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for hydropower production. Most of the river channels are 

together 18 hydropower plants produce more that 2500 
GWh, having total power more than 550 MW. In order to 
facilitate the power production more than 1400 km2 of the 
lake water levels are regulated.

pressures of the drainage area. Effects of peat production 

Programme of Measures including environmental goals 

for water related protected areas in line with the Water 
Framework Directive.

from other diffuse sources. On the other hand, forestry 
operations were a major determinant for lake status of 

fering of diffuse loading and need separate management 
programmes

impacts especially on the ecological status of the small 

also lead to a deterioration of water quality and ecology. 

production. Most of the river channels are dredged and a 

systems under hydropeaking. Despite of these human in
duced effects there are large pristine areas situated in the 

culture, forestry and hydropower plants and regulation.

ed until 2004.

In practice the Oulujoki case study is divided into four 

and orders for peat production.

harmful effects of forestry on small lakes and ponds 

for assessing conservation values of Natura 2000 
areas in relation to the Water Framework Directive 

managers and spatial planners alike.
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Seppo Hellsten, Teemu Ulvi and Jaana Rintala

2.1  General characteristics of the 

km2

tercourse discharges into the Bothnian Bay, which is the 
with a mean annual 

3s

Russia for thousands of kilometres. In addition to forests, 

into wooded and open ones. 

2

2

Most of the lakes and rivers have humic rich waters typi

cal production. In the upper reaches of the watercourse 
the waters are generally rich in humus, and their oxygen 

riod.

Closer to the estuary 
of the River Oulujoki 
the water is slightly 

and relatively eutro

phorus concentration 
normally varies within 

g l

trogen concentration 

g l , reaching two

In the springtime, pH 

rent Finnish water 

parts of the Oulujoki 

mus content of the 

cantly lowered oxygen contents in the winter period often 

source pollution is present. 

ning of 2000 the total population in the 18 municipali

2

to serve agriculture 

heavily developed for hydropower production in Finland 

D)

C)

B)

A)

0 50 100 150 Kilometers

N
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the town of Kuhmo is still in a natural state and protected 

Finland. In a hydrologically average year, the power plants 
in the Oulujoki watercourse produce a total of 2522 GWh. 

2

lakes is 1450 km2

allowed in the operation rules are great, and the allowed 

watercourse compared to the other Finnish watercourses.

million m3

7100 million m3

In addition to hydropower production, water level regula

was dis
cont inued 
in the early 

many riv
ers have 

restored.

One of the 
most signif
icant uses 
of the wa
tercourse is 
for recre

ing and for 
utilisation of 
shore areas. 

of summer 
and leisure homes totals 13 000 in the area. In addition to 

of Oulu still uses surface water from the river as its main 
source of drinking water. Especially during the spring 

also includes the industrial water use from the network. 

ents from pulp and paper, and chemical industries, as well 

pulp and paper industry and municipalities. Municipal 
sewage causes adverse effects downstream of municipal 
centres, although the effects are often spatially limited. In 

ation prevails especially in the northernmost part of the 

downstream of the cities of Oulu and Kajaani. Elsewhere, 

point sources. For most municipal wastewaters, treatment 

diminished the adverse environmental effects. Fish farm

ral settlements, as well as some peat production areas. 

river system is 532 kg d

2.3  Risk analysis at national level

tions, and therefore, for example, the main stream of the 

whole river stretch is fully developed for hydropower pro
duction.

Phosphorus loading

18 %

10 %

15 %
46 %

6 %
5 % 0 % Agriculture

Foresty

Atmospheric fall-out

Natural leaching

Scattered settlement

Point-source loading

Peat production

Nitrogen loading

16 %

6 %

20 %
50 %

1 %
1 %

6 %
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rective produced the following view of the Oulujoki River 

only reported rivers with a catchment area larger than 1 
000 km2 and lakes larger than 40 km2

face water units of the Oulujoki River Basin. 

load.asp?contentid=34514&lan=EN
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Basin are relatively limited and focused on heavily modi

of lake water levels has also largely changed communities 

stream areas of the river. However, eutrophication can 

chapters 3.2. – 3.5.
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Kaisa Heikkinen, Jaana Rintala, Satu Maaria Karjalainen, 
Minna Kuoppala, Mika Visuri and Seppo Hellsten

3.2.1  Introduction

mental impact estimation process in regional planning of 

fects of the loading on the status of the river are as minor 

water quality.

Finland is a country of peatlands, which cover wide land 

northern part of the country. Peat is also an important 

ment effects of peat production are important especially 
in northern Finland. In 2000, 18 000 hectares of peatland 

3 peat are harvested an

000 hectares of new peat production area are needed until 
2030.

In this case study a planning system for the assessment of 
the environmental impacts of new land use activities in a 

3.2.2  General effects of peat production 

tions in the runoff water increase, resulting in an increased 

causes many kinds of changes in the aquatic environment. 

creased with many kinds of water pollution control struc

methods are widely used in the Finnish peat production 
areas.

In Finland, peat production is tightly regulated and re
quires a permit from the environmental permit authori

land area over 150 hectares is taken into peat produc
tion. Environmental permits stipulate the water pollution 

sures for compensation requirements.

Master Plan, which guides the amount and locations of 
peat production. However, environmental permit is also 

mainly due to its environmental impacts and general na

tion was left out from the Master Plan.

3.2.3  Environmental impact pattern of the 

nitrogen and phosphorus, are transported along a spiral 

water ecosystems environmental effects of loading are 

impact area of the loading. It also means that the loading 
may have detrimental environmental impacts not only on 

even on the river mouths, where the total loading intro
duced to the river is accumulated. 

In applied water pollution control it is important to distin

loading sources, although the ecological impact area of 

is the silting of a headwater stream, which is of value to 

production area.

of the present and target ecological status of the river, 

pressures affecting the status of the river, assessment of 
the environmental impacts of the new land use activity, 
planning effective water pollution control measures and 
making recommendations for environmental impact moni

integrated approach was applied to the Muhosjoki River 
Basin.
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 ecological status of the river

2

the river are the Rivers Poikajoki, Kangasjoki 

so that it meets the River Muhosjoki 12 km 

is concentrated at the lower stretch of the river channel, 

in the headwater areas of the river.

most effective water pollution control measures, sedimen

peat production area. Drainage waters from the peat 

Kangasjoki and Poikajoki to the River Muhosjoki.

