Environ Monit Assess (2007) 124:157-166
DOI 10.1007/s10661-006-9215-8

ORIGINAL ARTICLE

Water quality monitoring using remote sensing in support of
the EU water framework directive (WFD): A case study in

the Gulf of Finland

Qiaoling Chen - Yuanzhi Zhang -
Martti Hallikainen

Received: 7 October 2005 / Accepted: 17 February 2006 / Published online: 5 August 2006

(© Springer Science + Business Media B.V. 2007

Abstract Water quality monitoring using remote sens-
ing has been studied in Finland for many years. But
there are still few discussions on water quality moni-
toring using remote sensing technology in support of
water policy and legislation in Finland under the WFD.
In this study, we present water quality monitoring using
remote sensing in the Gulf of Finland, and focus on the
spatial distribution of water quality information from
satellite-based observations in support of water policy
by a case study of nitrate concentrations in surface wa-
ters. In addition, we briefly describe instruments using
a system of river basin districts (RBD), highlighting
the importance of integrated water resources and river-
basin management in the WFD, and discuss the role of
water quality monitoring using remote sensing in the
implementation of water policy in Finland under the
WED.
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1. Introduction

Water quality monitoring in Europe is intended to con-
trol water pollution and enforce water protection legis-
lation (Nazarov et al., 2000; Kallis and Butler, 2001).
Modern water legislation in Europe pursues the tar-
get of balancing the requirements of human needs and
nature conversation by sustainable planning and pub-
lic participation, which is virtually the cornerstone of
the European Union (EU) Water Framework Directive
(WFD) (2000/60/EC). The European regional working
group studies show that the different systems and mech-
anisms developed by European countries meet this tar-
get (Kroiss, 1999; Dirksen, 2002; Maia, 2003). With a
view to unifying of Europe, national regulations have
to be harmonized and transformed into water policy in
compliance with the WFD.

In Finland, the use and protection of waters have
been regulated by the Water Act, which dates back to
1961. The Act contains rules on water management,
public use and all kinds of water-related constructions,
such as hydropower regulation, flood control, and water
pollution control (Kuusiniemi, 1993; Vihervuori, 1998;
Kuusiniemi, 2000; Kumpula, 2002). The use of surface
water in Finland is governed by public use rights and
stipulations based on this law. The Water Act involves a
permit system for water abstraction and wastewater dis-
charge. Although groundwater is not owned by anyone,
the landowner has the right of priority to use it as wa-
ter supply (Varjopuro, 2000). Especially after Finland
joined the EU in 1995, water legislation was modified
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to comply with the WFD. For instance, Finland chose
to adopt some stricter requirements than those set out in
the WFD concerning urban wastewater treatment and
drinking water, as well as groundwater (Vihervuori,
1998). The water protection targets for 2005 set by the
Finnish Council of State (MoE, 1998) pointed out that
the quality and quantity of all waters must be main-
tained at least at the present level and improved in lo-
cations where the quality has been degraded by human
activities. In consequence of the enforcement of water
policy and legislation, the water quality in Finland as-
sessed by United Nations (UN) agencies was ranked
the highest among 122 countries (Esty and Cornelius,
2002; WWAP, 2003).

Remote sensing technology is a valuable tool in ob-
taining information on the processes taking place in
the surface of waters. The monitoring of water quality
using remote sensing technology started in the 1970s.
Since then, the digital evaluation of remotely sensed
data onboard both airborne and space-borne platforms
has been used to estimate water quality characteristics
of rivers, lakes and coastal waters. One major advan-
tage of remote sensing observations over traditional
measurements for water quality monitoring provides
both spatial and temporal information of surface water
characteristics (Lindell ef al., 1999). With present ad-
vanced satellite sensors, a large number of water quality
information about chlorophyll-a, suspended sediment,
yellow substance, turbidity, Secchi disk depth, wave
height, colour index and surface water temperature can
be observed on a regular basis (Zhang et al., 2002a-d).

Water quality monitoring using remote sensing in
Finland has been studied for many years (Pulliainen
et al., 2001; Koponen et al., 2001 and 2002). The out-
put of water quality monitoring from satellite-based
observations is to present the spatial distribution of
water quality in all surface waters. But there are only a
few studies to discuss water quality monitoring using
remote sensing in support of water policy and legisla-
tion in Finland in compliance with the WFD. In this
study, we present water quality monitoring using re-
mote sensing in the Gulf of Finland, and focus on the
spatial distribution of water quality information from
satellite-based observations to support water policy by
a case study of nitrate concentrations in surface waters.
We also briefly describe instruments using a system of
river basin districts (RBD), which emphasizes the im-
portance of integrated water resources and river-basin
management in the WFD, and discuss the role of water
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quality monitoring using remote sensing in the imple-
mentation of water policy in Finland under the WFD.

