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Preface

This research project in environmental geology has arisen out of an observed need to be able to predict 
more accurately the loading of watercourses with detrimental organic substances and nutrients from 
already existing and planned peat production areas, since the authorities’ capacity for insisting on such 
predictions covering the whole duration of peat production in connection with evaluations of environ-
mental impact is at present highly limited. No research into loading as a consequence of peat produc-
tion or into the infl uence of the peat properties of mires on the quantity or nature of this loading has ex-
isted that could have provided results capable of being used to draw up loading estimates for individual 
mires. National and international decisions regarding monitoring of the condition of watercourses and 
their improvement and restoration require more sophisticated evaluation methods in order to be able 
to forecast watercourse loading and its environmental impacts at the stage of land-use planning and 
preparations for peat production.

Peat producers, who are engaged in a form of industrial activity with considerable environmental 
impacts, should be able to present the authorities, as a basis for decision-making, with a comprehensive 
estimate of the loading of detrimental substances from their peat mining areas for the whole duration of 
production on the mire. The estimates provided at present, however, are based largely on mean regional 
data concerning runoff water from numerous production mires, employing the same estimated fi gures 
for all mires in a particular area and over their whole service life. The new Environmental Protection 
Guidelines for Peat Production of 19.9.2003 represent an attempt to move in the direction of more re-
sponsible, predictive environmental practices in order to achieve the aims laid down in the programme 
of Water Protection Targets, for instance. It is stated in the guidelines that one particular need would be 
to achieve more reliable and comparable loading data applying to individual mires over the whole du-
ration of their use, so that a consistent means of expressing the detrimental loading imposed on water-
courses by peat production could be developed. The present project thus set out from the premise that 
it would be possible on the basis of existing mire and peat data properties to construct estimates for the 
typical loading from production mires over the whole duration of their exploitation.

The fi eldwork and laboratory stages in 2001–2003 were partly fi nanced by the Ministry of the 
Environment and supervised by the Western Finland Environment Centre. Use of the resulting typical 
values for the loading of drainage ditches in conjunction with mire, peat and energy content data for 
individual mires nevertheless required the construction of the appropriate computer software which 
would also allow access to the existing register of over 13 000 mires maintained by the Geological 
Survey of Finland in order to produce loading estimates for individual mires and horizons. The con-
struction of the necessary software, designed within this project, for the Geological Survey was par-
tially fi nanced by the Salo District Development Centre under its Seili Project. The present project as a 
whole was also partly fi nanced by the company LS Ympäristö-Miljö (Environment) Oy and myself.
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Abstract

Finland has some 10 million hectares of peatland, accounting for almost a third of its total area. 
Macroclimatic conditions have varied in the course of the Holocene growth and development of this 
peatland, and with them the habitats of the peat-forming plants. Temperatures and moisture conditions 
have played a signifi cant role in determining the dominant species of mire plants growing there at any 
particular time, the resulting mire types and the accumulation and deposition of plant remains to form 
the peat. While in a natural state the mires of Finland have functioned as carbon dioxide sinks through-
out the post-glacial period, but the ditching of peatland for forestry and agriculture, amounting to some 
5,7 million hectares in Finland, has affected their water balance, especially over the last hundred years, 
and has thereby altered the quantity and species composition of the mire vegetation. The invasion of 
trees and woody plants to replace the typical mire plants following ditching for forestry purposes has 
stimulated the decomposition of the already accumulated peat and promoted the humifi cation of the 
microbiologically active root system layer. The above climatic, environmental and mire development 
factors, together with ditching, have contributed, and continue to contribute, to the existence of peat 
horizons that differ in their physical and chemical properties, leading to differences in material trans-
port between peatlands in a natural state and mires that have been ditched or prepared for forestry and 
peat production.

Watercourse loading from the ditching of mires or their use for peat production can have detrimen-
tal effects on river and lake environments and their recreational use, especially where oxygen-consum-
ing organic solids and soluble organic substances and nutrients are concerned. It has not previously 
been possible, however, to estimate in advance the watercourse loading likely to arise from ditching 
and peat production on the basis of the characteristics of the peat in a mire, although earlier observa-
tions have indicated that watercourse loading from peat production can vary greatly and it has been 
suggested that differences in peat properties may be of signifi cance in this.

Sprinkling is used here in combination with simulations of conditions in a milled peat produc-
tion area to determine the infl uence of the physical and chemical properties of milled peats in produc-
tion mires on surface runoff into the drainage ditches and the concentrations of material in the runoff 
water. Sprinkling and extraction experiments were carried out on 25 samples of milled Carex (C) and 
Sphagnum (S) peat of humifi cation grades H 2.5–8.5 with moisture content in the range 23.4–89% on 
commencement of the fi rst sprinkling, which was followed by a second sprinkling 24 hours later. The 
water retention capacity of the peat was best, and surface runoff lowest, with Sphagnum and Carex peat 
samples of humifi cation grades H 2.5–6 in the moisture content class 56–75%. On account of the hy-
drophobicity of dry peat, runoff increased in a fairly regular manner with drying of the sample from 
55% to 24–30%. Runoff from the samples with an original moisture content over 55% increased by 
63% in the second round of sprinkling relative to the fi rst, as they had practically reached saturation 
point on the fi rst occasion, while those with an original moisture content below 55% retained their high 
runoff in the second round, due to continued hydrophobicity. The well-humifi ed samples (H 6.5–8.5) 
with a moisture content over 80% showed a low water retention capacity and high runoff in both rounds 
of sprinkling.
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Loading of the runoff water with suspended solids, total phosphorus and total nitrogen, and also the 
chemical oxygen demand (CODmn O2), varied greatly in the sprinkling experiment, depending on the 
peat type and degree of humifi cation, but concentrations of the same substances in the two sprinklings 
were closely or moderately closely correlated and these correlations were signifi cant. The concentra-
tions of suspended solids in the runoff water observed in the simulations of a peat production area and 
the direct surface runoff from it into the drainage ditch system in response to rain (sprinkling intensity 
1.27 mm/min) varied c. 60-fold between the degrees of humifi cation in the case of the Carex peats and 
c. 150-fold for the Sphagnum peats, while chemical oxygen demand varied c. 30-fold and c. 50-fold, 
respectively, total phosphorus c. 60-fold and c. 66-fold, total nitrogen c. 65-fold and c. 195-fold and 
ammonium nitrogen c. 90-fold and c. 30-fold. The increases in concentrations in the runoff water were 
very closely correlated with increases in humifi cation of the peat. The correlations of the concentrations 
measured in extraction experiments (48 h) with peat type and degree of humifi cation corresponded to 
those observed in the sprinkler experiments.

The resulting fi gures for the surface runoff from a peat production area into the drainage ditches 
simulated by means of sprinkling and material concentrations in the runoff water were combined with 
statistics on the mean extent of daily rainfall (0–67 mm) during the frost-free period of the year (May–
October) over an observation period of 30 years to yield typical annual loading fi gures (kg/ha) for sus-
pended solids (SS), chemical oxygen demand of organic matter (CODmn O2), total phosphorus (tot. P) 
and total nitrogen (tot. N) entering the ditches with respect to milled Carex (C) and Sphagnum (S) peats 
of humifi cation grades H 2.5–8.5.

In order to calculate the loading of drainage ditches from a milled peat production mire with the aid 
of these annual comparative values (in kg/ha), information is required on the properties of the intended 
production mire and its peat. Once data are available on the area of the mire, its peat depth, peat types 
and their degrees of humifi cation, dry matter content, calorifi c value and corresponding energy content, 
it is possible to produce mutually comparable estimates for individual mires with respect to the annu-
al loading of the drainage ditch system and the surrounding watercourse for the whole service life of 
the production area, the duration of this service life, determinations of energy content and the amount 
of loading per unit of energy generated (kg/MWh). In the 8 mires in the Köyhäjoki basin, Central 
Ostrobothnia, taken as an example, the loading of suspended solids (SS) in the drainage ditch networks 
calculated on the basis of the typical values obtained here and existing mire and peat data and expressed 
per unit of energy generated varied between the mires and horizons in the range 0.9–16.5 kg/MWh.

One of the aims of this work was to develop means of making better use of existing mire and peat 
data and the results of corings and other fi eld investigations. In this respect combination of the typical 
loading values (kg/ha) obtained here for S, SC, CS and C peats and the various degrees of humifi cation 
(H 2.5–8.5) with the above mire and peat data by means of a computer program for the acquisition and 
handling of such data would enable all the information currently available and that deposited in the sys-
tem in the future to be used for defi ning watercourse loading estimates for mires and comparing them 
with the corresponding estimates of energy content.

The intention behind this work has been to respond to the challenge facing the energy generation 
industry to fi nd larger peat production areas that exert less loading on the environment and to that fac-
ing the environmental authorities to improve the means available for estimating watercourse loading 
from peat production and its environmental impacts in advance. The results conform well to the initial 
hypothesis and to the goals laid down for the research and should enable watercourse loading from ex-
isting and planned peat production to be evaluated better in the future and the resulting impacts to be 
taken into account when planning land use and energy generation. The advance loading information 
available in this way would be of value in the selection of individual peat production areas, the plan-
ning of their exploitation, the introduction of water protection measures and the planning of loading 
inspections, in order to achieve controlled peat production that pays due attention to environmental  
considerations. 
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Introduction

Biologically defi ned peatlands account for about 
one third of the land area of Finland, i.e. 10.4 mill. 
ha. (5.7 mill. ha. ditched and in use for forestry 
purposes), of which 5.1 mill. ha. consist of geolog-
ically defi ned mires (peat depth >0.3 m) of more 
than 20 ha in size, containing a total of 69,300 
mill. m³ of peat (Virtanen et al. 2003). According 
to Virtanen et al. (2003), there are approximately 
1.2 mill. ha. of mires that are technically suita-
ble for peat production, containing some 29,600 
mill. m³ of peat, of which about 5,900 mill. m³ 
could be used as horticultural or environmental 
peat and about 23,700 mill. m³ as fuel peat, with 
a mean energy content of 0.54 MWh/m³ of mire. 
This gives a total calculated energy content for the 
country’s peat reserves of 12,800 TWh. In addi-
tion, there are about 240,000 ha of fi elds cleared 
on peatlands (Peronius et al. 1998). These calcu-
lations include peatlands located in conservation 
areas having mire and peat properties that meet 
the required criteria. At present peat accounts for 
some 6% of total energy consumption in Finland 
and over 20% energy generation for district heat-
ing purposes. There are about 60,000 ha of peat-
land under active production, with an annual 
output of 10–30 mill. m³ of peat, depending on 
weather conditions and demand. The peat industry 
has a total of around 100,000 ha of dried and lev-
elled peatland ready for production and a further 
reserve of some 60,000 ha to meet future needs. 
Fuel peat accounts for more than 90% of the an-
nual output of milled or sod peat, while some 1 
– 2 mill. m³ of horticultural peat is produced each 
year  (Sopo and Aalto 1998).

The topic of this thesis, Mire peats, typi-
cal precipitation-induced runoff and leaching 

for given peat types and degrees of humifi cation 
on milled peat mining mires, and a comparative 
method for estimating the loading of water bodies 
during peat production, is based on the hypothesis 
that mire plants that have grown under differing 
conditions and have been deposited to form peat 
exhibit different leaching properties in a peat min-
ing mire when affected by precipitation. Earlier 
investigations into surface runoff and leaching on 
peat production mires have scarcely paid any at-
tention to the varying characteristics of the peat 
layers in a mire in this respect, the dynamics of 
their origins or their typical properties, although 
these are evidently important factors governing 
variations in the loading of water bodies as a con-
sequence of peat production. This work will begin 
by discussing the typical stages in mire develop-
ment and their effects on the shaping of given peat 
properties, in order to create a picture of why such 
great variations are to be found between peat min-
ing mires and between the layers within the same 
mire in the leaching of substances from the sur-
face layers as a consequence of precipitation. 

The origins and development of the Finnish 
mires take us back some 11,000 (Mäkilä et al. 2006) 
years, to the time when the continental ice sheet 
melted and the land gradually began to rise from 
the level defi ned by the Baltic Sea. Our present-
day mires mainly comprise primary peatland ar-
eas, paludifi ed forests and lake areas that have be-
come fi lled in by vegetation in the course of time, 
the creation, development and peat properties of 
which have been brought about as a result of the 
major phases in the climate and vegetation histo-
ry of the Baltic region (Donner 1971, Mangerud 
et al. 1974), most notably the cool Boreal period 
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(c. 9000-7500 BP, c. 10,100-8300 cal. yr BP) and 
progressively damper and cooler Sub-Boreal peri-
od (c. 5000-2500 BP, c. 5800-2600 cal. yr BP) that 
followed after the intervening climatic optimum 
known as the Atlantic period, together with the 
current cool, damp Sub-Atlantic period. Mire for-
mation and peat accumulation were less marked 
during the warm Atlantic period (c. 7500-5000 
BP, c. 8300-5800 cal. yr BP), in spite of the excel-
lent conditions for biomass production, because 
the warm damp climate promoted decomposition 
of the plant remains rather than their accumulation 
in mires to form peat (Svahnbäck 1985, Korhola 
et al. 1996). Where peat deposits of this age are to 
be found, they are mostly moderately to well hu-
mifi ed Carex or Carex-Sphagnum deposits.

Research has shown (Korhola et al. 1996) that 
the horizontal expansion of the mires continued 
throughout the Sub-Boreal and right up to the be-
ginning of the Sub-Atlantic (2500 BP, 2600 cal.
BP), while the latter period has been especial-
ly favourable for peat accumulation and vertical 
growth in Sphagnum mires. No reason has yet 
been found, however, for why the horizontal ex-
pansion of peatland areas came to an end at that 
point even in fl at clay regions where there were 
no topographical barriers to prevent it, in spite of 
the favourable climatic and peat formation con-
ditions. It is signifi cant that this termination of 
growth in the area of peatlands coincided with 
the invasion of spruce into the western parts of 
Finland (Tolonen 1983). Also, very few new pri-
mary mires have been formed in the western parts 
of Finland during the last 2500 years (Svahnbäck 
1985).

The creation, accumulation and properties 
of peat deposits have also be affected by the to-
pography of the mires and their surroundings and 
their development from a minerotrophic to an om-
brotrophic character, so that they are entirely de-
pendent on precipitation for their nutrient supply. 
Peat properties continue to be regulated by nutri-
ent and moisture conditions, as it is these that de-
termine the vegetation and hence the peat type. 
The strings, sloping mire margins and immedi-
ately surrounding areas are particularly prone 
to invasion by trees and dwarf shrubs, and the 
heightened microbiological action stimulated by 

the roots of these is apt to promote the decom-
position of plant remains in the peat layers lying 
above the water table (Kurka 2000). The result is 
an increase in the degree of humifi cation of the 
peat, which may have been relatively low during 
the period of mire development. The peat depos-
its in Carex mires are in a state of constant de-
composition, under the infl uence of the passage 
of air into the peat through the plant stems and 
the peat formation brought about in various lay-
ers simultaneously by the deeply penetrating roots 
of the sedges (Saarinen 1999). The above factors 
connected with the natural succession on mires 
have contributed to the creation of these and their 
properties, and continue to do so today, so that 
the latter features are highly individualistic with 
respect to mires and the various layers within a 
single mire. Furthermore, human action, in the 
form of ditching and fertilization, has altered the 
water table and vegetation of many mires, which 
in turn will have affected the occurrence of peat-
forming plants and the degrees of humifi cation of 
the already formed peat. Reliable information on 
the properties of the peat in a mire, e.g. peat type, 
degree of humifi cation, water content, dry matter 
content, pH and thermal content, can be obtained 
only by the analysis of long sample cores and sup-
plementary laboratory investigations.

The initiation and continuation of peat min-
ing on a mire by modern methods requires drying 
of the surface peat in order to lower the water table 
to at least 0.5 m below the surface. The areas to be 
mined are then shaped to ensure the fastest possi-
ble runoff of rainwater and meltwater from snow 
into a network of ditches throughout the duration 
of mining, as it is only in this way that the water 
table can be kept suffi ciently low that water is un-
able to reach the production surface through capil-
lary action. This constant need for effi cient drain-
age throughout the preparation and mining phas-
es, especially the latter, gives rise to increased ma-
terial loading in the drainage ditch network, other 
water purifi cation systems and eventually also the 
lakes and rivers downstream of the mining area.

Thus the draining of peatlands for mining and 
the whole production process increase runoff and 
create a supply of runoff water which is apt to pol-
lute the waterway system in which it is located. 
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The effi ciency of water purifi cation systems is of-
ten poor at times of high discharge brought about 
by heavy rains, when practically no sedimentation 
of organic matter takes place (Sallantaus 1983). 
As noted by Ihme et al. (1991 a), conventional wa-
ter purifi cation methods work best at times of low 
runoff, when drains and small sedimentation ba-
sins can be expected to retain 78–97% of the solid 
matter load. At times of higher discharge peaks, 
however, larger quantities of suspended solids are 
washed out of the peat mining areas and some of 
the previously precipitated material from the bot-
toms of the ditches and sedimentation basins is 
reactivated (Selin and Koskinen 1985, Marttila 
2004).

The detrimental effects of solid organic and 
humic loading in runoff water are particularly 
marked, and increases in the leaching of phos-
phorus, nitrogen and iron can pollute the down-
stream parts of the waterway system to varying 
degrees (Tikkanen and Jokela 2005). It is partly 
for this reason that peat mining is always subject 
to the obtaining of a licence from the appropri-
ate authorities for the duration of production ac-
tivities. Commercial exploitation of a mire for this 
purpose requires a licence from the environmental 
authorities, and if the area to be mined (harvest-
ed) exceeds 150 ha, the legislation also calls for 
an evaluation of the environmental impact. In any 
case, the peat production plans will always have 
to include estimates of water loading and the ef-
fects on the local river basin in the light of the best 
available information. It is impossible at present, 
however, to produce estimates of this kind that 
take into account the specifi c loading properties 
of individual mires and their peat layers.

In his earlier research into typical leaching 
properties of peat production mires, Sallantaus 
(1983) noted that loading was specifi c to individ-
ual production areas and that substantial discrep-
ancies existed between mires of different types, so 
that the detrimental effects were highly idiosyn-
cratic. Rönkkömäki (1994), in his study of the use 
of hydrological models for developing water pro-
tection technology  for use in peat mining areas, 
which he regarded as currently ineffi cient     and 
lacking in a sense of purpose, arrived at a model 
that simulated the hydrology of such an area and 

the leaching of nutrients from it and could be used 
to calculate the components of the water balance, 
the passage of water, its fl ow in the drainage ditch-
es, the leaching of nutrients from the mining strips 
and their sedimentation and re-suspension in the 
network of ditches and the precipitation basin, 
and to predict the amounts of suspended solids. 
Implementation of this model, which is intended 
for use in planning, requires that it should be pos-
sible to estimate the parameters in the fi eld. Since 
the main initial data required, the water retention 
capacity (pf curve) and water permeability of the 
peat, are diffi cult to measure, it is more convenient 
in practice to use the peat type and humifi cation 
parameters proposed by Päivänen (1973), which 
are easier to determine. Also, Rönkkömäki’s mod-
el does not enable the runoff and material loading 
from a peat mining area to be estimated on the 
basis of mire and peat properties, but is based on 
the estimation of discharge and runoff from the 
mire by means of continuous fl ow measurements, 
which then permit preventive regulation of the 
water purifi cation systems. 

The Aqua Peat 95 investigation (Selin et al. 
1994) carried out jointly by Vapo and Kemira 
and partly funded by the Ministry of Trade and 
Industry examined the typical properties of var-
ious commercial peats, on the assumption that 
some kind of relation exists between peat type 
and the quality of the water running off from a 
mire. Sprinkler experiments were conducted to 
determine erosional discharges and their dynam-
ics, and extraction experiments to determine typi-
cal concentrations of given substances in hydrous 
extracts of peats. The research failed to fi nd any 
statistically signifi cant correlations between peat 
type and the quality of the runoff water, however, 
although there was a distinction in terms of nutri-
ents between the runoff water from Carex peats 
and that typical of Sphagnum mires. The project 
devoted very little attention, however, to the de-
pendence of the leaching of the most serious load-
ing component, organic matter, on peat type and 
degree of humifi cation. 

The runoff and leaching studies of Klöve 
(1997), which were supervised and partly fi nanced 
by Vapo, may be regarded as the most signifi cant 
attempt made to date to trace the origins of wa-
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ter loading from peat production and describe its 
characteristics. An attempt was made to determine 
leaching and its typical patterns during the unfro-
zen part of the year and in this way to fi nd a so-
lution to the problem of predicting water loading 
from peat mining operations. The focus of atten-
tion was on variations in the leaching of organ-
ic matter and nutrients, and an attempt was made 
to determine when and how the loading on the 
downstream watercourse formed and how it could 
be controlled. Klöve’s rainfall simulation studies 
suggested that fl uctuations in loading are attrib-
utable chiefl y to the moisture content of the peat 
mining area, variations in runoff from it and peaks 
in discharge. Klöve was nevertheless unable in his 
section on the peat mining area and material trans-
port via its ditches to defi ne the effects of the main 
peat types and their degrees of humifi cation on the 
leaching of the typical substances, the reason for 
this evidently being that he had not set out from a 
standpoint that considered the peat type and hu-
mifi cation characteristics of the mining area suffi -
ciently comprehensively or in suffi cient detail.

The aim in the present work was to use sprin-
kler experiments (intensity 1.27 mm/min)  to de-
termine the typical surface runoff into the ditches 
separating the peat mining strips brought about by 
mean rain during the period May–October in the 
case of Sphagnum and Carex peats of different de-
grees of humifi cation, the concentration of given 
substances in the runoff water and the amounts 
of organic matter and nutrients involved. Water 
extraction experiments were also carried out on 
peat samples and the resulting concentrations of 
the relevant substances and their interdependenc-
es were compared in the same manner as in the 
sprinkler experiments.

By combining these data on typical leaching 
concentrations with existing information on the 
mire and research data regarding the mire and its 
peat, it is possible to arrive at comparative loading 
estimates for the whole duration of peat mining 
that take the individual properties of mires into 
account. The computer-assisted processing of a 
more extensive body of mire data should then en-
able the exploitation of all the mires suitable for 
such use in the given catchment area to be planned 
in a manner that takes account in advance of their 

individual runoff properties, the effi ciency of the 
water purifi cation arrangements, the state of the 
watercourse and its capacity to accept the addi-
tional loading. The fi gures for the amounts of or-
ganic solids, chemical oxygen demand, nitrogen 
and phosphorus (kg/ha/yr) in the discharge water 
can further be compared with the mire area un-
der production (ha) and the energy yield (MWh/
ha/yr) at the watercourse, mire or peat layer level, 
enabling comparative fi gures for loading of wa-
tercourses from particular mires and mire strata in 
the extraction of milled peat as a function of en-
ergy yield (kg/MWh). 

Application of these results to practical water 
protection in connection with peat mining would 
enable the loading of the local watercourse to be 
predicted for each peat mining area separately and 
for all the mining areas in a river basin, thus pro-
viding the peat mining company and the licens-
ing authorities with the necessary information on 
which to base their decisions. Such applications 
would be of value for the design of peat produc-
tion at the level of areal planning as well, as it 
would enable commercial energy generation to be 
reconciled with controlled environmental impacts. 
The results would be of value to energy compa-
nies when planning the acquisition of exploitable 
mires and considering the temporal, functional 
and quantitative optimization of the water protec-
tion measures required under the terms of their li-
cence and of loading inspections.

The aims of the research and the application 
of the results are directed towards developing a 
means of planning the rational utilization of mires, 
with due attention paid to the environmental im-
pacts of peat production and particularly to the ef-
fects on the aquatic environment and the gener-
al utilization of watercourses. The results should 
be of help in the planning and implementation of 
peat production in accordance with the aims of 
water protection in Finland up to 2005, the EU 
framework directive on water policy and the joint 
International Peat Society (IPS) and International 
Mire Conservation Group (IMCG) principles on 
the “Wise Use of Peatlands”. 
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1. Principles of the origin and 
development of mires and 
peat properties

1.1. Mire regions of Finland

Finland is located nowadays in the boreal cli-
matic and vegetational zone, representing a hu-
mid climate in which annual precipitation ex-
ceeds evaporation, an essential condition for the 
formation, existence and development of mires. 
The Finnish system of mire types is based on the 
mire regions defi ned by Ruuhijärvi (1960, 1982), 
Eurola (1962), Ruuhijärvi and Hosiaisluoma 
(1989), in which three main mire complexes are 
distinguished: raised bogs, aapa fens and palsas 
(Appendix. 17). It is assumed in this system that 
the vegetation, morphology, peat stratigraphy and 
structure of mires are consequences of certain cli-
matic conditions, in addition to which the forma-
tion and development of a mire may be infl uenced 
by the local topography and soils, so that different 
mire types may be present in the same principal 
mire complex regions.

The present phases in the development of the 
Finnish mires are ombrotrophic Sphagnum peat 
raised bog and minerotrophic Carex peat aapa 
fen phases, or others intermediate between these. 
The natural accumulation of peat in a mire and 
the consequent rise in height mean that growing 
conditions are in general progressing from min-
erotrophic to ombrotrophic, a trend which is grad-
ually affecting the distribution of the main mire 
complex types (Eurola and Kaakinen 1978).

1.2. Origins and development of 
mires

The mires of Finland are mostly either of primary 
origin or else they are the result of the paludifi ca-
tion of forest land or the fi lling in of lakes with 

vegetation. The primary mires formed immediate-
ly after the deglaciation and from then onwards, as 
the land rose from the Baltic basin. Thus the ear-
liest examples, in Northern Karelia Kuhmo, date 
from around 10720  cal. yr BP and in Ilomantsi 
11,140-11,570 cal. yr BP (Mäkilä et al. 2006)  
and the youngest, in South-Western Finland, from 
around 1500 cal. yr BP. In spite of the continua-
tion of land uplift up to the present day, scarcely 
any primary mires are to be found on the more 
recently exposed coastal strips.

While the majority of Finland’s mire area can 
thus be said to have been subject to continued 
mire development and peat formation since ear-
ly post-glacial times, the paludifi cation of forest 
land is a process that has been going on constant-
ly since the deglaciation and is still active today, 
especially in watershed areas, where constant hy-
drological changes have been taking place as a re-
sult of spatial differences in the rate of land uplift. 
Similarly, paludifi cation has taken place, and con-
tinues to take place, in cases where primary mires 
spread to the surrounding forested areas, main-
ly as a consequence of land uplift. Similarly, the 
overgrowth and fi lling in of water bodies, mostly 
small lakes, pools and shallow bays of lakes, has 
been taking place all the time and is still occur-
ring today, and these newly formed mire areas are 
then apt to spread into the surrounding forest land, 
again mostly in response to land uplift. The mac-
roclimatic conditions prevailing during various 
periods since the glaciation and the correspond-
ing vegetation periods have also been of signifi -
cance for the formation of both primary mires and 
paludifi ed forests, and especially for their subse-
quent development. Thus the properties of the c. 
70,000 mill. m³ of peat contained in the mires of 
Finland are a consequence of the climatic and en-
vironmental conditions that have prevailed at vari-
ous stages in their history.
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We will now look briefl y at the particular pe-
riods in the post-glacial climatic history of the 
mires of Northern Europe that have given rise to 
the regular occurrence of better humifi ed peat ho-
rizons of varying thicknesses. Research into the 
occurrence of better humifi ed, more fi ne-grained 
remains of woody plants and dwarf shrubs in 
peats from the Sub-Atlantic period in Northern 
Europe has been going on since the beginning of 
the last century, so that the Blytt-Semander dry 
periods may be said to represent the deposition of 
such horizons, as also Weber’s grenzhorizont  at 
2500 BP (2600 cal. yr BP), marking the transition 
from the Boreal to the Sub-Atlantic period, where 
the peats of the more humifi ed boundary horizon 
contain Sphagnum, Calluna and Eriophorum re-
mains. Granlund (1932) observed fi ve horizontal, 
more humifi ed recurrence surfaces in the raised 
bogs of Sweden, and Nilsson (1935) added a fur-
ther four. Altogether these nine recurrence surfac-
es were distributed fairly evenly over the period 
8000–5600 BP (c. 8900-6400 cal. yr BP). Signs of 
similar recurrence surfaces were also detected in 
peat horizons in Central Ostrobothnia, Finland, by 
A. Brant (1948), and later both Aartolahti (1965, 
1966) and Ikonen (1993) observed thin, irregu-
larly occurring layers of better humifi ed material 
just a few centimetres in depth composed of dwarf 
shrub remains indicative of dry string conditions 
among otherwise poorly humifi ed Sphagnum peat 
layers in raised bogs in Satakunta and South-
Western Finland. The fi ndings of Aartolahti re-
garding a number of mires and those of Ikonen in 
Pesänsuo point to a more abundant occurrence of 
such better humifi ed layers at the mire margins, 
on their marginal slopes and at places in the cen-
tral parts where string conditions have prevailed 
for longer periods of time, and Aartolahti (1966) 
is apt to attribute these to the infl uence of local 
factors, e.g. changes in the topography and water 
table, and subsequently in plant species, resulting 
from the physical growth of the mire rather than 
to climatic factors.

1.3. Mire development in South-
Western Finland in the post-
glacial climatic periods

It has been possible to trace the history of mires 
and the dependence of their development upon 
climatic factors especially well over practically 
the whole of the Holocene in the case of South-
Western Finland, which has predominantly pri-
mary mires that formed on clay plains, so that 
their development has scarcely been affected at all 
by the topography of the environment. The water 
balance of the mires was obviously dependent on 
climatic conditions at the early stages of devel-
opment, and the prevailing moisture and tempera-
ture conditions will thus either have promoted the 
growth of the mire vegetation, and thereby peat 
accumulation, or have favoured decomposition of 
the plant remains, thus retarding peat deposition. 
The study material comprises 269 mires collected 
in South Western Finland in the course of peat re-
source investigated by the Geological Survey of 
Finland (Tuittila et al. 1988), tells that about 200 
mires are primary origin and are located on fl at clay 
deposits (Svahnbäck 1985) and no recurrence sur-
faces have been identifi ed either within the same 
mire or in horizons of similar age in more than 
one mire. There are some thin 1-3 cm stripes that 
are better humifi ed and contain remains of dwarf 
shrubs, but these are discontinuous and were evi-
dently a consequence of small-scale variations in 
mire development rather than of macroclimatic 
factors (cf. Aartolahti 1965, 1966, Tolonen 1971,  
Ikonen 1993).

The stages in the development of the mires 
of South-Western Finland that coincide with giv-
en macroclimatic phases of the Holocene (Donner 
1971, Mangerud et al. 1974) are set out below.

The Pre-Boreal and Boreal periods, c. 10,000–
7500 BP (c. 11,500-8300 cal. yr BP), provided 
cool conditions that favoured mire formation and 
fairly abundant peat deposition.

The Atlantic climatic optimum, c. 7500–
5000 BP (c. 8300-5800 cal. yr BP), was marked 
by less pronounced mire formation, paludifi ca-
tion and peat accumulation, although the mire 
types that prevailed at the time were evidently 
fairly productive. This was due to the fact that 
the warm climate promoted the decomposition of 
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plant biomass. Peats laid down during this peri-
od are usually moderately to well humifi ed min-
erotrophic woody plant and Carex peats. Primary 
mire formation was also less pronounced during 
the Atlantic than during the preceding Boreal or 
subsequent Sub-Boreal periods (Svahnbäck 1985, 
Korhola 1992, Korhola et al.1996).

During the Sub-Boreal period, c. 5000–2500 
BP (c. 5800-2600 cal BP), the climate became 
gradually cooler and damper and conditions be-
came more suitable for mire formation and de-
velopment and for peat accumulation, and also 
tended to favour the growth of Sphagnum mosses. 
This meant that the minor deposits of moderately 
or well humifi ed woody plant and Carex peat from 
the Atlantic period came to be covered by poorly 
or moderately humifi ed Sphagnum peat, giving 
rise fairly rapidly to an ombrotrophic Sphagnum 
bog stage in mire development. The onset of this 
stage is clearly visible in the present-day fl at-
surfaced raised bogs to be found on clay soils in 
South-Western Finland. The Sub-Boreal climatic 
change and its associated Sphagnum bog vegeta-
tion are not usually so easy to detect in the aapa 
fen region, but instead the development of the bog 
was infl uenced at that period by the variable in-
creases in runoff water from the surrounding min-
eral soils caused by the local topography. Where 
the infl uence of a Sphagnum vegetation is to be 
seen in the history of mires in this region, it has 
usually been initiated by growth in the height of 
the mire, so that the runoff water from the sur-
roundings has no longer been able to reach the 
higher parts, where the mire surface has received 
all its water from precipitation and become om-
brotrophic in terms of its nutrient intake. The pro-
portion of broad-leafed trees and the noble decid-
uous trees in the forests declined markedly during 
the Sub-Boreal climatic deterioration and these 
were partly replaced by the spread of spruce from 
the east to occupy the whole of Finland during the 
period 5000–2500 BP (c. 5800-2600 cal. yr BP) 
(Tolonen 1983). Under the favourable conditions 
that prevailed at the beginning of the Sub-Boreal, 
primary mire formation increased once more on 
the land uplift shores of South-Western Finland 
(Svahnbäck 1985). In this respect Korhola (1992, 
1994) and Korhola et al. (1996) have also pro-

posed two periods of more intensive paludifi cation 
of forest land, 8000–7000 BP (c. 8900-7800 cal. 
yr BP) and c. 4500–3000 BP (c. 5200 - 3200 cal. 
yr BP), and pointing in particular to the regularity 
of the changes in the macroclimate, especially in 
the relation of precipitation to evaporation.