River Basin

Peat production 
area

Drained
in

Peat production 
started in 

Water pollution 
control structure 

Drainage waters are 
discharged to 

Hanhineva 1982 1985 Evaporation basin The Stream Hanhioja  
Keisarinsuo-
Timonsuo 

1982 1986 Sedimentation basin The River Poikajoki  

Petäikönsuo 1988 1991 Sedimentation basin 
Peak runoff control 
Wetland constructed on 
peatland

The Stream Mato-oja  
The Stream Kangasoja  
The River Kangasjoki

Pelsonsuo 1973 1975 Sedimentation basin The Vesalankanava Canal 
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taries, peat production areas marked with grey 
colour

3.2.5.2 Water quality

the Finnish environmental administration, and their me
dian values were computed. Median values were selected 
instead of average values, so that the single extreme val

of total P concentration was reviewed from the existing da

River Muhosjoki, as generally all monitoring 
programmes for the rivers in Finland, have 
so far not included monitoring of the effects 

which has long traditions in all the Finnish 

there is an increase in water colour value with increas

the area.

the organically coloured rivers could tolerate more nutri
ent loading without the same deteriorating effects of eu
trophication than the clear water rivers. It is, however, 
known that the most important algae group in the riverine 

channel. In these areas the water depths during the grow
ing season in summer are so low that the effect of light 

It is thus important to decrease nutrient loading also in 
the humic river environment to avoid an overgrowth of 
periphyton algae.

however, guarantee that the water quality in this respect 

causes siltation even in the rapids of the river channel 

ation results in a deterioration of the reproduction and 

culture, forestry and peat production, as generally in all 

ranges from eutrophic to eupolytrophic, that of the River 

growth in the river and can gradually deteriorate the state 

 Muhosjoki as long term average. 

q y j
Site Tot.P  

(μg/l) 
PO4-P  
(μg/l) 

Tot.N
(μg/l) 

NH4-N 
(μg/l) 

NO3-N 
(μg/l) 

SS
(mg/l) 

Fe
(μg/l) 

Colour 
(mg Pt/l) 

M1 55 32 810 86.5 380 12 4050 170 
M4 49 37 810 67 350 6.9 3800 160 
M7 46.5 36 720 135 300 7.25 3650 160 
M8 49.5 34 795 24 330 8.4 4700 180 

M10 85 51 890 142.5 360 6.2 3100 140 
P1 132 117 811 94 117 18 3100 350 
P3 97 67 755 32 360 4.6 3700 200 
K1 63 52.5 718 189 252.5 4.9 4130 250 
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the mouth and lower parts of the river channel network, 
as in rivers generally. In contrast to the upper sampling 
site of the River Poikajoki, clear momentary intensive in

total P concentration downstream can, however, at least 

the river. One reason for the increased total P concentra

river channel.

Diatoms in periphyton are widely used for the assessment 

water quality over longer period of time than just a single 

2005.

pressed general water quality and especially organic pol

phic to hypereutrophic conditions.

In addition to the indices, ecological spectra were also 
used to distinguish the differences in diatom communi

and pH classes were used. 
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Diatoms formed dense populations on stones in the 

munity analysis and the indexes used the stream had high 

limit of the good water quality class. In the River Muhos
joki the water quality was mainly good according to the 

dex assigned the mesotrophic class to the sampling points 

ter quality of the River Muhosjoki weakened again to me

In all the sampling points of the River Muhosjoki the 

showed indications of the local effects of a loading source, 
namely the peat production area. In the sampling point 
H1, closest to the peat production area, there was more 

area.

Muhosjoki, Poikajoki and Hanhioja

factors, for example water quality, catchment and sedi

tect small changes in the environment of systems with 

monitoring organisms is limited.

Macrophyte data was collected in the River Muhosjoki on 

were divided up equally into four classes. In addition, the 

metrics were calculated separately using data including 

ic macrophytes and a determined set of riparian species 

data. Most of these rivers represent the same river type as 

survey lengths. 

Phosphorus 
concentration ug/l Diatoms 

Real
aquatic 
macro
phytes 

Riparian 
species

incl.   

Site

Long
term 

median 

Diatom 
sampling 

date IPS GDI TDI EQR EQR 

Avg state 
of the 
water

MO1           0.00 0.05 MO1 
K1 63             K1 
H1   21 18.8 18.0 16.3 0.16 0.27 H1
H2   42 18.7 16.8 16.3 0.16 0.21 H2
P1 132         0.16 0.27 P1 
P2   160 12.5 15.1       P2 
P3 97 110 14.2 15.2 8.9 0.24 0.32 P3
M1 55 36 16.8 16.0   0.32 0.42 M1 
M2           0.64 0.64 M2 
M3           0.56 0.53 M3 
M4 49 36 16.8 16.0 10.8 0.64 0.69 M4 
M5   36 17.4 16.3 10.8     M5 
M6           0.56 0.53 M6 
M7 46.5 37 17.6 16.7 12.3 0.48 0.48 M7 
M8 49.5 39 16.7 15.7       M8 
M9           0.40 0.42 M9 

M10 85         0.40 0.53 M10 

0 %

10 %

20 %

30 %

40 %

50 %

60 %

70 %

80 %

90 %

100 %

M1 M4 M5 M7 M8 P2 P3 H1 H2
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0 %
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alpha-meso/polysaprobic
alpha-mesosaprobic
beta-mesosaprobic
oligosaprobic
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permost stretches of the River Muhosjoki ranged mainly 

also showed the highest phosphorus concentrations mea
sured in the river. 

was of poor ecological quality, and the upper site of

When riparian species were also included in the consid
eration, the situation was slightly different in the River 
Muhosjoki. Only one site reached good quality and most 
of the sites were of moderate ecological quality. One of 

Hanhioja macrophytes indicated poor ecological quality. In 

macrophytes as indicators for loading in the riverine en

lengths are longer in many of the reference sites than in 

explain the results.

3.2.5.5 Fish

carried out. For example, an extensive research project 

have not yet found their way to the river. However, poor 

high, respectively, calculating mean values for the differ

12286N =

Mato-oja
Hanhioja

Poikajoki
Muhosjoki

reference sites

E
Q

R
 (t

yp
e-

sp
ec
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c 
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s)
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1,0
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tively.

the weakest results of status assessment in the 

kajoki. On the other hand, the use of the GDI 
index of diatoms presented the highest results 
of status assessment in almost all the sampling 
points studied. 

seen all over the network of the Muhosjoki 

3.2.6.1 Hydromorphological changes

stretch and headwaters of the River Muhosjoki 

ties included the straightening of some meanders and also 

out in the lower stretches of the River Muhosjoki and in 
the River Poikajoki. 

 impacts of pollutants

summing up the loads for the different land use types to 

data on peat production areas also includes information 
on the stage of production and water pollution control 
measures.

1)

developed and used in environmental administration in Finland

considered carefully especially in small drainage 
areas.

peat production ranges from 1.0% to 5.1% and that of the 

was no point source loading in the area.

means that the different forms of land use and natural 
leaching are the main sources of the loading. One reason 
for the increase is also that the loading estimation was 
cumulative. Based on the concept of nutrient spiralling 

cal impact area of the loading.

Loading kg/ha/yr 
Loading source Total P Total N Reference

Agriculture     
 - Hanhioja 62.0 1529.9 
 - Poikajoki 71.0 1307.0 
 - upstream (59.17) 63.3 1327.2 
 - avg for Muhosjoki 
river basin 63.8 1373.6 

VEPS1), based on model 
scenarios

Natural leaching     
 - peatland 5 150 
 - mineral soil 3.2 70 

VEPS1) - Mattson et al., 
2003 and Kortelainen et 
al., in prep. 

Forest     
 - peatland 11 185 
 - mineral soil 10 145 

In Northern Finland 
according to Kortelainen 
and Saukkonen.