2. Methodology

The methodology of this research consists of three
main parts. The first one is water quality monitoring
using remote sensing for all surface waters (e.g., lakes,
rivers and coastal waters). The spatial distribution of
water quality information is produced using empiri-
cal algorithms from satellite-based observations and
also verified by in situ measurements. These empir-
ical methods provide site-specific predictions of wa-
ter quality with reasonable accuracy. The second one
briefly describes instruments using a system of river
basin districts (RBD), which highlight the importance
of integrated water resources and river-basin manage-
ment under the WFD. The last one outlines the role
of water quality monitoring using remote sensing in
the implementation of water policy in the WFD. To de-
tect and monitor whether it reaches or exceeds emission
limit or critical values of water quality standards in wa-
ter policy, a linkage table is needed to establish with the
spatial distribution of water quality information from
remotely sensed data.

2.1. Water quality monitoring

Water quality monitoring using remote sensing regu-
larly provides and updates both spatial and temporal
information of water quality. Such spatial distribution
of water quality is used to monitor the change of water
quality information.

Regression analysis algorithms (RAA) of water
quality information from remotely sensed data (Zhang
et al., 2003b) are expressed as

(0) tiCBi k
P ) (1)

RAA = Ay + A
ot k(Optich

Or
RAA = Ao+ Y A(OpticB;) + Y A;ComB,  (2)
where OpticB; and OpticB; are the digital number (DN)
values of optical bands data and ComB; is the combina-

tion of optical bands employed in the retrieval (usually
used as band ratios or differences). Ay, Ay, A;, A; and
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k are the derived parameters, which can be simulated
by using in situ measurements of ground truth points
with the coefficient of determination in the optimiza-
tion routine.

2.2. Instruments using the RBD plan

The WFD sets new objectives for the condition
of Europe’s water and introduces new means and
processes. The overall objective is a good and non-
deteriorating status for all waters. The means contains
organization and planning at the hydrological (i.e., river
basin) level and the implementation of a number of
pollution-control measures. The measures to achieve
these goals are based on a system of River Basin Dis-
tricts (RBD). RBD refers to the area of land and sea,
comprising one or more neighbouring river basins to-
gether with their associated groundwater and coastal
waters, which is identified as the main unit for man-
agement of river basins. For each RBD an analysis of
its characteristics, a review of the impact of human
activity on the status of surface waters and on ground-
water, and an economic analysis of water use shall be
completed within five years. A programme of mea-
sures will be established for each RBD, taking into
account of the above-mentioned analysis. This aims
to move progressively towards achieving the environ-
mental objectives of the Directive. Basic measures are
the minimum requirements to be complied with and
shall contain measures required to implement European
Community (EC) legislation for the protection of
waters.

For each RBD, there will be a river-basin manage-
ment plan. This plan could be based on a geographi-
cal information system (GIS) simulation (Luijten et al.,
2003). The plan shall include (Kallis and Butler, 2001):
a summary of significant pressures and the impact of
human activities on the status of surface waters (and
groundwater); identification and mapping of protected
areas; a map of monitoring networks; a list of environ-
mental objectives; a summary of economic analysis of
water use; a summary of the programme of measures;
and finally, a summary of the public information and
consultation measures taken.

Based on the Dangerous Substance Directive
(76/464/EEC), the implementation of the WFD pre-
supposes adoption of future daughter Directives and
review of present daughter Directives. EU Council shall
adopt specific measures against pollution of water by

individual pollutants and groups of pollutants present-
ing an unacceptable risk to or via the aquatic envi-
ronment. EU Commission will submit a proposal set-
ting out a first priority list of substances. After its
adoption, the list becomes Annex X to the Directive.
The Commission shall submit proposals for control-
ling the principal sources of the emissions of listed
substances, taking into account of both point and dif-
fuse sources and identifying the cost-effective and
proportionate level and combination of product con-
trols and emission limit values for process controls
(Kroiss, 1999; Maia, 2003). In addition, The Com-
mission will submit proposals for water quality stan-
dards applicable to the concentrations of the priority
substances in surface waters, emission controls, sedi-
ments or bioa (Bloch, 2001). One additional compo-
nent is that an economic analysis of water use within
the river basin must be carried out. This enables there
to be a rational discussion on the cost-effectiveness
of the various possible measures. It is essential that
all interested parties are fully involved in this discus-
sion, and indeed in the preparation of the river-basin
management plan as a whole (Neal and Heathwaite,
2005).

