0
Beach litter + + 0 0

Table 1: Impacts of different drivers (+, 0, —; positive, neutral, negative) on
selected monitoring projects in Finland.

Selected monitoring projects
Hydrological monitoring - In service of infrastructure

Local volunteers were actively recruited into hydrological monitoring already
in the beginning of the 20th century when the predecessor of the national
hydrological service in Finland was initiated. The observers received small
premiums for their services, but their key motivation was their own interest
in hydrological phenomena (Kuusisto 2008a). For more than a hundred years
these amateur station agents completed important observations on hydrologi-
cal parameters such as water level, frost, snow thickness, water equivalent and
ice cover.

Observers have usually been engaged with monitoring activities for a long
period of time, with some monitoring sites having been managed by the same
family since the 1910s. In the beginning, the number of observed parameters
was large. Between 1913 and 1931, the volunteers also collected samples on
water quality. There were 200 stations for the analysis of transparency and light
attenuation coefficients at seven different wave lengths (Kuusisto 2008b), and
100 locations in which samples for organic and inorganic suspended sedi-
ment, dissolved inorganic and organic matters, alkalinity and dissolved oxygen
demand were collected. The intensive programme continued until 1932, when
the Great Depression forced the closure of many monitoring programmes.
However, the hydrological network started after the Second World War.

The national hydrological monitoring is an example of the volunteers being
very efficiently organised. From the beginning the system has taken into account
the role of volunteers as a part of the entire system. Today, a remarkable part of
the hydrological monitoring is automated, but the network of over 300 observers
covers the entire country and is closely developed to support real-time forecast-
ing systems (Ymparisto 2015). Trained observers take care of the pre-designed
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network of monitoring sites. This makes the system reliable and cost-efficient
even in remote areas. The system is facing a great challenge as many of the
elderly volunteers have stepped down and more marketing efforts are needed in
order to recruit new amateurs to replace them, especially in rural areas.

Birds - Academic interest and hobby

In Finland regular bird monitoring started in the early 20th century. Though
the main motivation for this was academic, safeguarding some of the dimin-
ishing bird populations was another goal as well. Up to the 1970s, voluntary
birdwatchers were mainly skilled amateur naturalists living in urban areas.
A central organisation for regional societies was established in the middle of
the 1970s and the Bird Atlas project started activating birdwatchers in rural
areas (Santaoja 2013). The central organisation joined the global network of
bird organisations, BirdLife International, in 1992. Since then the number of
birdwatchers has increased remarkably and today involves about 12,000 bird-
watchers (Birdlife 2015).

Until the 1970s, the partnership between the birdwatchers and the Museum
(Natural History Museum of Finland) was very tight. Since then the Museum
has concentrated on programmed, traditional bird monitoring and left the col-
lection and filing of other voluntary observations to the NGOs (regional orni-
thological societies and BirdLife Finland. They have maintained and collected
the data since then and share it in the BirdLife database, which is open to all reg-
istered users. Both programmed monitoring and other data are collected from
birdwatchers.

The majority of the official bird monitoring is now coordinated by the
Museum. It is based on the work of voluntary birdwatchers who have commit-
ted to a regular monitoring, following the given instructions on when, where
and how to monitor certain bird species or an area. The monitoring data is
used in the European Bird Census Council’s (EBCC) various projects, e.g. in
the assessment of Pan-European Common Bird Indices. The monitoring data
and the random observations of birdwatchers are made available as part of
the Global Biodiversity Information Facility (GBIF), which aims to make the
world’s scientific biodiversity data freely and universally available via the Inter-
net for the benefit of science, society and a sustainable future.

The reasons for increasing birdwatching are manifold. Today the literature
and other methods for the identification of species are very developed. Besides
strengthening regional societies, BirdLife has been active in publishing and
communications and it has introduced a large set of new activities, such as
the Big Garden Birdwatch in January, which is aimed for all citizens, and a
competition called the Battle of the Bird Towers in May, which is a competition
mainly for birdwatchers. The share of women has grown, and birdwatching is
nowadays also a hobby for families. The current number of bird observations
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collected by BirdLife and its member societies is annually over 1 million in Fin-
land. Bird monitoring is a global programme that has also managed to attract
many observers from rural areas.