Scattered settlement 
(kg/inh./yr) 0.4 2.69 

Holiday residences 
(kg/resid./yr) 0.145 0.49 

VEPS1) - generalised 
research results, not very 
accurate in small 
drainage areas 

Deposition 10.58 373.26 VEPS1): deposition 
monitoring stations

Built environment 5.4 145 stormwater (as in VEPS) 
and natural leaching

Peat production 27 790 VEPS1)

 - concluded 12 200 Adapted from drained 
(ditches) peatland forest 

 - sedimentation basin 41 1200 Monitoring reports 
 - overland flow field 
/evaporation basin 23 612 Monitoring reports 
)
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trogen loading at different sampling points

impacts of the new land use activity in 

phytes, indicated a weak quality of the River Muhosjoki. 

ecological quality in the middle stretches of the river.

was an increase in the diatom taxa indicating mesotrophic 

erate elevated concentrations of organic nitrogen and its 

peat production area.

ecological quality of the river at the present loading level 
indicates, however, that the total loading imposed to the 

Peat production, as all other forms of land use, results in 
an increased transport of nutrients and suspended sol

results indicate clearly that it is important carefully plan 
any potential new peat production areas, as well as other 

ing out local environmental impact assessment and use 
of effective methods in water pollution control. It is also 

loading source in advance with hydrological water quality 

used in this study. 

Phosphorus loading
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Pekka Korhonen, Sirkka-Liisa Markkanen and Janne 
Alahuhta

3.3.1  General effects of forestry

upper parts of the Oulujoki catchment almost 85 % of all 
land areas are used for forestry – giving it an important 

approx. 7 %, is protected to varying degrees, mainly as 

protection areas.

Forest management in Finland has changed a lot in 50 

tensive drainage, large scale clear felling and related soil 
operation, forest fertilising and the construction of a wide
spread system of forest roads. In the Kainuu region these 
forest management actions were also very extensive, for 

estry programmes and forestry planning systems have 

environmental values. New, less harmful methods e.g. for 
soil preparation and also more effective watercourse pro
tection methods were introduced.

Forestry is estimated to account for 5 % of the nutrient 

northern Finland, where most of the land area is covered 

side of agriculture. Forestry operations cause short and 

ational users have often noticed harmful effects caused 

harmful effects of forestry on small lakes situated in the 

status using general methods applied in the WFD, as well 
as load estimation tools developed in the peat production 

planning of forestry and evaluate how to apply these mea

vironmental impact assessments. Other parties involved 
in this case study were environmental authorities, Kainuu 

Re

3.3.2  Description of study area

lakes. Common to the six research areas is, that they are 
headwater catchments and that there is a high proportion 

of impacted lakes are also reserved for forestry in the re
gional planning. Following the proposal for the typology of 

ters, which are also the longest season lasting for from 

prox. +1 C, the mean summer temperature approx. 14 

also has some young cultivated stands. In the catchments 
of the impacted lakes are mostly regenerated forests with 

Pinus sylvestris
Picea abies

small, and the landscape is a mosaic of forest, mires and 
lakes.
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 their watersheds

either seeded or planted. Peatlands, on the other 
hand, were drained via ditches and fertilised. In the 

Status reference reference impacted impacted impacted impacted 

lake area, ha 60 55 124 83 36 54 

max. depth, m 6.2 10 4 2 7.9 2 

Volume, milj. m³ 0.85 1.90 1.78 0.53 0.94 0.38 

mean flow, m³/s 0.16 0.18 0.18 0.10 0.19 0.21 

residence time, 
months 

2.9 4.6 3.8 1.9 1.9 0.9 

Drainage area, km² 14.18 13.82 15.56 9.27 16.97 14.89 

Peatland % 44 38 48 60 46 55 

  Clear cutting Drainage 
  Lake Roukajärvi Lake Itäjärvi Lake Roukajärvi Lake Itäjärvi

1958  13.5  
1959  75  
1962  1.5  
1966  60  

1976-79 35  145 46
1980-84 60  120  
1985-89 2 104  27

1991  19.5 145  
1992  54.9  
1993  11.7 120  

3.3.3 Determination of   
    environmental effects

      forestry

assessment and management sys

to all approaches is, that they need 

that they try to simplify complicat
ed natural processes. In this case 
study the annual loading values for 

ing land use models with historical 

estry operations used varied de
pending on the time at which the 

produced, their dis

ferent sources, and 
temporal changes in 

est areas were also 
evaluated using 

from forests on peat

and mineral soils 

konen and Kortelainen 

agriculture and scattered settlement, especially in the 
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Phosphorus loading values using different methods varied 

lake volume of study lakes

phorus values with calculated tolerance for phosphorus 

higher than the allowed value. 

management data

III. mathematical modelling approaches. In this case study 
paleolimnological samples to identify reference conditions 
were used. Each sediment core sample was taken from the 
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Saari-Kiekki Itäjärvi Roukajärvi Matalanjärvi Pirttijärvi Iso Akonjärvi 
VEPS based P 0.23 0.22 0.34 0.18 0.27 0.24 
land use +management P 0.20 0.24 0.40  0.20*  0.29*  0.25* 
specific load_forest based P 0.18 0.28 0.48 0.26 0.42 0.35 
water sample based P 0.47 0.26 0.82 0.23 0.46 0.43 
Allowed P 0.35 0.34 0.49 0.31 0.32 0.35 
Dangerous P 0.78 0.74 1.21 0.77 0.64 0.76 
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Saari-Kiekki Itäjärvi Iso Akonjärvi Pirttijärvi Matalanjärvi Roukajärvi

Diatom-inferred total phosphorus

.

Bi
om

as
s

(m
g/

m
³)

June July August

1 2 3 4 5 6 1 2 3 4 5 6 1 2 3 4 5 6

Saari-Kiekki Itäjärvi Iso Akonjärvi Pirttijärvi Matalanjärvi Roukajärvi 
Secchi depth (m) 1.17 1.25 1.05 1.05 1.27 0.93 
colour (mg Pt/l) 113 127 160 160 130 200 
pH 6.2 6.3 6.7 6.1 6.7 6.4 
Conductivity 1.3 1.8 2.7 1.9 2.9 1.9 
COD 14.3 16.0 20.3 21.0 22.3 20.7 
total N ( g/l) 377 283 457 463 640 523 
total P ( g/l) 26.7 17.0 31.7 27.0 25.5 33.7 
chlorophyll a  ( g/l) 14.9 3.7 16.1 6.2 5.1 12.6 

inferred to diatoms during the study period.

origin, oligotrophic and naturally eutrophic 

were composed, the eutrophic lake group 

3.3.3.3 Water quality

phytoplankton samples were taken and analysed using 

phosphorus concentrations all study lakes are mesotrophic 
g l

3.3.3.4 Phytoplankton

ten responds more rapid to nutrient loading than macro

Gonyostomum semen and 
a

reached a maximum in July. Plankton communities were 
Gonyostomum semen

impacts and dystrophy, 
and to some degree also 
eutrophication. In the ref

plankton indicated an oli

slight deviation from phy

tween the reference lakes 

was a tenfold increase in 

summer 2005

of different growth forms showed that 
helophytes were the most dominant with -
viatile, Carex rostrata and C. lasiocarpa
common species. Nuphar lutea was the most common 

Isoetes echinospora I. lacustris were found in 
most of the lakes. Utricularia sp. was the most common 
ceratophyllid. Bryophytes were the second most dominant 
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In the aerial photograph interpretation, the cover of 
aquatic macrophyte vegetation only in the reference lake 

In the paleolimnological analysis the reference lakes dif

phosphorus had increased in all the impacted lakes except 

limiting nutrient.

gotrophic, i = indifferent 

leaved vegetation detected from aerial photo

3.3.3.6 Benthic fauna

the Chironomidae
It takes account 7 Chironomidae species, which represent 

correlates to eutrophication of a lake. 
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Chironomidae
-

cans, was found in the profundal samples, indicating that 

netic oxygen depletion in winter seasons.

found at the sample site.