On the other hand, primary mires dating from 
after about 3800 BP (c. 4200 cal. yr BP) in the 
Sub-Boreal or from the Sub-Atlantic are rare, as 
are mires formed on older minerotrophic peatlands 
dating from the Atlantic. The spread of spruce to 
the land uplift shores and the shallow minero-
trophic peatlands that had previously supported 
a broad-leafed forest is thought to have had the 
effect of preventing the development of existing 
or new Sphagnum mires in spite of the favourable 
climatic conditions. Spruce, marking the climax 
of the forest succession, soon came to dominate 
the land uplift shores, and also the thin minero-
trophic woody plant and Carex mires and the mire 
margins that had progressed to the ombrotroph-
ic stage, and it can be readily assumed that only 
those mires that had reached the ombrotrophic 
stage well before the invasion of spruce managed 
to evade interference from this tree species, so 
that their vertical development has continued un-
interrupted up to the present time. Korhola et al. 
(1996) also propose that the process of paludifi ca-
tion of mineral soils more or less died out around 
3000 BP (c. 3200 cal BP), principally on account 
of the fact that all the susceptible areas had be-
come paludifi ed by that time.

The cool, damp conditions of the Sub-Atlantic 
period, c. 2500 BP-Present (c. 2600 cal. yr BP-
Present), continued to favour Sphagnum growth 
on the raised bogs, whereas cases of primary mire 
formation or the invasion of old peatlands by 
Sphagnum are practically non-existent in South-
Western Finland. One might imagine that the 
occurrence of mires containing Sphagnum peat 
could have been very much more common on the 
land uplift shores of South-Western and Western 
Finland than it is fact is, on account of the favour-
able climatic conditions, if it had not been for the 
arrival of spruce, which virtually prevented the 
initiation of any new instances of Sphagnum col-
onization. The development of the aapa fens has 
been far less dependent on climatic and vegeta-
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tional factors, e.g. the spread of spruce, than has 
that of the raised bogs, and thus it is more diffi cult 
to distinguish regular stages in their development. 
Instead, their vertical growth and horizontal ex-
pansion have been greatly dependent on land up-
lift and the local topography, which have affected 
their water and nutrient balance and thereby their 
spread through the paludifi cation of forests. 

1.4. The development of raised 
bogs

A string is a climax stage specifi c to the develop-
ment of eccentric and concentric raised bogs in 
which the growth in peat depth slows down and 
the cumulative deposition of biomass in the mire 
gradually declines, whereupon organic carbon be-
gins to be removed from the string surfaces into 
the atmosphere in the form of carbon dioxide 
as a consequence of decomposition of the peat, 
cf. also the work of Ikonen (1993) on Pesänsuo. 
Ruuhijärvi (1983) similarly notes in his descrip-
tion of the best-developed raised bogs of Northern 
Satakunta and Southern Ostrobothnia that these 
have reached the climax stage with respect to the 
extreme differentiation between the strings and 
pools. The strings on raised pine bogs are drier 
surfaces located above the water table in which 
the most productive woody plant and dwarf shrub 
vegetation concentrated in the acrotelma is almost 
entirely decomposed. 

Research on the raised bogs of South-Western 
Finland (Svahnbäck 1985) has shown that the pri-
mary mires that were formed on the fl at clay plains 
during the Boreal, c. 9000–7500 BP (c. 10,100-
8300 cal. yr BP), and Sub-Boreal, c. 5500–3800 
BP (c. 6300-4200 cal. yr BP), have been develop-
ing constantly to reach their current state in which 
the central parts are dominated by a raised pine 
bog stage. The thickness of the basal peat repre-
senting the minerotrophic stage in the mires (over 
2 m thick mire area) of Boreal origin is 0.5–0.9 m, 
while that of the poorly humifi ed Sphagnum peat 
(H1-4) on the scale of von Post (1922) deposited 
during the Sub-Atlantic 2500 BP-Present (c. 2600  
cal. yr BP-Present) in mires of both age groups 
9000–7500 BP, (c. 10,000-8300 cal. yr BP) and 
5500–3800 BP, (c. 6300-4200 cal. yr BP) varies 

slightly but is on average the same in both cases, 
2.4 m. Peat accumulation in the mires of Boreal 
origin was less marked during the period of around 
3700 years between the beginning of the Atlantic 
(c. 7500 – 5500 BP, c. 8300-6300 cal. yr BP) and 
the middle of the Sub-Boreal (c. 5500 – 3800 BP, 
c. 6300-4200 cal. yr BP), being of the order of 0.6 
m, of which the better humifi ed Sphagnum peat 
from the early Sub-Boreal accounts for about 0.3 
m (Svahnbäck 1985). The virtually identical peat 
thicknesses in these primary mires of differing 
age imply that peat accumulation and the forma-
tion of the physical mire surface took place only 
during the later part of the Sub-Atlantic, and the 
fi nal outcome is a more or less contemporane-
ous initiation of the string bog phase in both age 
groups. Korhola (1992) has demonstrated that the 
pronounced lateral expansion of the mires during 
the minerotrophic period slowed down from 2000 
BP (1950 cal. yr BP) onwards, and Mäkilä et al. 
(2001) has similarly taken the considerable retar-
dation in peat accumulation in the aapa mire of 
Ruosuo in Pudasjärvi from around 7000 BP (7800 
cal. yr BP) onwards to indicate warm, dry cli-
matic conditions and the subsequent acceleration 
in deposition from around 4000 BP (c. 4500 cal. 
yr BP) onwards to point to a change to damper, 
cooler conditions. According to Clymo (1984), a 
cooler, damper climate exercises its infl uence on 
charcateristics such as plant productivity and the 
proportions of given plant species, and thereby on 
selective peat accumulation and its quantity, via 
thinning of the acrotelma.

Only a few young mires of primary origin that 
date back to c. 2000–1000 BP (1950-900 cal. yr 
BP) are encountered in the coastal area of South-
Western Finland (Tuittila 1981), and these are 
poorly humifi ed, fl at raised bogs consisting main-
ly of treeless Sphagnum bogs and short-sedge 
fens. Here the minerotrophic peat horizon at the 
base is only 0.1–0.2 m thick and the mires have 
not yet had time to reach the stage in development 
at which the fl ow of water brought about by their 
gradient has allowed the string and pool pattern 
typical of string mires to begin to develop.  

Scarcely any remains of the more humifi ed 
peat and woody plant material typical of string 
bogs are to be found among the poorly humifi ed 
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Sphagnum peats deposited in the raised bogs of 
South-Western Finland during the Sub-Atlantic, 
not even in thin horizons (Svahnbäck 1985, 
Tuittila et al. 1988), which indicates that they have 
passed through the fl at raised bog stage and the 
treeless Sphagnum bog and short-sedge fen mire 
types to the point where the true raised bog char-
acter has become established only with the devel-
opment of the typical physical profi le. Thus the 
emergence of an ombrotrophic string bog stage 
has not been directly brought about by climatic 
factors. A survey of the fl at raised bogs and string 
mires of South-Western Finland has shown that 
the formation of the raised bog type and of string 
mires is not directly dependent on the existence 
of climatic conditions that are favourable to the 
growth of Sphagnum mosses, but rather on the 
achievement of a certain stage in physical devel-
opment as a result of growth at which a suffi cient 
gradient is present for the formation of strings. 
Ruuhijärvi (1983) also observed that the strings 
and pools were more clearly marked in the high-
est, best-developed parts of raised bogs, this be-
ing explicable in terms of the greater frost inten-
sity. Korhola et al. (1996) likewise note that the 
strings and pools can differ in age between raised 
bogs and can be regarded as “secondary features”. 
We may thus conclude that the raised bog type 
is a consequence of a certain profi le achieved in 
the course of physical development by virtue of 
which the difference in height between the centre 
of the mire and the marginal slopes enables water 
to fl ow in the direction of the gradient, gradually 
giving rise to a string mire topography and the as-
sociated vegetation. The strings and fl arks on aapa 
mires are similarly a consequence of the string 
vegetation running across the slope and blocking 
the fl ow of water. 

The productivity of a raised bog is fairly high, 
around 390 g/m²/yr, of which woody plants and 
the fi eld layer account for 65% and the ground lay-
er of Sphagnum mosses for 35% (Vasander 1982). 
This is above all a consequence of the highly pro-
ductive occurrence of woody plants and dwarf 
shrubs on the drier string surfaces. Peat accumula-
tion nevertheless remains very low, on account of 
the almost complete decomposition of the woody 
plants and fi eld layer vegetation that account for 

most of this production in the acrotelma of the 
strings. The roots of the woody plants also induce 
microbial activity that leads to the decomposition 
of Sphagnum mosses for their use, so that net ac-
cumulation on the string surfaces is reduced, by 
contrast with the situation at the earlier stages in 
the development of the mire, when the Sphagnum 
bog and short-sedge fen mire types prevailed.

The sloping raised bogs of Northern Satakunta, 
which have developed as a result of the topogra-
phy of the underlying mineral soil, possessed a 
physical gradient at once, as soon as the ombro-
trophic stage began, so that they immediately as-
sumed a sloping character in which the prevail-
ing mire type corresponds to a raised bog. This 
stage may well have existed on such mires since 
the Sub-Boreal, as indicated by their extreme to-
pography, with height differences of 1–1.5 metres 
between the strings and pools (Aartolahti 1965, 
1966).

1.4.1. Pool and string surfaces
The decomposition of peat at the string mire stage 
exceeds its accumulation in places, as may be seen 
from the proportion of unproductive, vegetation-
less or practically vegetationless open pool surfac-
es. Some pool surfaces will support a vegetation 
of S. Cuspidate sect. mosses such as S. balticum 
and S. cuspidatum which are of low productivity 
and whose decomposition is dependent on mois-
ture conditions in the pools, while the latter, in-
cluding complete drying out or complete fl ooding, 
will be governed by meteorological conditions: air 
humidity, rainfall and air temperature. This vari-
ability in water balance combined with the associ-
ated mechanical erosion caused by freezing of the 
pool water will possible promote conditions fa-
vourable to the decomposition of plants and their 
remains and prevent a permanent vegetation from 
becoming established in such places. The bottoms 
of the pools will possible be at more or less the 
same level as the lowermost position of the water 
table, and the latter is frequently capable of ris-
ing between 5 and 50 cm above the bottoms of 
the pools under certain climatic or meteorological 
conditions, forming a practically vegetationless 
body of water, the temperature and oxygenation 
of which can vary considerably.
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The productive part of a raised bog, with 
moisture conditions that support the growth of S. 
fuscum, S. rubellum and S. russowii, for instance, 
consists of the hummocky upper parts of the pools 
as they rise gently towards the distal slopes of the 
strings. Here the peat production or accumulation 
conditions correspond to those in a Sphagnum 
fl ark fen. The peat layers lying beneath the pools 
and strings of the string mires studied in South-
Western Finland are of a highly consistent quality 
in terms of humifi cation (H 3–4), pH, water con-
tent and organic matter, with a mean dry matter 
content of c. 67 kg/m³ (Svahnbäck 1985, Tuittila 
et al. 1988).

The strings on a string mire form continu-
ous longitudinal fl oating Sphagnum moss for-
mations running perpendicular to the gradient. 
Their fl oating character is due to their wet spe-
cifi c gravity, which is lower than that of the ma-
terial lying below the water table; in other words 
the peat has more air contained in its pores when 
above the water table than when below it and will 
not become entirely saturated in spite of the ex-
cellent capillary action to be found in Sphagnum 
peat. The peat in a string is thus denser and more 
compressed as far as its organic material, mainly 
Sphagnum moss, is concerned (Svahnbäck 1985). 
Its degree of humifi cation is H 3–4 as in the satu-
rated layers below it, but its dry specifi c gravity 
is very high, 100–150 kg/m³, relative to the mean 
fi gure for the other layers, 67 kg/m³ .

1.4.2. The growth dynamics of a raised 
bog

It was thought for a long time that the growth of 
a raised bog took place through “cyclic regenera-
tion” (Barber 1981), in which the pool and string 
surfaces took turns in contributing to the increase 
in peat depth, but research has not provided any 
evidence to support that theory.

The following observations and conclusions 
can be arrived at on the basis of the properties of 
the peat deposits in raised bogs and an examina-
tion of their physical surface topology and vegeta-
tional features. The surfaces of the strings that run 
perpendicular to the slope down which the runoff 
water from the mire fl ows themselves slope gently 
in that same direction, as a consequence of the de-

velopment of the mire vegetation (Sphagnum fus-
cum and S. rubellum mosses) under uniform mois-
ture conditions resembling those of a Sphagnum 
bog most markedly, and indeed almost exclusive-
ly, on the distal side of the string. Once this pro-
ductive part of the string comes into contact with 
the pool, the peat type reverts to the S. cuspida-
tum group, which tolerates more variable and ex-
treme moisture conditions. The contact between 
the pool and the next string down the slope is of-
ten an abrupt, almost vertical one, and it is here 
that fl ooding is usually concentrated, so that little 
living, productive vegetation is to be found at this 
contact. This point is also affected by mechanical 
erosion caused by water and ice in the pool, while 
under dry conditions the vegetationless surface is 
prone to aerobic decomposition during the frost-
free period of the year.

A raised bog at a mature stage of development, 
in which an adequate gradient exists, is a typi-
cal example of the above situation, in which the 
strings are constantly “on the move” in the direc-
tion of fl ow, cf. studies of Seppälä and Koutaniemi 
(1985) concerning formations of a string and 
pool topography as expressed by morphology. In 
other words, each string is being eroded and de-
composed at its sharp proximal (upstream) con-
tact while new peat is being formed at its grad-
ual distal contact. Thus the strings and the pools 
between them are constantly “travelling” towards 
the edge of the mire, with the proximal parts of 
the strings being decomposed to give off carbon 
dioxide and the peat deposits being renewed in the 
distal parts, which gradually develop into a new 
string and in turn “move” towards the proximal 
edge. According to Ruuhijärvi (1983), the most 
advanced climax stage of string and pool forma-
tion on a raised bog  need no longer be consistent 
with current climatic conditions.

A large proportion of the raised bogs that have 
developed on fl at clay plains in South-Western 
Finland have only just attained the physical prop-
erties of a string mire, as a consequence of the de-
velopment of an adequate gradient, and thus only 
some of the mires, or parts of mires, have clearly 
distinguishable humifi cation stripes in their lower 
peat layers and tree and dwarf shrub remains that 
tell of the causes and effects of the dynamics of 
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string “movement”. The string stage is older and 
better developed in the case of the sloping raised 
bogs of Northern Satakunta, formed on account of 
the topography of the underlying mineral soil, and 
already represents the typical dynamics of such a 
mire structure. The more advanced dry string sur-
faces that support arboreal plants, on the other 
hand, are again less productive in terms of peat 
accumulation (Vasander 1982), as are the inter-
vening pools, so that a very well developed string 
bog represents a climax stage as far as peat accu-
mulation and height increment are concerned, in 
which the principal accumulation is now confi ned 
to the Sphagnum bog conditions on the distal sides 
of the strings.
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2. Peat properties of mires 

2.1. Peat factors

Peat is a biotic soil type formed as a result of the 
humifi cation of plant remains, the plants con-
tributing to this process being referred to as peat 
factors (Appendix 16 a, b, c). Peats are classi-
fi ed geologically into three groups on the basis 
of the plant remains of which they are formed: 
Sphagnum peats (S), Carex peats (C) and Bryales 
peats (B) (Lappalainen et al. 1984). The nation-
al inventory of peat resources carried out by the 
Geological Survey of Finland has shown that 54% 
of the mires of over 20 ha in area are predominant-
ly composed of Sphagnum peat and 45% of Carex 
peat (Virtanen et al. 2003). Only about 1% of the 
country’s peat reserves are in Bryales-dominated 
mires. A peat type may be composed of species 
from just one of these groups or from a mixture, 
and most peats also contain remains of other mire 
plants, referred to as additional factors, most com-
monly wood fragments (c. 7%) and remains of 
dwarf shrubs (c. 10%), Eriophorum stem bases (c. 
14%), Equisetum (c. 14%) and Menyanthes trifo-
liata (c. 6%) (Lappalainen and Hänninen 1993).

Sedges are characteristic of wet bogs and have 
been the most signifi cant peat-forming agents on 
the Finnish mires, as all the mires will have had 
a sedge vegetation at least initially, at the contact 
with the mineral soil and serving as an indica-
tor of a rich nutrient supply. The plants that form 
Carex and Bryales peat always receive their mois-
ture from the surrounding and underlying miner-
al soils as well as directly from precipitation and 
obtain the nutrients that they need as a result of 
leaching and by extending their roots into these 
soils. This also means that the nature of the sedge 
and brown moss remains in a mire can be used to 
deduce the nutrient and mineral concentrations of 
the runoff water at the time of their deposition. 
As explained by Puustjärvi (1973a), the stem of 
a sedge is capable of conducting air into the root 
system, enabling the roots to penetrate deep into 
the underlying peat. The stems of sedges decom-
pose almost completely, however, so that it is only 
the more resilient root mycelium that remains, to 
become the principal peat-forming factor in the 
case of this group of plants. Thus the contribution 

of the root systems lying below the mire surface 
to the formation of new peat is very much greater 
than that of the above-ground parts of the plants 
in the case of Carex-dominated mires (Saarinen 
1996). It should also be noted that the root myc-
elium of sedges has no water retention capacity 
but simply an ability to conduct water, so that it 
becomes highly compressed if the water table in 
the mire is lowered as a consequence of drain-
ing. Eriophorum, which is also a sedge but oc-
curs mostly in the same areas as Sphagnum peats, 
similarly decomposes effi ciently, leaving only the 
stem base behind, which has the effect of making 
the Sphagnum peat more permeable to water.

Sphagnum mosses receive their water supply 
almost entirely from precipitation, so that the peat 
that they form is poor in nutrients. Some enrich-
ment takes place in the course of humifi cation, 
however, so that moderately well or well humifi ed 
Sphagnum peat contains similar amounts of nutri-
ents to Carex peat. Finland has about 40 species of 
Sphagnum mosses (Eurola and Kaakinen 1978), 
the characteristics of which include the fact that 
they are continuously growing at their upper tips 
and dying off in their lower parts, leaving cellular 
tissues that retain their form even under dry condi-
tions and are capable of absorbing and conducting 
water even when forming a dead cell mass within 
peat. This absorption capacity is thus not a phys-
iological property of the plant but a purely me-
chanical process by which water can be raised as 
much as half a metre above its free-standing level 
through capillary action The pore volume of poor-
ly humifi ed Sphagnum peat amounts to about 95% 
of its total volume, giving it a specifi c surface area 
of as much as 200 m²/g and a water absorption ca-
pacity of 600–800 l/m³ . Its chemical composition 
consists of macromolecular organic compounds, 
cellulose, hemicellulose, proteins, waxes, resins, 
lignin and humus material that is more diffi cult to 
defi ne precisely, and the proportions of these alter 
as it become humifi ed, with that of humus mate-
rial increasing (Puustjärvi 1973b). The humic ac-
ids acting as hydrous colloids in acid Sphagnum 
peats give the peat a soapy, slippery consistency, 
but these become lumpy upon drying out and sub-
sequently re-absorb water only to a very limited 
extent (Päivänen 1982).
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2.2. Humifi cation of peat  

The degree of humifi cation of peat, which is com-
posed primarily of cellulose, hemicellulose and 
lignin from the plants contributing to its forma-
tion, is customarily defi ned on the scale proposed 
by von Post (1922), ranging from H 1, represent-
ing entirely undecomposed remains, to H 10, rep-
resenting a fully decomposed, amorphous bio-
mass (Appendix 16 a, b). The von Post method is 
based on visual observation and the squeezing of 
peat samples in the hand with observation of the 
colour of the water issuing from them, the amount 
of peat escaping between the fi ngers and the elas-
ticity of the peat remaining in the hand. The de-
composition of peat, its increased humifi cation 
and the consequent production and release of car-
bon dioxide (CO²) and methane (CH4) are the re-
sults of processes of microbiological destruction 
of the plant cells that are referred to collectively 
as chemical decomposition (Päivänen 1982). The 
microbiological destruction of organic matter in 
the aerobic acrotelma of a mire is brought about 
by the action of fungi, aerobic bacteria and soil or-
ganisms, constituting a biologically active process 
of humifi cation of the peat in which a small part of 
the plant material is eventually transformed into 
actual humus. Humifi cation of the peat is far more 
pronounced in this aerobic surface layer known as 
the acrotelma than in the underlying anaerobic 
part of the mire, the catotelma, the boundary be-
tween the two being dependent on the water ta-
ble. The lignin from the woody plant remains in 
the peat is slow to decompose and thus increases 
in proportion in well humifi ed peat relative to the 
comparatively rapidly decomposable cellulose 
and hemicellulose. The penetration of the root 
systems of sedges deep into the anaerobic peat 
horizon gives rise to increased anaerobic decom-
position within the plant remains and causes the 
release of methane (CH4). The roots themselves 
remain practically undecomposed, however, and 
thus form the principal constituent of Carex peat. 
The humifi cation that takes place under anaerobic 
conditions in the catotelma, in the absence of soil 
organisms, is slower (Hartikainen 2003) and is de-
pendent on the decomposing action of anaerobic 
bacteria on the plant material.

The decompositional activity taking place 
within the vegetation of mires that are in a natural 
state is slow by comparison with that in drained 
peatlands or aerated mineral soils, on account of 
the thin acrotelma and consequent limited extent 
of aerobic conditions, and these unfavourable cir-
cumstances for humifi cation lead to the accumu-
lation of varying quantities of organic matter, de-
pending on the mire type (trophic and moisture) 
and its stage of development, factors which af-
fect the water balance in the mire surface and the 
thickness of the acrotelma.

The changes in moisture conditions, tem-
perature, oxygen balance and vegetation brought 
about by the ditching of a mire and the consequent 
drop in the water table give rise to aerobic condi-
tions that promote microbial activity and improve 
decomposition, as a result of which the degree of 
humifi cation and the quantity of humus contained 
in the peat both increase in the aerobic layer. The 
microbial fauna is of considerable importance for 
the nutrient cycle of the plants growing on a mire, 
as these organisms break up the carbon com-
pounds and release carbon dioxide. whereupon 
the decomposing organic matter in the mire acts 
as a reserve of plant nutrients and of raw materials 
for the synthesis of humus. As the plants decom-
pose and the process of humifi cation advances, 
varying quantities of nutrients and inorganic salts 
are released and enriched in the peat, depending 
on the character of the plants concerned and the 
external conditions, and these become available to 
the new plants growing on the mire (Hartikainen 
2003), which are often woody plants.

Alongside chemical decomposition, the plant 
remains in the peat of a mire often undergo me-
chanical destruction, e.g. under the infl uence of 
soil organisms and the processes of freezing and 
thawing of the soil water. Thus Puustjärvi (1973a) 
recognises among the structural units in peat, de-
fi ned in terms of their degree of humifi cation, a 
category of primary features generated by the 
mechanical destruction of plant material, among 
which pine bark, birch bark, the roots of sedges, 
the stem bases of Eriophorum and the stems and 
roots of Equisetum are the most resilient and thus 
constitute the most signifi cant sources of organic 
matter for peat formation alongside the Sphagnum 
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mosses.
Conditions on peatlands become favourable 

for the growth of tree stands and woody plants 
once the drop in the water table has reduced the 
degree of water saturation of the peat horizon to 
the point where at least 10% of the pore volume is 
occupied by air. The stem volume of the tree layer 
and the corresponding quantity of roots of woody 
plants together form the most signifi cant factor 
explaining the decomposition of organic matter 
(Kurka 2000). The research of Kurka into cellu-
lose decomposition paid attention not only to the 
traditional climatic variables but also to the infl u-
ence of the arboreal vegetation, including evapo-
ration of the water bound in this vegetation, actual 
transpiration and actual total evaporation, and was 
able to demonstrate a clear connection between 
tree layer factors and both increased microbial ac-
tivity in forest land and peatlands and increased 
decomposition of organic matter, pointing to a 
state of equilibrium between decomposition and 
tree growth (Kurka 2000).

The peats of the tree or dwarf shrub-domi-
nated mire types are characterized by pronounced 
decomposition of mire plant remains as a conse-
quence of increased tree root volumes, followed 
by higher degrees of humifi cation of the underly-
ing peat. As observed by Kurka (2000), the humi-
fi cation of peat in the aerobic acrotelma is specif-
ically a consequence of microbiological activity 
brought about by the roots of woody plants, i.e. 
trees, bushes and dwarf shrubs, as an aerobic state 
as such is not suffi cient to achieve this. Almost 
all mires have had several periods of drier condi-
tions of the above kind in the course of their devel-
opment, conditions that have led to phases of the 
vegetation succession that have featured woody 
plants and consequently the enhanced microbio-
logical decomposition activity that is brought 
about by their root systems, leading to better hu-
mifi ed peat horizons. Thus an increase in the de-
gree of humifi cation of the peat in a mire may be 
said to presuppose fi rst a drop in the water table, 
creating an aerobic acrotelma, and then an inva-
sion by woody plants. It is only after this that the 
active decompositional microbial activity associ-
ated with the roots of such plants can be promoted 
in the peat layer. The appearance of woody plants 

is especially important as a factor leading to the 
activation of humifi cation processes in the case of 
poorly humifi ed Sphagnum mires.

Although varying numbers of peat horizons 
of different degrees of humifi cation can be en-
countered in mires (Appendix 16 b), there is a cer-
tain regularity in humifi cation to be observed in 
raised bogs in particular, since their development 
has been dependent on climatic history. Thus the 
mire of Persänsuo in Mellilä, which was already 
at the ombrotrophic Sphagnum stage during the 
Atlantic period, contains evidence of the warm-
ing of the climate at that time in the form of better 
humifi ed horizons containing clear signs of dri-
er conditions and of an increase in the tree lay-
er (Ikonen 1993). The subsequent cooling of the 
climate and increased moisture in the Sub-Boreal 
then initiated the invasion of Sphagnum onto the 
present-day raised bogs, although the trees were 
still of some signifi cance as mire plants at the be-
ginning of this phase on account of the relative 
proximity of the minerotrophic contact. Thus the 
presence of a tree cover during the fi rst millen-
nia of the Sphagnum phase may be detected in the 
raised bogs of South-Western Finland in the form 
of woody plant remains in the peat, for instance, 
and above all in the moderately or well-humifi ed 
nature of the Sphagnum peat. As the Sub-Boreal 
proceeded the raised bogs reached the point at 
which the woody plants lost their minerotrophic 
contact and the ensuing ombrotrophic conditions 
made it virtually impossible for them to survive. 
Thus the raised bogs of South-Western Finland 
have a fairly consistent 2.0-3.0 m thick layer of 
poorly humifi ed Sphagnum peat (mean H 3.2) on 
the top (Tuittila et al.1988) which has been de-
posited mostly in the Sub-Atlantic, during the last 
2500 years, while fi rst the poor fen mire types and 
later also the raised bog types predominated. 

The degrees of humifi cation of the peats in 
the aapa fens have similarly been infl uenced by 
the water balance at the various stages in their de-
velopment and the infl uence of this on the vegeta-
tion and on the occurrence of sedges and woody 
plants. The varying effects of land uplift on the 
water balance in mires have also infl uenced the 
growth of arboreal species and have thereby led to 
individual and irregular patterns of decomposition 
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and humifi cation in the peat. On the other hand, 
the wet, treeless sedge fen stages that have devel-
oped with increasing peat depth have only few 
wooden remains in the Carex peat layers of aapa 
mires (Virtanen et al. 2003) and  have also given 
rise to conditions conducive to anaerobic decom-
position. As on the Sphagnum mires, the poor fen 
mire types have also prevailed on the aapa fens 
during the last 3000 years, with the consequence 
that their peat deposits have on average lower de-
grees of humifi cation than do the peats of the mire 
types underlying them, which were formed as a 
consequence of the paludifi cation of forested land. 
All in all, the same regularities linked to the major 
climatic periods as are observed in the raised bogs 
cannot be detected in the humifi cation of the peat 
layers of the aapa fens, as topographical features 
and land uplift have infl uenced their water balance 
in highly individual ways, and thereby also their 
peat formation and trends in vegetation and peat 
humifi cation. It is mostly the poor fen mire types 
that represent wet peat formation conditions with 
low rates of humifi cation, while the mire types 
with a better developed tree layer, representing the 
paludifi cation of forests, are indicative of partly 
drier conditions and better humifi ed peats.

Regarding the degrees of humifi cation of the 
peats in general, it may be said that any change 
to drier conditions, whether on account of mac-
roclimatic factors, runoff conditions, changes in 
surface topography as a result of the development 
of the mire (e.g. the formation of hummocks, mar-
ginal slopes etc.), or ditching, will have promot-
ed the growth of woody plants, followed by more 
pronounced humifi cation of the peat on account 
of the formation of an active root layer in the sur-
face horizon.

It may be said that the decomposition of plant 
remains in a Sphagnum mire is most pronounced 
under the aerobic conditions that prevail in the 
surface horizon and minimal under the anaerobic 
conditions below the water table. Some anaerobic 
decomposition nevertheless takes place in anaero-
bic Carex peat horizons, leading to the discharge 
of methane into the atmosphere through the peat 
deposit. The roots of Carex rostrata in particular 
penetrate deep into the peat and are able to pro-
vide a means by which the methane can reach 

the surface, and it would be worth investigating 
whether these roots can activate anaerobic and 
aerobic decomposition deeper down in the peat 
and thus stimulate a fresh increase in humifi cation 
in older horizons.

2.3. Peat accumulation and the ac-
cumulation / production ratio in 
mires

Climatic factors have played a particularly impor-
tant part in the formation, development, plant spe-
cies composition and degrees of peat humifi cation 
in mires, and thereby on peat accumulation. As 
noted by Laine and Minkkisen (1996), the nutrient 
supply in a mire, i.e. its trophic status, is not mani-
fested particularly clearly in terms of production 
but rather in terms of the diversity of production 
and of the mire vegetation, as the vegetation on 
nutrient-poor mires is adapted to making effi cient 
use of the limited supplies available.

A high water table is a signifi cant factor for 
peat accumulation, as according to Laine and 
Minkkinen (1996), the crucial factor for carbon 
sequestration is the length of time for which the 
litter is retained in the acrotelma, the area of ef-
fi cient decomposition, before dropping to great-
er depths, where anaerobic conditions prevail. On 
the other hand, an increase in the productivity of a 
mire type through a rise in the proportion of trees 
and other woody plants will detract from peat ac-
cumulation. When evaluating peat accumulation 
in the course of post-glacial climatic history it 
may be noted that factors such as precipitation, 
temperature and consequent evaporation, togeth-
er with the effects of these on the water table, 
have predominated, in the sense that if a climatic 
change has improved conditions for the growth of 
woody plants (by lowering the water table) peat 
accumulation has decreased, whereas if it has de-
tracted from the living conditions of such plants 
(by raising the water table) peat accumulation has 
increased.

The peat deposits in Sphagnum-dominated 
raised bogs developed fairly evenly during the pe-
riod of gradual cooling that followed the climatic 
optimum in South-Western Finland, and the water 
table is nowadays very close to the mire surface, so 
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that the degree of humifi cation of the Sphagnum 
peat is low and varies very little, from H 2–3 at the 
surface to H 3–4 in the lower horizons. Similarly 
the typically higher dry matter concentrations in 
the peats of the strings that were formed at earlier 
stages in the development of the mire (100–150 
kg/m³) have become evened out in the horizons 
below the water table as a consequence of the pore 
water to give a fi gure close to the mean western 
Finland dry matter content of 67 kg/m³ (Tuittila 
et al. 1988; also  Stén and Svahnbäck 1984, 1985, 
1988, Ikonen 1993).

The investigations of Svahnbäck (1985) cov-
ering about 200 mires of depth more than 2 me-
tres located on fl at clay plains in South-Western 
Finland, a total mire area of about 15,000 ha, 
showed the history of these mires to have been de-
pendent chiefl y on climatic and vegetational fac-
tors, so that external runoff water had scarcely had 
an effect on the course of their development. Peat 
accumulation in these mires over the last 2500 
years was shown to have been 69 g/m²/yr (corre-
sponding to a carbon of 34 g C/m²/yr), while the 
mean degree of humifi cation of the peat was H 
3.5, the dry weight by volume 67 kg/m³ and the 
mean thickness of the peat deposit 2.4 metres. 
The nature of the plant remains suggested that 
the predominant mire types had been a Sphagnum 
bog and a short-sedge fen, both with a productiv-
ity of about 120 g/m²/yr (Vasander 1982). Thus 
peat accumulation over the period of 2500 years 
can be estimated to have corresponded on aver-
age  60% of the typical production of these mire 
types. Mean peat accumulation in the lower hori-
zons, those representing a mean interval of about 
4500 years covering the Sub-Boreal and Atlantic 
periods (6900 - 2400 BP, c. 7700-2400 cal. yr BP) 
was 25 g/m²/yr (approx. 12.5 g C/m²/yr), while 
mean peat humifi cation was H 5.7, dry weight by 
volume 95 kg/m³ and the mean thickness of the 
horizon 1.2 metres. It was estimated that the pro-
ductivity of the partly minerotrophic mire types 
that prevailed during the Atlantic and part of the 
Sub.Boreal was at least 350 g/m²/yr, suggesting 
that peat accumulation during the interval in ques-
tion had been no more than about 5%.

According the work of Svahnbäck (1985), 
see also Clymo (1984), one can image that any 

increase in the degree of humifi cation of peat has 
a close negative correlation with dry matter accu-
mulation (g/m²/yr) and an extremely close nega-
tive correlation with the ratio of peat accumula-
tion to peat production i.e. peat accumulation is 
far more strictly regulated by decomposition with-
in the mire than is peat production. Later research 
has similarly placed emphasis on the signifi cance 
of decompositional activity for peat (carbon) ac-
cumulation (Tolonen and Turunen 1996, Korhola 
et al. 1996, Mäkilä 1997, Mäkilä et al. 2001).