Game animals - Hobby and co-management

Official monitoring of the population abundance of game has been carried out
in cooperation between the Ministry of Agriculture and Forestry, the Finn-
ish Game and Fisheries Research Institute and hunter organisations since the
1970s. The objective of the data collection is to produce a scientific foundation
for sustainable hunting. Researchers plan the census and organise it together
with hunter organisations, volunteer hunters do the actual fieldwork (Rktl
2015a) and the public research institute conducts the analyses and reports to
the national and local administrations.

Different game species groups have their own monitoring programmes. For-
est and mixed-forest agricultural game species are monitored through wildlife
triangle schemes. More than 30 forest game species are monitored. The popula-
tion and breeding success of waterfowl are monitored with pair counts in May
and brood counts in July. Specific census methods have been developed for
moose, large carnivores, seals, beavers and wild forest reindeer.

It is important to note that in Finland about 300,000 citizens pay the annual
hunting management fee, and the number has doubled between 1960 and 2000
(Saarsalmi et al. 2014). In 1960 a majority of the hunters owned their hunting
land, but today 60 per cent hunt on rented land of their hunting club or on gov-
ernment land. A large proportion of the landless hunters live in towns. Accord-
ing to the enquiry (Rktl 2015b) the total amount of active voluntary work by
hunters in Finland in 2008 comprised 290 man-years. Hunters were on standby
for a total of 1,800 man-years to assist in moose, white-tailed deer and large
game animal emergencies, like traffic accidents.

An estimated total of 40,000 hunters participated in voluntary work in 2008.
The value of the voluntary work without overheads was estimated at 7.1 million
euros. The Game Management Associations estimated that some 20,000 people
performed voluntary work in game monitoring. Voluntary work in nationwide
game monitoring schemes was estimated to be 89 man-years, of which obser-
vation of large carnivores made up 40 man-years. Hunters covered around
900,000 km with their cars to carry out these nationwide game monitoring
schemes. Even though there have been more obligations for volunteers in Fin-
land, these challenges have been overcome via good cooperation.

Algal Watch - Supporting other sources of information

Algal watch was initiated in 1998 to better inform the public about blue-green
algal blooms in the Northern Baltic Sea. In 2000, the first group of trained



262 European Handbook of Crowdsourced Geographic Information

volunteers, sea scouts, started monitoring coastal and archipelago areas in
Southern Finland (Rapala et al. 2012). The work supplemented the data col-
lected by commercial ferries in the Alg@line network (Finmari 2015) estab-
lished in 1995 (Rantajérvi et al. 2003). The aim of the network was partly
educational, but it also set in a practice for citizen monitoring on blue-green
algal blooms, bladder wrack and water transparency. Later on, the system was
extended and since 2011 citizens have been able to report their observations
on blue-green algal blooms, bladder wrack density and Secchi depth by using a
mobile phone application called Algae watch (Mmea 2015).

The application includes instructions and stamping, i.e. registration of posi-
tion and timing of the observation is done by the GPS of the phone. It is also
possible to take a photograph and send it simultaneously with the observation.
During the performed pilot trials, no service misuse was detected (Kotovirta
etal. 2014).

Users of the application were motivated by sending them a notification of the
algae situation and reminders to contribute to observations in the future too.
From the user data it can be seen that citizen activity decreased towards the end
of the summer, although blooms were still present. This is most likely due to the
timing of summer holidays in Finland, which usually end by the beginning of
August (Kotovirta et al. 2014).