3.3.3.7 Fish

the total catch. 

Perch and roach formed the main part of the catch spe

perch. In oligotrophic lakes the total catch of the impacted 

vi the main part of the catch was made up of perch, in 

to the other lakes.
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3.3.4 Current ecological status of 
the study lakes

sults of monitoring of impacted lakes with 

Gonyosto-
mum semen

phyte EQR scored moderate or good ecological status for 

largest difference in ecological status of the study lakes. 

sional judgement of the ecological status, our reference 

good ecological status. In the rest of the impacted lakes 
the ecological status has decreased to moderate mostly 
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of ecological status of studied lakes. Calcula

tailed calculations.

Biological element Saari-
Kiekki

Itäjärvi Iso 
Akonjärvi

Pirttijärvi Matalanjärvi Roukajärvi 

Aquatic
macrophytes 

Number of taxa 1,09 0,92 0,92 0,83 0,77 1,04 

Similarity of 
species 

1 1 1,22 1,15 0,94 0,91 

Lake type species  0,92 1,08 0,92 0,92 0,88 0,58 
Lake type species 
of the whole taxa 

1 1 0,85 0,76 0,68 0,58 

Benthic
invertebrates

BQI 0.79 0.84 0.84 0.00 0.28 0.47 

Number of species 1.20 0.67 1.87 0.13 1.07 1.33 
Number of ind. 1.60 0.53 0.41 0.30 0.17 0.36 

Phytoplankton Total biomass 0.53 0.93 0.49 0.72 0.80 0.19 
Fish Number of species 0,8 1 0,8 0,6 0,4 0,6

Total biomass 0,60 2,99 0,37 0,48 0,45 0,65 
Biomass of roaches 0,37 6,62 0,86 3,43 0,49 1,23 
Biomass of perches 1,17 0,88 0,65 0,21 0,27 0,46 
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class.

status, activities that have caused changes and also how 

was approx. 67 %. Most of the local people evaluated the 

served changes in the study lakes were increased vegeta

main reason for the negative progress of the lakes was 

enhancement actions for the lakes included removal of 

of loading depends on the extent of the area in which for
estry actions were implemented, the intensity and method 
of the operation, local hydrology, the soil type and topog
raphy of the area, and the development of the forest after 

scale clear cutting operations until the 2030s. Forest ditch 
maintenance will cause the largest loads of all forestry op

aims are to diminish the loading of these forest manage
ment operations.

Based on paleolimnological samples all study lakes have 

Because of the short monitoring period and the fact that 
information related to effects of forestry on small lakes is 

taxonomic changes 

taxonomic changes 

increasing cyprinid population

to tolerating loading. More sensitive to nutrient loading 

case long winters, and some drainage area characteristics 
decrease tolerance.

the latter also regulating the wastewater treatment in ru

soil or groundwater. However, in many cases this has not 

lution from diffuse sources such as forestry. One way to 
improve this gap in water protection is spatial planning, 

on land use planning with regards to forestry. Because si
multaneous or consecutive actions in different parts of the 
same catchment area may amplify the impacts of forestry 
operations, spatial planning in conjunction with improving 

•

•

•

•

•

•

•
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Seppo Hellsten, Laura Kyykkä, Mika Visuri and Mika Mart-
tunen

3.4.1  Introduction

Hydropower greatly affects the status of water courses. 

tion measures to improve ecological status cannot cause 

to the Directive on the promotion of electricity produced 

market (2001/77/EY) demands an increase in hydropower 

of good ecological potential of rivers and lakes initially 

tion of different mitigation measures and their effects on 

industry.

3.4.2  General effects of hydropower 

quite clear. Finland is known as the country of thousands 

32.600 km2, which is approximately 10 % of Finland´s 
total area. More than 330 lakes are regulated, including 
many of the largest, making up approximately one third 
of the total area of lakes.

northern rivers such as the rivers Kemijoki, Iijoki and 

most of the small rivers in the western part of Finland 

purposes.

schemes primarily serve hydro power production, 25 % 

recreational use, 2% to lake restoration purposes and 4% 

drawdown during the winter.

General ecological effects of water level regulation are 

level is usually raised to increase hydropower energy pro

potential

timate aim is preventing further deterioration and achiev

potential, which may strongly deviate from good ecologi

ies is an important issue in Finland, where most of the 
largest lakes and rivers are regulated for the purpose of 

cording to the WFD 

Yes

HEAVILY MODIFIED
No

Yes

N
A

TU
R

A
L

3. Is ecological status good?

No

No

4. Is lowered status based on physical 
modifications of water bodies?

Yes
5. Is it possible to reach a good ecological 
status without any significant effects on use of 
water body (art. 4 (3))?

Yes

NO
6. Is it possible to reach benefits enabled by 
physical modifications by other means (art. 
4 (3))? 

2. Is hydromorphological change significant?

1. Is water body artificial? Yes ARTIFICIAL
No

Yes
No
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of ecological potential. Due to the very vague determina
tion of ecological potential in the WFD, a more practical 

mum ecological potential was determined according to the 

First of all, ecological quality ratios for all relevant 

Finally, an estimation of effects of mitigation me

ecological status including all hydromorphologi

ecological status removing all measures with 

MAXIMUM ECOLOGICAL 
POTENTIAL (MEP)

GOOD ECOLOGICAL 
POTENTIAL (GEP)

BIOLOGICAL
QUALITY

ELEMENTS

HYDROMORPHO
LOGICAL

ELEMENTS

Reflect the values of the 
closest comparable surface 
water body type, with the 

physical conditions resulting 
heavily modified 

characteristics

Conditions are consistent with the only 
impacts being those resulting from the 
heavily modified characteristics of the 

water body once all mitigation 
measures have been taken to ensure the 

best approximation to ecological 
continuum, in particular with respect to 

migration of fauna and appropriate 
spawning and breeding grounds.

Slight changes in the values of the 
relevant biological quality 

elements as compared to the 
values found at maximum 

ecological potential

Conditions consistent with the 
achievement of the values for 
the biological quality elements

Physico-chemical elements correspond 
totally or nearly totally to the undisturbed 

conditions associated with the surface 
water body type most closely comparable

PHYSICO-
CHEMICAL
ELEMENTS

The values are within the ranges to 
ensure the the values specified for the

biological quality elements

these determinations and evaluated the ecological poten

from the River Oulujoki are presented in the following 

3.4.4  Description of study area

2

3s

regulation capacity is 60 %, which means that 60 % of the 

term regulation means that the hydropower production 

pending on the demand for electricity. 

which means that former shore area is protected or con

is dredged.

consist also of a loss of rapids and the disappear

power plants. 

Current ecological 
status

Maximum ecological 
potential

High ecological status
(reference status)

All 
hydromorphological
mitigation measures

A B

Measures with 
significant effect on use 

or too costly

Existing 
mitigation 
measures
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the Gulf of Bothnia. Hydropower plants are 
marked with open squares.