2.3. The role of water quality monitoring
in the WFD

The role of water quality monitoring, especially using
remote sensing technology, is outlined in the imple-
mentation of water policy required by the WFD in this
section. With the spatial distribution of water quality in-
formation (Marjanovic and Miloradov, 1998) obtained
from satellite-based observations, a linkage table is out-
put to detect if it reaches or exceeds the emission limit
or critical values of pollution in the WFD.

The objective of the WFD is to establish a frame-
work for the protection of inland surface water, tran-
sitional waters, coastal waters and groundwater. This
legislative framework should prevent further deteriora-
tion, protect and enhance the status of aquatic ecosys-
tems and wetlands, and promote sustainable water use
on a long-term protection of available water resources.
Three general environmental goals are:

1) good surface water status in all surface waters;
2) good groundwater status in all groundwaters;
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3) compliance with all standards and objectives relat-
ing to protected areas, including water used for the
abstraction of drinking water.

The WFD also contains a standstill principle demand-
ing that the deterioration of ecological status and pol-
lution of surface waters and deterioration of the quan-
titative and qualitative status of groundwater will be
prevented (Bloch, 1999 and 2001).

As a Member of EU States, Finland adopted the
WEFD for water policy into force in 2000, which sets
the framework and objectives for water protection in
Finland. A major objective is to reach a good quality
and chemical status of all waters within 15 years from
the entry into force of the WFD (Katko et al., 2006). To
better meet the requirements of the WFD, a monitoring
network of water quality and quantity is developed in
the Finnish environmental administration for the area of
surface waters over 0.01 km?2, which can be effectively
detected by some current satellite sensors.

Regarding water pollutants and priority substance,
remote sensing is at present one of the best methods
for providing both spatial and temporal information
on such water quality and also for monitoring changes
in these water characteristics, particularly in relation
to river discharge, river discharge changes, and agri-
cultural and industrial activities. One major benefit of
using remote sensing data to support the monitoring
of water quality status is that systematic observation
systems and their associated historical archives of data
already exist; the latter can be continually expanded
through current and future data acquisition. As such,
remote sensing technology can meet the requirements
of Article 8 and Article 16 in the WFD, which high-
light the importance of developing such systems and
archives for monitoring and assessing water status and
trends regarding the substances of surface waters. In
addition, remote sensing technology can play an im-
portant role in the establishment of water status infor-
mation datasets concerning point and diffuse sources
of pollution and the assessment of changes in their
spatial distribution (Chen et al., 2004; Backhaus and
Beule, 2005; Dworak et al., 2005). Such datasets are
implicit requirements under Article 10 of the WFD,
which has to quantify the relevant emission limit or
critical values of pollution. This really requires the in-
tegration of scientific and technological progress into
the policy-making and the implementation of the WFD
(Quevauviller et al., 2005).
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Fig. 1 A map of the study area

3. A case study in the Gulf of Finland
3.1. Study area

The study area is the Gulf of Finland (see Fig. 1). It is
relatively shallow with a mean depth of 38 m and a max-
imum depth of 123 m. The total water volume is about
1,130 km?. The surface area (29,600 km?) is small com-
pared with the catchment area (421,000 km?). The in-
coming river discharge is about 110 km®/year. In the
easternmost part of the Gulf the salinity is very low be-
cause of the fresh water of the River Neva. The average
salinity on the surface is close to 0.6% in December and
0.3-0.6% in June. The Gulf is also saline stratified and
in summer temperature stratified. In general, most of
the Gulf is nitrogen (N) limited, but the inner Neva es-
tuary is phosphorus (P) limited (Kuusisto et al., 1998).
Algal growth season is generally from the early May to
the late August. Therefore, factors causing increased
light attenuation (e.g., organic, inorganic matter, and
yellow substance) vary both spatially and temporally
in the study area.

3.2. Remotely sensed data

Satellite-based optical observations are affected by the
atmosphere and the radiation from the direct reflectance
due to the water surface. These effects should be re-
moved before data analysis. One scene of Landsat TM
data was acquired on 16 August 1997. The resolution of
TM data is 30 meters (except band 6 with 120 meters).
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Since the TM data only consisted of one scene of the
study area, the atmospheric correction of TM data was
ignored for the purpose of correlation analyses. How-
ever, the TM image was geometrically corrected using
aland use map, and then the land area of the image was
masked off. In order to extract the TM band data from
those ground truth points (water quality sampling sta-
tions), the mean and standard deviation of TM digital
number (DN) values were calculated using the defined
windows of 300 by 300 meters for each ground truth
point (Zhang et al., 2002a—c).