Tolonen and Turunen (1996) calculated that 
the long-term apparent rate of carbon accumu-
lation (LORCA=LARCA) in the peat horizons 
of Finnish mires in a natural state during the 
Holocene has been 18.5 g C/m²/yr, with a fi g-
ure of 17.3 g C/m²/yr for aapa mires separately 
and 26.1 g C/m²/yr for raised bogs. The studies 
by Turunen (1999) showed an increase in carbon 
accumulation (LORCA) in the peat horizons that 
were younger than 5000 years by comparison with 
older ones. His fi gures for recent apparent rate of 
carbon (peat) accumulation in the surface hori-
zons of mires (RERCA) vary in the range 11.8–
290.3 g C/m²/yr, and are thus very much higher 
than the above mean (LORCA), while depos-
its that are over 1000 years in age tends to have 
fi gures that approach the mean LORCA values. 
Turunen (1996) maintains that the high carbon ac-
cumulation values obtained for the younger sur-
face horizons represent a temporary phenomenon 
related to the development of the mire and cannot 
be taken as indicating that peat accumulation is 
greater now than in earlier times.

  On the other hand, Mäkilä et al. (2001) 
claims that the carbon accumulation fi gures for 
aapa mires given in earlier reports (including 
Tolonen and Turunen 1996) have been too high, 
giving a mean of 15.1 g C/m²/yr. His mean fi gure 
for the 8000 years’ duration of the development 
of the mire of Ruosuo in Pudasjärvi is 8.0 g C/
m²/yr, with variations between 2000-year periods 
in the range 4.5–10.0 g C/m²/yr. This would sug-
gest a slightly lower  rate of accumulation, of the 
same order as in the 1.2 m thick horizons of mires 
in South-Western Finland (12,5 g C/m²/yr.) with a 
mean humifi cation of H 5.7 that represent mainly 
the transition from minerotrophic to ombrotroph-
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ic conditions, in the time interval 6900–2400 BP 
(7700-2400 cal. yr BP) (Svahnbäck 1985). It has 
nevertheless been estimated that true or net rate 
of accumulation (ARCA) fi gures for mires are 
only about 2/3 of those recorded for earlier de-
posits (LORCA), as some decomposition of plant 
remains is taking place constantly in the anaero-
bic horizons below the mire surface (Tolonen and 
Turunen 1996).

2.4 Energy content of peats

As has been concluded in earlier investigations 
(Sallantaus 1983, Rönkkömäki 1994, Klöve 1997) 
and will be explained here, the properties of the 
peats in mires affect the concentrations of certain 
substances in the runoff water from peat mining 
areas and also the carbon content (C), calorifi c 
value (MJ/kg) and energy content (MWh/m³) of 
the peat (Mäkilä 1994). 

In addition to peat properties, the energy con-
tent of a mire is affected most markedly by the wa-
ter content of the peat, for as this increases the dry 
matter content decreases, and vice versa. The sur-
vey of 49,953 peat samples from all over Finland 
published by Mäkilä (1994) showed the depend-
ence of energy content on humifi cation grade to 
be more signifi cant in the case of Sphagnum-dom-
inated peats (0.51) than Carex-dominated ones 
(0.24), while no dependence could be observed in 
the case of pure Carex (0.09) or Sphagnum-Carex 
peats (0.14). The highest energy content of the dry 
matter per m³ was recorded for Carex-Sphagnum 
peat (mean 0.58 MWh/m³) and Sphagnum-Carex 
peat (mean 0.57 MWh/m³) and the lowest for 
Sphagnum peat (mean 0.39 MWh/m³). These fi g-
ures represent means for an extensive body of data 
covering the whole country (Mäkilä 1994), and it 
should be remembered that variations even with-
in the same peat types can be as much as 2-fold, 
mostly on account of differences in water vs. dry 
matter content and to a lesser extent differences 
in humifi cation. Mäkilä maintains that the energy 
content of a peat (MWh/m³) is highly signifi cant-
ly dependent (-0.94) on its water content (%) and 
similarly (0.97) on its density (dry matter kg/m³).

Although no correlation (0.16) was observed 
between the calorifi c value of Carex or Bryales-
dominated peats (MJ/kg) and their degree of 

humifi cation, a highly signifi cant correlation 
(0.61) was found for Sphagnum-dominated peats 
(Mäkilä 1994). The carbon concentration in a peat 
increases with humifi cation, and this will increase 
its calorifi c value, but in the case of Carex and 
Bryales peats the ash content will increase still 
more markedly, detracting from the calorifi c val-
ue. Mäkilä also records highly signifi cant correla-
tions between calorifi c value and carbon content 
(0.88) and between humifi cation grade and car-
bon content (0.74), a situation which also holds 
good for Carex-dominated peats in the former 
case (0.81) but not in the latter (-0.04).

Carex and Sphagnum peats vary in their calo-
rifi c values, just as the extent of the rise in calo-
rifi c value brought about by an increase in humifi -
cation varies between these peat types on account 
of the physiological differences between sedges 
and Sphagnum mosses. Thus Mäkilä (1994) re-
ports a mean calorifi c value of 19.1 MJ/kg, for 
Sphagnum-dominated H 3 peat, 20.1 MJ/kg for H 
4, 20.8 MJ/kg for H 5, 21.3 MJ/kg for H 6 and 
22.2 MJ/kg for H 8, and correspondingly 21.0 MJ/
kg for Carex-dominated H 3 peat, 21.1 MJ/kg for 
H 4, 21.3 MJ/kg for H 5, 21.5 MJ/kg for H 6 and 
21.9 MJ/kg for H 8.

The calorifi c value of 19.1 MJ/kg obtained for 
H 3 Sphagnum-dominated peats may be regarded 
as low for the purposes of fuel peat production, so 
that it may not be profi table to exploit deposits of 
exclusively this category in all cases. On the other 
hand, poorly humifi ed Sphagnum peat of this kind 
is frequently found in a layer of varying thick-
ness on the surface of the mire, so that it can be 
made use of as horticultural peat or poorer qual-
ity fuel peat simply in order to uncover the hori-
zons of better fuel peat lying below it. The cor-
responding value for H 3 Carex-dominated peat, 
21.0 MJ/kg, is in any case adequate for the com-
mencement of fuel peat mining. It should also be 
noted that where the difference in calorifi c value 
between Sphagnum-dominated peats of humifi ca-
tion grades H 4 and H 6 is 1.2 MJ, i.e. 5.6%, the 
difference between the two ends of the humifi ca-
tion scale, H 3 and H 8 for Carex-dominated peats 
is only 0.9 MJ, or about 4%. In terms of calorifi c 
value it may in any case be said that all peats of 
humifi cation grade H 4 or above are adequate for 
use in fuel peat production, and that Carex-domi-

LASSEDsarja_taittopohja B5.indd   25LASSEDsarja_taittopohja B5.indd   25 8.11.2007   13:26:018.11.2007   13:26:01



26

nated peats at all degrees of humifi cation at which 
they are commonly found are well suited for this 
purpose.

Peat producers have criticized research into 
questions of runoff and leaching on the grounds 
that the peat types that cause the least loading of 
the runoff water from mining areas are so poor 
in terms of energy content that their exploitation 
as fuel peats is not a commercially viable propo-
sition. The above fi ndings of Mäkilä (1994) and 
the conclusions reached from these nevertheless 
suggest that there is a striking similarity between 
peat types in terms of calorifi c value, without any 
very pronounced differences. The principal as-
pects to be taken into account when planning the 
use of mires for peat production would therefore 
appear in the light of that research to be the peat 
type and humifi cation grade and the consequent 
amounts of given substances that are likely to be 
washed out of the peat, which will affect the ex-
tent of loading of the associated watercourse, as 
these are matters of importance in their own right 
but do not signifi cantly detract from the energy 
content of the resulting peat product, nor do they 
signifi cantly increase production costs.

2.5. Estimation of the carbon 
balance in mires and at peat 
production sites

The Finnish mires have been acting as carbon 
sinks for the whole post-glacial period of some 
11,000 years. The minor extent of plant decom-
position and the accumulation of this material in 
the form of peat are the consequences of condi-
tions that are unsuited to microbial activity and 
the resulting decomposition of plant detritus. The 
plants belonging to the mire ecosystem effectively 
bind carbon from carbon dioxide in the course of 
their photosynthesis and preserve it in the form of 
peat, while returning some of the carbon dioxide 
(CO²) bound in the vegetation to the atmosphere 
through the aerobic microbial activity and plant 
respiration taking place in the acrotelma. At the 
same time methane (CH4), nitrous oxide (N²O) 
and nitric oxide (NO) are released into the atmos-
phere from the anaerobic catotelma, particularly 
from peat horizons formed from more nutrient-
rich moist sedge stands. 

Carbon accumulation in the peat of mires 
has not taken place evenly over the whole of the 
Holocene, as it was very much less marked during 
the warm Atlantic period and at the beginning of 
Sub-Boreal period than in the preceding and fol-
lowing periods, in spite of the high biomass pro-
ductivity at that time, because of the accelerated 
rate of decomposition (Svahnbäck 1985, Korhola 
et al. 1996, Tolonen and Turunen 1996, Turunen 
1999, Mäkilä et al. 2001). Conversely, peat accu-
mulation, and thereby carbon sequestration, in-
creased fairly steadily at the transition from the 
Sub-Boreal to the present Sub-Atlantic, especially 
in Sphagnum mires, reaching its present consist-
ently high level during the Sub-Atlantic.

 The long-term accumulation of carbon in a 
mire in the form of peat can be estimated if the 
age of the peat deposit and its carbon content, 
which is about 50% of dry weight, are known. 
Accumulation is known to be 3–4 times greater 
per unit area in the young surface peat that in the 
older horizons on average ( Tolonen and Turunen 
1996), and is dependent mainly on the conditions 
under which the peat was deposited (the climate 
and stage in development of the mire) and on the 
related questions of the peat type and its charac-
teristics. Sphagnum mosses, for example, are pre-
served well and deposited rapidly on account of 
their biological characteristics and the thinness 
of the acrotelma, whereas the only plant remains 
in Carex peat to be preserved well are the roots, 
which penetrate deep into the anaerobic peat ho-
rizon. Sedges and Eriophorum have the ability to 
conduct oxygen into the anaerobic peat by means 
of their roots, leading to the oxygenation of meth-
ane, and they are also able to conduct methane 
from the anaerobic layer to the surface through 
their roots and release it into the atmosphere 
(Shannon et al. 1996, Frenzen and Rudolph 1998, 
Minkkinen and Laine 2001). Methane can also be 
released through diffusion and by bubbling from 
waterlogged surfaces. Korhola et al. (1996) also 
maintain that mires at the Carex stage can func-
tion as instruments for the conversion of the car-
bon dioxide bound in peat to methane.

Peat accumulation and the binding of carbon 
and its re-release into the atmosphere have been 
in the past, and to a great extent continue to be, 
dependent on the prevailing climatic conditions, 
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the degree of development of the mire and the in-
fl uence of these factors on its trophic status, wa-
ter balance and vegetation. Thus it is impossible 
to say whether the age and stage of devolopment 
of the mire and its peat has any decisive infl uence 
on the accumulation of carbon or the rate of peat 
deposition, but rather accumulation and deposi-
tion will have been infl uenced principally by the 
climate and mire conditions that infl uenced the 
acrotelma at the time when the plants that have 
formed the peat were growing there (Clymo 1984, 
Svahnbäck 1985, Korhola et al. 1996).

The ditching of wet, eutrophic Carex mires 
causes a marked lowering of the water table 
and leads to a considerable stimulation of forest 
growth, which has the effect of lowering the water 
table still further. In these cases the earlier more 
pronounced release of methane (CH4) from the 
peat brought about by anaerobic decomposition 
under conditions favourable to sedges tends to be 
slowed down. On poor Sphagnum mires, on the 
other hand, ditching does little to lower the water 
table, on account of the moderate level of capil-

lary action in the mosses. It has been estimated 
that the carbon sink in the biomass of a Carex 
pine mire, a commonly occurring mire type fre-
quently drained for forestry purposes, will have 
increased ten-fold fi fty years after draining. The 
increased biomass is nevertheless derived entirely 
from the growth in the stem volume and roots of 
the trees, which is only a temporary phase in the 
carbon sink function of the mire. The productiv-
ity of the principal peat-forming plants, the sedges 
and Sphagnum mosses, and of the dwarf shrubs 
decreases correspondingly to practically nil with-
in 20-50 years of ditching (Minkkinen and Laine 
1998, fi g. 1). The ditching of mires, the resulting 
drop in the water table and the almost complete 
alteration in the vegetation to domination by trees 
and other woody plants naturally also affects the 
characteristics of the peat, including its humifi ca-
tion grade and nutrient concentrations.

Research has shown that the stem and root 
volumes of the trees and other woody plants dis-
play a close positive correlation with the extent 
of decomposition in the peat layer, on account of 

Figure 1. Secondary succession after drainage of a tall sedge pine fen site (oligotophic nutrient status).  
Specialized fl ark-level mire species disappear and forets species gradually gain dominance. Dynamics of forest 
mosses, such as Pleurozium schreberi (Brid.) mitt., closely follow that of tree stand and forest dwarf shrubs 
(Redrawn after Laine, Vasander & Sallantaus 1995) Laine and Minkkinen 1998. 

Time since drainage (years)
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the improvement in microbiological decomposi-
tion conditions (Kurka 2000). The tree roots are 
located almost entirely at the level at which the 
most pronounced microbiological activity takes 
place, so that they become subject to the same 
decomposition effects as the previously deposit-
ed “old” peat, which, as a result of ditching, has 
become the soil in which the trees are now grow-
ing. Empirical observations in peat cores obtained 
from forests located on drained mires have shown 
pronounced decomposition of the peat within less 
than half a century of draining, so that values of 
H 6–8 have been recorded for the topmost 0.5 me-
tres whereas the peat immediately below this lay-
er, which has been unaffected by either drainage 
or the spread of the tree roots, has remained at a 
humifi cation of H 3–4. Also, the gradually humi-
fying surface material which favours the growth 
of trees and dwarf shrubs has been found to con-
tain remarkably few remains of woody plant ma-
terial, on account of this higher rate of decompo-
sition. It must also be remembered that increased 
decomposition and humifi cation of peat inevitably 
means the release of carbon into the atmosphere. 
The trees growing on the mire obtain their nutri-
tion from the already deposited peat and the nu-
trients that have become enriched in it as a result 
of further humifi cation. According to the fi ndings 
of the “Greenhouse impact of the use of peat and 
peatlands in Finland” research programme of the 
Finnish Forest Research Institute (Metla 2007), 
coordinated by J. Laine, silvicultural measures 
carried out on mires have signifi cantly altered the 
greenhouse gas economy of their ecosystems. 

Ditching and the increased tree cover have led 
to a reduction in methane emissions, but the low-
ering of the watertable would appear to have led to 
a negative carbon dioxide balance, causing the re-
lease of some 6-17 tn/ha/yr of CO² (Metla 2007), 
clearly depending on the increasing trophic status 
of the mire, corresponding some 248-515 g CO² 
-C m²/a. (Minkkinen et al. 2007 ). The soil CO² 
emissions on afforested organic soil cropland, i.e., 
peatland sites that have agricultural history (207 to 
539 g CO²-C/m²/a) and on cutway peatlands (276 
to 479 g CO²-C/m²/a) were on the same magnitude 
or slightly higher (Mäkiranta et al. 2007).  Given 
a long-term rate of carbon accumulation in the 
Finnish mires of approx. 20 g C/m²/yr (Korhola 

and Tolonen 1998), the present-day release of car-
bon  from the ditched mires (5.7 mill. ha) through 
decomposition of the peat biomass (Minkkinen et 
al. 2007).  at rates 12-25 times those at which it 
accumulated, can be regarded as implying a sig-
nifi cant change in the natural balance of biomass. 
The published information (Metla 2007) never-
theless states that the overall balance appears still 
to be positive on account of the amounts of car-
bon dioxide bound by the resulting peatland for-
ests and estimates that these forests may continue 
to function as carbon sinks in the future as their 
tree cover develops further.  

Since the trees will eventually be removed 
from the area by felling and the felling waste will 
decompose rapidly under the prevailing aerobic 
conditions, the tree roots may well be the only ac-
tual woody plant part to contribute to peat forma-
tion on the mire, and even in their case only the 
most resilient ligneous parts are likely to survive 
the intense microbiological activity in the acrotel-
ma and become peat-forming factors in the course 
of time.

Sallantaus (1983) reports that each of the 
mires he studied had its own typical concentra-
tion of soluble organic matter and that the con-
centrations typical of the organic substances were 
clearly dependent on the properties of the peat-
land concerned. Thus one can very well assume 
that one consequence of the increased humifi -
cation in the acrotelma resulting from effi cient 
ditching of mires for forestry purposes and the in-
vasion of such areas by trees will be an increase 
in the amounts of organic substances in the runoff 
water. These concentrations, expressed in terms of 
chemical oxygen demand (CODmn), were 59–130 
mg/l, which would correspond to an leaching of 
organic substances; 20–48 g/m², or 200–480 kg/
ha/yr. Likewise Klöve (1997) calculates the to-
tal annual runoff of dissolved organic substances 
from a Carex peat production area with a humi-
fi cation grade of H 4 to be 24–42 g/m², or 240–
420 kg/ha.  We may thus conclude from the above 
studies that the ditching of a mire for forestry pur-
poses or for peat production will increase the run-
off of dissolved organic substances to the extent 
of a total annual negative carbon fl ux of approx. 
10–24 g C/m². 
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The conclusion may be reached on the basis 
of the research results quoted above that success-
ful ditching for forestry purposes that increases 
tree growth will cause peat layers accumulating 
from the remains of mire plants and acting as car-
bon sinks to serve purely the function of a sub-
strate for tree growth. This will lead to decompo-
sition in the surface horizon of the old peat de-
posit and the direct release of carbon dioxide into 
the air in greater quantities than those bound in 
the mire in the form of peat factors (Fig. 2). In ad-
dition, the humifi cation of peat as a consequence 
of draining and the increment in stem volumes 
and the accompanying increased leaching of dis-
solved organic substances will further contribute 
to the negative carbon balance. It should similarly 
be noted that the use for peat production of mires 
that have been ditched for forestry purposes and 
later subjected to felling will lead to greater load-
ing of the associated watercourses with leached 
substances than would be the case with mires in 
a natural state, on account of the more advanced 
humifi cation of the surface peat layer.

As carbon accumulation and the carbon diox-
ide balance in a mire ditched for afforestation are 

negative, one consequence may well be the grad-
ual disappearance of the peat deposit as CO² is re-
leased into the atmosphere and the soluble organic 
material is leached from the area in the runoff wa-
ter. The carbon dioxide balance of a forest grow-
ing on peat soil is comparable to that of a forest on 
mineral soil, in which the production and decom-
position of organic matter are more or less equal. 
It should also be noted that the majority of the car-
bon contained in timber gathered from the forests 
for industrial or energy generation purposes is re-
leased into the atmosphere in the form of carbon 
dioxide within 5 years of harvesting. The amount 
of carbon bound in the mires of Finland has been 
calculated to be 5,600 mill. tonnes (Minkkinen 
1999), which is about 8.5-fold greater than the 
amount bound in the country’s forests, 0,650 mill. 
tonnes (Kauppi et al. 1997). The signifi cance of 
the 5.7 million hectares of drained mires in terms 
of the release of previously bound carbon into the 
atmosphere involves a process that will continue 
into the future, the progress of which can be mod-
elled mathematically with a fair degree of accu-
racy. Also, the release of carbon from peatlands 
drained for forestry in the form of carbon dioxide 

Figure 2. Dynamics of the carbon stores of a tall sedge pine fen site (oligotrophic nutrient status) during the 
300 yaers after drainage. Total carbon stores: Undreined mire (green lines) Drained, production forestry (blue 
line). Drained, untreated tree stands (brown line)  Tree stand  lines are shown as a difference between the total 
(continuos line) and peat store lines (dashed line) (Redrawn after Laine & Minkkinen 1996) Laine and Minkkinen 
1998. 
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is a self-perpetuating process, on account of the 
effects of tree growth, stem volume growth, evap-
oration and increased microbial action. It would 
nevertheless be possible to return mire areas to a 
positive carbon dioxide balance gradually, and in 
places fairly rapidly, by restoring the mires and 
ensuring a rise in their water tables.

No research has yet been carried out, howev-
er, to assess how much in terms of decomposition 
activity in the acrotelma and the release of carbon 
from the growth medium is called for and brought 
about in order to achieve 1 m³ of tree growth on 
various forms of ditched peatlands. Information 
of this kind would allow us to go on to calculate 
the time for which a ditched mire and its peat de-
posit could serve as a peat-based forest growth 
medium before a minerotrophic contact was cre-
ated and the substrate had reverted to the status of 
a mineral soil.

As the carbon bound in the growing stock and 
the carbon balance in this case are to a great extent 
comparable to the carbon cycle in a forest grow-
ing on mineral soil, this aspect should be treated 
as an entity of its own in the carbon cycle of for-
ests growing on mires, and likewise the release of 
carbon from a ditched and forested mire forms a 
carbon balance system of its own which can be 
combined with that of the peat already contained 
in the mire. This means that a model can be cal-
culated for the regressive trend in organic mate-
rial occurring in the peat deposit of a mire as a 
consequence of ditching and the formation of a 
tree cover that will also indicate the amounts of 
carbon and carbon dioxide released from the mire. 
The report of Minkkinen and Laine (1998) also 
provides details of the regressive accumulation of 
organic material in the peat reserves of mires and 
notes that even a positive carbon balance in a mire 
area can be only temporary as a consequence of 
ditching and under the infl uence of a newly de-
veloped tree layer. A mire area can acquire a per-
manently negative total carbon balance by com-
parison with its natural initial state and the con-
tinuation of this in the course of 200–300 years as 
a result of a few ditchings for forestry purposes 
(Laine and Minkkinen 1996, see also Fig. 2).

In the case of a mire area that is being pre-
pared for peat production the ditching stage, last-

ing 2–4 years, is followed by clearance of the min-
ing areas, which involves removal from the site 
of all the living woody and other plant material 
that binds carbon dioxide. This carbon dioxide is 
naturally released as a result of combustion in an 
incineration plant or some other form of decom-
position, while the dynamics of the carbon cycle 
in the now vegetationless peat mining area are al-
tered entirely and it becomes exclusively a carbon 
dioxide producing area, where emissions may be 
of the order of 900 g CO²/m²/yr, corresponding 
to 245 g C/m²/yr, together with a further 175 g 
CO²/m²/yr from the stack of harvested peat, cor-
responding to 48 g C/m²/yr (Nykänen et al. 1996). 
Methane emissions decrease markedly, however, 
and are concentrated entirely in the network of 
drainage ditches, where they are on average 18 g 
CH4/m²/yr (Nykänen et al.1996). The carbon di-
oxide emissions quoted here are somewhat higher 
than those for peatland fi elds in agricultural use, 
which are in the range 400 – 750 g CO²-C/m²/yr 
(Maljanen et al. 2001), while methane emissions 
diminish on peatland fi elds in the same manner as 
in peat production areas.

As an example, the mean peat depth in a pro-
duction mire is 2 metres, with a mean dry matter 
content of 90 kg/m³, so that the exploitable dry 
matter per  1m² of mire is 180 kg. Since the mean 
production on a milled peat and sod peat mire is 
6 kg/m²/yr, the service life of a mire is about 30 
years. Given a mean fi gure for the annual release 
of carbon from the surface of the peat mining area 
and from the stack of about 0.3 kg/m² (Mäkiranta 
et al. 2007), (dry matter about 0.6 kg), the mean 
release per  1square metre of production area over 
the life of the mire will be approx. 9 kg of carbon, 
corresponding to about 18 kg of dry matter and 
representing about 10% of the carbon and energy 
content of the exploitable peat deposit.
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3. Loading of watercourses 
from mires and peat pro-
duction

In terms of their hydrology and nutrient status 
the mires of Southern and Central Finland that 
are in a natural state, ditched or in use for peat 
production are largely ombrotrophic Sphagnum 
raised bogs, while those of Central, Eastern and 
Northern Finland are minerotrophic Carex-domi-
nated aapa fens and intermediate forms. The run-
off water from natural or ditched raised bogs is 
typically poor in nutrients and has a low pH, while 
that from aapa fens is somewhat richer in nutrients 
and closer to neutral. Most runoff water has a fair-
ly high organic content, but levels vary from one 
mire to another depending on the mire properties 
(Sallantaus 1983).

The prevailing mire complex type, mire type, 
peat type, degree of humifi cation and physical and 
chemical characteristics of the peat have a pro-
nounced effect on the quantities and nature of the 
material transported in the runoff water, and their 
infl uence is accentuated still further in the case of 
ditched mires and those used for peat production.

This loading of downstream watercourses on 
account of peat production begins to take effect at 
the draining stage and becomes more pronounced 
during actual peat mining, returning gradually 
thereafter to a level that corresponds to the leach-
ing properties of the substrate concerned and the 
subsequent form of land use. The detrimental 
loading arises on account of the increased trans-
port of organic solids and soluble organic com-
pounds passing into the watercourse from the peat 
mining area and the mire area in general due to the 
extreme runoff and discharge conditions, in addi-
tion to which nutrients, iron and to a lesser extent 
other minerals are leached out of the peat mining 
area and its drainage network in soluble form or 
bound to solid matter (Selin et al. 1994). The run-
off water is also capable of altering the acidity of 
the downstream watercourse, albeit for the most 
part only temporarily.

These effects may be regarded as a form of 
point loading (Komiteanmietintö 1988), as the 
runoff water concerned is conducted into the wa-
tercourse via purifi cation facilities, which means 
that, within the functional limits of the systems 

concerned, the loading can be controlled by the ap-
plication of the temporally and spatially most suit-
able purifi cation techniques.

Although the fi gure of 1.0% for the propor-
tion of total nitrogen-based nutrient loading of wa-
ter bodies in Finland attributable to peat produc-
tion and the corresponding fi gure of 0.7% of total 
phosphorus loading (Rinttilä et al. 1998) may seem 
small overall, the local impact on the state of the 
environment in terms of eutrophication over a pro-
duction period lasting 20–40 years may be consid-
erable, especially in the case of the headwaters of 
river systems that have otherwise remained in a nat-
ural state, even though total loading may be more 
pronounced in the lower reaches. The most detri-
mental effect of all arises from the increase in oxy-
gen demand brought about by the transport of dis-
solved organic substances and solid organic matter 
into the watercourses (Svahnbäck 2005).

Sallantaus (1983) points out that peat produc-
tion is potentially a highly diverse source of load-
ing, since major differences in this respect exist be-
tween the mire types and between different stages in 
the production process, and Marja-aho et al. (1989) 
similarly note that quantitative and qualitative vari-
ations in the runoff water resulting from the ditch-
ing of peat production mires can arise on account 
of the mire type, peat species, thickness of the peat 
deposit and depth of ditching. Since the loading is 
dependent on both the quantity and composition of 
the runoff water, the variations can be very marked 
and unpredictable, so that use of the mean leaching 
values quoted in the literature will not necessarily 
give a true picture of the extent of loading in Marja-
aho’s opinion. Rönkkömäki (1994) likewise draws 
attention to the typical spatial and temporal vari-
ability in loading from peat production, and claims 
that a certain connection can be assumed to exist 
between the nature of the peat in a production area 
and the quality of the runoff water, on the basis of 
which it should be possible to predict the extent of 
the loading and the need for a sedimentation basin.

3.1. Loading of watercourses from 
mires in a natural state

Mires that are in a natural state function in part as 
means of evening out fl ood peaks caused by precip-
itation during the growing season. The mire vegeta-
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tion forms a surface horizon, or acrotelma, some 
5–15 cm in thickness located above the water ta-
ble which receives the incoming precipitation and 
itself possesses a fairly slow vertical fl ow pattern 
but a fairly high horizontal hydraulic conductiv-
ity, so that the rainwater comes into contact only 
with the living or very slightly decomposed bio-
mass and runs off relatively quickly (Klöve 2000 
b). Thus the transport of water away from the mire 
area to the surrounding mineral soil and into the 
ditches is fairly even, and only the most severe 
rains and the lower rates of evaporation encoun-
tered in the autumn give rise to peak discharges, 
whereas during the summer the rainwater also 
evaporates directly from the surface horizon and 
via the larger plants.

These surface horizons are usually com-
posed of poorly humifi ed peat, especially in mires 
that have developed to the Sphagnum-dominated 
raised bog stage, nutrients and humus from which 
dissolve in the rainwater only to a limited ex-
tent. The water contained in Sphagnum peat has 
a low calcium content and is acidic, but as run-
off from such a mire in a natural state is minor 
and takes place fairly evenly, scarcely any detri-
mental acidifying effects on the downstream wa-
tercourses are observed. Nevertheless, high con-
centrations of dissolved organic compounds de-
rived from peatlands that colour the water brown 
are among the most signifi cant characteristics of 
natural lakes and rivers in Finland, in view of the 
resulting physico-chemical and biological proc-
esses. Minerotrophic Carex-dominated mires re-
ceive both rainwater and more nutrient-rich runoff 
water from the adjacent mineral soils, which are 
responsible for their characteristic vegetation, and 
the water running off these mires is correspond-
ingly somewhat richer in nutrients and is only oc-
casionally acidic or neutral. The even and usual-
ly fairly minor runoff from natural mires in any 
case means that their infl uence on the downstream 
watercourses is still very limited, even at times of 
high discharge.

3.2. Loading from mires ditched 
for forestry purposes 

Most of the ditching of mires and cleaning of 
ditches takes place with a view to the needs of 

forestry operations. The purpose of ditching is 
to lower the water table in a mire permanently by 
some 30–60 cm in order to create better condi-
tions in the surface horizon for the growth of ar-
boreal plants. Both this ditching and the deeper 
ditching required for peat production will lead to 
very much higher discharges of water from the 
mire area over the subsequent 1-3 years, as the 
excess mire water drains off, and in the case of 
Sphagnum peat this water will be highly acidic, 
thus leading to a deterioration in water quality 
downstream of the mire site, while in the case 
of Carex peat it can contain considerable larger 
amounts of nutrients and iron.

Another inevitable consequence of ditching 
is the lifting of better humifi ed peat layers from 
deeper in the mire to the surface on the slopes 
and edges of the ditches. As this material lacks 
any protective plant layer it will become subject 
to aerobic decomposition and the peat contained 
in it will be more susceptible to erosional leach-
ing and the dissolving of substances as a result 
of both rainfall and channel erosion in the ditch. 
This will lead to increased transport of both par-
ticulate peat and soluble organic compounds, nu-
trients and iron in the network of ditches. Ditching 
and the lowering of the water table will also cause 
changes in the physical water retention character-
istics and evaporation properties of the mire area, 
combined with improvements in growing condi-
tions for arboreal plant species and an increase in 
stem volume. Eventually the heightened discharge 
will return to normal as the water table stabilizes 
at its lower level and the density of the tree lay-
er vegetation increases. The ditching and lowered 
water table also mean that rainwater will be ab-
sorbed into the peat layer more effi ciently, so that 
surface runoff and peak discharge rates decrease. 
The ditches will continue to infl uence discharge 
rates, however, an effect that will be particularly 
noticeable in excess discharge situations at times 
of heavy rain.

The greater evaporation capacity of the tree 
layer developing on the mire will in time cause 
a further drying of the surface horizon, and this 
together with the shrinking of the water reserves 
will give rise to physical compression and in-
creased density of the peat layer, especially in the 
case of Carex peats, although vertical hydraulic 

LASSEDsarja_taittopohja B5.indd   32LASSEDsarja_taittopohja B5.indd   32 8.11.2007   13:26:048.11.2007   13:26:04



33

conductivity in the peat will improve as the pore 
volume of the acrotelma increases with the drop 
in the water table. According to Klöve (1998), the 
majority of the discharge from a mire consists of 
water that has been absorbed into the peat rather 
than surface runoff.  

3.3. Stages in watercourse loading 
from peat production

During the 2–4 years of the ditching and drying 
stage in the preparation of a mire for peat produc-
tion the water table drops and the surface peat 
dries out. At the same time the increase in fl ow 
and in extreme fl ow conditions leads to typical 
channel erosion and washing out of detrimental 
substances into the downstream parts of the wa-
terway system. It is thus the ditching and drying 
stage that initiates watercourse loading from the 
peat production area, a situation that will contin-
ue throughout the ditching network, which has to 
be cleaned and maintained constantly and will be 
eroded to varying extents, for the entire duration 
of peat production and until the subsequent form 
of use to which the mire is converted has become 

properly established.
The passage of detrimental substances at the 

production stage gathers impetus over the whole 
period of some 20–35 years for which produc-
tion may continue. The production strips of width 
20 metres lying between consecutive ditches are 
shaped to slope away at an gradient of 4° (over 
a distance of 10 metres), with the aim of keep-
ing the production horizon as dry as possible and 
conducting the rain water and meltwater from the 
snow away from the strip as effi ciently as possible 
(fi gure 3). 

The loading on the watercourse during this 
period consists of solid organic matter and soluble 
organic compounds, nutrients and minerals erod-
ed or leached from the production strips by run-
off water from rain and transported away in this 
water. On becoming exposed to light, heat and 
radiation, the abiotic surface peat of the produc-
tion strip is subject to intensifying aerobic decom-
position activity, and erosion of the surface peat 
and its transport into the ditch system gains fur-
ther momentum, although part of the loading re-
ceived during the cool, damp late autumn season 
and virtually all of that occurring during the win-

Figure 3. The loading of watercourses by surface runoff in peatproduction area.
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ter months takes place via the groundwater, from 
where it seeps into the ditch system through the 
lower parts of the ditch slopes. From the ditches 
the organic material, nutrients and iron are further 
transported into the watercourse below the peat 
production area, in varying amounts depending 
on the strength of the fl ow and the effi ciency of 
the water protection installations, while the load-
ing of particulate matter is attributable, according 
to Klöve (1998), to the erosion of peat sedimented 
on the bottom of the channel that sets in once the 
fl ow in the ditches has increased to a suffi cient ex-
tent.