3.4.5  Current ecological status

the reference data is not very representative due to differ
ences in sampling methods. 

aquatic plants were 0.56 and 0.47, respectively. Plants 

hardly any good indicators, although Potamogeton
Schoeno-

plectus lacustris and Eleocharis palustris were completely 
missing due to their poor resistance against ice erosion. 

3.4.5.2 Benthic fauna

of the main stream of the River Oulujoki and at one place 

3.4.5.3 Fish

as vendace and pike perch.

sists of northern pike and perch although roach and rain

roach.

areas for spawning. Before the development of the River 

again the lowest part of the River Oulujoki and also reach 

after heavy siltation. 

composition aquatic macrophytes 

shore and aquatic mac
rophytes

EQR 0.47

EQR 0.56

composition
EQR
0.4...0.5

EQR
0.4...0.5

composition Montta stretch 

structure salmonids
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improve the ecological status 

• Removal of those measures, which can have sig

environment. 

environment.

cant positive ecological effect. 

m3s 3 s  and 
10 m3 s  were used.

3 s

the cost of the current compensative stocking of salmon 

2 m3 3 s
3 s

ways are watered only during the summer season. Natu

3 s 3 s
3 s

cially for littoral vegetation.

Fish stocking

Fishery restrictions Measures, which would cause 

• Removal of power plants

• Reductions in short term regulation
3 s

3s 3 s

investigations that nowadays the capacity of the whole 

low the Montta power plant means that half of the total 
regulatory capacity of the River Oulujoki is lost.

3.4.7  Effects of mitigation measures on   

sures would show a slightly positive effect. 

toral areas with a more diverse set of methods instead 

logical status. On the other hand, these effects are almost 
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no effects no effects
22

channels no effects no effects
relative share of salmonids

age structure

Restoration of main chan
nel and shores no effects no effects

relative share of salmonids

no effects no effects
relative share of salmonids

age structure

Removal of old protection 

tion of littoral areas
no effects

When the amount of pro
tected shores is less than 
35 % it is more likely to 
achieve good status

no effects

elements. + = positive effect.

3.4.8  Determination of reference conditions 

after mitigation measures is the reference status for heav

maximum ecological potential. In the following chapters 

Mea

maximum ecological potential.

rial from other rivers shows that the status could increase 

parts of the river along with the removal of the migration 

of species are relatively small and it is unclear how much 

cycle of the salmonids, increase their proportion and im

2, 5 and 10 m3 s
report does not answer the question, whether this harm 

pending on the discharge. In this case study it is postu

Oulujoki was calculated using the changes in the amount 

question, if the change in the amount of salmonid spawn

the natural status of the River Oulujoki. It was roughly 
estimated that in the natural status of the River Oulujoki 

main channel up to the second power station Montta, i.e. 
approx. 40 % of the total length of the river, and also to 

ited parts of the river.
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3 s

1

In a scenario where the River Oulujoki has achieved maxi

removed so that the total amount of protected shores 
is not more that 10 %. 

3 s , depending 

ison status may still change after clarifying the economical 

that clearly increases the harm, is the discharge past the 
power stations. It is proposed in this study, that an im
provement of the water quality would not affect the life 
forms in the main channel of the River Oulujoki. 

upon only slightly affect the status of the River Oulujoki. 

•

•

•

Macrophytes Benthic fauna Fish Average
Unscaled present 
status (EQR) 

0.56 0.45 0.37

0.46 (1)

0.47 (2)
Unscaled
reference status 
(EQR)

0.56 0.55

0.49 (3)

Reference status 
(EQRvm)

1 1 1

(0.37/0.46)=
0.81 (1)

0.88

(0.37/0.47)=
0.79 (2)

0.87

Present status 
(EQRvm)

(0.56/0.56) = 1 (0.45/0.55) = 
0.82

(0.37/0.49)=
0.75 (3)

0.86

Lower limit of 
good ecological 
potential (EQRvm)

0.60

garded as the maximum ecological potential of the River 

Directive does not require any action for improvement of 
the ecolological status.

measures in the scenario where the River Oulu
joki is in a natural state and there is no need to 

vm

app. 1 % loss of production

app. 2 % loss of production

app. 5 % loss of production

Amount of stream habitat 
(ha)

Number of 
species

Abundance Age 
structure

Average

 Main 
channel

Tributa-
ries

Bypass 
channels

Total  

Present
status

3  40  0  43  20 serious 
changes

serious
changes

EQR     (20/22=) 
0.91(EQR)

0.1 (EQR) 0.1 (EQR) 0.37 (EQR) 

Reference 
status

12  40  6 - 30  58 - 82 22 

EQR* 12  40  6  58  0.91 (EQR)1 0.23 (EQR) 0.23 (EQR) 0.46 (EQR) 

12  40  15  67  0.91(EQR)1 0.25 (EQR) 0.25 (EQR) 0.47 (EQR) 

12  40  30  82  0.91(EQR)1 0.28 (EQR) 0.28 (EQR) 0.49 (EQR) 
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Ville Hokka

3.5.1  Introduction

and promoted in water protection as well as in land use 

to any related Directives.

and land use management practices. 

courages water managers and spatial planners to con
serve these in applied water management and land use 
planning in the case study.

rel-
evant

in the Natura 2000 sites of the register, maintenance or 
improvement of the status of water is an important factor 

the WFD using terms such as relevant and water quality 
important factor in protection, much freedom is 

given to the water managers, administrators and compe
tent authorities in interpreting and applying the Directive 
in practice.

are directly and unequivocally connected to the occurrence 

set of conservation values of Natura 2000 sites was ap

of community interest are listed that require designation 

I of the Birds Directive species are listed for which Mem

Directive, i.e. designating protection areas and executing 

its natural range and areas it covers within that range 

future, and

the conservation status of its typical species is 

conservation status 

population dynamics data on the species concerned 

and

future, and

tain the population of the species…at a level which cor

requirements.

ticularly regarding surface waters and ground waters on 

if no derogations for extending the deadlines to 2021 or 

ing good surface water status at the latest 15 years 
after the date of entry into force of this Directive.

with the aim of achieving good groundwater status 
at the latest 15 years after the date of entry into 
force of this Directive.

ter the date of entry into force of this Directive, 

islation under which the individual protected areas 

•

•

•

•

•

•
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to surface waters, ground waters and protected areas, the 

of the WFD dealing strictly with water quality i.e. aquatic 
environments, the general approach for assessing relevant 
conservation values in Natura 2000 areas arises from the 

It is therefore concluded, that the selection of relevant 
Natura 2000 areas into the protected areas register is 

and

2. depending directly and unequivocally on the occur
rence of water.

Protection of these criteria also 
directs future management and 
spatial planning in the catchment 
area.

species in accordance with the 

lysed for identifying the water 

and unequivocal dependence 

 as a neces

requirements necessary 

or more generally primary 

on the selection of 

Natura

ment Institute in order to determine relevant conserva

the proportion of their natural range and danger of disap
pearance.

23 were estimated to depend directly and unequivocally 

into several categories that differ in the level of water 
dependency, all mire types were systematically excluded 

unequivocally on the occurrence of water. Natura 

# = underwater parts, ## = only the shore 

Inland water habitats (A) Sea and Coastal habitats (B) Semi-aquatic Habitats 
(C)

Oligotrophic waters containing very 
few minerals of sandy plains 

(Littorelletalia uniflorae) (3110) 

Sandbanks which are slightly 
covered by sea water all the time 

(1110)

Northern boreal alluvial 
meadows (6450) 

Oligotrophic to mesotrophic standing 
waters with vegetation of the 

Littorelletea uniflorae and/or of the 
Isoëto-Nanojuncetea (3130) 

Estuaries
(1130)

Fennoscandian mineral-
rich springs and 

springfens
(7160)

Hard oligo-mesotrophic waters with 
benthic vegetation of Chara spp.