Lakeé*Seawiki — modern tools and social networking

Lake&Seawiki (Jarviwiki 2015) is a wiki service about Finnish lakes and coastal
sea areas. The concept was developed in the Finnish Environment Institute
(SYKE) to promote people’s engagement in the protection and monitoring of
their nearby waters and to allow non-professionals to upload observations on
water temperature, ice situation, algal blooms etc. The service has been running
since 2011 and anyone can contribute. The users of the service can take part in
discussions and maintain their own observation sites. Service is well marketed
and currently the first that is managed by the communication department of
SYKE.

The service is running on open source software and has low operation costs.
The moderation and upgrades of software require one person-month a year.
Furthermore, an office hour helpdesk is needed in June-August. In 2014,
almost 280,000 users visited the service, with 200 contributing during sum-
mer months and 30 during winter months. They produce more than 9,000
observations annually. The number of visitors has increased annually by 25%
(Kettunen et al. 2014).

Still, a large part of people contributing to the service are citizens who have
earlier been recording their observations in their private notebooks. The ser-
vice has given them a platform and acts as an archive and a visualizer for their
observations. Some time series clearly show the impact of climate change on
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ice breakup. Measurements received from experienced amateur observers are
generally of good quality and thus complement nicely the other parts of the
monitoring system. The service started receiving observations from desktop
computers. Today, the share of mobile phone and tablet users is growing and is
expected to speed up the growth of the service.

Jellyfish - Abundance unveiled for the 1st time

In 2010 the Finnish Environment Institute started to collect jellyfish observa-
tions from the public to determine jellyfish distribution in Finnish waters and
the factors affecting the bloom formation in late summer. The proposal for
the monitoring came from the energy industry, which needed data on jelly-
fish abundances and predictions on conditions in which jellyfish form blooms,
since these can affect power plants by possibly clogging the cooling water
intake pipes.

Using only public observations, the monitoring of jellyfish distribution and
abundance has now been ongoing for 5 years. Citizens have reported their
observations via a web form, which is planned to be developed into a mobile
application in the near future. In the form citizens are asked to estimate the jel-
lyfish abundance on a two-level scale (few, clearly less than <20 individuals m™
or a bloom, >20 individuals m2), name the sea area where the observation was
done, and if it was a coastal or an open sea observation. Wind and temperature
estimates are also asked in the form.

This voluntary citizen science monitoring has revealed patterns in jellyfish
abundance and distribution range in Finnish waters which would have other-
wise been impossible to obtain. Further, the reported observations have also
been used as a service when communicating with the power plants and other
industry on the blooms close to their seawater intake areas. The challenge of
this kind of monitoring is that it is highly dependent on the press releases
informing citizens that observations are still (and continuously) needed. With-
out advertisements the number of observations is much smaller.

Beach litter - Global outsourced monitoring

Beach litter monitoring with the help of citizens started in Finland in 2012,
when groups from Sweden, Finland, Estonia and Lithuania became partners in
an EU-funded project. The aim was to implement the harmonised method for
the first time around the Baltic Sea. The method used was based on a slightly
modified UNEP protocol on beach litter survey (Cheshire, Adler & Barbiére
2009). The length of the beach had to be adjusted to central Baltic conditions,
as well as the timing of surveys. The survey was implemented by the Finnish
partner in the project: a local NGO (Keep the Archipelago Clean).
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For the survey to be successful, there has to be a dedicated group of people
(at least two, but no more than 10) responsible for the survey during a certain
time of the year on a certain beach. Each group has a contact person who col-
lects the data and delivers it to the NGO in charge of the survey. In Finland the
contact persons were people such as school teachers. Experience from the field
has shown that the best commitment has come from schools, where the survey
can be included as a part of environmental education.

The survey was a success in many ways, and the project was able to combine
comparable data from macroscopic litter in different Baltic countries. The pro-
ject received a lot of attention in national media, partly because Finland was cat-
egorised as the most littered country of the project. Some need of development/
improvement was also noted during the survey by the organiser. The type and
location of the beach that will be surveyed has to be very carefully chosen. It
is especially important when comparisons between countries are made. Each
geographical area should have representative beaches from all beach categories:
rural, urban or in between. It is especially important to identify what pressures
are causing littering on the survey beach so that management is targeted cor-
rectly. Geographical expertise combined with local information of water cur-
rents, upwelling areas and other hydrographical aspects that may have an effect
on the distribution of litter should also be included in the planning phase.