AVHRR data were received and also examined from
April to August 2000. In situ measurements of water
quality by ship-borne over the study area were daily
available from April to May 2000. Only a few AVHRR
data were completely cloud-free, a majority however
was cloudy or partly cloudy during the period over the
Gulf of Finland. These data have previously been used
to detect chlorophyll-a, turbidity and water surface tem-
perature (Zhang et al., 2002d and 2003b). The AVHRR
data were atmospherically corrected using a simplified
method for the atmospheric correction (SMAC) of
satellite measurements in the solar spectrum, which is
an approximation of 5S (simulation of satellite signal
in the solar spectrum). The geometric corrections of
AVHRR were performed in two steps. The first step is
the approximate rectification using the pre-calculated
grid. The second step generates automatic set of control
points used for adjusting the gird points to correct loca-
tions within one pixel. For the chlorophyll-a estimation,
the DN values of AVHRR bands were extracted using
the X and Y coordinates corresponding to each point
of water quality ship-borne sampling. The spatial size
of each grid of AVHRR data is 1*1 km. 11 samples of
in situ measurements were available daily over the
study area corresponding to each AVHRR image,
and thus 11 grid points at the most of each AVHRR
data were extracted for the purpose of chlorophyll-a
estimation.

MODIS data were obtained from GES DAAC
archive. For chlorophyll-a estimation in coastal waters
of the Gulf of Finland, the bands of 250-m were used to
identify cloud-covered areas and nine bands of 1000-m
were used to estimate chlorophyll-a in the area. In situ
measurements of chlorophyll-a were also available in
April and May 2000. A few of MODIS images were
cloud-free (or partly free) during April and May 2000
in the study area. In the similar way with AVHRR data
extraction, MODIS data were extracted corresponding

to those ground truth points by using square-shaped re-
gions of 1000 by 1000 m for each ground truth point
(Zhang et al., 2003b).

3.3. Water quality monitoring in support
of the WFD

The implementation of the WFD and the achievement
of its water quality objectives largely depend on sci-
entific knowledge about the status of water resources
and the effects of mitigative measures taken. Coastal
waters will be of central interest, since the river-basin
management may be affected if coastal water status is
not satisfactory (Gipperth and Elmgren, 2005). Satellite
sensors are able to regularly provide the spatial infor-
mation of water quality for coastal waters in the Gulf of
Finland. This spatial distribution of water quality de-
rived from remotely sensed data would be practically
output into a linkage table to detect and monitor if it
reaches or exceeds the critical values of water quality
standards in water policy for coastal waters in the study
area. In order to establish this linkage from water qual-
ity monitoring, the following five steps will be needed
in general.

Step 1: Identification of appropriate measures of
water quality and indicators of water quality. These
measures and indicators may vary between river basin
districts (RBD), which are mainly dependent on the ac-
tual concerns, problems, and landscape characteristics
in a GIS-based management plan. Local stakeholders
should indicate what issues are important to them
(Luijten et al., 2003). In the GIS-based plan, they
should include: the impact of human activities on
surface waters; mapping of protected areas; monitor-
ing networks; environmental objectives; an economic
analysis of water use; the programme of measures;
public information and consultation measures; and the
seasonal variation in all these measures.

Step 2: Water quality monitoring using remotely
sensed data. Satellite-based observations are used to
provide the spatial distribution of water quality infor-
mation such as chlorophyll-a, total suspended mater,
yellow substance, turbidity, Secchi disk depth, and
water surface temperature in the study area. A sum-
mer average of chlorophyll-a information is defined
as the average of its values in June, July and August.
This chlorophyll-a summer average is used to anal-
yse changes of important indicators of water quality
information in the spatial domain. Furthermore, the
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concentrations of nitrogen (N) and phosphorus (P)
with their spatial distribution in water bodies could
be correlated and then determined from the summer
average.