(3140)

* Coastal lagoons
(1150)

* Calcareous fens with 
Cladium mariscus and
species of the Caricion

davallianae (7210) 
Natural eutrophic lakes with 

Magnopotamion or Hydrocharition –
type vegetation (3150) 

Large shallow inlets and bays 
(1160)

* Petrifying springs with 
tufa formation 
(Cratoneurion)

(7220)
Natural dystrophic lakes and ponds 

(3160)
Reefs
(1170)

* Alluvial forests with 
Alnus glutinosa and

Fraxinus excelsior (Alno-
Padion,Alnion incanae, 
Salicion albae) (91E0) 

Fennoscandian natural rivers (3210) Boreal Baltic narrow inlets  
(1650)

* Fennoscandian 
deciduous swamp woods  

(9080)
Alpine rivers and the herbaceous 

vegetation along their banks (3220) 
# Baltic esker islands with sandy, 

rocky and shingle beach 
vegetation and sublittoral 

vegetation (1610) 
Water courses of plain to montane 

levels with the Ranunculion fluitantis 
and Callitricho-Batrachion vegetation

(3260)

# Boreal Baltic islets and small 
islands
(1620)

## Transition mires and 
quaking bogs  

(7140)
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, asp (As-
pius aspius), Cobitis taenia  (Cot-
tus gobio)
Lampetra planeri Salmo salar

Natura 2000 areas and were therefore excluded from the 

including catchment area land use management practices, 

2000 areas. In practice, the main aim of water manage
ment is enhancing and maintaining the environmental 

pecially with regards to the protected species that migrate 
in or from the given conservation area.

and no measures for maintaining several species with a 

2 wa
ter area and a total catchment sise of 2065 km2 located in 
the River Oulujoki catchment area in the Kainuu region, 

the most surveyed lakes of the Oulujoki River Basin. 

mg Pt l

dian 50 mg Pt l
to the European Commission in March 2005 as a large, 

Finland

all change in water colour in comparison with the current 
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time values are on the left, the autumn values 
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nine stations of which four took a minimum of 10 samples 

towards the deep station suggesting that the phytoplank
ton production has decreased especially in the shallow ar
eas of lakes.

shores are rocky and moraine shores that comprise re

and peaty shores covered 13 and 10 percent of the lake 
shores respectively. Macrophytes were assessed in three 

corded species were Isoetes lacustris Lobelia
dortmanna Isoetes echinospora  Ra-
nunculus reptans 
Phragmites australis Eleocharis acicularis

Subularia aquatica 

isoetids was seen as an indication of unregulated pristine 

the most frequent groups accounting for 32.1 % and 15.4 
% of the species, respectively, while 3.8 % of the species 

than 1 percent amongst the species. In Finnish vegeta

Equisetum-Phragmites
Equisetum-

Phragmites

tion including 
and Juncus

species. On rocky shores, the helophyte species included 
Molinia caerelua and Potentilla palustris, whilst the Carex
species favored peaty shores.

of oligotrophic macrophyte species in the studied littorals. 

phic indicator species, i.e. I. echinospora, I. lacustris and
L. dortmanna C. acuta

assessment method of 2004 differed from the study of 

comparisons, as the percentage change resulting 

+

tom species composition indicating increased nutrient lev

investigation, in which 180 species and 150 species from 

were recorded, showed a decrease in indicator species of 
Cyclotella iris

Asterionella formosa
In general the diatom analysis revealed that the eutrophi

had not returned to the earlier oligotrophic species com

cation.

process of gradual and slow eutrophication already seen 
in increased nutrient levels, decreased oxygen saturation 
levels and altered diatom species composition especially 

slight eutrophication, however, is not captured in the lit

is still in a very pristine condition although the signs of 
eutrophication are present.

annual total phosphorus load is roughly 25 000 kg and 

cover 23 %, forestry activities 21 %, aerial deposit 12 %, 

nual P load. Of the annual N load, 51 % consists of natural 
loading, 21 % of aerial deposit, 16 % of forestry activi

noted, that forestry and agriculture account together for 
44 % of the annual P load.

eastern shore areas and in the northern shores surround

6.14 5.86 5.43
4.34
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towards the sediment surface layer suggests that the or
ganic matter originated from internal algae production. It 

not allow any increases without the risk of eutrophication 

authority maintaining the Nature Reserve Friendship is 

monitoring and Water Framework Directive implementa

study is, that the requirements arising from the WFD need 

plan of the national park.

in the area this far. 

currently revised 

which may also 
reveal other con
servation values 
recognised in the 

sessment provided 

the data stored in 
the Natura 2000 

vironment Insti

the Natura 2000 

tats that the Kai
nuu Regional En
vironment Centre 

that no comprehensive vegetation or nature surveys have 

sidered water dependent and hence relevant according to 
the requirements of the WFD.

-
rae
or roughly 72 percent of the Natura 2000 area, while 
the dystrophic lakes and ponds, and transition mires and 

not given.

noted, however, that although the Bird Directive species 

phic waters containing very few minerals of sandy plains 

at the islands of the protected area.
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 have importance according to the WFD.

 with minus were not given.

  and their endangered status in 2000 according  

  portance according to the WFD.
1

3.5.7  Harmonising Management of Natura 

tenance and management plan of the Nature Reserve 

ter management plan of the Water Framework Directive 

River Basin District, i.e. the Kainuu Regional Environment 
Centre.

rently, a new maintenance and management plan of the 

with the WFD implementation, so the water management 

opment of or as a supplement to the future management 
and maintenance plan.

In practice, three guidelines cut across the overall design 

and Birds Directives.

tats Directive are in harmony, since maintaining the pris

ish WFD lake typology, representing natural conditions of 

for preserving oligotrophy in the management plan.

rective.

3.5.7.2 Management activities

to assess the impacts of eutrophication more thoroughly. 

erence site for the WFD lake typology, the current and 

Due to the reference status of the lake and its pristine 

tral role in the national monitoring network of the WFD, 
as well as in the River Basin District monitoring network. 
Monitoring requirements for surface waters and pro

Habitat types in Lake Lentua Area Area ha * WFD 
Importance 

Oligotrophic waters containing very few minerals of 
sandy plains (Littorelletalia uniflorae) (3110) 

4790.5 Yes 

Natural dystrophic lakes and ponds (3160) - Yes 

Transition mires and quaking bogs (7140) - Yes 

Siliceous rocky slopes with chasmophytic 
vegetation (8220) 

0.2 No 

Siliceous rock with pioneer vegetation of the Sedo-
Scleranthion or of the Sedo-albi-Veronicion dillenii 

(8230)

- No 

Western Taïga (9010) 77.8 No 

Fennoscandian herb-rich 
forests with Picea abies (9050)

- No 

Coniferous forests on, or connected to, glaciofluvial 
eskers (9060) -

No

Bog woodland (91D0) 33.3 No 

Fennoscandian lowland species-rich dry to mesic 
grasslands (6270) 

0.1 No 

(* Fi ld f 2005 i f h N 2000 A f h h bi k d i

Bird Species Occurring 
in Lake Lentua 

WFD
Importance 

Endagered Status 
IUCN 2000

black-throated diver  
(Gavia arctica) 

Yes LC

red-throated diver
(Gavia stellata) 

Yes NT 

common tern
(Sterna hirundo) 

Yes LC

common redshank 
(Tringa totanus) 

Yes 1 LC 

lesser black-backed gull 
(Larus fuscus fuscus) 

Yes 1 VU 

merlin 
(Falco columbarius) 

No VU 

honey buzzard 
(Pernis apivorus) 

No NT 

black woodpecker 
(Dryocopus martius) 

No - 

1 = migratory species; LC=Least Concern; NT = Near Threatened; VU = Vulnerable. 
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each River Basin District. In protected areas, however, the 

for assessing the current ecological and chemical status 

designed in a way that includes continuous monitoring 

trophication.