By using local citizens, the beach litter survey has proven to work so well
that it is presently included in the Finnish monitoring plan for beach litter. The
collaboration with the NGO is continuing, and new areas for monitoring are
planned together with authorities.

Lessons learned
Society under change

There are some drivers in society that have had a strong influence on monitor-
ing during the last few decades. One is urbanization, i.e. migration of people
from rural areas to population centres. In Finland, this started as late as the
1960s, but the impact was stronger with the delay. Together with the rapid age-
ing of the Finnish population, it has gradually diminished the potential of get-
ting new local volunteers for traditional hydrological and game animal moni-
toring. The lack of voluntary labour has worsened the situation with regards
to tasks that require a constant standby or presence near the rural observa-
tion sites. Contrary to these continuous monitoring tasks, short-term moni-
toring efforts, such as wildlife triangle schemes, have revived again after years
of downturn. This is explained by the intensive campaigns of hunter organi-
sations. Short-term tasks are also better suited to the urban life-rhythm. The
recent digitalisation of information systems has also made it possible to base
the regulation of hunting on real-time data, which has encouraged voluntary
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monitoring work. Unlike the other traditional monitoring systems, birdwatch-
ing schemes seem to have benefitted from urbanisation. This has mainly fol-
lowed from the unification and decentralisation of birdwatch organisations in
the mid’ 1970s (Santaoja 2013). The organisations have also been able to tackle
the problem of ageing by developing new types of operational models based on
ideas of competitions and other kinds of gamification, for example. Also, the
educational and communicational material and tools supporting the birdwatch
have greatly improved.

Geographical scale and stage in policy formation have changed

For the past 20 years, a strong driver changing both the ecological and envi-
ronmental monitoring has been globalisation. It has changed the geographical
scale of monitoring. After Finland joined the EU, the top-down regulations and
the number of legal obligations have grown tremendously. Between 2000 and
2015, the existing ecological and environmental monitoring was redesigned to
be compatible with EU regulations, which has also somewhat changed the citi-
zen science in Finland. After 2008, however, the national economy has weak-
ened and the environmental administration has been forced to reduce costs
and reconsider the entire monitoring system. In the latest strategy, the Ministry
of Environment (2011) has indicated new guidelines for environmental moni-
toring in 2020. According to the guidelines, the imperatives are to reduce costs
while improving timeliness and usability. The tools suggested by the strategy
are automation and digitalisation, remote sensing, increased use of applications
of citizen science and increased co-operation between the public, private and
voluntary sectors.

Operational models and the depth of engagement are different

Before, the traditional monitoring systems were top-down oriented. The vol-
unteers were given a task to collect observations, briefed on the phenomenon
and given forms to fill. Today, the operational models are more diverse and the
depth of the engagement of volunteers varies (Haklay 2015). We see it in the
birdwatch and game monitoring. Competitions and campaigns have remark-
ably increased the participation. However, the activity of the hobbyists is not
constant. For example, during 2006-2010 57 per cent of the 1.2 million bird
observations were made by 100 so-called superobservers. The first years of
Lake&Seawiki have shown that people are most active in making observations
and participating in wiki discussion while on vacation. In the beach litter watch
we have seen that volunteers easily grow tired of observing if they do not have
some additional motive.

All monitoring systems and the citizen science in them have their own life
cycles. It seems probable that hydrological monitoring in its traditional form
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will be substituted by automation. However, it seems just as probable that
Lake&Seawiki has also brought new means for extending the geographical cov-
erage of snow and ice observations. Earlier, we designed our monitoring on a
national basis. Our new systems are more generic and can also be taken into
use internationally.
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