Step 3: The spatial distribution of water quality in-
Sformation in relation to aquatic ecosystems and envi-
ronmental changes. This analysis is mainly based on
a number of changes in the biophysical and/or socio-
economic environment that may impact on hydrolog-
ical processes, the overall water balance and sustain-
able water use within the watershed during at least part
of the year. The spatial distribution of water quality
information is directly related to its aquatic ecosys-
tems, wetlands and environmental changes. Such ex-
amples include land cover (and/or use) changes (e.g.,
deforestation), demographic changes, industrial devel-
opment, and the amount of water use.

Step 4: A linkage table between water quality moni-
toring and water policy. A linkage table can connect the
spatial distribution of water quality information derived
from remotely sensed data to water quality standards
in water policy. In the linkage, the summer average is
used to indicate any changes of water quality infor-
mation, especially, the changes of nitrogen (N) and/or
total phosphorus (P) in the water body. The results of
water quality monitoring using remote sensing show
the present situation of aquatic environment that can
be compared to the actual measurements and problems
in surface waters. This comparison can help identify
under what conditions or indicators of water quality
may reach or exceed critical values in water policy.

Step 5: Evaluation of the role of water quality moni-
toring using remote sensing in the WFD. Evaluation is
important to determine how water quality monitoring
using remote sensing contributes to water policy in the
WED. The evaluation includes:

1) to ensure that the findings are plausibly and poten-
tially useful to the critical values of water quality
standards;

2) torefine the analysis by such as using different mea-
sures of water availability and adjusting indicators
or thresholds of water security;

3) to assess the efficiency of water quality monitoring
using remote sensing in support of water policy.

These could help develop appropriate rules and
norms for water use, initiate specific water conservation
activities, identify better water allocation techniques,
formulate specific needs for community participation
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Table1 A summary of the results of water quality variables
derived from different optical remote sensors in Finland

R? Chl-a  Turbidity SSC SDD WST
Landsat TM  0.90  0.94 0.89 092 0.86
AVHRR 0.97 098 NA NA 097
MODIS 098  0.96 NA NA NA

Note: R? means the regression determination coefficient;
Chl-a means chlorophyll-a; SSC means suspended sediment
concentration; SDD means Secchi disk depth; WST means
water surface temperature; NA means not available yet.

and external needs, and design water use monitoring
schemes that work under a wide range of conditions.

This multi-steps process does not stop after a sin-
gle iteration. As time passes SO new scenarios have
to be explored to see how the watershed system is pro-
gressing (Luijten et al., 2003). Goals and desired future
conditions would need to be re-defined as needs, envi-
ronmental conditions, personal desires and institutional
missions may change.

4. Results and discussion

The previous studies of water quality monitoring using
remote sensing indicated that major water quality vari-
ables like chlorophyll-a, suspended mater, yellow sub-
stance, turbidity, Secchi disk depth, water colour and
water surface temperature can be derived with reason-
able accuracy (Pulliainen et al., 2001; Koponen et al.,
2001 and 2002; Zhang et al., 2002a—d and 2003a—c).
Table 1 shows a summary of the results of water quality
variables derived from different optical remote sensors
in the Gulf of Finland. These results also indicate that
the spatial distribution of water quality information can
be regularly provided and updated using remote obser-
vations. Figure 2 gives an example map of the spa-
tial distribution of water quality information estimated
from MODIS data using empirical algorithms in the
Gulf of Finland.

With the spatial distribution of water quality infor-
mation, the summer average of chlorophyll-a informa-
tion can be created into a linkage table that could be
used to detect the critical values of water quality stan-
dards in water policy. Table 2 presents the summary
of water quality elements for rivers and lakes in EU
water policy, and Table 3 shows an example of all sur-
face waters (and groundwater) with nitrates pollution
(Bloch,2001; Heinz et al., 2002). In Table 3, the nitrates
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Fig. 2 An example map of water quality information estimated from MODIS data

Table 2 The summary of water quality elements for rivers and lakes in a new EU water policy

Rivers:

e Biological elements: 1) aquatic flora; 2) invertebrate fauna; 3) age structure of fish fauna.
e Hydromorphological elements: 1) hydrological regime (quantity and dynamics of water flow; connection to ground

water bodies);

2) river continuity; 3) morphological conditions (river depth and width variations; structure and substrate of the river bed;

4) structure of the riparian zone).
e Chemical and physico-chemical elements:

1) general elements (thermal conditions; oxygenation conditions; salinity; acidification status; nutrient conditions);
2) specific pollutants (pollution by all priority substances discharged into the water body; pollution by

other substances into the water body).
Lakes

e Biological elements: 1) Phytoplankton (slight changes of planktonic taxa compared to the type-specific communities;
no accelerated growth of algal in the water body or sediment; slight increase in the frequency and intensity of the type-specific
planktonic blooms; macrophytes and phytobenthos etc.; benthic invertrebrate fauna etc.).