Carry out thorough investigations of the ecological pa

and the current status of the lake according to the Water 
Framework Directive. 

• Phytoplankton studies of the 
taxonomic composition and 

the taxonomic composition and 

taxa vs. insensitive indicator 
taxa and taxonomic diversity.

• Fish studies of species composi

of sensitive species and age 
structure assessments.

studies of the taxonomic com

position and the eutrophication trend 

should include a minimum of 5 sites 

sites should therefore include potential impact sites near 

forestry.

include 10 sampling sites per each shore type, i.e. 40 sites 

changes in vegetation cover and growth. 

Bay, and water samples are taken infrequently near the 
mouthof the River Kaarnenkoski and Nuottalaht Bayi. Oth
er sites, however, are not included in the current monitor

structure.

phication. FF = Fish Farming, FC = Forestry 



150

Carry out investigations of the chemical parameters for 

River Basin District 

the register records and the questionnaire. In case the 
register and questionnaire show data gaps, it is recom
mended to carry out water analyses directly.

pressures show impacts, such as increased eutrophication 

ing the good status.

support this.

noted human impacts support this. For instance, if eu

as a minimum. 

affect the course of future management activities. For in

of measures and management activities than maintaining 

ponds, the management activities would need to secure 
this.

most surveyed lakes in the Oulujoki River Basin, there 

cal information for the WFD assessments of the lake area. 

cused mainly on the islands and did not include vegetation 

management activities.

Gavia stellata Gavia arctica

Sterna hirundo

Larus fuscus fuscus , a migratory Birds Directive species, 

Gavia stellata

Gavia arctica

Larus fuscus fuscus population consisted of 

Sterna hirundo were counted in 
the conservation area and its vicinity. One solitary smew 
Mergus albellus

Pandion haliaetus

mire approximately one kilometre outside the conserva
tion area.

species relevant for the WFD.

investigations.

Birds Directive and the Water Framework Directive.

assess potential connections to the steadily increasing eu
trophication levels.
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though the species may travel hundreds of kilometres in 

the current feeding sites increase the conservation value 

ommended that the known feeding sites are mapped and 

common tern of least concern, which indicates increased 

measures for maintaining the population in the area. In 

consisted of nine lake stations and one station located in 

trally on four stations in the lake area and there are nine 

that provide the only direct data for ecological status of 

tive, whilst conducting water management according to 

toring programmes for ecological and chemical status in 

and 2005 highlight the importance of their monitoring.

ments of the WFD.

four permanent stations collecting a minimum of 10 
samples a year and other stations with differing amounts 
of samples. It is recommended to increase chlorophyll a 

of eutrophication. 

on the thorough assessment of the ecological parameters 

quality elements is recommended for detecting changes in 
the ecological parameters.

veal long term changes in the vegetation indicative for the 
current water management planning period ending in the 

6 years.

while agricultural sources cover 23 %, forestry activities 

settlement 2 % of the annual P load. Of the annual N load, 
51 % consists of natural loading, 21 % of aerial deposit, 

account together for 43 % of the annual P load.

eastern and eastern shore areas and the northern shores 

towards the sediment surface layer suggested that the or
ganic matter originated from internal algae production. It 

not allow any increases without the risk of eutrophication 

the increasing eutrophication trends and the overall man

tions, create a need for designing land use management 
practices preventing nutrient loading.



152

Of the different land uses, forestry and agriculture ac
count for 44 % of the annual P load and 25 % of the an

and in the northern shores surrounding the rapids of the 

most swamp draining has happened along eastern shores, 

other focus area is in the north, along rapids of the Rivers 

his colleagues in the Kainuu Regional Environment Centre, 

operation in identifying relevant Natura 2000 species and 
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for pinpointing land use derived loading sources to river 
catchments is created. Peat production is used as an ex

to evaluate and visualise the effects of loading on water 

impacts of separate peat production plans in the same 
river catchment and also to consider loading from peat 
production areas in proportion with the total loading in 
the catchment. 

was generalised and supplemented with nature protection 
area data and with information on stages of peat produc

For peat producers the goal is to have all their land ar
eas in production, so the locations of new peat production 
areas are seldom an alternative. However, the effects of 
location of peat production area on total nitrogen concen

and their effect on total nitrogen concentration 

grated impact of separate peat production plans on the 

River Basin reserved for peat production in the Master 

peat production area is utilised. 

the Master Plan compared to the effect of just the upper
most peat production area on its own

od is visualised in Fig. 33. In the next phase, all these Riv

with the environmental authority and peat producers, and 

assessed.

In order to increase the general motivation to use the 

demonstrations on the effects of loading and water pollu
tion control methods, and on the environmental impacts 
of suspended solids and nutrient loading in the riverine 
environment. 

Finland, as well as for research into the ecological impacts 

ment.

planning peat production is also analysed and developed. 
In addition, the current process of peat production permit 
application is analysed, points of contact are sought with
in the regional planning process, and recommendations 

planning processes are developed in cooperation with all 

portant methods of this work.
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4.2.1  Evaluation of forestry originated   
loading

depending on sources used and calculation methods. One 

estimations are inaccurate when going into a catchment 

forestry require detailed information of forest manage
ment in a catchment area. Due to the prolonged nature 

management history of the catchment area for a period 

cant impacts on runoffs are not included in the statistics 

older management data is provided in manual form 

area do not correspond.

4.2.2  Biological effects of forestry originated 
loading

Harmful effects of forestry on small lakes are especially 
seen in the eutrophication process and increasing siltation. 

changes in many headwater catchment lakes were timed 

the prolonged nature of the impacts.

4.3   Hydropower – setting up    

very challenging approach with several steps. In applied 
water management several tools as well as related roles 

•

•

•

•

•

•

•

•

•

•

proach developed in a parallel process partly in the Wa
tersketch project uses several direct hydromorphological 
criteria, which are presented in the following chapters.