Detrimental substances continue to wash out 
of the peat mining area at the post-production 
stage, although in diminishing quantities. The 
amounts concerned are also dependent on the use 
to which the area is put after the cessation of min-
ing, until the mode of use and its associated level 
of loading eventually become fi rmly established.

3.3.1. Effects of peat production on 
runoff and leaching

The discharge of groundwater from a peat produc-
tion mire begins immediately after ditching, and as 
the drainage depths are usually fairly great, even 
the minimum discharge is considerably higher 
than that from a mire in a natural state or one that 
has been ditched for forestry purposes, and dis-
charge will not be interrupted completely at any 
point. As a consequence of this process the water 
table will drop and the water will drain out of the 
drier surface peat horizon (of thickness approx. 
0.4–0.8 m) almost entirely and capillary move-
ment of water will partly cease. Combined with 
this drainage, the shaping of the production strips 
and removal of the vegetation cover will give rise 
to a situation in which evaporation is markedly re-
duced relative to a natural state, which in the case 
of mires containing paler, poorly humifi ed peat can 
in itself increase the surface runoff by as much as 
50%, although evaporation is more pronounced in 
production areas where the peat is more humifi ed, 
on account of its ability to bind heat from the sun, 
which will increase surface evaporation.

Surface runoff brought about by rain is the 
main factor leading to erosion of a peat produc-
tion area under Finnish conditions, in addition to 
which the impact of the raindrops causes compres-

sion of the ground surface and particles carried in 
them block its pores, preventing infi ltration and 
further increasing the surface runoff. Thus solid 
matter is eroded from the production surface by 
the combined effect of rainfall and runoff as peat 
loosened by the impact of the raindrops becomes 
exposed to runoff, especially under conditions in 
which the underlying peat horizon is compressed 
and poorly permeable to water. Järvelä (1995) 
maintains that erosion by raindrops applies only 
at the ground surface and does not in itself car-
ry the particles very far, but it does loosen eas-
ily erodible material for transport by the surface 
runoff water. Thus rain will erode the soil more 
effectively when it has continued for so long that 
surface runoff begins. Also, the erosion caused by 
rain will depend not only on the amount and in-
tensity of the rainfall and the extent of evapora-
tion but also on the direction and speed of move-
ment of the rain system (Peltonen 1996). Erosion 
can be divided into two aspects: the detachment 
and transport of solid material and the amounts of 
rainfall and runoff, which affect these factors, but 
modelling of these processes is extremely diffi cult 
and at best the resulting models are highly inaccu-
rate (Rönkkömäki 1994). The detachment of solid 
material by rainfall and surface runoff can be cal-
culated using the model of Dillahan and Deasely 
(Rönkkömäki 1994), but it is signifi cant that the 
peaks in solid matter loading from peat produc-
tion areas occur before the peak discharges caused 
by summer and autumn rains or the melting of the 
snow in spring, as noted by Sallantaus (1983).

Päivänen (1973) observed that maximum 
runoffs from eight independent production strips 
in old peat mining areas remained very high af-
ter the initial discharge of mire water following 
ditching. The factor responsible for solid matter 
loading was heavy rain, to the extent that leaching 
equivalent to 10% of the total for the whole year 
could arise as a result of one hour of heavy rain. 
Similarly, an increase in summer maximum run-
off levels from a peat production area could affect 
maximum runoffs for the whole drainage basin. 
The aim is nevertheless to regulate and control 
maximum runoff situations by means of the ditch-
ing system, the depth and gradient of the ditches 
being decisive in this.
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Removal of the water contained in the surface 
horizon does not usually improve the ability of a 
peat production mire to absorb rainwater and re-
strain surface runoff, however, so that maximum 
runoff levels of 100-300 l/s/km², or even as much 
as 1000 l/s/km² in places, can be recorded (Seuna 
and Kauppi 1981). The shaped, vegetationless 
production strips have quite different rainwater 
absorption properties from a vegetated mire, on 
account of their denser pore structure and the hy-
drophobic properties of dry peat. The increase in 
humifi cation and density that takes place in the 
surface peat of a production area reduces its pore 
volume, so that it reaches saturation point more 
quickly than a less well humifi ed peat, and thus its 
water permeability and the hydraulic conductivity 
of the peat deposit decrease (Päivänen 1982) and 
the production area reaches its “fi eld capacity” 
and surface runoff threshold more quickly.

The proportion of total runoff accounted for 
by the water draining into the ditches through 
the profi ling of the production surface is affected 
to a decisive extent by the moisture content and 
water permeability of the peat to be milled from 
that surface, factors which in term depend on the 
peat type and humifi cation grade (Päivänen 1973, 
Rönkkömäki 1994). Rönkkömäki (1994) main-
tains that surface runoff from the production area 
may account for a high proportion of total runoff, 
depending on the degree of humifi cation and hy-
draulic conductivity of the production area, and 
that the majority of the nutrients will be transport-
ed in this surface runoff.

Klöve (1994b) notes that erosion from peat 
mining areas is highest at times of heavy rain in 
summer, when the surface peat is dry, light and 
partly impermeable to water, so that the loose peat 
particles on the surface are apt to be transport-
ed away by the runoff water. On the other hand, 
Klöve (2000a) notes that the extent of runoff from 
a peat production area is infl uenced by the volume 
of precipitation and by the moisture defi cit of the 
peat, i.e. the drier the production area, the greater 
the proportion of the rainfall that will be absorbed 
by its surface and the longer it will be before the 
whole surface is saturated and runoff begins to oc-
cur. He also observes that surface runoff can arise 
because the permeability of the peat to water is 

extremely low and is exceeded by the heaviness 
of the rain, but he qualifi es this by adding that the 
rains in Finland are usually so light that the runoff 
threshold is exceeded only if the peat is saturat-
ed with water and a suffi cient hydraulic gradient 
arises. Klöve (2000b) notes that any reduction in 
the thickness of the peat deposit, depth of drying 
or hydraulic conductivity will lead to an increase 
in surface runoff and a decrease in internal fl ows 
within the peat deposit. No models have been pro-
posed to date for predicting the runoff caused di-
rectly by rainfall.

Sprinkler experiments conducted in peat pro-
duction areas have shown that solid matter con-
centrations are highest just as surface runoff is 
beginning, but that a relatively high volume and 
intensity of rainfall (at least 0.5 mm/min) is re-
quired in order to bring about surface runoff and 
erosion (Klöve 1998). As surface runoff com-
mences rivulets, or erosion scars, form in the peat 
production area, which can give rise to extreme-
ly high material transport as the smaller rivulets 
merge into larger ones and carry greater quanti-
ties of material away from the production surfaces  
into the channels (Klöve 1994a). As the rain con-
tinues the material concentrations decrease, since 
the water layers formed by the rivulets attenuate 
the erosional effect of the raindrops and the more 
easily eroded peat particles have already been car-
ried away (Klöve 2000b). The erosion caused by 
human activity at a peat mining site is chiefl y a 
matter of collapse of the sides of the ditches un-
der the weight of the excavators and the passage 
of peat dust thrown up by the machines into the 
ditches. Klöve also notes that the peat usually be-
comes denser and more humifi ed as greater depths 
in the extraction horizon are reached, whereupon 
its hydraulic conductivity and effective pore vol-
ume decrease. One consequence of this is a poorer 
water retention capacity and increased likelihood 
of surface runoff.

According to Marttila (2005) the peaks in dis-
charge brought about by heavy rain soon decline 
and the erosion peaks remain short-lived. As the 
discharge increases the solid matter content of 
the water begins to reach its peak before the peak 
discharge is attained. The transport of peat at this 
point may be so great, however, that it corresponds 
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to a considerable proportion of the total   annual 
transport. Marttila’s investigation showed that the 
material sedimented on the bottom of the ditch 
was taken up by the fi rst peak in discharge but that 
subsequent peaks had a low solid matter content 
as no more material was available for transport-
ing even though the discharge would have been 
adequate for this.

The most pronounced erosion and transport 
of sediment in the mire studied by Klöve (1997) 
took place as soon as surface runoff had begun, af-
ter which the solid matter content declined stead-
ily with increasing runoff to the point where the 
discharge levelled off. In all Klöve’s experiments 
the second round of sprinkling caused a somewhat 
lower level of erosion than the fi rst (7–29%), al-
though no signifi cant reduction occurred, as the 
production area had a suffi cient reserve of read-
ily erodible material. This demonstrates that ero-
sion is pronounced as soon as surface runoff be-
gins, that even light rains can cause material to be 
washed out, and that the solid matter content of 
runoff water is higher at higher fl ow rates.

Both Sallantaus (1983) and Klöve (1997) re-
garded erosion from the ditches as a very signifi -
cant source of material loading, estimating that it 
may in some cases be even more important than 
surface erosion from the peat production area. 
The material concerned is of a secondary nature, 
of course, being peat that has already been washed 
out of the production strips into the ditches and 
deposited there before being taken up again as the 
fl ow in the ditch system increases. Thus it can be 
treated and regarded in a primary sense as mate-
rial derived from the production area, in the same 
way as that removed by surface erosion.

A further source of erosional material on the 
bottoms of the ditches is that eroded from their 
vegetationless edges, the amount of which is gov-
erned by the moisture content of the peat, the vol-
ume of fl ow and the peat properties of the mire. 
The chief infl uences in the case of a steep-sided 
ditch will be the peat type and humifi cation grade, 
since the plant remains in poorly humifi ed, es-
pecially Sphagnum peat become interlaced with 
each other and bind the peat together fairly fi rm-
ly, whereas the strength of this binding is far less 
marked in well humifi ed peats, so that fractures 

easily develop and the sides of the ditches are apt 
to give way.

The runoff volumes, watercourse loadings 
and environmental impacts of areas that have been 
prepared and used for peat mining but temporar-
ily “shelved” before their peat reserves have been 
exhausted should be assessed for the most part in 
a comparable manner to areas that are still in pro-
duction, as their physical and hydrological prop-
erties correspond to those of the latter and it is 
in the interests of the peat producer to maintain 
them as such. It should nevertheless be remem-
bered that in the absence of a loose milled layer 
the surface horizon of such a mire area will have 
different runoff and leaching characteristics from 
that of a mire in active use.

3.4. Factors involved in the load-
ing of watercourses due to peat 
production

3.4.1. Suspended solids
The term suspended solids is used of particulate 
material, mainly composed of plant detritus, trans-
ported as a suspension or sludge in the water is-
suing from a mire or peat production area, having 
found its way into that water mostly as a result of 
erosion or to a minor extent through wind action 
or the effects of machinery used on the site. When 
studying water quality, this solid matter is usually 
identifi ed and separated from the fi ner material by 
fi ltering at a mesh size of 0.45 _m. This is a frac-
tion of the utmost importance when evaluating the 
loading of watercourses, as it has a considerable 
environmental impact. Determinations of solid 
matter in the runoff water from peat production 
areas and evaluations of the effectiveness of wa-
ter purifi cation measures have frequently included 
both organic material eroded from production ar-
eas and the bottoms and edges of ditches and also 
inorganic mineral material eroded from the bot-
toms of the ditches, the proportions of which can 
naturally vary greatly from one site to another. As 
there is a more than 100-fold difference in spe-
cifi c gravity between organic and mineral mate-
rial, investigations that lump all solids together 
are invalid for comparison purposes and may in 
general be virtually useless, especially where as-
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sessment of the reduction in loading achievable 
by various water protection methods such as sedi-
mentation basins, overland fl ow fi elds etc. is con-
cerned. It should be remembered when assessing 
loading and its effects, however, that the total solid 
matter load, the maximum content and the time of 
loading may all be of signifi cance, and that all peat 
will contain inorganic material to some extent, 
the mean ash content for Sphagnum-predominant 
peat being 2.4% of dry mass and that for Carex-
predominat peat 3.9% (Mäkilä 1994). These mean 
and fairly typical proportions are nevertheless not 
suffi cient to detract from the accuracy of charac-
terizations and comparisons of organic content.

As the specifi c gravity of solid organic matter 
is low, only a few percent of that of mineral mate-
rial, the two also differ greatly in their transport 
and sedimentation properties. Sallantaus (1983) 
has shown that the specifi c gravity of Sphagnum-
Carex peat of humifi cation grade H 5 when mixed 
with water and allowed to settle for 24 hours is no 
more than 20 kg/m³, whereas that of peat in situ is 
approx. 80 kg/m³, implying that when peat mate-
rial is washed out of a mire and transported into 
a watercourse it will occupy four times its origi-
nal volume. Also, organic matter can have vari-
able amounts of nutrients and iron etc. bound to 
it. Earlier research has shown that the amounts 
of solid organic matter washed out of peat pro-
duction mires into the adjacent watercourses can 
vary greatly, approximately in the range 100-500 
kg/ha/yr, depending on the properties of the peat 
in the mire and on weather conditions (Ihme et 
al. 1991a, Sallantaus 1983), and the fi gures can 
temporarily rise very much higher than this on ac-
count of heavy rains or ditch erosion.

3.4.2. Organic matter
Organic matter is washed out of a peat produc-
tion area and its network of drainage ditches both 
in solid, particulate form and in solution, passing 
into the water purifi cation system and, after var-
ying degrees of reduction, into the adjacent wa-
tercourse. The amounts of dissolved substances 
may be either greater or smaller than those of sus-
pended solids Rain and fl oodwater will dissolve 
the colloids and soluble organic substances out of 
the peat, and these will typically become visible 

in the water in the form of the brown colour that 
is characteristic of the majority of water bodies 
in Finland, although this may also be a product 
of a high iron concentration or high content of 
solid organic matter. Water colour can also vary 
with the seasons and with the state of discharge, 
with heavy raid usually leading to a denser brown 
colour. Water is classifi ed as having a high humus 
content if its colour index is over 100 mg Pt/l. 
Sallantaus (1983) estimates the leaching of solu-
ble organic compounds from peat production areas 
to vary in the range 100–1000 kg/ha/yr, although 
sudden heavy rains or spring fl oods can cause far 
more severe leaching. Figures for chemical oxy-
gen demand (CODmn mg/l O2) obtained from the 
monitoring of runoff water from peat production 
sites can be converted to organic matter concen-
trations and total content by multiplying them by 
approx. 1.6 (Sallantaus 1983, Wartiovaara 1978).

The term humus is often used inaccurately 
and leads to indeterminate results, as it is some-
times taken to refer in general to all biotic ma-
terial. The defi nition has been clarifi ed in recent 
times, however, so that it refers only to material 
synthesized in the process of humifi cation, i.e. it 
is chiefl y material of long duration that is resist-
ant to microbial decomposition, whereas the oth-
er biotic substances that are not strictly speaking 
humus include the more easily decomposed litter 
and other material that is already in the process 
of decomposition, together with easily recognisa-
ble organic acids, proteins and carbohydrates. The 
boundary between humus proper and relatively 
readily decomposable organic material is a some-
what fl exible one, however, as the passage of dead 
organic material to the state of being humus can 
last a very long time (Hartikainen 2003). Humus 
itself is divided into three classes: fulvic acids, 
which dissolve in acid or alkaline water solutions, 
humic acids, which dissolve in alkaline solutions 
but are precipitated out under acidic conditions, 
and humines, which do not dissolve under either 
alkaline or acidic conditions.

3.4.3. Nutrients
Surface water or groundwater fl owing out of min-
eral soils into minerotrophic mire areas will trans-
port nutrients that are bound to the vegetation or 
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peat, while on oligotrophic or ombrotrophic mires 
nutrients accumulate mainly as a result of deposi-
tion from the air and microbiological binding to 
the vegetation (Laiho and Laine 1994). Present-
day rates of airborne deposition are of the order 
of 400–800 mg N/m²/yr and 8–15 mg P/m²/yr 
(Suomen ympäristö 1998). These nutrients be-
come enriched and mineralized in the peat depos-
its in a mire, especially since nitrogen compounds 
do not decompose as easily as organic material 
does, and consequently older and better humifi ed 
peat horizons tend to have higher nitrogen con-
centrations and to some extent higher phosphorus 
concentrations than do those lying closer to the 
surface. 

3.4.3.1. Phosphorus
Phosphorus concentrations in runoff water from 
mires that are in a natural state are low and rela-
tively similar in both Carex and Sphagnum mires, 
as are the amounts leached from these, in spite 
of the minerotrophic conditions under which the 
Carex peats were deposited. Total phosphorus 
in peat is about 0.05–0.15% dry wt., while that 
leaching from a peat production area in soluble 
form or bound to organic particulate matter is es-
timated to be about 0.2–2.5 kg/ha/yr, with a mean 
of 1.2 kg/yr (Sallantaus 1983). 

3.4.3.2. Nitrogen
Very much more nitrogen will be leached from a 
peat production site than from a mire in its natural 
state. The nitrogen content of a nutrient-poor, only 
slightly humifi ed Sphagnum peat horizon will be 
low, but the fi gures for better humifi ed Sphagnum 
and Carex peats can be of the order of 0.5–6.0% 
dry wt. and those for nitrate, nitrite and ammo-
nium nitrogen about 0.05% dry wt. Ammonium 
nitrogen concentrations at peat production sites 
are considerably higher than those in forested 
mire areas, on account of the vegetationless state 
of the former. Total nitrogen leaching from a peat 
production site has been estimated to be around 
5–90 kg/ha/yr, while the mean annual leaching 
of inorganic nitrogen is 6.5 kg/ha, given an an-
nual runoff of 300 mm, although abundant rain 
and fl oodwater can lead to the washing out of far 
higher quantities of nitrogen.

3.4.4. pH
The acidity of the runoff water from natural 
mires can vary according to its nutrient concen-
tration, those from poor Sphagnum mires even 
having a pH less than 4, and rainwater of pH 5.5 
will be acidifi ed to around pH 3.5–4.5 by ion ex-
change immediately on coming into contact with 
Sphagnum peat. On the other hand, runoff water 
from lush minerotrophic mires can be virtually 
alkaline, pH 6.5–7.0. The ditching of a peat pro-
duction area, draining of the water from its sur-
face horizon and runoff from its prepared surface 
will have the effect of increasing discharge, which 
will also increase the acidity of the outfl ow wa-
ter at fi rst by comparison with the natural state. 
The compression of the peat horizons as a conse-
quence of ditching will also lead to an increase in 
surface runoff, leading to a protracted period of 
low pH until the surface Sphagnum peat, if any, 
has been removed. Later, as the initial effects of 
drainage wear off and production and the depth of 
the drainage ditches reach the level of the minero-
trophic peat horizon, the pH of the runoff water 
will begin to rise.

3.4.5. Iron
Iron is to be found in minerotrophic, usually 
Carex-dominated peat deposits, and can some-
times be present in soluble form in the deepest, 
anaerobic horizons of mires. The acidifi cation that 
occurs as a result of the draining of a mire for peat 
production will reduce the mobility of metals, and 
the leaching of dissolved iron from the deepest 
horizons may increase markedly as a consequence 
of ditching. All in all, iron can issue from a peat 
production area both in soluble form and bound 
to solid matter or humus compounds, and this ef-
fect has been observe to increase towards the base 
of a mire. The total amount of iron washed out 
of a mire can vary in the approximate range 1–10 
kg/ha/yr. 

3.5. Earlier reports of concentra-
tions and leaching of substanc-
es in runoff water from mires 
and peat production areas

The loading of watercourses with dissolved sub-
stances and suspended solids from peat produc-
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tion areas has been studied earlier by T. Sallantaus 
(1980), by the members of the Aqua Peat research 
group in the 1990s and also in a number of papers 
by B. Klöve in the 1990s. Most of this work was 
concentrated on runoff from specifi c production 
mires, the concentrations of various substances in 
it and the resulting loading of the associated wa-
terways, assessed by means of fi eld surveys last-
ing a few years at a time. The aim of the work car-
ried out by H. Marttila (2005) was to examine the 
functioning of discharge regulation weirs installed 
around a peat mining area and their effect on the 
discharge rates and quality of the runoff water, 
paying attention to factors leading to channel ero-
sion, uptake of peat particles from the bottoms of 
the ditches, rates of sedimentation, the particle 
size distribution of peat in the sediment and sus-
pended in the runoff water and the composition of 
the sediment stratigraphy.

Although the periods of time covered by the 
above research usually included a few spells of 
heavy rain, the investigations were not especial-
ly comprehensive as regards the peat types in the 
mires and their humifi cation grades, nor were dif-
ferences in the moisture content of the surface 
peat in the production area taken into account 
when drawing conclusions on the runoff brought 
about by these rains and the typical amounts of 
the various substances leached out by it. Also, 
the runoff, concentration and loading values are 
mostly those recorded after passage through the 
water protection structures. The greatest problems 
encountered when attempting to draw conclusions 
on typical runoff and leaching values on the basis 
of these results is nevertheless the indeterminacy 
of the information available on the peat types, hu-
mifi cation grades and levels of moisture content 
represented in the surface peat awaiting extrac-
tion. In addition, suspended solids in the water of 
the drainage ditches are usually assessed in total, 
so that no distinction can be made between the or-
ganic material derived from the peat and the min-
eral material introduced by ditch erosion. 

As noted by Mustonen and Seuna (1971), the 
reduction in the mire water reserves in response 
to ditching is apt to increases the washing out of 
organic material. Thus, although suspended solids 
at the Huppionsuo 1 and Ropolansuo sites in April 

1980 as recorded by Sallantaus did not exceed 100 
mg/l, those at Koihnanneva at the beginning of the 
fl ood season were 640 mg/l and the rate of transport 
of this material was 500 kg/h/km². Unfortunately, 
however, the Koihnanneva data fail to distinguish 
between organic and inorganic material. The high-
est rates of loading during the summer were re-
corded in overfl ow situations and at times when 
runoff volumes were on the increase, the differ-
ences in concentrations as recorded by Sallantaus 
(1983) at fi ve production areas being as much as 
1000-fold. Sallantaus reckons that the transport of 
suspended solids is especially pronounced in ar-
eas where the surface peat horizon is well humi-
fi ed, as refl ected in peak transport rates of 26 kg/
h/ha and 100 kg/day/ha for organic material and 
an annual value of 300 kg/ha (Sallantaus 1983). 
That same author also stresses that the amounts 
washed out at the ditching stage were very small 
throughout relative to the amounts issuing from 
the production area later, so that the fi gure of 100 
kg/ha resulting from one rain storm was higher 
than the total for the whole ditching period. Selin 
and Koskinen (1985) quote a fi gure of 106 kg/
ha/yr for the accumulation of solid organic mat-
ter in seven precipitation basins over two years of 
observation, whereas Hannon and Coffey (1984) 
obtained the very high fi gure of 773 mg/l for the 
mean concentration of suspended solids in run-
off water from a well humifi ed peat mining area 
in Minnesota, with a corresponding mean of 700 
kg/ha/yr for the amounts washed out at the ditch-
ing and commissioning stages. Sallantaus (1986), 
on the other hand, is of the opinion that reliable 
quantitative data on sediment transport are avail-
able for only a few, possibly atypical mire areas. 
The sprinkler tests of Klöve (1997), with a total 
precipitation of 38 mm, involved the sprinkling of 
a 100 m²  peat production area composed of H 5–6 
Sphagnum-Carex peat at intensities of 0.58–1.06 
mm/min, whereupon a surface runoff was created 
within 13 min of commencement, giving rise to 
a surface erosion varying from 1.3 g/m² (at 0.60 
mm/min) to 8.6 g/m² (at 1.02 mm/min). In another 
investigation using a production area containing 
humifi ed Carex peat (H 4), Klöve (1997) obtained 
a fi gure of 2-8 tn/km² for the annual transport of 
suspended solids.
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Monitoring carried out by Marttila (2005) in 
summer 2003 pointed to a moderate dependence 
of suspended solids in the ditches dividing peat 
harvesting strips on precipitation, whereas corre-
lations with fl ow rates were weak. This applied to 
one mire area, however, while the opposite situa-
tion prevailed in another area, where suspended 
solids correlated moderately well with fl ow rates 
but only weakly with precipitation. He attributed 
the differences to the fact that peat had been pro-
duced for some time in one of these areas, so that 
the residual peat was more compressed and the 
precipitation gave rise to more pronounced runoff, 
causing erosion and more serious loading with 
suspended solids. In the following, rainy summer 
of 2004 correlations with fl ow rates were high in 
both of these areas and those with precipitation 
moderate. In Marttila’s opinion channel erosion is 
the principal source of suspended solid matter at 
higher fl ow rates whereas runoff also makes a ma-
jor contribution at times of rain, so that the cor-
relations vary according to how rainy the summer 
is. Thus precipitation caused more erosion in 2003 
than did channel fl ow, whereas in the rainy sum-
mer of 2004 channel erosion became a more se-
rious source of suspended solids and the critical 
fl ow rate for the dislodging of peat from the bot-
toms of the ditches was exceeded more often.

The mean concentrations of dissolved organ-
ic matter in the water of mires in a natural state, 
measured in terms of chemical oxygen demand 
(CODmn), are 61 mg O2/l in ombrotrophic mires 
and 86 mg O2/l in slightly minerotrophic mires 
(Tolonen & Hosiaisluoma 1978). According to the 
observations of Sallantaus (1983) these concentra-
tions are fairly stable throughout the year in peat 
production mires, with variations of no more than 
3–4-fold (approx. 20–50 mg O2/l in April and May 
vs. 50–130 mg O2/l in June-October) and only a 
minor dependence on runoff. Sallantaus thus con-
cludes that each of his mire sites has its own typi-
cal concentrations of dissolved organic matter and 
that only minor alterations occur in response to 
ditching or the commencement of peat produc-
tion. This would appear to imply that such con-
centrations are determined above all by the peat 
properties of each mire. Annual transport of dis-
solved organic matter (calculated from the CODmn 

values of 59–130 mg O2/l employing a conversion 
factor of 1.6) tends to be 20–48 t/km² (200–480 
kg/ha, or 20–48 g/m²), with a maximum fi gure as 
high as 65 t/km², of which 80–85% occurs in April 
and May. Klöve (1997) obtained annual fi gures of 
24–42 t/km² (240–420 kg/ha, 24–42 g/m²) for his 
humifi ed Carex peat production area (H 4), again 
with lower concentrations during the spring fl ood 
season and higher concentrations during the low 
runoff period in the summer. Concentrations are 
markedly higher in the water issuing from peat 
production areas than in the case of mires in a nat-
ural state, evidently on account of their exposure 
to sunlight, warmth and the effects of disintegra-
tion of the peat, while an increase in total runoff 
as a consequence of ditching and peat mining has 
been observed to promote the leaching of humus 
in dissolved form.

The main factors explaining total phospho-
rus concentrations in peat production mires are 
runoff at the time of sampling, season of the year 
and suspended solids content (Sallantaus 1983). 
Fine-grained, better humifi ed solid matter con-
tains more phosphorus that does coarse-grained, 
less humifi ed material, while dissolved phospho-
rus appeared to be lowest in winter and spring 
and highest in summer. Total phosphorus leach-
ing in the runoff water from the ditched area of 
the Mustakeidas mire in 1980 was 120 kg/km² 
(1.2 kg/ha) and that from the Koihnanneva peat 
mining area 60 kg/km² (0.6 kg/ha), with a mean 
concentration of 170 µg/l and 30% of total leach-
ing attributable to the winter months. Sallantaus 
similarly reports that the mean annual leaching of 
phosphorus varied between the fi ve peat produc-
tion areas studied in the range 11–38 kg/km², with 
a mean of 27 kg/km². Klöve (1997) quotes a fi gure 
of 23 kg/km² for phosphorus loading in the waters 
issuing from a production area containing humi-
fi ed Carex peat (H 4).

Where Gjessing (1976) reports that the organ-
ic material washed into watercourses from the soil 
contains an average of 1.1% nitrogen, Sallantaus 
(1983) maintains that total nitrogen concentra-
tions rise with increasing amounts of suspended 
solids, although less markedly than do phosphorus 
concentrations, and he also notes that 50–70% of 
the nitrogen leaching from peat production areas 
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is in inorganic form, chiefl y ammonium nitrogen. 
A mean inorganic nitrogen concentration of 2600 
µg/l is reported for experimental peat production 
areas, while ammonium nitrogen concentrations 
in runoff water are said to be highest in summer 
and leaching in April-October 1981 is reported 
to have been 200–700 kg/km² and total nitrogen 
leaching over the same period 750–1100 kg/km². 
Sallantaus does not perceive any clear connection 
between nitrogen concentrations and peat qual-
ity, but he does note that ammonium nitrogen 
concentrations are correlated with the amount of 
dissolved organic matter (CODmn). Klöve (1997) 
calculates total nitrogen loading in the runoff wa-
ter from his humifi ed Carex peat (H 4) production 
area to be 1073–1500 kg/km², a higher fi gure than 
the mean for peat production areas in Finland in 
general, 800 kg/km² (Tilastokeskus 1994).

The pH of the water in mires in a natural state 
that are poor in nutrients is low, the range quot-
ed for a material of 174 ombrotrophic bogs by 
Tolonen and Hosiaisluoma (1978) being pH 3.35–
4.50, with an arithmetic mean of 3.78. Meanwhile 
Sallantaus (1983) observes that the pH of runoff 
water is highly signifi cantly dependent on the vol-
ume of runoff and that pH values almost univer-
sally rise as the runoff from ditched or peat pro-
duction mires increases, the difference between 
the lowest and highest values being 1–2 pH units.

3.6. Factors affecting material 
transport, leaching and the 
loading of watercourses and its 
timing

The preparation, production and post-production 
use stages in the exploitation of a mire exert in-
fl uences of many kinds on the watercourse down-
stream of the mire area, in which the magnitude 
and timing of the loading are affected by the fol-
lowing factors at least:
•   peat properties of the mire
•   moisture conditions in the surface of the  
    production area
•   gradients of the production strips and ditches
•   production methods
•   water protection measures
•  precipitation and climatic conditions in general

•   duration of production
•   subsequent use of the production area

3.6.1. Peat properties
The peat type in a mire, Sphagnum or Carex peat, 
and its humifi cation grade (H 1–10) are deter-
mined by the climatic conditions prevailing dur-
ing its formation, the topography of the mire area 
and its surroundings and the chemical and physi-
cal properties of the mineral soils in the surround-
ing area and beneath the mire. It is on the basis of 
these factors that the history of the mire, with its 
typical plant species and patterns of humifi cation, 
will have determined the properties of the peat and 
the consequent leaching and wash-out properties 
of the peat mining area (Appendix16 a, b, c).

Carex-dominated peats, which require and 
represent more nutrient-rich growing conditions, 
have been formed predominantly of the remains 
of the root systems of sedges and contain vary-
ing amounts of nutrients and iron. The water issu-
ing from these mires tends to be neutral or some-
what acidic in character, and the peat regularly 
contains varying amounts of the ash that is typical 
of runoff water from mineral soils. By contrast, 
the Sphagnum-dominated peats, which require 
and represent nutrient-poor growing conditions, 
are composed mostly of the stems of Sphagnum 
mosses and are themselves poor in nutrients, with 
mire water that has been acidifi ed by the cation-
exchange properties of the peat, so that they show 
fairly even pH values of 3.8–4.2.

The humifi cation grade of the peat, assessed 
on the von Post scale of H 1–10, varies from one 
mire to another and between the horizons within a 
single mire. This property refl ects the decomposi-
tion of the plant detritus, which will in turn have 
been affected most markedly by climatic condi-
tions during the development of the mire, as these 
will have determined the water balance, vegeta-
tion composition and the conditions under which 
decomposition took place. The root systems of the 
sedges, which penetrate deep below the acrotel-
ma, also serve to promote decomposition in the 
deeper, anoxic horizons of the peat, as does the 
microbiological activity taking place in the root 
systems of trees and other woody plants in the 
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peat horizons located above the water table, lead-
ing to a higher degree of humifi cation.

Thus the peat species and degree of humifi -
cation will affect the physical properties of a peat 
mining area and thereby exercise a certain degree 
of infl uence on the volume of runoff occasioned 
by rainwater and fl oodwater and a still greater in-
fl uence on the erosion of particles of plant mate-
rial at various stages of decomposition, their de-
tachment from the substrate, their transport in the 
runoff water and in part the dissolving of organ-
ic matter, nutrients and iron. To generalize from 
earlier research (Klöve 1994, Sallantaus 1983), it 
may be said that larger amounts of material are 
washed or leached out of well humifi ed peat than 
out of less well humifi ed peat. Klöve (1994) ex-
plains that as the degree of humifi cation increases 
the particle size of the plant remains in the peat 
is reduced and the peat becomes denser in struc-
ture, as a result of which its permeability to wa-
ter decreases and the threshold for surface runoff 
is lowered, while Päivänen (1982) states that the 
water permeability of peats dominated by sedge 
and tree remains is higher than that of Sphagnum 
peats of the same degree of humifi cation, a fact 
which also infl uences the extent of infi ltration and 
the amount of surface runoff eroding the peat. It 
is evident, however, that scarcely any conclusions 
on peat and humifi cation properties that may af-
fect the transport of substances from mires and 
their peat deposits during peat production can be 
reached on the strength of the current surface veg-
etation, but that such investigations require the 
use of coring and sounding techniques.