e Physico-chemical quality elements: 1) General conditions (nutrient concentrations within the levels to ensure the functioning
of the ecosystem and the achievement of the values specified above for the biological quality elements).

directive (91/676/EEC) describes the critical values for
the nitrates pollution from agricultural resources in EU.
Within vulnerable zones affected by nitrates pollution,
mandatory measures have to be taken as follows:

1) restriction to land application of livestock manure
in terms of time and location as well as maximum
amounts to be applied to land every year;

2) minimum storage capacities for livestock manure;

3) measures based on a balance between the nitrogen
requirements of the crops and the nitrogen supply
to the crops from the soil and from fertilization.

Since Finnish water policy has to be harmonized and
transformed into the WFD, we consider the level of
Finnish water pollution same as the EU level in our case
study, although Finland usually adopted the stricter wa-
ter standards.

@ Springer



164

Environ Monit Assess (2007) 124:157-166

Table 3 An example of surface waters and groundwa-
ters with nitrates pollution

e Freshwaters contain 50 mg/l nitrates.

e Groundwaters contain 50 mg/l nitrates.

e Natural freshwater lakes, other freshwater bodies,
estuaries, coastal waters and marine waters found
to be eutrophic or may become eutrophic.

Water quality standards for surface waters and
groundwater under the WFD exist only for nitrates.
According to the WFD, the critical value of nitrate con-
centrations for all surface waters is 50 mg/l. The results
we obtained indicate that the value of nitrate-content
in the study area is below 25 mg/l (see Fig. 2). This
value implies that there is a significantly less affected
quality compared to those of most European countries
except for a few ones such as Iceland, Norway and
Sweden. This clearly reflects the higher level of nitro-
gen pollution in surface waters (and also groundwater)
particularly in the European continent. In any case, all
freshwater and groundwater bodies will be brought to
a good state in terms of quality and quantity, except for
a few cases involving severe contamination. Criticism
has been shown that the WFD would not improve water
protection and might even lead to weakening of exist-
ing water quality standards (Katko et al., 2006). The
main reason is its broad definition of the ‘good’ water
status in terms of quality for all waters except those that
are severely polluted (Kallis and Butler, 2001).

In the future, we will demonstrate the further re-
sults with the spatial distribution of water quality in-
formation retrieved from remotely sensed data that has
linked to water quality standards in Finnish water pol-
icy in compliance with the WFD. More studies are still
required to evaluate the contribution of water quality
monitoring using remote sensing to water policy and
legislation in Finland under the WFD.

5. Conclusions

In this study, we present water quality monitoring us-
ing remote sensing in support of the EU WFD by a
case study in the Gulf of Finland. Water quality mon-
itoring in EU aims at controlling water pollution and
enforcing water protection legislation. The EU water
legislation seeks balancing requirements between hu-
man needs and nature conservation via public participa-
tion and sustainable planning; this is the cornerstone of
the WED. It is also evident that there is an increasing
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demand by citizens and environmental organizations
for cleaner rivers and lakes, groundwater and coastal
beaches. This demand is the main reason why EU Com-
mission made water protection its priority. As a Mem-
ber of EU States, Finland had to comply with water
policy and legislation into the WFD from 2000. In or-
der to meet the requirements of the WFD, a monitoring
network of water quality is developed in the Finnish
environmental administration for all surface waters.

Water quality monitoring using remote sensing tech-
nology has been studies for many years in Finland.
This expertise provides the technique support to ex-
tract the spatial distribution of water quality informa-
tion for all surface waters. The change of water quality
information can be effectively detected and monitored
from satellite-based observations. In addition, the im-
portance of integrated water resources and river-basin
management under the WFD is briefly described in the
study, by which RBD is used to manage appropriate
measures and indicators of water quality changes via a
GIS-based plan.

In the study, we only gave an example of nitrate
concentrations for surface waters in the WFD. When
the spatial distribution of water quality information is
regularly provided and updated from satellite-based ob-
servations, the summer average of chlorophyll-a should
be first used to determine the level of nitrate concentra-
tions in surface waters. With its spatial distribution of
nitrate-content, a linkage table is established to detect
and monitor if it reaches or exceeds the critical values.
In the future, more studies are still needed to evaluate
the role of water quality monitoring using remote sens-
ing technology in the implementation of water policy
in Finland in compliance with the WFD.
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