Canal is constructed totally on dry land

Winter draw down more than 3 m or

winter draw down at least half of average depth or 

total lake area is decreased to half during winter

ened or

at least half of the natural height of the river fall is 
lost

In addition to these indirect criteria, several tools were 

model was developed in the Finnish Environment Institute 

of daily water level values in its calculations. Critical wa
ter levels for the aquatic environment and recreational 

level characteristics as indicators was formulated in sev

to assess the impact of lake regulation and to compare 

4.3.2  Importance of environmental   

of hydromorphological or other mitigation measures, as 

ity elements is the only correct one if the suggestions of 
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ies and strict delineation of ecological potential it is quite 

good ecological potential. Demands for maximum ecologi
cal potential are relatively high and there are several ad

Natura 2000 sites

specifying the important conservation values for manage

planning and current land use practises that have 

Basin Management Plan in order to carry out com

Ideally, joint planning is carried out on a catchment scale 

ing points for implementing the three central tasks in co

tura 2000 values and water management according to the 

in the legislation relating to Natura 2000 sites, pressures 

sis of the protected values present, and the analysis of 

therefore, would seem to furthermore include protection 

spatial planning solutions regarding e.g. the location of 

these areas.

However, if a protected species occurred that requires 

maintain eutrophic state to a certain degree or whether 

the migration of aquatic species in a water course run

or compromising the continuity of aquatic environments 

joint planning.

lection ponds in the catchment area is one of the simplest 
examples of joint planning tasks of spatial planners and 
water managers. Relocating current land use practises 
and assessing nutrient load limits of a planning area for 

water managers and spatial planners. In the planning 
phases of the Water Framework Directive, the River Basin 

the conservation values.

Inclusion of spatial planning solutions in the River Basin 

lines for protecting water dependent Natura 2000 values 

ing the conservation values in the catchment area should 

planning solutions. Decisions for reserving areas in a re

Breeding sites or migratory areas of endangered water 

threatened species could lead to developing alternative 

water managers and spatial planners. In general, the as
sessed water quality and the conservation values need to 

tises and related nutrient leaching with the conservation 
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ent concentrations that are not taken properly into ac
count in loading estimations due to lack of information 

tem corresponded with the chemical water quality 

ter quality when assessed using aquatic macrophytes in 
different parts of the river system were mainly parallel 

analyses of aquatic macrophytes and of phosphorus con
centrations led to similar results regarding water quality 

protection measures of forestry

nicipal levels. Regional planning has national and regional 
goals setting out the principles of land use and community 
structure. Master planning, respectively, provides general 
guidance regarding to the community structure and land 
use.

ning provides no guidance regarding forestry and water 

there are no working methods considering water •

•

•

•

management of water courses

Hydropower is one way to reduce the release of green 

Despite huge effects of hydropower production on regu
lated streams and lakes, the ecological status was rela

in good ecological potential. On the other hand, several 
discussions with stakeholders including local NGOs raised 

operated with the Oulujoki Pilot River Basin Project and 

improving the potential for natural reproduction of salmon 

study showed that their ecological status is relatively high 

mitigation measures related to river continuity will also 

5.4  Natura 2000 sites and their    
management

include the Water Framework Directive implementation 
and protection of Natura 2000 values is important for ac

tion of water dependent conservation values is a primary 

water management plan of the WFD, including the Pro

the activities planned in the catchment area.

ter management practises and activities in the catch

are maintained. While the water dependent conservation 

catchment area, spatial planning also offers a means for 

collection ponds is recommended as a joint tool for spatial 
planners and water managers to reduce nutrient losses 
and related eutrophication. 

maintaining the oligotrophic conditions of a Natura 2000 

the Birds Directive. However, since the water dependent 

threatened species that gain from eutrophic conditions 
may actually need a certain level of eutrophication in a 
given catchment area.
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6.1  Peat production as a part of diffuse 
loading

Peat production, as well as other land use in river catch
ments, results in increased transport of nutrients and sus

most of the loading imposed to the watercourses in north

of loading as there are no agricultural areas or scattered 

trations did not indicate heavy loading from the catchment 

loading from peat production areas in such a small stream. 

from peat production.

In the River Poikajoki the catchment consists of agricul

tion areas, and the total loading is much higher. Hence, it 
is likely that all these loading sources have deteriorated 
the water quality in the River Poikajoki.

sources in the middle part of the River Muhosjoki than in 

es are agriculture, forestry, settlement, and also peat pro

tered nature of farms.

In order to avoid negative environmental changes in the 
river, it is important to decrease the nutrient pollution de
rived from land use and imposed on the river as effectively 

were typical activities of forestry management operations 

the amount of loading depends on the extent of the area 
in which forestry actions were implemented, the inten
sity and method of the operation, local hydrology, the soil 
type and topography of the area, and the development of 

2030s. Forest ditch maintenance will cause the largest 

these forest management operations.

Based on paleolimnological samples all study lakes have 

increasing siltation. Currently, calculated loads exceed 

monitoring period and the fact that information related to 

Phytoplankton is sensitive to changes in nutrient levels 

ton. Impacts of forestry management operations on phy

0.42 mg l

level as in the impacted lakes on average.

Gonyostomum
semen

meaning that dominant species may vary at any given 

forestry operations have most likely increased the trophic 

do not usually disappear suddenly after loading has started 

Forestry loading, especially organic matter, which concen

oxygen consumption, and sometimes pronounced oxygen 

the coloured small lakes are also often naturally oxygen 

Early eutrophication increases species richness as shown 

from a limnological point of view it is slightly more eu
trophic. Its higher nutrient status and primary production 

Castor canadiensis
the outlet of the lake. 

Utricularia

of aerial photographs. It seems that an increase of the 
nutrient load, especially phosphorus, is the primary cause 
for the alteration of vegetation during the study period. It 
seems that the forestry practices have indeed increased 
the volume of vegetation during the past decades. 
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impacted lakes also had more species than the reference 
such as

Lemna minor, Alisma plantago-aquatica, Elodea Canaden-
sis and Myriophyllum verticillatum, 

two studies. 

It is typical for small humic waters, such as the study 

munities.

ductive conditions. In the study of the effects of eutrophi

in clearly cyprinid dominated lakes. In this study, roach 

high proportion of predators delays the development pro
cess of an increasing cyprinid population.

tolerance of nutrient loading. More sensitive to nutrient 

in this case long winters, and some drainage area charac
teristics decrease tolerance.

the latter also regulates the wastewater treatment in the 

diffuse sources such as forestry. One way to improve this 
gap in water protection is spatial planning, which takes 

ever, there is currently no clear guidance regarding land 
use planning and forestry. Because simultaneous or con
secutive actions in different parts of the same catchment 
area may amplify the impacts of any forestry operation, 
spatial planning together with improved forestry planning 

lems.

6.3  Rivers and hydropower 

natural fall of rapids is almost totally lost and the free 

Benthic fauna – moderate status

are only reaching the lowermost reservoir, and natural 
reproduction does not exist. 

•

•

•

prove the ecological status.

environment. 

environment.

the Montta power plant from 150 cm to 130 cm 

Restoration of main channel and shores

tion of littoral areas.

In conclusion, in a scenario where the maximum ecologi

removed so that the total amount of protected 
shores is not more that 10 %. 

, depend

cided upon only slightly affect the status of the River Ou

garded as the maximum ecological potential of the River 

compliance with the Directive does not require actions for 
improvement.

6.4  Protected areas

relation to the WFD so that water management practises 

manner. 

Water managers and spatial planners need to recognise 

ning and proceed in close cooperation and dialogue in or

conservation values that occur in the catchment, should 

related conservation values are also protected in the fu
ture.

maintained jointly. In case eutrophic conditions need to 

ers and spatial planners as a Programme of Measures. 

of expansion, which spatial planners need to follow.
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