3.6.2. Moisture conditions
Moisture conditions in the surface peat of a pro-
duction mire will affect its rainwater retention ca-
pacity and thereby the point at which the runoff 
threshold is exceeded, the volume of runoff and 
the amount of substances transported in it. Gafni 
and Brooks (1986) observe that the drying of peat 
and the accompanying rise in its temperature cause 
it to become hydrophobic, i.e. water-repellent, so 
that even rainfall of a low intensity will suffi ce to 
cause surface runoff, since the resulting crust will 
reduce the infi ltration capacity. Päivänen (1982) 
similarly notes that loose, poorly humifi ed, porous 

Sphagnum peat contains a large amount of water 
when at saturation point, but that it also releases 
this water relatively easily, whereas better humi-
fi ed peat is denser and its water content at satu-
ration point is lower. This density, he maintains, 
goes a long way towards explaining the water re-
tention capacity of peat (r2 = 0.59…0.86). This 
water retention capacity also decreases markedly 
as humifi cation advances and water permeability 
is reduced, i.e. at lower levels below the mire sur-
face (Päivänen 1982).

Drying of the 4 cm loose peat layer over a var-
ying time interval of 50–300 hours in preparation 
for harvesting (Hillebrand et al. 1992, Hillebrand, 
bulletin 2004) causes about an 85% reduction in 
its moisture content, to around 40–30%. Its rain-
water absorption capacity and leaching proper-
ties vary greatly over this period, and as a con-
sequence the loading on the downstream water-
course varies, depending of the state of drying 
(moisture percentage) that the peat has reached by 
the time the rain occurs. Also, peats of different 
composition and degrees of humifi cation differ in 
water retention capacity at the same state of dry-
ing. In his study of the drying of loose milled peat 
of various peat type compositions and grades of 
humifi cation on a production mire throughout the 
mining cycle, given constant optimal heat, mois-
ture, radiation and wind conditions, Hillebrandt 
(bulletin 2004) observed that the drying of Carex 
peat of humifi cation grades H 5 and H 7 began at a 
moisture content (%) of approx. 75% and contin-
ued in a linear manner for about 102 hours (H 5) 
or 80 hours (H 7) until a harvesting moisture con-
tent of about 40% was reached. Carex-Sphagnum 
peat under the same conditions and at the same 
degrees of humifi cation began the drying proc-
ess at the same moisture content but required 360 
hours (H 5) or 72 hours (H 7) of linear drying to 
reach the same harvesting moisture content, while 
Sphagnum peat correspondingly required 108 
hours (H 5) or 56 hours (H 7). The slower drying 
of the H 5 Sphagnum peat and exceedingly slow 
drying of the Carex-Sphagnum peat relatively to 
their H 7 counterparts points to the detrimental ef-
fects of the water retention properties of poorly or 
moderately humifi ed (H 3–5) peats on the speed 
of drying and thereby on the achieving of an ef-
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fi cient, rapid harvesting cycle. It can be assumed 
that a production area that has an optimal drying 
time for the surface milled peat of 360 hours will 
have a much lower mean annual yield than one 
with a drying time of about 100 hours under the 
same conditions, and this will naturally also im-
ply a longer overall service life for the production 
area and thus a longer duration of watercourse 
loading.

3.6.3. Gradients of production areas 
and ditches

The gradients of the production areas and the 
slopes of the dividing and communicating ditches 
affect the amounts of material washed or leached 
into the downstream watercourse. A gently slop-
ing network of ditches will restrain and even out 
the passage of rainwater and fl oodwater through 
the system, allowing the suspended solids to be 
precipitated out to a greater extent. It will also 
conduct the rainwater into the downstream water 
protection systems at lower and more even fl ow 
rates, whereas a steeper gradient will easily lead 
to sharp rises in discharge that will erode mate-
rial from the sides of the ditches and sediments 
from the bottoms. The effectiveness of the ditches 
dividing the mining strips in retaining water and 
evening out the fl ow normally declines as produc-
tion proceeds and the ditches become shallower 
through the accumulation of material on their bot-
toms. This means a distinct decline in the ability 
to control loading of the downstream watercourse, 
especially since very much greater quantities of 
material will be washed out of the deeper horizons 
in the peat deposit on account of the higher degree 
of humifi cation.

3.6.4. Production methods
 The production methods are partly responsible for 
determining what kind of material enters the ditch-
es from the production strips. Runoff from a sod 
peat production area is not as pronounced as that 
from a milled peat area, for instance, as surface 
runoff can accumulate in the trenches from which 
the sods are lifted and the drying sods themselves 
serve to prevent or slow down runoff. Uosukainen 
and Röpelinen (1998) has shown that sod peat 
production entails lower levels of material trans-

port and more even rates of runoff, because rain-
water is absorbed better into the production area. 
Total runoff from the sod peat production area in 
the Sihti 2 comparison of watercourse loading 
was 8–15% less than from the milled peat area, 
while fl ood discharge rates in the latter case were 
2–2.5 times greater than in the former. Suspended 
solids in the runoff water were 30% lower in the 
sod peat area, CODmn 10% lower, total nitrogen 
20% lower, ammonium nitrogen 35% lower and 
total phosphorus 10% lower, while the leaching of 
dissolved substances was 17–27% lower.

Röpelinen (2000) reports that although the 
production method did not seem to affect mean 
runoff in his investigations, peak runoff levels 
were lower in sod peat than in milled peat areas. 
He attributed this to the accumulation of water in 
the tracks left by the peat lifting machines, lead-
ing to reductions of as much as 25 mm in fl ood 
peaks.

3.6.5. Water protection measures
The extent to which water protection measures 
can affect the amounts of material prevented from 
being transported into the ditch network below a 
peat production area and thereby into the local 
watercourse depends on their purifi cation effi -
ciency. The ‘internal’ water protection measures 
employed in a production area consist largely of 
the capacity of the ditch network for levelling out 
runoff and allowing precipitation of particulate 
solids in the ditches themselves. The main factors 
affecting fl ow and the precipitation of peat parti-
cles are the depths of the ditches, their gradient 
and the size and effi ciency of the outlet pipes. The 
ditches separating the production strips and their 
retention weirs will prevent the transport of mate-
rial so long as the ditches are not fi lled to capacity, 
and the precipitation basins located below these 
will similarly retain material provided that fl ow 
rates are suffi ciently slow and the basins’ retention 
times suffi ciently long to permit adequate sedi-
mentation of solids. Overland fl ow fi elds retain 
mostly solid organic matter and to some extent 
nutrients. In all the above cases, however, fl ood 
peaks brought about by heavy rain will reactivate 
the peat material once sedimented out and set it 
moving again. 
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It should also be remembered that the above 
basic, mechanical means of water protection will 
not in general retain organic matter, nutrients or 
iron transported in soluble form. Chemical meth-
ods are available for this, and good results can be 
achieved at lower and moderate fl ow rates. Other 
purifi cation methods have been developed and ex-
perimented with, but so far only those mentioned 
above have been in general use.

Research into these water protection meth-
ods (Ihme et al. 1991a, 1991b, Klöve 1997) has 
established typical loading retention levels for 
each, i.e. their retention effi ciency. These levels 
vary, however, depending on the volumes of sur-
face runoff and fl ow from the mire, water qual-
ity and local ditch gradients, etc. The retention of 
suspended solids varies in the range 30–90% with 
these methods, while that of dissolved organic 
matter, as determined from CODmn values, is no 
more than 10–20%. The exception to the latter, of 
course, is chemical purifi cation, by which harmful 
loading can be reduced by as much as 70–90%, 
apart from nitrogen loading, where the improve-
ment is less than 30%. It must also be admitted 
that purifi cation results fall well below these lev-
els at times of exceptionally high fl ow rates, as 
chemical purifi cation methods are unable to cope 
with the increased volumes of water. It must also 
be noted in the case of the retention of suspended 
solids that the results attained by the various water 
protection measures are somewhat misleading, in 
that the calculations include some mineral mate-
rial of considerably higher specifi c gravity that is 
very effectively retained in sedimentation basins, 
by contrast with the relatively light loose peat ma-
terial. It would be more appropriate to evaluate 
the retention capacity of a sedimentation basin in 
terms of its ability to retain organic material, as 
it is this which is of the most relevance to water-
course loading from peat production.

3.6.6. Effects of precipitation and cli-
matic conditions on watercourse 
loading

The amount and intensity of the rainfall will affect 
the extent to which the surface runoff threshold is 
exceeded, the quantity of runoff and the formation 
of erosional gullies, and thereby the release of sol-
id particles from the peat production area and the 

transport of both these and dissolved substances 
into the watercourse. Surface runoff from the 
production area into the ditch network will have 
a signifi cant infl uence on the degree of channel 
erosion in the ditches and the transport of mate-
rial into the water protection system and on into 
the watercourse. Sallantaus (1983) reported that 
the quantities of suspended solids washed out of 
a peat production area were decisively affected by 
the occurrence of heavy rains that exceeded the 
runoff threshold, while the duration of individual 
rainstorms and the total rainfall during the period 
for which there is no frost in the ground (May-
October) have a signifi cant effect on surface run-
off and total material transport. As the intensity of 
the rain and the volume of the runoff increase, the 
total amount of material transported into the wa-
tercourse increases, even though concentrations in 
the runoff water may decrease, on account of the 
large volumes of water involved. Precipitation-
induced erosion of the peat production surface 
and erosional runoff occur for the most part only 
during this snow-free period of the year, as may 
be seen from the statistics for precipitation and 
snow cover in Jyväskylä and Kauhava in 1961–
1990 (Appendices 6 and 11), in which the fi gures 
for Jyväskylä show that 89% of that received in 
November-April came in the form of snow and 
that a snow cover predominated over that period.

Macroclimatic factors and meteorological 
phenomena such as air temperatures, amounts of 
radiation, precipitation, air humidity and wind are 
of signifi cance for the drying of the production 
surface and the loose peat awaiting harvesting, 
and thereby for the speed of the harvesting cycle, 
and any slowing of this cycle or reduction in annu-
al output on account of such factors will interfere 
with speedy and environment-friendly exploita-
tion of the production area, as it will result in a 
greater number of years for which the mire is en-
gaged in production and a longer duration of ma-
terial transport and loading of the watercourse.

3.6.7. Estimation of the duration of pro-
duction and its effects on loading of 
the watercourses

A suffi cient thickness of peat and total volume of 
peat are the most important criteria to consider 
when planning exploitation of a mire. Peat pro-
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ducers have regarded 1.5 metres as a minimum 
for the thickness of the peat deposit in a mire that 
is commercially exploitable by current methods, 
while the amount of peat that can be extracted and 
its total energy content can be calculated from the 
production area, peat thickness, water content, dry 
matter content, ash content and calorifi c value.

Long-term peat production statistics 
(Turveteollisuusliitto 1996) suggest that produc-
tion of both sod and milled peat has amounted to 
about 6 kg of dry matter (moisture content 0%) 
per m² of production area per year, based on fi g-
ures for the area of mire prepared and in produc-
tion (in ha) and the amount of peat produced (in 
m³). The long-term statistics also take account of 
production conditions, the weather and fl uctua-
tions in peat production and consumption brought 
about by changes in energy policy.

The duration of peat production is usually es-
timated on the basis of the amount of peat to be 
exploited and the peat yield per year, but it can 
also be infl uenced directly by the time for which 
a loading from the production area is imposed on 
the downstream watercourse and the extent of this 
loading, as it is these factors that are of signifi -
cance with regard to the overall impact on the wa-
tercourse.

3.6.8. Subsequent use of the peat pro-
duction area and its infl uence on 
watercourse loading

The use to which the mire area is put after peat 
production has come to an end will determine 
how great the detrimental loading may continue 
to be after the cessation of peat mining and how 
long it may last. A preliminary estimate of this 
loading and possible gradual changes in it may be 
produced on the basis of the environmental condi-
tions in the abandoned production area, the nature 
of the basal peat remaining in the mire and of the 
underlying mineral soil and advance information 
on the use to which the area is to be put. This will 
frequently point to a gradual decline in loading to 
a level typical of the form of subsequent use.

3.7. General targets for reducing 
watercourse loading from peat 
production areas, processing 
of licence applications by the 
environmental authorities and 
guiding of future land use

The decision in principle on targets for water pro-
tection in Finland to be achieved by 2005 issued 
by the Council of State proposes that phospho-
rus and nitrogen loads in surface water issuing 
from peat production areas should each be re-
duced by 30% relative to estimated levels in 1993 
(Ympäristöministeriö 1998). The targets also 
apply particularly to suspended solids and solu-
ble humic substances in the drainage water from 
production areas, and they cover all peat produc-
tion, so that achievement of the targets calls for 
the reduction of loading from newly planned peat 
production areas to a suitably low level. A further 
aim is to combine the methods adopted by the dif-
ferent authorities so that they operate according to 
the same principles (Helin 1998).  Likewise the 
environmental conservation guidelines for peat 
production (Ympäristöministeriö 2003) describe 
good practices in environmental protection to 
be applied in order to achieve the environmental 
targets laid down in the programme. The guide-
lines represent the concept of desirable practices 
espoused in the Ministry of the Environment in 
order to ensure in particular that water pollution 
originating from peat production can be predicted, 
prevented and reduced.

Peat production and the issuing of licenc-
es for this are regulated by the Environmental 
Conservation Law and Statute that came into 
force in the year 2000. Licence applications are 
almost always a question of a dispensation with 
regard to the pollution restrictions laid down in the 
Environmental Conservation Law and frequently 
also with regard to an existing prohibition on al-
terations to a watercourse, and in accordance with 
paragraph 6 of the Environmental Conservation 
Law, the peat production activity usually has to 
be located in such a manner that it does not cause 
pollution or the danger of such and that preventive 
measures can easily be taken. The general princi-
ples of the Environmental Conservation Law also 
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apply to precautions against environmental haz-
ards and measures for their minimization, obser-
vation of the BAT and BEP principles and the ob-
ligation to be fully aware of the environmental re-
percussions of any project undertaken. It can thus 
be assumed that the implementation of a project 
of this kind implies the adoption of the best pos-
sible methods for estimating the loading likely to 
arise from any peat production mire and its effects 
on the watercourse. Under paragraph 5 of the 
Environmental Conservation Law anyone under-
taking activity of a prescribed kind is to be fully 
aware in advance of its environmental impact and 
should have evaluated this impact to a suffi cient 
extent and in suffi cient detail by means of a pre-
liminary survey. Peat production inevitably entails 
a risk of environmental pollution and is regarded 
almost without exception as being an activity for 
which a licence is required, the issuing body in 
all cases of mire areas exceeding 10 ha being the 
Environmental Permits Offi ce.

The Law and Statute on the Evaluation of 
Environmental Impacts, dating from 1994, intro-
duced a new perspective into the observation of 
such impacts at the stage of planning peat produc-
tion. The law requires that an evaluation should 
be made for every plan affecting a mire area of at 
least 150 ha, but one can be demanded for smaller 
areas at the authorities’ discretion. The principal 
elements in such an evaluation in the case of peat 
production are the loading to be imposed on the 
watercourse and an evaluation of the possibilities 
for minimizing this loading, bearing in mind the 
commercial and social benefi ts to be gained from 
the peat production itself and the effects on the 
watercourse, and it is these matters that are and 
will continue to be the main issues in the process-
ing of licence applications. The procedure for 
evaluating environmental impacts involves con-
sideration of the alternative means of implement-
ing the project and their comparison with the ‘null 
alternative’. In the case of peat production the al-
ternatives could be the location of production on 
mires with different loading effects, the choice of 
different sizes of production area, different timing 
of production in view of other sources of loading 
already affecting the watercourse and the imple-
mentation of various water protection systems and 
a consideration of their possible effectiveness.

The Council of State decision regarding na-
tional land use goals requires that land use plan-
ning should take account of what mires are in gen-
eral suitable for peat production and how produc-
tion, conservation and energy generation needs 
can best be reconciled. The measures to be taken 
to guide land use at the district level take account 
of the level of mire conservation in connection 
with the location of  peat production areas, the 
state of the watercourses concerned, the classifi ca-
tion of watercourses according to their value and 
the target states and levels of usefulness  set for 
individual watercourses. The effects of peat cut-
ting have to be evaluated in each catchment area 
separately, and data on the extent of the detrimen-
tal loading on the downstream watercourse for the 
duration of peat extraction and the opportunities 
for reducing this by means of water protection 
measures should serve as the starting point when 
considering adjustment of the area subject to peat 
production in accordance with the tolerance of the 
watercourse. In spite of the possible existence of 
planning reservations already made for this activ-
ity, every production area should have an environ-
mental licence of its own before the commence-
ment of production. 

The EU framework directive on water policy 
(2000/60/EC) allowed for the guiding and mon-
itoring of changes taking place in watercourses, 
and in this way contributed to the development 
of means of applying estimates of loads and en-
vironmental impacts affecting watercourses to the 
assessment of the state of such watercourses and 
changes taking place in them. The framework di-
rective laid down that a preliminary survey of en-
vironmental pressures (signifi cant loading, water 
extraction, regulation and morphological chang-
es) and their impacts should be carried out in all 
water conservation districts in 2004, after which 
the information should be updated and supple-
mented as necessary.
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4. Impact of peat production 
on watercourses

Given that organic solids are washed out from a 
peat production area and its network of drainage 
ditches mostly as material suspended in water or 
moving along the bottoms of the ditches (Seuna 
1986), it may be assumed that these solids to-
gether with the organic matter dissolved in the 
water cause substantial silting of the bottoms of 
lakes and rivers downstream of the mire and also 
increase the chemical oxygen demand. Humus, 
which is highly stable under the conditions in 
which it was formed, alters in its decomposition 
properties when it passes into watercourses, partly 
as a consequence of the photochemical effects of 
UV radiation on its molecules (Vähätalo 2000), 
enabling oxygen-depleting microbial effects to act 
even upon dissolved humus. Similarly, as this or-
ganic material is decomposed the phosphorus and 
nitrogen nutrients bound to it are released. At the 
same time the enhanced organic matter and humus 
concentrations in the water reduce the passage of 
light and cause a warming of the lower layers of 
the water bodies, which interferes with the internal 
oxygenating circulation of the water, so that the 
temperature stratifi cation is accentuated further 
by the failure of the exchange between the bet-
ter oxygenated surface water and the deeper, less 
oxygenated strata. The resulting oxygen depletion 
or pronounced lack of oxygen causes nutrients de-
posited on the beds of rivers and lakes by natu-
ral processes or by diffuse or point loading to be 
re-dissolved in the water, leading to greater algal 
production. A further consequence of the anaero-
bic state of the lower strata in the water is that iron 
is released from the bottom sediment. The pulse-
like loading of watercourses with organic matter 
that is typical of peat production can lead to more 
permanent, long-term changes in river and partic-
ularly lake ecosystems. The effects of sudden in-
creases in the detrimental effects of organic mat-
ter and humus are most clearly visible in the case 
of clear-water systems, which may alter entirely in 
water quality as a result. The detrimental effects 
apply most of all to the reproduction and survival 
of various living organisms, and are also refl ected 
in eutrophication and loss of diversity in the veg-

etation and a decline in the usefulness of the water 
area for many recreation purposes.

The passage of phosphorus (tot. P and PO4-
P) and nitrogen compounds (tot N, NO3-N, NO2-
N and NH4-N) into watercourses below peat pro-
duction areas is a relatively minor problem on ac-
count of the relatively low concentrations of these 
nutrients in peat, but better humifi ed peat horizons 
in particular can in places contain relatively large 
enrichments of highly soluble nutrients or ones 
that are readily bound to peat particles to the ex-
tent that they can cause considerable additional 
eutrophication. The proportion of nutrient loading 
and the impact of this on the watercourse can be 
especially high in the case of peat production are-
as in the restricted upper reaches of river systems. 
According to Heikkinen and Visuri (1990), even 
a small continuous increase in nitrogen concen-
tration in the water of a river or stream can lead 
to eutrophication through the ‘fl ow effect’. The 
signifi cance of nitrogen for eutrophication and 
decomposition can be great, especially in water-
courses containing an abundance of phosphorus 
(Komiteanmietintö 1988).

Iron is to be found locally in the soil and also 
in the minerotrophic basal peat horizons, where 
in spite of the anoxic conditions and partial dis-
solved state of the iron, it is unable to leave this 
virtually undisturbed layer on account of the rela-
tive immobility of the mire water. It is only when 
the ditches required for peat production reach 
comparable depths that the iron is transported into 
the watercourse both in soluble form and bound to 
peat particles, exerting detrimental effects mostly 
on living organisms and their reproduction. Many 
heavy metals can also pose an ecological risk in 
this way, although the most notable risks from 
metals concern aluminium, zinc, copper and mer-
cury etc. in addition to iron (Jokela 2005). Jokela 
maintains that this particularly concerns rivers 
which are lacking in basins capable of evening out 
the fl ow, so that momentary peak loads can exert 
harmful impacts on organisms in addition to the 
long-term effects.

The starting point for evaluating watercourse 
loading and its effects in connection with peat 
production should be taken to be the state of the 
watercourse below the production area. Data on 
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water quality, the condition of the watercourse and 
existing loading factors can be of help in evaluat-
ing the possible impacts of additional loading, es-
pecially in terms of solid organic matter, dissolved 
organic substances, nutrients, iron and pH. Water 
quality targets and tolerance limits for the con-
centrations of certain detrimental substances can 
then be specifi ed as guidelines for the implemen-
tation of certain forms of land use in the catch-
ment area.

We may take as an example the loading targets 
contained in a water protection plan devised for 
the watercourses of Central Ostrobothnia, aimed 
at arresting their eutrophication and preserving or 
enhancing their existing ecological state. Targets 
applying to the whole watercourses included im-
proving the oxygenation of the lakes and reducing 
chlorophyll levels, reducing levels of suspended 
solids, iron and nutrients and improving the pH of 
the water on the lower reaches of the rivers.

The following water quality targets were set 
(Tikkanen and Jokela 2005):

chlorophyll a:  
4–20 mg/l as a mean for the growing season (lower 
fi gures for lakes on the upper reaches and higher 
fi gures for the lakes with a higher humus content)

phosphorus:  
maximum annual mean 12–90 µg/l 

oxygen: 
at least 2 mg/l at the deep points in lakes and 5 
mg/l elsewhere

acidity: 
pH > 5.5

suspended solids: 
max. weekly mean 20 mg/l and an overall maxi-
mum of 25–80 mg/l taking all watercourses into 
account

iron: 
1700 µg/l at pH 5.5 or below, and less than 2500–
3000 µg/l under neutral conditions

colour: 
separate targets defi ned for individual lakes

quantity of water: 
adequate

The factors to be noted when assessing effects 
on watercourses are eutrophication, silting up, the 
effects of humus of the physical state of the water 
and toxic effects. The biological monitoring is to 
be focused on certain risk factors that are crite-
ria for special protection and on the sensitivity of 
organisms to changes and their effects, and thus 
the monitoring programme should be drawn up so 
as to be as suitable as possible for each case, so 
that each water area and catchment area can be 
assessed in as comprehensive a manner as possi-
ble. The principal point of departure for biologi-
cal monitoring should be the ability to assess in-
dicator species descriptive of the state of the wa-
tercourses, threatened species and populations 
and the extent to which the watercourses are in 
a natural state (Jokela 2005) and the proportional 
signifi cance of the measures taken, especially in 
the cases of the upper parts of waterway systems, 
which are the most sensitive to changes. 

The process of developing the detailed pro-
posal presented below for a method of evaluating 
the total loading on a watercourse over the dura-
tion of peat production is part of a larger entity 
aimed at assessment of the extent of loading aris-
ing from peat production and the area that can be 
maintained in production at any one time in order 
to take due account of the limits of tolerance of 
the watercourse and the effects exerted on it. 
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5. Monitoring and advance 
estimation of watercourse 
loading from peat produc-
tion 

5.1. Monitoring of loading

Peat production is subject to the requirement, im-
posed either by the licensing authorities or by the 
courts, for the regular inspection of procedures 
and emissions, one important part of which is 
the monitoring of watercourse loading. The pur-
pose of this monitoring, which is prescribed to 
take place during the production season, i.e. from 
May to September, at intervals defi ned separately 
in each case, is to generate reliable data on run-
off and the concentrations of given substances in 
it and thus to serve the purposes of both the su-
pervising authorities and the producer in ensur-
ing the maintenance of environmentally effi cient 
peat production. The data concerned also serve as 
a source of information on changes in procedures 
and the state of the water areas for any persons 
or instances suffering from detrimental effects of 
the peat mining. According to Marja-aho (1997), 
these loading inspections create a massive body 
of data which becomes available to the user only 
after a long delay and is extremely diffi cult to 
work with and of remarkably little practical use. 
Rönkkömäki (1994) similarly regards loading in-
spections at peat production areas as purposeless 
and ineffi cient in their current form. Their reliabil-
ity is affected by the long sampling intervals and 
by the fact that concentrations cannot be measured 
in real time. Also, it is diffi cult or simply impos-
sible to make use of the results obtained over the 
last 20 years or so in order to construct generally 
applicable models for runoff, material transport 
and loading from peat production mires because 
of the lack of detailed information on peat proper-
ties (peat types and humifi cation grades) applying 
to the same points in time (years) and parts of the 
production area.

5.2. Defects in current loading 
evaluation practices

It is scarcely possible by current methods to pre-
dict the loading of watercourses from given peat 

production mires or peat deposits, since, in spite 
of the huge quantity of data generated, exploita-
tion of the results of the statutory monitoring is 
diffi cult in the absence of documentation on the 
background variables regarding the mires in ques-
tion which would be necessary for reaching gen-
erally applicable scientifi c conclusions from the 
loading data. As Rönkkömäki (1994) points out, 
mathematical models, if once available, could be 
used to calculate more accurate loading values for 
individual mires, which could then be adjusted 
by means of additional measurements. Marja-aho 
(1997) similarly observes that the extent of load-
ing from peat production areas is known to vary 
greatly and the reasons evidently lie in the hydrol-
ogy of the mires, the quality of the peat and the 
production methods employed. Mean loading data 
obtained from monitoring would be useful for 
producing regional syntheses, but they are of lit-
tle value for examining individual mires, as each 
mire requires its own body of data. 

At present advance estimates of watercourse 
loading from planned peat production mires are 
usually based only on mean monitoring data for 
production mires in the same catchment area, 
province or other large regional entity, these mean 
estimates for runoff and organic matter, nutrient 
and dissolved substance concentrations being re-
lated to the area of production mire concerned in 
the given case in order to obtain a prediction of to-
tal loading. It is also usually assumed that loading 
will remain more or less similar over the whole 
duration of exploitation of the mire. Thus esti-
mates of the duration of peat mining and the cor-
responding total loading on the watercourse are 
constructed on the basis of general mean values 
and not of data for the mire in question.

It may therefore be said that the loading esti-
mates for projected production mires and the im-
pact assessments derived from them have been 
relatively crudely derived up to now, in that they 
have not been based on the actual characteristics 
of the mire in question. Thus they have not neces-
sarily even been indicative of the correct trends 
and have been of little real use for the prediction 
of impacts, the designing and targeting of water 
protection systems or the planning of the monitor-
ing of loading.
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5.3. Opportunities for using the 
estimation method based on 
individual mire and peat prop-
erties to be introduced here for 
water protection purposes 

 
The aim of the present research into the prediction 
of watercourse loading from actual or planned 
peat production mires is to be able to use the re-
sults to defi ne loading levels for given production 
areas and for whole river basins at a higher level 
of temporal and spatial detail. This would better 
permit the prediction of varying levels of loading 
over the duration of peat production and the im-
pact of this loading on the part of the watercourse 
lying downstream of the mire, the state of the wa-
tercourse and its capacity to absorb the additional 
loading. These predictions of the extent of load-
ing, its timing and its impacts can then be used to 
determine the mire area that could safely be taken 
into peat production at any one time in the water-
course or part of a watercourse in question. The 
same predictions could also be used to estimate in 
advance what would be the optimal water protec-
tion solutions for each production area in view of 
the variations in loading to be expected during its 
lifetime.

The Environmental Conservation Law requires 
prevention and minimization of the environmen-
tal hazards attached to each project, observance 
of the BAT and BEP principles and an awareness 
of the environmental impacts of the project. In the 
case of peat production the law can be understood 
as requiring prediction of environmental pollution 
effects throughout the lifetime of the production 
area by the best means available before application 
is made for an operating licence. Under paragraph 
46 of the Environmental Conservation Law the 
licence shall contain instructions as to the moni-
toring of operations, loading and the state of the 
watercourse, and successful construction and con-
fi rmation of this monitoring plan requires that the 
supervisory authorities should have in advance a 
set of maximally detailed loading estimates for the 
various stages of preparation and use of the peat 
production area that take full account of its mire 
properties. The EU framework directive on water 
policy also requires that a loading estimate cover-

ing the whole duration of production that is based 
on data for the site in question should be drawn up 
for any project likely to cause loading and envi-
ronmental impacts on a watercourse, on the basis 
of which the detrimental impacts can be assessed 
in relation to the commercial and social benefi ts 
to be achieved. The water protection programme 
for industry, Aims of Sustainable Development, 
which also applies to peat production, similarly 
attaches importance to the further development of 
the most appropriate means of inspecting opera-
tions and emissions in this fi eld and to attempts to 
improve the estimation of impacts, e.g. by means 
of new modelling applications.

The aims and results of this research are set 
out from Chapter 6 onwards. The results are used 
to develop the ®Suosvahn model for predicting 
the loading imposed on a watercourse by a peat 
production area. Examples of the application and 
exploitation of the model in conjunction with mire 
and peat data and typical loading values obtained 
for peat types and their humifi cation grades in the 
context of the research for the purpose of predict-
ing the loading of watercourses from peat produc-
tion are presented in Chapter 9 and Appendices 
10–15. 

5.4. Mire and peat data required 
for the prediction of water-
course loading

The starting point for the evaluation process may 
be taken to be the specifi c data sets for existing or 
planned peat production mires and the linking of 
peat characteristics to estimates of the extent of 
loading and duration of production. The mire area 
in question, whether a single production site or all 
the production sites in a catchment, for instance, 
can be handled fairly well on the basis of existing 
mire and peat data. The national mire data register 
maintained by the Geological Survey of Finland 
contains fairly detailed information on about 
13,000 individual mires over the whole country, 
with a total area of about 1.7 million hectares, in 
addition to which a company planning to com-
mence peat production or one already engaged in 
such production will usually always have data on 
the mire or mires concerned that can be used as a 
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starting point for assessing the associated water-
course loading (see Appendix 16a,b).

In the case of mires that have already been 
surveyed computerized data sets will be availa-
ble based on fi eldwork and cartographical assess-
ments. These will include information on mire 
areas, relief, vegetation, mire types, ditching and 
other alterations relative to a natural state. Three 
cores extending from the mire surface to the un-
derlying mineral soil are usually taken for every 
10 ha of mire and determinations of peat depth, 
the main peat types, Sphagnum (S), Carex (C) and 
Bryales (B), additional factors, e.g. Eriophorum 
(Er), ligneous material (L) or Equisetum (Eq), hu-
mifi cation grade on the scale H 1–10, moisture 
content on the scale B 1–5 and fi bre content (stem 
bases of Eriophorum) on a scale 0–6 are made to 
an accuracy of 5 cm and recorded together with 
observations on the composition of the underly-
ing mineral soil.

Volumetric cores have also been taken at 
points on these mires that are known from the ba-
sic coring programme to represent typical mean 
mire characteristics as accurately as possible, and 
these have been analysed for acidity (pH), water 
content (%), dry matter (kg/m³), calorifi c value of 
the peat (MJ/kg) and ash content as a % of dry 
matter. Some of the samples have also been ana-
lysed for iron and sulphur concentrations, for in-
stance. In the opinion of  Mäkilä (1994), cost-ef-
fective measurements of water content (%) and 
humifi cation (H1-10) in the fi eld allow the energy 
content of a mire (in MWh/m³) to be calculated 
with a coeffi cient of determination of  81% for 
Sphagnum peats and 77% for Carex peats. 

The following items of information on the 
mire, its peat and the relevant water protection 
measures are also necessary for the estimation of 
total watercourse loading over the whole service 
life of the planned or existing production area:
•   size of the production area
•   peat depth in the production area
•   peat types in the horizons to be extracted
•   humifi cation grade(s) of the peat to be 
    extracted
•   water content / dry matter content of the peat            
    to be extracted
•   pH of the peat to be extracted

•   water protection measures planned for the pro-
duction mire
 -  operating plan for the water protection  
  system for the duration of production
 -  reduction capacity of the system in 
  relation to variations in loading during  
  production.

The above data for each mire should be ac-
quired at a suffi cient density (approx. 3 cores / 10 
ha) to ensure that the estimates based on them are 
representative and typical of the mire concerned. 
Data on the location, height and gradient of the 
mire are also of signifi cance for loading estimates 
in addition to as its peat characteristics.
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6. Aims and purpose of the 
material transport experi-
ments

 The aim of the sprinkler experiments was to de-
termine the effects of peat properties on runoff 
from the milled peat production strips into the 
dividing ditches as far as the passage of solid 
organic matter, the chemical oxygen demand of 
organic matter and phosphorus and nitrogen are 
concerned. Typical surface runoff volumes and 
their concentrations of the above substances were 
determined for Sphagnum and Carex-dominated 
peats at various degrees of humifi cation (H 1–10) 
with sprinkling at a constant intensity of 1.27 mm/
min, and this information was used in turn to cal-
culate the quantities of the substances transported. 
Comparisons were made between the surface run-
off and typical transport characteristics associated 
with milled peat production areas with different 
surface peat characteristics and moisture contents 
and various dependences between material trans-
port factors were explored.

The purpose was to verify more precisely cer-
tain of the facts, results and viewpoints present-
ed above, including the observation by Päivänen 
(1973) that well humifi ed peat horizons are vul-
nerable to erosion, which needs to be taken into 
account when planning production and design-
ing water protection systems, so that the network 
of ditches can be used to regulate runoff, and the 
conclusion reached by Klöve (1994a, 1997) that 
the extent of erosion and the transport of sediment 
can best be determined from hydrological factors 
and typical peat characteristics. Likewise Burt et 
al. (1990) and Sallantaus (1983) emphasize the 
importance of surface runoff in connection with 
the occurrence of erosion and the extent of materi-
al transport, while Sallantaus also draws attention 
to the role of peat quality and the gradient of the 
production mire and drainage network in deter-
mining the transport of suspended solids. The lat-
ter author is also of the opinion that a reliable es-
timate of the transport of solid organic matter can 
only be achieved if the sampling includes loading 
at times of heavy rain. Rönkkömäki (1994) con-
siders it important to be able to estimate the qual-
ity and amount of the water drained off the mire 

during production in order to optimize the dimen-
sioning of the water protection systems. Having 
studied the use of hydrological models based on 
mire and peat properties, he constructs a model 
for simulating the hydrology of a peat produc-
tion mire and the leaching of nutrients from it. For 
Klöve (1997), the important factors to resolve in 
order to improve the estimation of runoff and wa-
tercourse loading are the detailed erosion and run-
off characteristics of production peats of different 
types.

Since no detailed investigations into the de-
tachment of particles from a peat horizon and their 
transport in the runoff water have been carried out 
earlier, it has not been possible to estimate the typ-
ical volumes of such particles washed out of peats 
of different types and humifi cation grades. In ad-
dition, estimates were obtained here of the rain-
water retention capacity of peats of different types 
and levels of water content and their effects on the 
passage of rainwater from the surface peat into the 
groundwater layer. 

The ultimate purpose of the research was to 
obtain typical surface runoff values (in mm and 
l/m²), concentrations of transported substances 
(in µg/l or mg/l) and resulting transport fi gures 
(in kg/ha/yr) for given levels of sprinkling (0–67 
mm) at a constant intensity of 1.27 mm/min in the 
case of milled peat production strips containing 
Sphagnum (S) and Carex (C) peats of various hu-
mifi cation grades (H 1–10) on the von Post scale. 
These typical values were to be determined sepa-
rately for suspended solids (SS), organic matter, 
in terms of chemical oxygen demand (CODmn 
O2), total phosphorus (tot. P) and total nitrogen 
(tot. N).

 By combining these typical transport values 
with data on a proposed production mire and its 
peat to predict the amounts of substances likely 
to be leached or washed into the drainage ditch 
network over the whole course of peat production. 
More extensive loading estimates, e.g. for all the 
production areas in a catchment, can be obtained 
by combining the data from individual mires. 
Loading data of this kind, applying to individual 
peat horizons, production areas and watercourses 
in a comparative manner, can be of assistance in 
the planning and implementation of watercourse-
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friendly, environmentally effi cient peat produc-
tion, in which the detrimental loading on the wa-
tercourse (in kg) per unit of energy extracted from 
the mire (MWh) is low.
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7. The research

7.1. Material, samples, statistical 
processing and modelling

The material for this investigation consisted of 
25 milled peat samples collected from produc-
tion mires, mainly in Central Ostrobothnia, north-
ern Häme and South-Western Finland, in 2002. 
These were taken either from the loose surface of 
a milled peat production area, or in a few cases 
from a store of recently harvested peat. The sam-
ples, of approx. 150 litres each, were kept in black 
plastic sacks which were loosely closed so that 
scarcely any evaporation could take place.

The aim in sampling was to obtain material of 
a peat type, humifi cation grade and moisture con-
tent representative of peat production at the site 
concerned and the conditions under which this 
was taking place, so that the research would be 
able to provide typical surface runoff and material 
transport data for as wide a range of production 
peats as possible.

Representativeness of the peat samples
The main peat-forming factors and additional fac-
tors were assessed visually for all the samples, 
and also the humifi cation grade on the von Post 
scale H 1–10 was determined by visual examina-
tion and compression of the samples (Moisanen, 
GSF and Svahnbäck). They were then divided into 
two groups: Carex-dominated and Sphagnum-
dominated, in accordance with the principle di-
vision in the Finnish peat classifi cation scheme, 
which employs a total of 6 classes. These two ma-
jor groups will be referred to below for brevity 
simply as Carex peats (C) and Sphagnum peats 
(S). In the set of some 13,000 mires studied by 
the Geological Survey of Finland (Virtanen et al. 
2003), Carex peats account for 45% of the total 
area and Sphagnum peats for 54%. About 1% of 
that material consisted of Bryales peat (B), which 
was not represented in the present research. In or-
der to assess the characteristics and representative-
ness of the peat samples, they were also analysed 
in terms of water content (%), dry matter content 
(kg/m³), calorifi c value (Mj/kg) and ash content 
(%), at  the GSF laboratory at Espoo and at the 
Agrifood Finland Laboratory at Jokioinen.

A total of 15 Carex peat samples were sub-
jected to sprinkling (twice) and extraction (11 
samples twice and 4 once) (Appendices 1 and 2). 
All these samples consisted of at least 50% Carex 
peat by mass, the remainder being most common-
ly Sphagnum peat, wood fragments and remains 
of Eriophorum stem bases. The mean degree of 
humifi cation was H 5.4 (range H 3.5–8), and the 
mean water content 54% (range 22.4–79.3%). In 
view of the variation in water content and humifi -
cation, the dry matter content varied very widely, 
in the range 121–439 kg/m³, with a mean of 216 
kg/m³. Likewise 10 Sphagnum peat samples were 
subjected to sprinkling (twice) and extraction (6 
samples twice and 4 once) (Appendices 1 and 2). 
These consisted of at least 50% Sphagnum peat by 
mass, the remainder being most commonly wood 
fragments and remains of Eriophorum, dwarf 
shrubs and sedges. The mean degree of humifi -
cation was H 4.9 (range H 2.5–8.5) and the mean 
water content 73.4% (range 47.5–89.3%). The 
variation in water content and humifi cation meant 
that the dry matter content varied in the range 53–
254 kg/m³, with a mean of 145 kg/m³.

The precipitation data used here to represent 
the typical mean rainfall per day during the snow 
and frost-free months of the year (May-October) 
were the 30-year mean daily statistics for the nor-
mal period 1961–1990 at Jyväskylä and Kauhava 
(Finnish Meteorological Institute). These fi gures 
(Appendix 5) were used to calculate the mean 
probabilities of occurrence of daily rainfall of dif-
fering intensities (0.5, 1.5, 2.5 mm etc.) during 
this 6-month period in any one year. The statistics 
(Appendix 11) give monthly mean rainfall fi gures 
(in mm) and a mean total of 352 mm (388 mm at 
Jyväskylä and 317 mm at Kauhava) for the snow 
and frost-free part of the year (May-October), and 
also corresponding total precipitation fi gures of 
251 mm at Jyväskylä and 166 mm at Kauhava 
for the mainly snowy half of the year (November-
April), not included in the scope of the present 
work, of which 89% fell as snow (at Jyväskylä). 
Appendix 11 also provides details of mean snow 
depths and the prevalence of a snow cover by 15-
day periods.

Statistical dependence between variables is 
indicated here by means of Pearson’s product mo-
ment correlation coeffi cient (r), which is the most 
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common of the available methods. Correlations 
were calculated between various aspects of ma-
terial transport in the runoff water resulting from 
sprinkling, and also between the values obtained 
for the same variables in the two sprinkling exper-
iments, in order to determine the linear depend-
ence between the results. Similarly the depend-
ence of the increasing concentrations of substanc-
es in the runoff water on the degree of humifi ca-
tion (H1–10) of the Sphagnum or Carex peat sam-
ples was determined by the same method. In the 
case of the extracts, correlations were calculated 
between the substance concentrations associated 
with the various peat factors.

Pearson correlations are expressed as scaled 
values of r between -1 and 0 and between 0 and 
+1, where a positive value indicates direct de-
pendence and a negative value inverse depend-
ence. Correlations indicated in the matrices in 
italics are statistically signifi cant (p < 0.05).

The following expressions are used when in-
terpreting the correlations:

r ≥ 0.7  close correlation
0.3 < r < 0.7  moderate correlation
r ≤ 0.3 poor correlation

Concentrations of suspended solids, phospho-
rus and nitrogen in the runoff water and the chem-
ical oxygen demand occasioned by organic matter 
are defi ned for Carex and Sphagnum peat at vari-
ous degrees of humifi cation (H 2–8.5) by means 
of second or third-order polynomials (Figs.21–
24), while annual values for the above variables 
(for the period May-October) are defi ned in terms 
of fourth-order polynomials (Figs. 25–28). 

7.2. The rainfall simulation experi-
ment

The effects of rainfall were simulated by sprin-
kling water on peat samples in trays of size 0.4 x 
0.6 x 0.05 m, with a surface area of 0.24 m² and 
a volume of 0.012 m³, which were watertight on 
their upper edges and sides. The peat was spread 
lightly in such a way as to fi ll the tray in a manner 
corresponding to the disposition of a 5 cm bed of 
loosened peat on a production surface. The sam-
ples were found to vary greatly in weight (range 

2.566–10,607 kg), mainly on account of varia-
tions in water content (22.4%– 89.3%) and dry 
matter content (94 – 439 kg/m³). The sprinkling 
and consequent runoff and transport of substances 
from the samples were intended to simulate in a 
controlled and comparative manner, under labora-
tory conditions, the runoff brought about by natu-
ral rain falling on a milled peat production area 
and the material transported in this. The mean dis-
tance of each sample tray of size 0.4 x 0.6 m from 
the edge of its imaginary drainage ditch was 0.3 
m, whereas in reality the mean distance of a pro-
duction strip from its ditch would be 5 m. This 
means that the fl ow rate of the surface runoff from 
the tray in the experiment will have been lower 
than that at the lower edge of a production strip 
under real conditions. It was not possible to de-
termine in this work whether the lower fl ow rate 
had the effect of reducing the amounts of material 
transported in the runoff, but it is signifi cant that 
no instance of the whole mass of loosened peat 
moving towards the contact with the ditch edge 
were recorded here, whereas it is known in actual 
practice for the whole mass of loosened peat on 
the production surface or some part of it to move 
en bloc towards the dividing ditch as the result 
of a powerful runoff. It must be remembered, of 
course, that the sample surface had been smoothed 
over and had only small unevennesses of 1–2 cm 
that could have had a restraining effect on the wa-
ter, while a production area will normally have de-
pressions in it, in which some of the runoff water 
will gather. A survey by Skaggs (1991) suggested 
that the maximum size of surface pools will be 
only 1 mm if the surface has been fl attened out 
well, whereas the size may reach 10–20 mm if the 
surface is uneven. Depressions interfere with ef-
fi cient peat harvesting, however, so that it would 
be inappropriate to included them in the model as 
preliminary retention basins capable of reducing 
runoff and loading of the ditch system.

One advantage of performing these sprin-
kling tests in a uniform fashion (0-38 mm, intens. 
1,27 mm/min) under laboratory conditions was 
that this allowed proper comparisons to be made 
between the runoff, material concentrations and 
amounts of material transported in association 
with Sphagnum and Carex peats of different de-

LASSEDsarja_taittopohja B5.indd   55LASSEDsarja_taittopohja B5.indd   55 8.11.2007   13:26:128.11.2007   13:26:12



56

grees of humifi cation, in accordance with the aims 
of the experiment.

The tests were performed using the rain sim-
ulator used by Agrifood Finland at Jokioinen to 
study fi eld erosion and the washing out of soil 
components. The simulator consists of capillary 
tubes of diameter approx. 2 mm arranged about 
6 cm apart to give a density of 320 tubes / m². 
Each drop of water is about 4 mm in diameter as 
it leaves the tube, 2.4 metres above the sample. 
The drops then pass through a dispersal grid at 
a height of 1.9 metres, from where the water is 
allowed to ‘rain’ down freely on the sample. The 
purpose of this grid is to disturb the regular pat-
tern of 4 mm drops and create a rain of drops of 
differing sizes, including some of less than 4 mm, 
thus corresponding as closely as possible to the 
composition of natural rain. The deionized, dis-
tilled water forming the drops is released at a tem-
perature of 20°C. The equipment is looked after 
and operated for Agrifood Finland by supervised 
by Dr. Laura Yli-Kukku.

The rate of sprinkling in all the tests was 38 
mm in 30 minutes (76 mm/hr),    corresponding to 
a rainfall intensity of 1.27 mm/min, and each test 
was carried out at a constant intensity. The amount 
of water delivered by the sprinkler was verifi ed 
and calibrated before and after each experiment 
by directing the jet into a test vessel, yielding val-
ues in the range 74 – 81 mm/hr (cal. 77.5 mm). 
For the experiments proper, two trays were placed 
side by side under the apparatus in such a way that 
no splashing from one tray to the other was possi-
ble and at a gradient of 4° (in a lengthways direc-
tion), which would correspond to the gradient on 
the surface of a peat production strip as it slopes 
down to the dividing ditch. The water descending 
on each peat sample during the 30 min of sprin-
kling and trickling across it in the manner of sur-
face runoff before escaping over the front edge 
was then collected. The edge of each tray was also 
fi tted with a dense 0.5 cm mesh to a height of 4.5 
cm through which the runoff water could easily 
pass but which would retain peat from the sam-
ple, so that the runoff water could not erode larg-
er peat particles from this contact with the ditch 
than from the surface layer of the sample proper. 
Thus it may be said that the tests did not address 

the question of the contribution of erosion on the 
edge of the drainage ditch to either runoff or ma-
terial transport. No water was allowed to escape 
from the sample tray other than into the collecting 
vessel, the accumulation of water in which was 
monitored throughout the 30 min of the experi-
ment. Once the sprinkling had fi nished, the water 
was allowed to drain off the sample for a further 3 
minutes, until the surface runoff had stopped en-
tirely. The times required for the accumulation of 
0.5 l, 1.0 l, 2.0 l etc. of runoff water in the vessel 
were recorded (in minutes). Since sprinkling for 1 
min corresponded to a rainfall of 1.27 mm, it was 
then possible to defi ne the amount of rainfall (in 
mm) required to give rise to a certain volume of 
runoff (in mm and l/m²). This enabled all volumes 
of runoff to be defi ned for all amounts of rain fall-
ing within the space of 0–30 min (0–38 mm of 
rain, given an intensity, 1.27 mm/min, 76 mm/hr). 
For example, a runoff of 2.09 l/m² (0.5 l / 0.24 
m²), corresponding to 20.9 m³/ha, would arise in 
the case of sample 6 with sprinkling for 5 min, 
corresponding to 6.35 mm of rain (5 min x 1.27 
mm/min) (Table 1).

Each of the 25 samples was subject to 2 sprin-
kling tests, the fi rst performed on an undisturbed 
sample and the second, 24 hours later, on the 
same, untouched sample on its tray. The sample 
was weighed before each test.

Part of the water remaining in the sample tray 
after the fi rst sprinkling of 30 min and the addi-
tional three minutes allowed for the surface runoff 
to be complete would have drained away through 
the holes in the bottom of the tray. This water 
would represent that percolating through the loose 
peat on a production strip in the direction of the 
groundwater below. Some of the water, however, 
will have been absorbed in the peat. The samples 
were kept indoors and protected from the light 
for the intervening 24 h, so that the very small 
amount of evaporation that may have taken place 
can be ignored. 

Since both Klöve and Sallantaus report that a 
greater amount of material is contained in the run-
off water from a production area at the early stages 
of surface runoff caused by rain, with a decline as 
the rain and surface runoff continues, it is possi-
ble that the present results give somewhat smaller 
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loading fi gures at times of light rain and low fl ow 
rates than would apply in reality. The analyses of 
the material content were performed on the whole 
samples of runoff water for the 30 min of sprin-
kling, and it was these concentrations that were 
used consistently to determination the amounts of 
loading accumulating at all stages between 0 and 
38 mm of rainfall. The analyses performed (by 
Lounais-Suomen vesi- ja ympäristötutkimus Oy) 
were of suspended solids (mg/l), the proportion of 
organic matter, chemical oxygen demand, associ-
ated with total organic matter (CODmn mg/l O2), 
soluble phosphorus concentration (sol.P, µg/l, af-
ter fi ltering through a 0.45 µm mesh), total phos-
phorus (tot.P, µg/l), ammonium nitrogen (NH4-N, 
µg/l), total nitrogen (tot.N, mg/l) and colour after 
sentrifugation (mg Pt/l).

The purpose of the sprinkler experiment was 
above all to study the typical surface runoff brought 
about by rain and the material transported in this 
runoff in the case of Sphagnum and Carex peats 
of different humifi cation grades, but the tests also 
provided information on the typical characteris-
tics of the various peat types at different degrees 
of humifi cation and moisture content: their ability 
to absorb and retain rainwater in the loose surface 
layer awaiting harvesting and the amounts of wa-
ter that can be expected to percolate down into the 
lower peat horizons. As the sprinkler experiments 
were carried at the same intensity of 1.27 mm/min 
for their whole duration, i.e. delivering 38 mm 
over a period of 30 min, they do not correspond in 
this respect to natural rain, which can vary greatly 
in intensity. The fundamental purpose of the ex-
periments, which was to study the varying surface 
runoff from peats of different types and degrees of 
humifi cation in milled peat production areas and 
their concentrations of given substances, was nev-
ertheless achieved successfully. 
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8. Results

8.1. Runoff in the sprinkler experi-
ments 

The purpose of the sprinkler experiments carried 
out on samples of milled surface peat of thick-
ness 5 cm was to study the dependence of surface 
runoff on peat type, degree of humifi cation and 
moisture content. Surface runoff occurs when the 
rainfall received exceeds the infi ltration capacity 
of the substrate (Rönkkömäki 1994), and this in-
fi ltration capacity is known to vary from one peat 
type to another and with the degree of humifi ca-
tion of the peat, while the extent to which the peat 
has dried out will have a considerable infl uence 
on its hydraulic conductivity and absorption of 
rainwater. A hydrophobic state soon becomes es-
tablished in drier peat, upon which scarcely any 
infi ltration of rainwater will occur and no satura-
tion with water at any depth in the peat deposit, so 
that the runoff threshold will be exceeded almost 
immediately. 

In order to examine the effect of various de-
grees of drying of a peat mining area (from an 
initial moisture content of about 85–90% to a har-
vesting moisture content of 25–45%) on the extent 
of runoff into the dividing ditches, the Sphagnum 
and Carex peat samples were divided into three 
humifi cation classes, H 1–4, H 4.5–6 and H 6.5–
10, and these into four moisture content classes, 
V1 = 0–35%, V2 = 36–55%, V3 = 56–75% and 
V4 = 76–100%, and the amount of runoff assessed 
at rainfall levels between 0 and 38 mm. The inten-
sity of sprinkling in the simulations was 1.27 mm/
min, corresponding to a rainfall of 38 mm/30 min, 
or 76 mm/h, and implying that the peat sample in 
its tray of area 0.24 m² received a total of 9.1 litres 
of water. The experiment was repeated twice at an 
interval of 24 hours, representing a total rainfall 
of 38 mm on each occasion, and observations of 
runoff were made at cumulative rainfall values of 
0.5, 1.0, 1.5, 2.5 … 37.5 mm (Fig. 4). Runoff val-
ues for 42.5, 47.5, 52.5, 57.5 62.5 and 67.5 mm of 
rainfall (Appendix 4) were derived from the fi g-
ures for less than 37.5 mm by linear extrapolation. 
The maximum rainfall of 67.5 mm was chosen 
as the end-point of the extrapolation because the 

long-term precipitation statistics recognise rain-
fall up to this amount.

The resulting runoff volumes (in l/m² and 
mm) for all the samples in the four moisture con-
tent classes (V1-V4) in the fi rst and second rounds 
of sprinkling are presented in Fig. 4 and Appendix 
3. It should be noted that each peat sample was 
of an even moisture content throughout its total 
volume of 12 l in the fi rst round of sprinkling, 
whereas some of them had absorbed water during 
this process and had to be placed in one moisture 
class higher for the second round. The samples in 
the 56–75% moisture class were only very slight-
ly hydrophobic and had a high infi ltration and 
rainwater retention capacity, so that little surface 
runoff ensued. The poorly humifi ed Sphagnum 
peat had a good retention capacity from a mois-
ture content of around 50% up to 85%, and it was 
observed that a distinct moisture content bound-
ary existed at approximately  50%, so that sam-
ples located above or below this limit exhibited 
quite different runoff properties, both C and S 
peats with an initial moisture content of less than 
50% having a mean surface runoff of 74.3% of 
the incoming water volume while for those with 
an initial moisture content above 50% the mean 
was 29.8%. Conversely, where 18.5% of the water 
absorbed by and retained in the samples with an 
initial moisture content less than 50% drained out 
of them during the 24 hours following the sprin-
kling, the fi gure for those with an initial moisture 
content above 50% was 38.4%. Thus the former 
samples retained a mean of 7.2% of the incoming 
water and the latter a mean of 31.8%. One conse-
quence of this was that where runoff in the second 
round of sprinkling (after an interval of 24 h) was 
a mean of 8.5% lower than in the fi rst round (range 
+8–-34%) in the former samples, it was a mean of 
63.3% higher than in the fi rst round (range +218–-
32%) in the latter (Appendix 3).

All the samples were sprinkled a second time 
after an interval of 24 hours, and the same weight-
ings were used on both occasions when determin-
ing runoff values for the S and C peats and their 
various humifi cation classes. The second round of 
sprinkling in effect simulated a situation in which 
the loose peat on the surface of a mire has not 
been milled again after a rainstorm before another 
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shower falls on the still damp production area.
The amount of runoff produced by the maxi-

mal linearly extrapolated rainfall of 67 mm in the 
case of H 1–4 S and C peats was greatest in the 
moisture content class 0–35%, i.e. 55.8 l/m², and 
lowest in the class 76–100%, 13 l/m². In the case 
of the H 4.5–6.0 S and C peats it was highest in 
the 0–35% and 36–55% classes, being 56 l/m² in 
the S peats and 48 l/m² in the C peats, and by far 
the lowest in the 56–75% class, 9 l/m² in the S 
peats and 19 l/m² in the C peats. In the H 6.5–8.5 
S and C peats the highest runoff was recorded in 
the 0–35% and 76–100% moisture classes, both 
with virtually the same mean fi gure of 55 l/m², 
and lowest in the 56–75%, where it was 41 l/m² 
for the S peats and 22 l/m²  for the C peats (Figs. 
5-10).

The typical runoff values (in l/m² and mm) 
obtained for different intensities of rainfall (0.5–
67 mm) are presented separately for the S and C 
peats, three degrees of humifi cation, H 1–4, H 4.5–
6 and H 6.5–10, and four moisture content class-
es 0–35% (weighting 20%), 36–55% (weighting 
30%), 56–75% (weighting 30%) and 76–100% 
(weighting 20%) in Figure 11 and Appendix 4. As 
the S and C samples at the various degrees of hu-
mifi cation did not represent all the moisture class-
es, the missing runoff values are replaced with the 
means for the moisture classes in question. This 
has enabled weighting total runoff curves to be 
constructed for all four moisture classes (V1 - V4) 
and numerical values to be quoted for all of these 
with respect to rainfall of all intensities (0.5–67 
mm). Thus it may be seen from Table 1 that in 
the case of sample 5, for instance, sprinkling for 
6 minutes (7.62 l/m²), corresponding to a rainfall 
of 7.62 mm (intensity 1.27 mm/min), gave rise to 
a runoff of 2.09 l/m² (2.09 mm). This would cor-
respond to a runoff of 58 l/s/ha (5800 l/s/km² ) 
into the drainage ditches of a milled peat produc-
tion area.

Conclusions regarding  runoff
The rainwater retention capacity of S and C peats 
is clearly at its highest at humifi cations of H 2.5–6 
and in the moisture content class 56–75%, and 
runoff increased in a fairly regular manner in the 
course of drying from a moisture content of about 
50% to 20–30% (Fig. 4, Figs. 5–10, Appendix 3).  

The direct surface runoff from the H 4 Sphagnum 
peat samples of moisture content 62%, 64% and 
73% corresponded to only 12%, 17% and 20% 
of the incoming volume of water, respectively, 
whereas the peats with a less than 50% mois-
ture content frequently had a proportional run-
off of over 70% (Appendix table 3). Samples of 
a humifi cation greater than H 6.5 and a moisture 
content higher than 80% had a low water reten-
tion capacity and their runoff values were high, 
but samples of humifi cation less than H 4.5 with 
the same moisture content had an excellent re-
tention capacity and runoff was minimal. It may 
be seen from the data presented in Figure 4 on 
runoff (l/m², mm)  from all 25 peat samples in 
both sprinkling experiments, each representing a 
rainfall of 38 mm, grouped according to moisture 
content (classes V1 - V4), that the hydrophobic 
nature of the drier samples leads to high runoff 
while those of medium moisture content (around 
55–70%) show a good water retention capacity 
and low runoff. Runoff in the second experiment, 
performed after an interval of 24 h, was an av-
erage of 8.5% lower than in the fi rst in the case 
of samples with an initial moisture content less 
than 50%, on account of a decline in their hydro-
phobicity, whereas that from the samples with an 
initial moisture content exceeding 50% increased 
by 63.3%, their retention capacity having been 
greatly reduced by saturation on the fi rst occa-
sion. The results indicate that direct surface run-
off can vary markedly according to the peat type, 
degree of humifi cation and moisture content of 
the loose surface peat awaiting harvesting, so that 
conclusions regarding runoff have to be based on 
a comprehensive investigation involving all these 
variables. 

Actual drying conditions on a milled peat 
production mire will vary on account of the 
weather and the peat characteristics (Hillebrand 
et al. 1992) and the time taken for the surface 
peat to reach harvesting quality can vary accord-
ingly. Hillebrandt nevertheless demonstrates that, 
apart from the cessation of evaporation at nights, 
drying, reduction in its moisture content, pro-
ceeds in a linear manner under constant meteor-
ological conditions (Hillebrand 2004) regardless 
of the peat characteristics, so that the probabili-
ties of occurrence of the various moisture content 
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Amounts of sprinkling (in mm) at an intensity of 1.27 mm/min producing surface runoffs of 2.09 l/m² 
(mm) and 4.17 l/m² (mm) from the 25 peat samples in experiments 1 and 2. 

Sample 
no.

Peat type 
C/S

Humif.     
H 1–10

 Moisture 
content % 
(exp. 1)

Runoff (mm)
 at 2.09 l/m² 
(exp. 1)

Runoff (mm)
 at 2.09 l/m² 
(exp. 2)

Runoff (mm)
 at 4.17 l /m² 
(exp. 1)

Runoff (mm)
 at 4.17 l /m² 
(exp. 2)

5 Er1S2C3 4 48.60%   7.62 mm 8.89 mm 10.16 mm 13.97mm

6 S1C5 4 43   6.35 6.35 8.89 10.16

8 L1S2C3 6 53.5 15.24 6.35 21.59 0

9 N1S1C4 4 44.3   6.35 6.35 8.89 8.89

10 S2C4 5 38.2   6.35 8.89 8.89 11.43

11 Er1S2C3 4.5 44.5   6.35 8.89 8.89 12.7

12 Er1S2C3 5.5 59.6 27.94 10.16 0 15.24

13 L2S1C3 7 23.3   5.08 6.35 8.89 8.89

14 L1S2C3 6 33   3.81 6.35 7.62 8.89

15 L2S1C3 7 22.4   5.08 6.35 7.62 8.89

18 L1S1C4 6 56.9 15.24 17.78 24.13 26.67

24 L2S1C3 8 72.9 13.97 6.35 17.78 10.16

26 L2C4 3.5 70.8 15.24 8.89 21.59 12.7

27 L1S1C4 5 52.6 11.43 10.16 20.32 16.51

28 L1S2C3 5.5 64.5 13.97 7.62 19.05 11.43

1 Er1S5 2.5 64.5   7.62 11.43 12.7 19.05

3 Er1S5 4 73.1 19.05 11.43 27.94 19.05

4 Er1S5 3 62.6 11.43 16.51 17.78 24.13

7 Er1C1S4 6.5 71.2 17.78 7.62 24.13 11.43

16 L1C1S4 6 47.5   6.35 7.62 7.62 11.43

17 N1C2S3 5 61.9 21.59 15.24 34.29 24.13

21 Er1S5 2.5 64.5 19.05 19.05 27.94 27.94

22 Er1S5 4 86.3      0 8.89 0 12.7

23 L1Er1S4 7 78.6    7.62 3.81 10.16 6.35

25 L2S4 8.5 72.6  12.7 5.08 15.24 7.62

levels in the loose surface peat can be assumed to 
remain more or less constant through the harvest-
ing cycle. 

Table 1. Comparison of amounts of rainfall (mm, l/m²) required to produce given levels of surface runoff (mm 
and l/m²) from the various samples in sprinkling experiments 1 and 2 (intensity 1.27 mm/min).
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Figure 4.  Surface runoff (l/m², mm) from all the peat samples in experiments 1 and 2 (with sprinkling for 0-38 
mm at an intensity of 1.27 mm/min) in the four moisture content classes V1 - V4.

The eventual six runoff curves for S and 
C peats of three degrees of humifi cation each, 
weighted for the duration of drying, applying to 
the two sprinkling experiments are presented in 
Figure 11 (see also Appendix 4). The mean runoff 
values for the whole drying period in these cases 
all lie within 10% of each other, except for well-
humifi ed Sphagnum peat (H 6.5–10), the runoff 
from which is about  25% higher than for any of 
the other group. These runoff fi gures for differ-
ent amounts of rainfall, combined with the typical 
material concentrations contained in them, will 

serve as a starting point for defi ning the loading of 
downstream watercourses from production mires 
containing peat of these various types. 

The surface runoff results in the sprinkler ex-
periments suggest a total direct runoff into the 
drainage ditch system of a production mire during 
the snow-free season (May-October) in the range  
96–140 mm, corresponding to a discharge of 6.1-
9.0 l/km².  The 30-year mean total rainfall for this 
period, as given by the statistics for Kauhava and 
Jyväskylä, was 354 mm, i.e. Kauhava 317 mm and 
Jyväskylä 388 mm (Appendicies 5 and 11). 
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Figures 5–7. Runoff curves for Spagnum (S) milled peat samples of humifi cation H 1–4, H 4.5–6 and H 6.5–10 
in the surface peat moisture content classes V 1 = 0–35%, V 2 = 36–55%, V 3 = 56–75% and V 4 = 76–100% in 
sprinkler experiments 1 and 2 (intensity 1.27 mm/min).
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Figures 8–10. Runoff curves for Carex (C) milled peat samples of humifi cation H 1–4, H 4.5–6 and H 6.5–10 
in the surface peat moisture content classes V 1 = 0–35%, V 2 = 36–55%, V 3 = 56–75% and V 4 = 76–100% in 
sprinkler experiments 1 and 2 (intensity 1.27 mm/min).
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Figure 11. Weighted runoff curves for S and C milled peat samples of humifi cation H 1–4, H 4.5–6 and H 6.5–
10 in the combined surface peat moisture content classes V 1–V 4 over the whole duration of drying in sprinkler 
experiments 1 and 2 (intensity 1.27 mm/min).

Figure 12.  Sprikling experiment 
equipment, Agrofood, Jokioinen
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8.2. Material concentrations 
in the sprinkler experi-
ments 

The runoff water samples recovered from the two 
rounds of sprinkler experiments were analysed 
for suspended solids (expressed in mg/l), organ-
ic matter (expressed as CODmn in mg/l O2), total 
phosphorus (tot.P in µg/l), soluble phosphorus (in 
µg/l) using a mesh size of 0.45 µm, total nitro-
gen (tot.N in mg/l), ammonium nitrogen (NH4-N 
in µg/l), acidity (pH) and colour (in mg Pt/l). The 
oxygen demand, CODmn mg/l O2, does not directly 
indicate the amount of carbon or organic matter in 
the water, but in the case of humus in water issu-
ing from a mire or peat production area division 
of the numerical value by 1.4 will provide a good 
estimate of the amount of carbon contained in its 
organic matter (Sallantaus, by world of mouth  
2005). When the organic matter has been in the 
watercourse for a greater length of time, so that 
it has become oxidized and the more easily de-
composed parts have disappeared, the divisor can 
be reduced to 1.2, implying a greater proportion 
of carbon relative to the oxygen demand (mg/l 
O2).  Conversely, an estimate for organic suspend-
ed solids in the water (in mg/l) can be obtained 
by dividing the CODmn value (in mg/l O2) by 1.5 
(Sallantaus 1983, Wartiovaara 1978).

 The analyses, based on SFS stand-
ards, and also an internal method in the case of 
suspended solids, were carried out by Lounais-

Suomen vesi- ja ympäristötutkimus Oy (FINAS 
accredited test laboratory T 101).

The concentrations of suspended solids in the 
runoff water (in mg/l) varied in the range 140–
8300 mg/l in the C peats and 51–8000 mg/l in 
the S peats (Figs.13a, 13b, 21 and Appendix 1). 
As the peat samples had been collected from the 
milled surfaces of production mires, the suspend-
ed solids consisted almost entirely of organic mat-
ter. The ash content of the dry wt. was very much 
higher in two C peat samples (18.2% and 45.3%) 
and two S peat samples (14.3% and 15.5%) than 
in any of the others, being around the normal lev-
el, mean 6.6%, in the other C samples and a mean 
of 4.7% in the other S samples. 

 The mean concentration of suspended 
solids in the Carex peats of humifi cation grade 
H 3.5–5.5 was 575 mg/l (range 140–1200 mg/l), 
while values for the H 6 samples varied widely, 
with a mean of 2090 mg/l (range 140–5500 mg/l) 
and the mean for the H 7–8 samples was 2981 mg/
l (range 990–5600 mg/l). The mean concentration 
in the Sphagnum peats of humifi cation grade H 
2.5–4 was 115 mg/l (range 51–210 mg/l), that for 
H 5 was 295 mg/l (range 290–300 mg/l), that for 
H 6–6.5 3200 mg/l (range 2000–4700 mg/l) and 
that for H7–8.5 7375 mg/l (range 6800–8000 mg/
l). Concentrations of suspended solids in the sec-
ond experiment were 75% of those in the fi rst in 
the case of the C peats and 103% for the S peats. 
Second-order polynomial models for the suspend-
ed solids (mg/l) in the two peat types as a function 
of humifi cation are presented in Figure 21.

Figures 13a and 13b. Concentrations of suspended solids in the runoff water from S and C peat samples of 
humifi cation grades H 2.5–8.5.

fig. 13 a.
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The concentration (mg/l) of suspended solids (SS),
Carex (C) and Sphagnum (S) peat, 

1. and 2. sprinkling

fig. 14.
SS

 m
g/

l

Chemical oxygen demand (CODmn) varied 
in the range 89–2900 mg/l O2 in the runoff wa-
ter from Carex peat samples and 59–2900 mg/l O2 

in that from Sphagnum peat samples (Figs. 15a, 
15b, 16, 22 and Appendix 1). The mean for Carex 
peats of humifi cation grades H 3.5–5.5 was 380 
mg/l O2  (range 100–880 mg/l O2), that for H 6, 
in which wide variations were observed, was 1006 
mg/l O2 (89–2100 mg/l O2) and that for H 7–8 was 
1421 mg/l O2 (530–2900 mg/l O2), while the cor-
responding means for the Sphagnum peats were 
111 mg/l O2 (range 59–180 mg/l O2) for H 2.5–
4, 200 mg/l O2 (range 150–250 mg/l O2) for H 5, 
1850 mg/l O2 (range 1800–1900 mg/l O2) for H 
6–6.5 and 2700 mg/l O2 (2400–2900 mg/l O2) for 
H 7–8.5. The results obtained in the second ex-
periment were 63% of those in the fi rst for the C 

Figure 14. Concentrations of suspended 
solids in the runoff water from S and C peat 
samples of humifi cation grades H 2.5–8.5 in 
sprinkler experiments 1 and 2.

Figures 15a and 15b. Chemical oxygen demand (CODmn mg/l O2) in the runoff water from S and C peat 
samples of humifi cation grades H 2.5–8.5 in the sprinkler experiments.

peats and 97% for the S peats. 
The chemical oxygen demand results corre-

sponded to an average of 60.4% of total suspended 
solids in the runoff water from the Carex peat sam-
ples and 79.1% of the fi gure for Sphagnum peats, 
the proportion being higher in the less well humi-
fi ed samples (H 2.5–H 5.5) of both peat types, with 
a mean value of 79%, and lower in the better hu-
mifi ed samples (H 6–8.5), mean 50% (Appendix 
7). Chemical oxygen demand (CODmn mg/l O2) in 
the runoff water from Carex and Sphagnum peat 
samples in the sprinkler experiment is presented 
as a third-order polynomial function of humifi ca-
tion grade (H 2–8.5) in Figure 22.

Phosphorus concentrations (tot. P) in the run-
off water varied in the range 100–6100 µg/l in the 
Carex peats and 54–600 µg/l in the Sphagnum 

Chemical oxygen demand (mg/l O2) (COD mn),
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peats, and soluble phosphorus in the range 6–660 
µg/l in the Carex peats and 10–660 µg/l in the 
Sphagnum peats (Figures 17, 18, 23 and Appendix 
1).  Mean total and soluble phosphorus concentra-
tions in the runoff water from the H 3.5–5.5 Carex 
peat samples were 450 µg/l (range 100–1100 µg/
l) and 32 µg/l (range 7–220 µg/l), respectively, 
while concentrations in the H 6 Carex peat varied 
greatly, with means of 2106 µg/l (range 190–4200 
and 236 µg/l. (6–660 µg/l), respectively. The cor-
responding means for the humifi cation grade H 7 
were 820 µg/l (range 580–960 µg/l) for tot. P and 
15 µg/l. (range 12–17 µg/l) for sol. P, and those for 
H 8 5000 µg/l (range 3900–6100) for tot. P and 16 
µg/l (range 15–17 µg/l) for sol. P). The mean con-

Figure 16. Chemical oxygen demand (CODmn mg/l O2) in the runoff water from S and C peat samples of 
humifi cation grades H 2.5–8.5 in sprinkler experiments 1 and 2. 

Chemical oxygen demand (mg O2/l) (COD mn), 
Carex (C) and Sphagnum (S) peat,

1. and 2. sprinkling
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centrations in the runoff from the Sphagnum peat 
samples of humifi cation grades H 3.5–5.0 were 
248 µg/l (range 54–1000 µg/l) tot. P and 115 µg/l 
(range 10–660 µg/l) sol. P and those for grades H 
6–8.5 2100 µg/l (range 1100–3600 µg/l) and 97 
µg/l (range 18–300 µg/l), respectively. Total phos-
phorus concentrations in the runoff water from the 
second sprinkler experiment were 79% of those 
in the fi rst in the case of the C peat samples and 
77% for the S peat samples, with corresponding 
proportions of 90% and 77% for dissolved phos-
phorus.

The total phosphorus concentrations in the 
runoff water in the sprinkler experiments account-
ed for a mean of 0.08% (range 0.03–0.18%) of 

Figure 17. Total phosphorus (tot. P) concentrations in the runoff water from S and C peat samples of 
humifi cation grades H 2.5–8.5 in sprinkler experiments 1 and 2.

The concentration (μg/l) of total phosphorus (tot. P), 
Carex (C) and Sphagnum (S) peat,

1. and 2. sprinkling 

fig. 17.
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the suspended solids in this water in the case of 
the Carex peat samples and 0.12% (range 0.04–
0.38%) in that of the Sphagnum peat samples, the 
proportions being slightly higher in the poorly hu-
mifi ed peats of both types (H 2.5–H 5.5), mean  
0.11%, than in the better humifi ed peats (H 6–
8.5), mean 0.07%. Correspondingly, dissolved 
phosphorus accounted for a mean of 5.6% of the 
total phosphorus concentrations in the runoff wa-
ter from the Carex peat and 13.6% in that from 
the Sphagnum peat, these proportions being 6.6% 
(C) and 23.3% (S) for the samples of humifi cation 
grades H 2.5–5.5 and  3.5% and 4.9%, respective-
ly, for grades H 6–8.5 (Appendix 7). Total phos-
phorus was equivalent to 3.2% of total nitrogen 
in the case of the Carex peat samples and 3.5% 
for the Sphagnum peat samples. No dependence 
of this proportion on degree of humifi cation was 
observed in the case of the Carex peat, but the fi g-
ure was found to be only 2.5% for the better hu-
mifi ed Sphagnum peats, whereas it had been 4.4% 
for the less humifi ed ones (H 2.5–5.5) (Appendix 
7). Total phosphorus concentrations in the runoff 
water from Carex and Sphagnum peats as record-
ed in the sprinkler experiments are presented as 
third-order polynomial functions of humifi cation 
grade (H 2–8.5) in Figure 23. 

Total nitrogen concentrations (tot. N) in the 
runoff water varied in the range 3.1– >200 mg/l in 
the C peat samples and 1.8–350 mg/l in the S sam-

Figure 18. Soluble phosphorus (sol. P) concentrations in the runoff water from S and C peat samples of 
humifi cation grades H 2.5–8.5 in sprinkler experiments 1 and 2.

The concentration (μg/l) of soluble phosphorus (sol.P),
Carex (C) and Sphagnum (S) peat,

1. and 2. sprikling

fig. 18.
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ples, with corresponding fi gures for ammonium 
nitrogen (NH4-N) of 0.2–18 mg/l and 0.4–12 mg/
l, respectively (Figs. 19, 20, 24 and Appendix 1). 
Mean concentrations for Carex peats of humifi ca-
tion grades H 3.5–5.5 were 14.5 mg/l (range 3.2–
40 mg/l) for tot. N and 2.7 mg/l (range 0.5–13 mg/
l) for NH4-N), while the values for those of grades 
H 6–7 varied widely, averaging 48 mg/l (range 3–
110 mg/l) for tot. N and 4.1 mg/l (0.2–11 mg/l) for 
NH4-N). Mean concentrations in the runoff from 
the H 8 samples in the two sprinkler experiments 
were >200 mg /l (tot. N) and 17 mg/l (NH4-N). 
The corresponding fi gures for the Sphagnum peats 
of humifi cation H 3.5–5.0 were 5.6 mg/l (range 3–
100 mg/l) for tot. N and 1.6 mg/l (range 0.4–5.4 
mg/l) for NH4-N and those for grades H 6–8.5 121 
mg/l (range 54–350 mg/l) and 6.9 mg/l (3.7–12 
mg/l), respectively. Total nitrogen concentrations 
in the second sprinkler experiment were 78% of 
those in the fi rst for the C peats and 77% for the 
S peats, the corresponding proportions for ammo-
nium nitrogen being 74% and 73%.

The total nitrogen concentrations in the run-
off water accounted for a mean of 2.7% (range 
1.65–4.79%) of suspended solids in the case 
of the Carex peat samples and 3.8% for the 
Sphagnum peat samples, these proportions being 
higher in the poorly humifi ed peat of both types 
(H 2.5–5.5), overall mean 3.4%, than in the bet-
ter humifi ed peat (H 6–8.5), overall mean 2.1%. 
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Meanwhile, ammonium nitrogen accounted for a 
mean of 14.7% of total nitrogen in the C samples 
and 19.1% in the S samples, the fi gures for the 
poorly humifi ed peats (H 2.5–5.5) being 16.7% 
for the C type and 27.1% for the S type and those 
for the better humifi ed ones (H 6–8.5) 8.2% for 

Figure 19. Ammonium nitrogen (NH4-N) concentrations in the runoff water from S and C peat samples of 
humifi cation grades H 2.5–8.5 in sprinkler experiments 1 and 2.

Figure 20. Total nitrogen (tot. N) concentrations in the runoff water from S and C peat samples of humifi cation 
grades H 2.5–8.5 in sprinkler experiments 1 and 2.

the C type and 7.8% for the S type (Appendix 7). 
Total nitrogen concentrations in the runoff water 
from Carex and Sphagnum peats as recorded in 
the sprinkler experiments are presented as third-
order polynomial functions of humifi cation grade 
(H 2–8.5) in Figure 24. 

The concentration (μg/l)  of ammonium nitrogen (NH4-N),
Carex (C) and Sphagnum (S) peat,
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fig. 19.
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8.3 Correlations between 
substance concentrations 
in the runoff water in the 
sprinkler experiments and 
between the results of ex-
periments 1 and 2 

The two sprinkler experiments were carried out at 
an interval of 24 hours on the same samples and 
with the same duration and intensity of sprinkling, 
and the runoff water was collected in the same way 
and analysed by the same laboratories in order to 

Table  2.  Correlations (r) between material transport variables in the runoff water from Sphagnum peat samples 
in sprinkler experiments 1 and 2. Statistically signifi cant correlations (p<0.05) are indicated in italics. 

produce comparable results. It was thus possible 
to examine the correlations between the concen-
trations of the various substances in the two ex-
periments separately for the Sphagnum (Table 2) 
and Carex peat samples (Table 3). Close or mod-
erate positive correlations existed between sus-
pended solids, phosphorus, nitrogen, ammonium 
nitrogen and chemical oxygen demand, whereas 

soluble phosphorus, acidity (pH) and colour (mg/
l Pt) scarcely showed any correlations with other 
variables (Tables 2 and 3). 

Close correlations existed between the results 
for the same variables in the same samples be-
tween experiments 1 and 2 in all cases, with the 
exception of chemical oxygen demand (amount of 
organic matter) in the Carex peat samples, which 
had only a moderate correlation (r = 0.68) and pH 
in the Sphagnum peat samples, with a weak cor-
relation (r = 0.02) (Tables 4a, 4b, 4c). These close 
correlations between the two experiments may be 
regarded as manifestations of the typical nature of 
the runoff properties of these peat types and grades 
as far as the loose surface material of a milled peat 
production area is concerned.  Correlation matri-
ces are presented for the C and S peat samples 
together in Table 4a, for the C samples alone in 
Table 4b and the S samples alone in Table 4c. 

Table  3.  Correlations (r) between material transport variables in the runoff water from Carex peat samples in 
sprinkler experiments 1 and 2. Statistically signifi cant correlations (p <0.05) are indicated in italics.  
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Table 4a. Correlations (r) between analysis results for the same samples (both Sphagnum and Carex peat) in 
sprinkler experiments 1 and 2. Statistically signifi cant correlations (p <0.05) are indicated in italics.  

Table 4b. Correlations (r) between analysis results for the same samples of Carex peat in sprinkler experiments 1 
and 2. Statistically signifi cant correlations (p <0.05) are indicated in italics.  

Table 4c. Correlations (r) between analysis results for the same samples of Sphagnum peat in sprinkler 
experiments 1 and 2. Statistically signifi cant correlations (p <0.05) are indicated in italics.  
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8.3.1 Conclusions regarding material 
concentrations in the runoff water 
in the sprinkler experiments

The results of the runoff water analyses in the 
sprinkler experiments (intens. 1.27 mm/min) per-
formed up to an equivalent of a rainfall of 38 mm 
varied greatly in the case of all the parameters 
concerned, i.e. suspended solids, CODmn, tot. P, 
sol. P, tot. N and NH4-N (Figs. 12–24), the range 
being almost 60-fold for suspended solids from 
the Carex peats, 140–8300 mg/l, and 150-fold 
for the corresponding results for the Sphagnum 
peats, 51–8000 mg/l. Similarly an approximately 
30-fold variation was seen in CODmn, represent-
ing organic matter, in the Carex peats 89–2900 
mg/l O2, and approximately 50-fold variation in 
the Sphagnum peats, 59–2900 mg/l. Total phos-
phorus varied about 60-fold in the Carex peat 
samples, 100–6100 µg/l, and about 66-fold in the 
Sphagnum peat samples, 54–3600 µg/l), and solu-
ble phosphorus approximately 110-fold, 6–660 
µg/l, and 66-fold, 10–660 µg/l, respectively. The 
variations in total nitrogen were approximately 
65-fold, 3.1– >200 mg /l, for Carex peats and 194-
fold, 1.8–350 mg/l, for Sphagnum peats, and those 
for ammonium nitrogen 90-fold, 0.2–18 mg/l, and 

30-fold, 0.4–12 mg /l, respectively.
Thus the variations in concentration were 

large for both peat types, and increased concentra-
tions were closely or moderately correlated with 
heightened grades of humifi cation (Tables 5–7). 
Statistically signifi cant correlations (p<0.05) are 
marked in these matrices in red or in italics. The 
increases in suspended solids, COD and total 
phosphorus showed moderate correlations with 
the degree of humifi cation in the case of Carex 
peat, r = 0.68, 0.62 and 0.62, respectively, and 
close correlations for Sphagnum peat, r =0.89, 
0.93 and 0.89. Total nitrogen, on the other hand, 
had a close correlation with humifi cation in the 
Carex peat samples, r = 0.71, and a moderate one 
in the Sphagnum peat samples, r = 0.60, but the 
situation was reversed for ammonium nitrogen, r 
= 0.61 and r = 0.88, respectively. Soluble phos-
phorus concentrations had weak correlations with 
humifi cation grade among both the Carex and 
Sphagnum peat samples, with a mean of r = 0.12 
(Tables 5 and 6), and the correlations for acidity 
(pH) were likewise weak. Correlations with hu-
mifi cation grade for the whole set of sprinkler ex-
periment data are presented in Table 7. 

Table 5.  Correlations (r) between runoff water analysis results and grades of humifi cation (H 1–10) in the Carex 
peat samples. Statistically signifi cant correlations (p<0.05) are indicated in italics.  

Table 6.  Correlations (r) between runoff water analysis results and grades of humifi cation (H 1–10) in the 
Sphagnum peat samples. Statistically signifi cant correlations (p<0.05) are indicated in italics.

Table 7.  Correlations (r) between runoff water analysis results and grades of humifi cation (H 1–10) in the 
Sphagnum (S) and Carex (C) peat samples. Statistically signifi cant correlations (p<0.05) are indicated in italics. 
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The concentrations in the runoff water from 
the peat samples did not rise in a linear manner 
with increasing humifi cation on the scale H 1–10, 
however (Figs. 21-24). That of suspended solids, 
for instance, remained fairly low up to a humifi -
cation grade of H 5.5 in peat of both types, while 
the Carex peats showed considerable variations 
in concentrations at H 6–8, and CODmn, total 
phosphorus and total nitrogen behaved in much 
the same way. Soluble phosphorus, on the other 
hand, displayed a weak correlation with increas-
ing grades of humifi cation, suggesting that its var-
iation is governed by other factors, possibly redox 
factors. Ammonium nitrogen concentrations cor-
related either moderately or closely with increas-
ing humifi cation.

Suspended solids, CODmn, P, N and NH4-N 
were all either moderately or closely correlated 
with each other and with the degree of humifi ca-
tion in both peat types, and these correlations were 
all statistically signifi cant, whereas soluble phos-
phorus, pH and colour (mg/l Pt) were not correlat-
ed with any other material concentrations nor with 
the humifi cation grade of the peat. Meanwhile, the 
positive correlations between the two experiments 
in the results for all the material concentrations 
testify to the effi ciency of the experimental set-up 

and the reliability of the results obtained.
The present results can only be compared to 

a very limited extent with previously published 
fi ndings as there are very few comparable reports 
available. In the Aqua Peat 95 project (Selin et al. 
1994) sprinkling to a fi nal intensity of 63 mm (in-
tens. 4.2 mm/min.) gave rise to a suspended solids 
concentration of 3600 mg/l in the initial stages, 
1000 mg/l towards the end of the sprinkling time 
and 200 mg/l following the cessation of sprin-
kling, while a second round of sprinkling (90 mm) 
applied to the same area led to concentrations of 
2300–100 mg/l. Sprinkling in a separate test area 
to an  90 mm (intens. 6 mm/min) yielded concen-
trations of suspended solids that were practical-
ly double those produced by 63 mm. The high-
est concentrations of suspended solids reported by 
Sallantaus (1983) were of the order of 2600 mg/
l, while Marttila (2005) obtained fi gures of 0.77–
1542 mg/l for suspended solids at a measurement 
weir above the sedimentation basins attached to 
a peat production area. The amounts of material 
likely to be washed out into the draining ditches 
of a peat production area in the light of the present 
results are of the same order as those implied by 
the above fi gures. 

Figure 21. Curves for suspended 
solids (SS) in the runoff water entering 
the drainage ditches of milled peat 
production areas composed of Carex 
or Sphagnum peat of humifi cation 
grades H 2.0–8.5, as indicated by the 
results of sprinkler experiments 1 and 
2. 95 percent confi dence intervals of 
means (upper and lower limit) are seen 
in appendix 18.
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Figure 22. Curves for chemical oxygen 
demand (CODmn) in the runoff water 
entering the drainage ditches of milled 
peat production areas composed of Carex 
or Sphagnum peat of humifi cation grades 
H 2.0–8.5, as indicated by the results of 
sprinkler experiments 1 and 2.   
95 percent confi dence intervals 
of means (upper and lower limit) 
are seen in appendix 18.

Figure 23. Curves for total phosphorus  
(tot P) concentration in the runoff 
water entering the drainage ditches 
of milled peat production areas 
composed of Carex or Sphagnum peat 
of humifi cation grades H 2.0–8.5, as 
indicated by the results of sprinkler 
experiments 1 and 2. 95 percent 
confi dence intervals of means (upper 
and lower limit) are seen in appendix 
18.

Figure 24. Curves for total 
nitrogen (tot. N) concentration 
in the runoff water entering the 
drainage ditches of milled peat 
production areas composed 
of Carex or Sphagnum peat of 
humifi cation grades H 2.0–8.5, 
as indicated by the results of 
sprinkler experiments 1 and 2. 
95 percent confi dence intervals of 
means (upper and lower limit) are 
seen in appendix 18.
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8.4. Extraction samples, their 
processing and results

The same loose surface peat samples as were used 
for the sprinkler experiments (25 samples, num-
bered 1–28) were also submitted to water extrac-
tion in order to determine by different methods the 
infl uence of peat type, S or C, and humifi cation 
grade, H 1–10, on the concentrations of the sub-
stances studied (Appendix 2). The same amount 
of material, 1 litre, was taken from each sample, 
but some of the samples (nos. 1–18) were tested 
twice. As the original samples differed greatly in 
water content (22.4–86.3%) and degree of humifi -
cation (H 2.5–8.5), the fi gures for their dry matter 
content also varied over a wide range (32–204 g/l). 
Thus water was mixed into the samples to an ex-
tent depending on their initial moisture content in 
order to obtain similar water content values (range 
71.2–93.6%) and render the extraction results rea-
sonably comparable. Extraction took place over a 
period of 48 h, after which the extract was centri-
fuged in a kitchen mixer and a 250 ml sample of 
the resulting liquid was transferred to a bottle for 
analysis. Since the mixture had not been fi ltered 
at all at this stage, it was extremely thick and had 
a very high solid matter content, especially in the 
case of the better humifi ed peats.

The samples were subsequently fi ltered at 
the laboratories of Lounais-Suomen vesi- ja ym-
päristötutkimus Oy) using a mesh size of 0.45 µm 
in order to separate the solid matter from the dis-
solved substances, which were then analysed for 
chemical oxygen demand (CODmn), soluble phos-
phorus (sol. P), soluble phosphate phosphorus 
(PO4-P) and soluble iron (sol. Fe). Chemical oxy-
gen demand (CODmn O2), total phosphorus (tot. 
P), total iron (tot. Fe), total nitrogen (tot. N) and 
ammonium nitrogen (NH4-N) were determined 
for the whole sample.

Since the total amount of organic matter (g/l) 
in the material to be extracted will affect the com-
position of the 250 ml sample taken for analysis, 
the concentrations are not directly comparable as 
such but must be related to the original dry mat-
ter content (g) of the extract solution.  These rel-
ative values can then be used for comparing the 
peat types and humifi cation grades, and also for 

comparing concentrations of different substanc-
es. The analytical results for the Sphagnum and 
Carex peats of different degrees of humifi cation 
(H 2–8.5) will then provide information on prop-
erties typical of a mixture of organic peat mate-
rial in water with a solution of nutrients and iron. 
The resulting concentrations (Appendix 2, Figs. 
I - VII) display a distinct dependence on peat 
type and humifi cation, as also seen in the sprin-
kler experiments (Figs. 12–24). In the case of the 
Sphagnum peat samples the fi gures for suspended 
solids, CODmn, tot. P and tot. N rise very regularly 
with increasing humifi cation, while the pattern for 
the Carex peats is a clear one but not so regular. 

A separate extraction experiment was also car-
ried out with surface and basal peat samples from 
a mire in a natural state, employing a Carex peat 
sample of humifi cation H 8 and moisture content 
88.9% obtained from a depth of 2.5 m by coring 
and a Sphagnum peat sample of humifi cation H 8 
and moisture content 83.5% from a depth of 0.4 
m on a dwarf shrub pine bog.  Both samples were 
extracted in water twice for 48 h and once for 14 
days in a closed vessel. The results of the two 48 h 
extractions were similar to each other and to those 
of the other extraction samples, but the extraction 
for 14 days in a closed vessel gave substantially 
higher results for the concentrations of dissolved 
substances than did the 48 h extractions for the 
same samples or the other samples. The dissolved 
iron concentration in the Carex peat sample was 
210 mg/l in the 14-day extraction (cf. 0.15 mg/l in 
the 48 h extraction), phosphate phosphorus (PO4-
P) 720 µg/l  (cf. 14 µg/l  in 48 h) and dissolved 
phosphorus 1100 µg/l  (cf. 44 µg/l  in 48 h), while 
dissolved iron in the Sphagnum peat sample was 
100 mg/l in the 14-day extraction (cf. 1.3 mg/l  in 
48 h). Close correlations were observed between 
the results of the two 48 h water extractions per-
formed on peat samples 1-18 by the same method 
and applying the same analyses in the case of sus-
pended solids, total phosphorus, dissolved phos-
phorus, dissolved phosphate phosphorus, total 
nitrogen and pH, but only a moderate correlation 
(r = 0.63) for organic matter (CODmn) (Table 8). 
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Figs. I-VII  
Substance concentrations (in mg or µg) 
related to dry matter (in g) in water   
extracts of loose surface Sphagnum and   
Carex peat samples of humifi cation 
H 2.5–8.5.
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Table 8.  Correlations (r) between substance concentrations in the two extractions (1 and 2) of Carex and 
Sphagnum peat samples.  Statistically signifi cant correlations (p<0.05) are indicated in italics. 

In the assessment of correlations between the 
concentrations in the extracts from Carex peats 
(Table 9), suspended solids and total phosphorus 
were found to correlate markedly or moderately 
with all the other measurements except for chemi-
cal oxygen demand, dissolved iron, total iron, ni-
trate nitrogen and  pH, while total nitrogen cor-
related markedly or moderately with all the other 
factors except for chemical oxygen demand, ni-
trate nitrogen and pH, and chemical oxygen de-
mand (CODmn) correlated markedly with sus-
pended solids and moderately with total phospho-
rus, total nitrogen and ammonium nitrogen. The 
occurrence of iron and soluble iron was correlated 
markedly or moderately only with total nitrogen 
and ammonium nitrogen, and also with suspended 
solids in the case of total iron. Ash content (%) 
was closely correlated with total phosphorus, dis-
solved phosphorus, dissolved phosphate phospho-
rus, total nitrogen and nitrate nitrogen, while pH 

was weakly correlated with all the other factors 
studied,. The correlations and their signifi cances 
in the case of the C peats are presented in Table 
9.

In the case of the extract samples from 
Sphagnum peats (Table 10), suspended solids 
were closely correlated with all the other factors 
except for chemical oxygen demand, nitrate and 
nitrite nitrogen, dissolved phosphorus, phosphate 
phosphorus, ash content and pH, while CODmn 

correlated markedly with suspended solids, total 
nitrogen and ammonium nitrogen and moderately 
with total phosphorus. Total phosphorus, total ni-
trogen, ammonium nitrogen and total iron were all 
either closely or moderately intercorrelated. Ash 
content (%) showed moderate correlations with 
total phosphorus, dissolved phosphorus and phos-
phate phosphorus, and pH with total phosphorus 
and dissolved iron. Nitrate and nitrite nitrogen had 
weak correlations with all the other factors.

Table 9.  Correlations (r) between substance transport factors in water extractions 1 and 2 from the Carex peat  
 samples. Statistically signifi cant correlations (p<0.05) are indicated in italics. 
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The mutual proportions (%) of the concentra-
tions measured in the extraction experiments are 
indicated in Appendices 8 and 9 in the same man-
ner as for the sprinkler experiments (Appendix 
7). Although the contributions of chemical oxy-
gen demand, total phosphorus and total nitrogen 
to suspended solids were lower in the extracts than 
in the sprinkler experiments, the results for the 
water extracts confi rm those for sprinkler experi-
ments 1 and 2 with regard to the dependence of 
concentrations in the runoff water from loose sur-
face peat on the degree of humifi cation (H 1–10) 
of the Sphagnum and Carex peat types. 

Table 10. Correlations (r) between substance transport factors in water extractions 1 and 2 from the Sphagnum  
peat samples. Statistically signifi cant correlations (p<0.05) are indicated in italics. 

The original peats sampled for this work had 
in part been through different stages of drying 
on the surface of the peat mining area and varied 
greatly in moisture content at the time of collec-
tion (range 22.4–89.3%). It may thus be assumed 
that some peats representing the same species and 
even the same degree of humifi cation may have re-
acted differently to the 48 h water extraction than 
they would have done if taken in situ from a mire 
at a natural moisture content (some of them had 
reached the hydrophobic stage of drying while on 
the peat mining surface). The aim of the present 
research, as far as both the sprinkler and extrac-
tion experiments were concerned, was neverthe-
less to determine the leaching properties of peats 
on milled peat extraction mires that were exposed 
to rain and leaching, and thus the manner in which 

the sprinkler and extraction experiments were per-
formed and the results obtained may be regarded 
as appropriate for the evaluation of material trans-
port from a milled peat production mire and the 
concentrations involved. The results with regard 
to substance concentrations in the extraction sam-
ples are presented in Appendix 2.

The Aqua Peat -95 research programme (Selin 
et al. 1994) included water extraction of a total of 
54 samples from four peat production mires and 
subsequent analysis of suspended solids, nutrient 
concentrations and oxygen demand, representing 
organic matter. That work was carried out in 1992 

and 1993, and although the total concentrations 
varied greatly, their general level was roughly the 
same in both years. CODmn varied in the range 
100 – 2700 mg/l O2  and suspended solids in the 
range 90–3300 mg/l. Thus the variations in con-
centrations recorded in the Aqua Peat programme 
may be said to have been of a similar magnitude to 
those noted in the present sprinkler and extraction 
experiments. The present results confi rm earlier 
assumptions that major discrepancies in substance 
concentrations may be found in both sprinkler ex-
periments simulating the effects of natural rainfall 
on peat production mires and water extracts from 
peat and that these discrepancies are attributable 
to variations between peat types and degrees of 
humifi cation. 
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8.5  Material transport from a peat 
production area 

The typical surface runoff volumes (l/m²) re-
corded in the sprinkler experiment performed in 
a consistent and comparable manner at a constant 
sprinkling intensity of 1.27 mm/min in the case 
of Sphagnum (S) and Carex (C) peats at differ-
ent degrees of humifi cation (H 2–8.5) (Fig. 11, 
Appendix 4) and the corresponding substance 
concentrations in the runoff water (mg/l) (Figs. 
21–24) allow fi gures to be calculated for the typi-
cal transport of such substances from the loose 
peat on a peat production surface into the dividing 
ditches brought about by rainfall during the frost-
free period of the year (May–October; Appendix 
5) in relation to the composition of the milled peat 
(Figs. 25–28, Table 11, Appendix 6), expressed 
in kg/ha/yr separately for Carex and Sphagnum 
peat and for degrees of humifi cation in the range 
H 2–8.5. This transport is brought about by the 
impact of the raindrops and the erosional effect of 
the runoff water in mechanically dislodging peat 
material and in dissolving some of the substances 
and nutrients contained in it and transporting this 
material into the dividing ditches via the contact 
with the peat production surface. 

8.6.  Typical material transport 
values 

The experiments simulating natural rainfall by 
sprinkling samples of Carex and Sphagnum peat 
belonging to three humifi cation classes (H 1–4, H 
4.5–6, H 6.5–10) with 0 – 38 mm of water at a 
constant intensity of 1.27 mm/min yielded a set 
of typical runoff curves (l/m²) for these quantities 
of water (Fig. 11), which could be extrapolated 
to correspond to rainfalls of 38–67.5 mm/24 h. 
It was then possible to identify curves for typical 
runoff volumes (l/m², mm) corresponding to daily 
rainfall fi gures as reported in the meteorological 
statistics (rainfalls of 0.5, 1.5, 2.5, 35, 4.5 mm/24 
h, etc.) (Appendix 4).  Typical concentration val-
ues for individual runoff factors (suspended sol-
ids, CODmn , tot. P, tot. N etc.) are presented as 
second and third-degree polynomial models in 
Figs. 21–24. The results suggest that these factors 
show marked positive intercorrelations in both the 

sprinkler and extraction experiments, with moder-
ate correlations in the case of only a few of them. 
All the correlations between the above-mentioned 
factors were signifi cant (Tables 2–4, 8–10). These 
typical values can be used interchangeable with 
arithmetic means, as is common in the case of 
symmetrical disturbances.

By combining the typical runoff volumes for 
Carex and Sphagnum peats of different degrees 
of humifi cation (H 2–8.5) at different rainfall in-
tensities (0.5–67.5 mm) with the typical materi-
al concentration values and the mean probabili-
ties of occurrence of rainfall of different intensi-
ties during the frost-free period of the year over a 
statistical timespan of 30 years (0.5 mm = 34.68 
days, 1.5 mm = 13.37 days,  2.5 mm = 9.30 days, 
3.5 mm = 6.54 days etc.), it is possible to obtain 
typical material transport values (in kg/ha/yr) for 
a given milled peat production mire (Appendix 
5). These may be expressed in kg/ha by means of 
fourth-degree polynomial models in the case of 
suspended solids (SS), total nitrogen (N) and to-
tal phosphorus (P) and as a model for chemical 
oxygen demand (CODmn) (Figs. 25–28, Appendix 
6). Annual values for Sphagnum-Carex (SC) peats 
and Carex-Sphagnum (CS) peats (kg/ha) can be 
calculated as weighted averages of those for the 
Carex and Sphagnum types (Appendix 6). 

Mean annual material transport values (May–
October) for direct surface runoff from milled 
peat production strips composed of Sphagnum 
(S), Carex (C), Sphagnum-Carex (SC) and Carex-
Sphagnum (CS) peat types into the dividing ditch-
es in terms of suspended solids (SS), CODmn, tot. 
P and tot. N (in kg/ha) are presented in Appendix 
Table 6, Tables 11a and 11b and Figs. 25–28.  
These values increase with the degree of humifi -
cation of the peat, especially beyond H 5.5, where 
the increment for each step of H 0.5 in humifi ca-
tion can imply an increase of more than 1000 kg/
ha in suspended solids in the case of Sphagnum 
peat, and the fi gures for Carex peat and for the 
other material transport factors (CODmn, tot. P 
and tot. N) are fairly similar to this (Tables 11a 
and 11b and Appendix 6). 

Figures for the total direct transport of mate-
rial into the ditches of a Sphagnum or Carex peat 
mining area at mean annual rainfall levels (May–
October) in the range 0.5–67.5 mm are presented 
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Table 11. Direct annual material transport (suspended solids, CODmn, total phosphorus and total nitrogen  
over the period May–October) from a milled peat production area composed of Sphagnum and Carex peat 
of a humifi cation of H 2–8.5 into the dividing ditches and surrounding watercourse (kg/ha/yr), as predicted 
in sprinkling experiments conducted at a constant intensity of 1.27 mm/min, assuming the reduction in 
concentrations achieved by water protection measures to be 60–80%.

 

H SS S SS-80% SS C SS-80%

2 87 17 336 67

2,5 122 24 326 65

3 154 31 346 69

3,5 255 51 412 82

4 482 96 535 107

4,5 876 175 726 145

5 1466 293 993 199

5,5 2265 453 1341 268

6 3270 654 1773 355

6,5 4467 893 2291 458

7 5823 1165 2894 579

7,5 7293 1459 3577 715

8 8817 1763 4335 867

8,5 10319 2064 5161 1032

Oxygen demand (CODmn O2) from organic 
matter (kg/ha/yr) in runoff from the milled 
peat surface into the ditches and watercourse 
(purifi cation effi ciency 80%)

Suspended solids (SS) loading (kg/ha/yr) of 
ditches and the watercourse in runoff from the 
milled peat surface (purifi cation effi ciency 80%)

S=Sphagnum peat C=Carex peat

Total phosphorus (tot. P) loading (kg/ha/yr) of 
ditches and the watercourse in runoff from the 
milled peat surface (purifi cation effi ciency 80%) 

Total nitrogen (tot. N) loading (kg/ha/yr) of 
ditches and the watercourse in runoff from the 
milled peat surface (purifi cation effi cency 60%)

H tot. P S -80% tot. P C -80%

2 0.13 0.0 0.54 0.1

2,5 0.19 0.0 0.59 0.1

3 0.23 0.0 0.57 0.1

3,5 0.30 0.1 0.53 0.1

4 0.40 0.1 0.51 0.1

4,5 0.57 0.1 0.56 0.1

5 0.81 0.2 0.70 0.1

5,5 1.14 0.2 0.97 0.2

6 1.56 0.3 1.37 0.3

6.5 2.06 0.4 1.93 0.4

7 2.64 0,5 2.63 0.5

7.5 3.28 0.7 3.48 0.7

8 3.95 0.8 4.47 0.9

8.5 4.63 0.9 5.57 1.1

H
CODmn

S
-80%

CODmn

C
-80%

2 55 11 378 76

2,5 88 18 429 86

3 139 28 418 84

3,5 227 45 378 76

4 366 73 340 68

4,5 564 113 326 65

5 828 166 360 72

5,5 1158 232 456 91

6 1549 310 628 126

6,5 1994 399 881 176

7 2479 496 1221 244

7,5 2986 597 1645 329

8 3494 699 2149 430

8,5 3976 795 2722 544

H tot. N S -60% tot. N C -60%

2 1.9 0.8 2.8 1.1

2,5 3.0 1.2 3.1 1.2

3 3.5 1.4 5.0 2.0

3,5 4.6 1.8 8.2 3.3

4 7.5 3.0 12.3 4.9

4,5 13.2 5.3 17.2 6.9

5 22.1 8.8 22.6 9.0

5,5 34.7 13.9 28.4 11.4

6 51.0 20.4 34.7 13.9

6.5 70.9 28.4 41.3 16.5

7 93.9 37.5 48.3 19.3

7.5 119.2 47.7 56.0 22.4

8 146.0 58.4 64.5 25.8

8.5 172.92 69.2 73.96 29.6
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for humifi cation classes over the range  H 2–8.5 
in Figs. 29a and 29b, where it can be seen that 
the heaviest annual transport of suspended solids 
occurs with rainfall intensities of 5–15 mm, in-
creasing markedly in peats with a humifi cation of 
over H 5.5, and that a few days with a rainfall of 
over 20 mm can give rise to considerable material 
transport. 

In fi gure 30a is shown in three-dimensional 
way the values for total material transport (in kg/
ha) brought about by various mean annual inten-
sities of rainfall (May–October) in areas of Carex 
peat of different humifi cation classes (H 2–8.5), 
and serve well to illustrate how the transport of 
suspended solids increases vastly in peats with a 
humifi cation of over H 5.5 and how the highest 
annual rates of transport occur with rains of 5–25 
mm.

Points to be noted
The aim here was to determine typical mean 
values for material transport in the runoff water 
from milled peat production areas into the di-
viding ditches caused by rainfall in the regions 
of Jyväskylä and Kauhajoki during the frost and 
snow-free period of the year (May–October) in 
the case of peats with different properties that 
could be generalized to apply to the whole coun-
try and over the whole duration of peat produc-
tion on each mire. The precipitation statistics 
(Appendices 5 and 11) indicate that the annual 
surface runoff on peat production mires is almost 
entirely caused by rainfall during that period, as 
snow accounts for 89% of total precipitation dur-
ing the remainder of the year (November–April) 
and a considerable snow cover prevails for most 
of that time (Appendix 11). It should also be not-
ed that the annual rainfall fi gures quoted here (for 
May–October) and the corresponding surface run-
off and material transport fi gures are distributed at 
the annual level in accordance with the mean rain-
fall statistics for Jyväskylä and Kauhava in the last 
30 years. Extremely heavy rains of over 30 mm 
that give rise to high rates of material transport 
occur in a more irregular manner, once every few 
years, and distribution of the loading attributable 
to these events as part of the regular annual pattern 
would distort the annual fi gures in one direction 
or the other. As the duration of peat production 

at a given site is rather similar to the period of 30 
years covered by the rainfall statistics used here, 
these rainfall and material transport fi gures may 
be regarded as adequately representative for es-
timating material transport over the whole period 
of peat mining. Both Klöve (1997) and Sallantaus 
(1983) have demonstrated that a rise in the inten-
sity of rainfall causes increased transport of sus-
pended solids and that the highest concentrations 
are observed immediately after the beginning of 
runoff, with a fairly rapid drop once the erosional 
effect of the surface runoff declines even though 
the amount of runoff may remain high. In the case 
of dissolved substances, Klöve reported that the 
transport occasioned by the second sprinkling was 
always less marked than the fi rst (7-29%).

As the sprinkler experiment was based on 
surface runoff values brought about by a single 
intensity of delivery (1.27 mm/min) and the re-
lated material concentrations, the results deviate 
from those that would arise from the correspond-
ing amount of natural rainfall (in mm) occur-
ring at variable intensity and the ensuing runoff. 
The values quoted here are thus based in part on 
higher rates of runoff and material transport and 
somewhat overemphasize these effects. On the 
other hand, no attempt is made here to estimate 
discharge or material transport from a peat pro-
duction mire and a result of the fl ow of groundwa-
ter into the ditch system, which undeniably forms 
one part of the total runoff and transport of mate-
rial. Discharges from peat production areas during 
the frost-free period of the year vary in the range 
6–12 l/s/km² (Sallantaus 1983, Marttila 2005), 
which correspond well to the mean surface runoff 
fi gures of 6.1–9.0 l/s/km³ employed here for the 
frost-free period.

It would be possible to apply the present re-
sults on a local basis to other climatic zones in 
which annual volumes of runoff in particular 
might differ from the typical values for Finland 
quoted here, on account of the duration of the 
frost-free period and the amount and intensity of 
the rainfall, if appropriate means could be found 
for adjusting the calculations. One condition upon 
this would nevertheless have to be that the peat 
types and the range of variation in humifi cation 
should be similar and should be adequate for pro-
ducing useful and comparable results. 
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Figures 25–28.  
Fourth-degree polynomial models 
for material transport of suspended 
solids (SS), chemical oxygen demand 
(CODmn), total phosphorus (tot. P) and 
total nitrogen (tot. N), (kg/ha/yr) from 
Carex (C) and Sphagnum (S) peats of 
humifi cation grades H 2–8.5 on a milled 
peat production mire into the dividing 
ditches, based on runoff volumes and 
transport concentrations obtained in 
sprinkler experiments and mean rainfall 
fi gures. 
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Figure 30a. 3-D illustration of how a mean rainfall of 354 mm during the frost-free period of the year (May–
October) can be distributed into material transport values (kg/ha/yr) for suspended solids (SS) into the dividing 
ditches brought about by the direct surface runoff arising from daily rainfall amounts of 0-67 mm, with a 
constant intensity of 1.27 mm/min in the case of Carex-dominated (C) peat of humifi cation grades H 2.0–8.5.

Suspended solids (SS)
kg/ha/yr

Suspended solids (SS)
kg/ha/yr 
Carex (C) peat 

Humifi cation
H 2.0-8.5

Sprinkling mm
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9. Material transport from 
milled peat production 
mires and watercourse 
loading estimates

In order to calculate material transport from a peat 
production area over the whole of its service life 
(approx. 20–35 yr), information is required on the 
mire area (ha), depth (m), peat types (S and/or C) 
and degree of humifi cation (H 1–10) and on the 
dry matter content of the peat (kg/m³). In addition, 
data on the calorifi c value of the peat (MJ/kg) can 
enable calculation of the energy content of the 
mire and the amounts of material transported from 
it (in kg) per unit of energy extracted (MWh). The 
mire and peat data combined with the typical val-
ues for material transport in the runoff water (kg/
ha/yr) determined here separately for Carex (C) 
and Sphagnum (S) peat and their various degrees 
of humifi cation (H 2.0–8.5) can then be used to 
calculate the direct transport of substances out of 
the whole production mire and each of its peat 
horizons as a result of rainfall during the period 
May–October each year. 

Although the present sprinkler experiment 
was carried out in a comparable manner with all 
the surface peat samples, the constant intensity 
of sprinkling (1.27 mm/min) means that its effect 
does not correspond to the mean impact of actual 
natural rainfall in terms of runoff from the loose 
surface peat into the dividing ditches. The total 
precipitation of 354 mm calculated here for the 
frost-free season, May–October, the daily rain-
fall fi gures (mm/24 h) and the mean total runoff 
fi gures of 90–140 mm (6.1–9.0 l/s/km³) recorded 
in the sprinkler experiment correspond to a great 
extent to typical runoff data for peat production 
areas, even though the latter consist not only of 
surface runoff but also of more evenly distribut-
ed groundwater seepage into the drainage ditch-
es. This groundwater will have been retained in 
the peat for a longer period of time than the run-
off water considered here and may have dissolved 
larger amounts of organic material and nutrients, 
depending on the properties of the peat, whereas 
the surface runoff may have eroded larger parti-
cles. Thus the material transport discussed here 
differs in origin to some extent from that in a real 

peat production mire, although mire discharge 
data suggest that organic matter and nutrient con-
centrations in groundwater from mires also show 
a positive correlation with the humifi cation grade 
of the peat as do those in the surface runoff.

The present results enable comparable data to 
be presented regarding the typical material trans-
port properties of surface runoff from a milled 
peat production area related to different peat 
types (S and C) and their grades of humifi cation 
(H 2.0–8.5) and corresponding amounts of mate-
rial transported in relation to mean rainfall during 
the frost-free period of the year (May–October). 
These results point to a substantial range of varia-
tion in both drainage ditch and watercourse load-
ing from milled peat mining areas depending on 
the peat type concerned and its degree of humi-
fi cation.

The transport values (kg/ha/yr) determined 
here by means of sprinkling indicate the extent 
of the loading of the network of dividing ditch-
es from the production strips. Purifi cation of the 
runoff water entering these ditches begins with its 
retention in them and continues with treatment in 
a sedimentation basin and a pollution control wet-
land, and in some places also chemical purifi ca-
tion. According to Marttila (2005), the threshold 
for further transport of the peat material washed 
into the ditches decreases with declining particle 
size in the material as the fl ow of water increases, 
which means that the same regularities hold good 
for the transport of peat material at this stage as 
for transport out of the loose surface peat of the 
production area, in which the fi nest-grained par-
ticles, from better humifi ed peat, will be trans-
ported more readily than larger particles from less 
well humifi ed peat.

Since the effi ciency of water purifi cation 
methods varies depending on the amount of run-
off, the gradient in the ditches and the concentra-
tions of substances in the runoff water, it is pos-
sible at this stage to provide only a rough estimate 
of the reduction in material transport that can be 
achieved by them by the time the runoff water has 
passed from the production area into the water-
course. The effi cacy of the methods in purifying 
the runoff water, i.e. lowering the concentrations 
of substances accumulating in the dividing ditches 
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and passing on in the water discharged from them, 
will vary without showing any clear dependence 
on the concentrations of such substances in the 
loose surface peat of the production area or on the 
subsequent extent of material transport. It can thus 
be concluded that the amounts of organic matter 
and nutrients that pass as far as the watercourse 
are dependent on the amounts removed from the 
production area into its drainage ditches.

Although the reductions in runoff water load-
ing achieved by water purifi cation measures are 
highly varied (in the range 10–90%), depend-
ing on the gradients and the purifi cation meth-
ods used, it is possible to propose optimally de-
signed purifi cation measures that take account of 
the properties of the mire and its runoff conditions 
for each peat production site and to estimate the 
effi ciency of these on the basis of previous experi-
ence and thereby to predict the loading burdens on 
the watercourse arising from each individual peat 
production area and for all such areas in a catch-
ment. This will enable loading to be estimated for 
the whole duration of peat mining at a site in a 
manner that will permit valid comparisons to be 
made. Deviations from the standard purifi cation 
effi ciencies may be justifi ed if proposed on the ba-
sis of properly informed planning.

9.1. Combination of the present 
typical material transport val-
ues with data on the mire and 
its peat to estimate the loading 
from peat production  

One part of the work on developing practical ap-
plications for the results of this project has been 
focused on exploiting the material of mire and 
peat data that has accumulated over the decades 
and is likely to accumulate from future peatland 
inventories. The computerized data acquisition, 
processing and sampling program developed here 
and implemented by the computing department 
of the Geological Survey of Finland enables all 
the necessary items of mire and peat data to be 
tabulated and processed in the desired manner so 
that loading estimates and determinations of en-
ergy content can be produced for individual hori-
zons in any mire or part of a mire. As the loading 
estimates depend not only on the typical values 

determined here but also on the data available on 
the mire in question and its peat, the accuracy of 
the latter data will naturally be of signifi cance as 
far as the success of the estimate is concerned. 
The Geological Survey of Finland’s mire and 
peat research is nevertheless carried out by highly 
trained staff, so that the relevant databases, which 
now cover more than 13 000 surveyed mires, can 
be regarded as reliable and useable in the respect.     

9.2. The ®Suosvahn program for 
comperized processing of mire 
and peat data 

Brief description
The ®Suosvahn program is intended for use in 
calculating peat production areas (in ha) and mean 
pH values and humifi cation grades (H 1-10) for S 
and C peats for the individual horizons in mires, 
in addition to which it can calculate the mean dry 
matter content (kg/m³), calorifi c value (MJ/kg) 
and corresponding energy content (MWh) for 
any given horizon and material transport (kg/ha/
yr) during the frost-free period of the year (May–
October) and per unit of energy obtained from the 
mire (kg/MWh). 

Required data
The program searches for data from forms A, B 
and L in the Geological Survey’s archiving sys-
tem for each mire on the basis of its identifi ca-
tion number in the computerized system. Form A 
contains its location and surface area data, form B 
contains coring data for an average of 4 sampling 
points per 10 ha of mire, from which the program 
accepts all data applying to depths equal to or 
greater than a given minimum, and form L con-
tains the results of laboratory analyses performed 
on peat horizons in the mire. The planned produc-
tion area (ha) is defi ned for each mire, together 
with the number of horizons to be used in the esti-
mates and their boundary levels. 

Function and limitations of the program 
In this application the program divides the mires 
vertically into a maximum of four consecutive ho-
rizons defi ned to an accuracy of 10 cm and prints 
out an ASCII fi le for each mire, labelled with the 
prefi x lsv followed by the identifi cation number 
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of the mire. 
The Geological Survey’s mire register quotes 

areas for a maximum of eight depths in a mire, 0.3 
m, 1 m, 1.5 m, 2 m, 3 m, 4 m, 5 m and 6 m, and 
calculates the area of each 10 cm layer in the mire 
by linear interpolation based on these.  

The program then asks what is the minimum 
acceptable thickness of peat at the form B sam-
pling points and what is the area of mire in use 
for peat production. The minimum thickness must 
be equal to or greater than 0.3 m and equal to or 
smaller than 3m. The given minimum depth will 
then be compared with the nearest larger surface 
area, and if the surface area obtained in this way 
is greater than the area indicated as being under 
production the program will report an error in log-
ic and ask for a new fi gure for the peat produc-
tion area. It will also ask the number of horizons, 
the upper boundary of the fi rst horizon and the 
lower boundaries of the other horizons, and will 
then calculate the combined lengths of Sphagnum 
(S) and Carex (C) peat separately on the basis of 
which is dominant in each sample and the lengths 
of the various humifi cation grades for each of the 
accepted form B sample points. Any instances of 
Bryales (B) peat are counted in the C category, 
and cases in which S and C are equally promi-
nent in the peat are assigned to a separate group 
SC/CS. The observations for the sampling points 
are then summed to provide overall lengths of 

Horizon

cm

S peat C peat

Length Humifi cation (H) Length Humifi cation (H)

0 - 60 60 (20*2+40*4)=200

200/60=H3,33

0 0

60 - 120 30 30*5=150

150/30= H5

30 30*5=150

150/30=H5

120 - 180 40 40*6=240 

240/40=H6

20 20*5=100

100/20=H5

180 - 270 10 10*6=60

60/10=H6

80 80*6=480

480/80=H6

Sphagnum-dominated (S), Carex-dominated (C) 
and Sphagnum-Carex / Carex-Sphagnum peats for 
the whole mire and intersections of these with the 
grades of humifi cation. This in turn enables calcu-
lation of the mean grades of humifi cation for the 
S, C and SC/CS peats in the production horizons.

The data for the form L sampling points are 
used to calculate the mean dry matter content (kg/
m³), calorifi c value (MJ/kg) and pH of the peat in 
each horizon. The weight of dry matter should be 
within the range 30–300 kg/m³ to be acceptable. 
If no laboratory analyses are available for a hori-
zon the result is marked as zero and is to be fi lled 
in later. 

A data processing program has also been de-
veloped for sampling the peat database (e.g. by 
the Geological Survey itself) and for analysing 
the data in the selected manner into four catego-
ries representing the desired peat thickness so 
that each body of data can be treated separately. 
This will involve determination of the production 
area for each horizon, material transport values 
for SS, CODmn, tot. P and tot. N corresponding 
to the mean degrees of humifi cation of the peat 
types, weights of dry matter, calorifi c values and 
pH. The results take the form of loading values 
for the horizons that take account of the peat char-
acteristics in the mire, the energy content of the 
peat and the estimated duration of peat production 
(Table 15).

Table 14. Determination of 
the mean grade of   
humifi cation for    
S- and C-dominated   
peats in each horizon in 
a mire.
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9.3. Presentation of loading data 
for individual peat production 
mires 

Material transport from the production strips of a 
milled peat production mire during the frost-free 

period of the year (May–October) can be presented 
in terms of the various loading factors (suspended 
solids, CODmn, phosphorus and nitrogen) both on 
an annual basis and for the whole duration of peat 
mining on the mire. As an example of this, the fi rst 
line in Table 15 indicates that the loading of the 

Table 15. Horizonal level mire and peat data of Kolanneva (128 ha). Loading of suspended solids (SS) on 
ditches, waterway loading (water purifi cation effi ciency 80 %) and energy yields and the relations between the 
two for the four horizons calculated using the ®Suosvahn program, cf. app. 13a, 15a.
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drainage ditch system with suspended solids (SS) 
that corresponds to a 0–60 cm surface horizon of 
area 128 ha and is composed of Sphagnum-domi-
nated peats with a mean humifi cation grade of H 
4.6 is 0.98 t/ha/yr, given that the mean humifi -
cation grade is calculated from the total lengths 
(in cm) of cores representing the different grades 
(see example calculation in Table 14). The same 
method can also be used to defi ne an annual load-
ing of 2.07 t/ha for Carex-Sphagnum (CS) and 
Sphagnum-Carex (SC) peats in the same horizon, 
having a mean humifi cation grade of H 5.7, and 
a fi gure of 1.10 t/ha/yr for the Carex (C) peats, 
with a mean humifi cation of H 4.7. Given an es-
timated reduction effi ciency of 80% for the water 
purifi cation measures applied at Kolanneva, the 
loading of the watercourse with suspended solids 
from this 0-60 cm horizon can be calculated to be 
0.22 t/ha/yr.

As also shown in Table 15, the amount of peat 
contained in the 0–60 cm horizon on this mire is 
0.768 million m³ and its mean dry matter content 
is 101.6 kg/m³, which with a mean annual harvest 
of milled peat of 6 kg/m² (at a 0% moisture con-
tent) will imply an extraction period of 10 years. 
The mean calorifi c value of this peat is 20.17 MJ/
kg and the energy content 0.57 MWh/m³, yielding 
a total energy content of 0.438 million MWh. The 
annual energy production from this horizon will 
be 336 MWh/ha and the loading of the dividing 
ditches with suspended solids 1.10 t/ha, giving an 
“eco value” for watercourse loading from the pro-
duction horizon of 3.3 kg/MWh. For illustrative 
purposes, corresponding loading and energy con-
tent fi gures are presented in Table 15 for the other 
production horizons, 0.6–1.2 m, 1.2 m–1.8 m and 
1.8–2.0 m, and for the whole mire.
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10. Discussion and prospects 
for utilization of the meth-
od

The runoff values for the peat types S, C and SC, 
CS and their various degrees of humifi cation (H 
2–8.5) in peat production areas presented here for 
comparison purposes (Appendix 6) refer to the di-
rect loading of the drainage ditches on milled peat 
production mires as a consequence of rainfall at 
an intensity of 1.27 mm/min during the frost-free 
period of the year (May–October). Loading as a 
consequence of surface runoff during the period 
of snow cover and ground frost (November–April) 
is minimal, with the possible exception of trans-
port in fl oodwater upon the melting of the snow in 
spring. Discharge of water from production mires 
in winter and the associated loading of water-
courses takes place mainly through the steady per-
colation of groundwater into the ditches through 
their banks. Research suggests that loading from 
sod peat production areas is 27% less on aver-
age than in the case of milled peat (Uosukainen 
& Röpelinen  1998), which would enable at least 
preliminary loading estimates to be obtained on 
the basis of the present typical material transport 
values (Tables 11a and 11b, Appendix 6).

Advance estimates of the loading from pro-
jected production mires in response to average 
rainfall for the area concerned can help the en-
vironmental authorities to demand and the pro-
duction company to implement correctly dimen-
sioned water protection measures that are prop-
erly planned prior to the commencement of opera-
tions, in order to prevent certain amounts of load-
ing, depending on the effi ciency of the measures, 
from passing into the network of ditches below 
the production area and on into the watercourse.

Water protection methods vary in their reten-
tion effi ciency depending on the volume of the 
surface runoff from the production area, the ca-
pacities, gradients and resulting retention times of 
the ditches, the rate of fl ow in the ditches and the 
particle sizes, compositions and nature of the ma-
terial transported in the runoff water. Mean reten-
tion rates for suspended solids and nutrients tend 
to vary in the range 30–90% depending on the 
purifi cation method used, whereas those for dis-

solved organic matter have been shown to be only 
around 10–20%. Chemical purifi cation methods 
are able to reduce detrimental loads most effec-
tively, by 30–90%, especially at times of low dis-
charge, with effi ciencies as high as 90% attain-
able for phosphorus, whereas those for nitrogen 
loading can easily remain below 40% (Selin et al. 
1994, Ihme 1994, Klöve 1997, 2000a). At times of 
high discharge, when loading from the production 
mires, ditch sediments, precipitation basins and 
peatland fl ow systems is most pronounced, the ef-
fi ciency of all purifi cation measures drops and re-
tention values can even become negative as mate-
rial deposited in these places at times of low dis-
charge is mobilized and leads to a sharp increase 
in loading.

10.1. Calculation of loading per 
unit of energy extracted and 
per unit of production area, and 
estimation of the duration of 
production

The amounts of energy (in MWh) extractable from 
each peat horizon in a production mire (for which 
loading values are also calculated) can be deter-
mined from the calorifi c value (MJ) of the peat 
and its dry matter content (kg/m³), and the result-
ing fi gures can then be presented as energy content 
per m³ of mire in a natural state or per unit area of 
production mire (ha) per year (MWh/ha/yr) (Table 
15, Appendix 10). This will enable the loading (in 
kg) to be compared with the energy value of the 
peat mined over the same interval in time, i.e. kg/
MWh (Table 15, Appendices 10 and 14b). The es-
timated duration of exploitation of the production 
mire (in years) can be calculated for each hori-
zon separately on the basis of dry matter content 
(kg/m³) and the Peat Industry Association’s statis-
tics on areas of mire under production (ha) and 
production volumes (m³). The statistics employed 
here are for the years 1992–1997, when the mean 
production of both milled and sod peat was 6 kg 
dry matter (moisture content 0%) per m² under 
production per year.
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10.2. Presentation and com-
parison of loading values and 
planning of production on 
several mires and in whole 
catchment areas 

Combined loading with respect to suspended 
solids, chemical oxygen demand, total phos-
phorus and total nitrogen issuing from several 
mires, or from all the mires in a given catch-
ment area, for example, can be calculated by 
combining the data for the individual mires 
and presented as annual values for the duration 
of production, enabling annual fl uctuations in 
loading to be predicted. In the imaginary ex-
ample of the 8 milled peat production mires in 
the Köyhäjoki catchment area (Appendix 10) 
the thickness of the exploitable peat deposit in 
each mire is divided into four horizons and the 
mire and peat data, and in this example the typ-
ical suspended solids loading values,  are used 
to defi ne energy content and loading estimates 
for each production horizon and for the whole 
mire. The results indicate the mean energy con-
tent for the horizons (in the range 0.29–0.70 
MWh/m³) and a fi gure for the resultant loading 
of the dividing ditches with suspended solids 
which is valid for comparison purposes (0.35–
5.86 t/ha/yr), and the duration of exploitation 
for each horizon (total duration at the mire level 
29–47 years). Based on these fi gures it is also 
possible to estimate the loading (in kg) arising 
per unit of energy generated (MWh) over a giv-
en period expressed in years (Table 16). This 
fi gure varied in the range 0.9–16.5 kg/MWh for 
suspended solids in the production mires of the 
Köyhäjoki area. The actual impact on the wa-
tercourse may then be assessed by taking into 
account the reduction achievable by the water 
protection methods available in this instance

Two examples of the exploitation of the 
mires in the Köyhäjoki catchment area have 
been constructed in which the loading over the 
duration of production and the energy content 
extractable by the peat industry are calculated 
by means of the comparative loading values for 
the peat types and degrees of humifi cation con-

sidered in this work and the ®Suosvahn pro-
gram, which takes account of the peat prop-
erties of the exploitable mires (Appendix 10). 
The loading values used in these examples are 
based on the fi gures for loading in the drain-
age ditches, to which an 80% reduction is ap-
plied as a blanket fi gure to allow for the effect 
of water protection measures. It is assumed in 
the fi rst example that production at the 8 mires 
will begin at varying times between 2005 and 
2018 and that no particular effort in planning 
this production will be made to take account 
of the estimated maximum annual capacity of 
the watercourse to accept organic solids (365 
t) (Appendices 12a, 12b, 13a and 13b). In the 
second example this limit is taken into account 
and the commencement of production at the 
various mires is planned in such a way that 
it is never exceeded. This implies staggering 
of the commencement of production over the 
years 2005–2054 (Appendices 14a, 14b, 15a 
and 15b).

The fi rst example implies that the bear-
ing capacity of the Köyhäjoki watercourse (SS 
max. 365 t/yr) will be exceeded for a period of 
28 years, from 2015 to 2043, with a maximum 
value of 762 t/yr, and that all the mires will 
have been exhausted by 2051. The mean area 
of mire under production for the fi rst 30 years 
or so will be approx. 1000 ha, after which the 
fi gure will gradually diminish. Loading (in t or 
in kg/ha) and areas under production (in ha) are 
given for individual mires and years with re-
spect to all 8 exploitable mires (Appendices 10, 
12a, 12b, 13a and 13b).

The second example, in which the bear-
ing capacity of the watercourse is taken into 
account, implies exploitation over a period 
extending from 2005 to 2089, i.e. lasting 38 
years longer than in the fi rst case. The high-
est loading, 364.4 t/yr, will be experienced in 
2024–2028, and the area under production will 
be about 600 ha up to 2065, after which it will 
diminish gradually. Each mire without excep-
tion will have a low level of loading per unit of 
energy generated (kg/MWh) in the early years 
of peat mining (Appendix 14b). Over the ini-
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tial years, 2005–2015, there will be a total of 
600 ha of mire under production (Appendices 
15a, 15b) and the loading of the dividing ditch-
es with suspended solids will be low, less than 
3.1 kg/MWh (corresponding to approx. 0.62 
kg/MWh loading of the watercourse, given a 
reduction rate of 80%) (Appendix 14b). Both 
examples emphasize the effect of the less well 
humifi ed surface peat horizons on the loading 
values for suspended solids in the early years 
of production, and also the effects of the many 
times higher values for the deeper horizons at 
later stages in exploitation.

The above provides an example of how 
comparative estimates of loading and extract-
able energy content can be constructed for any 
production mires for which mire and peat data 
are available, and how this information at the 
mire and horizon level can be used to plan pro-
duction in such a manner that the bearing ca-
pacity of the watercourse and the correspond-
ing maximum area under production in the 
catchment are taken into account. Similar load-
ing assessments can naturally be made for all 
existing production mires in a catchment, so 
that both current commitments and future load-
ing can be considered.

Consideration of a whole catchment area, 
in the manner of the above Köyhäjoki example, 
enables all the existing production in the area 
to be evaluated alongside plans for further pro-
duction, so that a comprehensive and sustain-
able scheme can be drawn up for exploitation 
of the peat reserves.

ditch loading (SS)
watercourse 

loading 
(80 % water purif.)

eco value  
scale 1-5

kg/MWh kg/MWh charact. of 
loading

1 < 2 < 0.4 minimal

2 2.01 - 4 0.41 - 0.8 minor

3 4.01 - 6 0.81 - 1.2 moderate

4 6.01 - 8 1.21 - 1.6 high

5 8.01 < 1.61 - < very high

10.3. Evaluation of watercourse 
loading as a tool for land-use 
planning and the selection of 
peat production areas

One aim in land-use planning is to fi nd mires 
that are suitable for peat production in such 
a way that the environmental impacts can be 
kept under control (Ympäristöministeriö 2005, 
Tikkanen and Jokela 2005). The properties of 
the peats concerned can vary from one mire to 
another and from one horizon to another, which 
means that the loading burden on the local wa-
tercourse can vary greatly (Svahnbäck 2005). 
Suitable mires can be compared one with an-
other with respect to watercourse loading and 
the energy content of their peat so that it is pos-
sible to select for production purposes mire ar-
eas that are eco-effi cient, i.e. the resulting load-
ing of the watercourse per unit energy gener-
ated (kg/MWh) is low (Table 16).

The loading assessment method developed 
here enables loads of suspended solids (SS), 
organic matter in terms of oxygen demand 
(CODmn), nitrogen (N) and phosphorus (P) en-
tering the network of ditches from the produc-
tion surface to the determined on the basis of 
peat properties for individual mires in a fully 
comparable manner. It is applicable to individ-
ual production areas or all the production areas 
in a catchment, in which case the loading data 
together with information on the current state 
of the watercourse, changes observed in it and 
its capacity to absorb loading will allow pro-

Table 16. Classifi cation of exploitable mires 
in terms of an eco index (scale 1–5) based 
on suspended solids (SS) loading of the 
network of dividing ditches and watercourse 
loading (water purifi cation effi ciency 80 
%) per unit energy extractable from the 
resulting peat (kg/MWh).

LASSEDsarja_taittopohja B5.indd   93LASSEDsarja_taittopohja B5.indd   93 8.11.2007   13:26:378.11.2007   13:26:37



94

duction to be located in a controlled manner so 
that the critical loading levels are not exceeded 
at any stage in exploitation.

10.4. Opportunities for using the 
loading estimation method 
in planning of the energy 
economy

- The method allows the estimation of 
loading from each production mire and hori-
zon in a manner that is valid for comparison 
and determination of the total loading of the 
watercourse.

- The method allows assessment of the pro-
duction capacity of a catchment area in terms 
of the state of the river, lakes and watercourse 
downstream of the production site and the ad-
ditional loading that they will tolerate.

- The method identifi es eco-effi cient peat 
production mires with a low level of water-
course loading per unit of energy generated 
(kg/MWh), see Table 16.

- The method enables the planning of eco-
effi cient acquisition of peat production mires 
and initiation of their exploitation, leading to 
the use of larger areas of mire that exert less 
loading on their watercourses.

- The method allows local and regional 
evaluation of the level of energy peat exploita-
tion in relation to transport distances and the 
capacity of watercourses to accept the result-
ant loading.

- The method enables well-timed, func-
tional and optimally targeted cost-effi cient wa-
ter protection measures to be planned for each 
peat production mire for the whole duration of 
its exploitation.

- The method supports the planning of op-
timally timed, cost-effective loading and water-
course inspections for individual peat produc-
tion mires and whole catchment areas. 
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11. Fulfi lment of the aims of 
the research and conclu-
sions

The aims of this work were to fi nd out whether 
it was possible on the basis of a set of typical 
peat type and humifi cation properties to reach 
conclusions regarding the release of detrimen-
tal substances from peat production mires over 
the course of their exploitation and to explore 
the possibilities for developing comparative 
estimates of watercourse loading for individu-
al production mires and their horizons on the 
strength of these results. A further aim was to 
develop a computer program for acquiring and 
processing mire and peat data which could be 
combined with the typical loading estimates 
for the peat types and their degrees of humi-
fi cation obtained here and with mire and peat 
data already compiled or to be compiled in the 
future by means of conventional peat research 
to achieve an application that would be of use 
to those engaged in the energy economy or en-
vironmental protection.

A clear need for such research existed on 
account of the nature of current loading esti-
mates applied to peat production areas in the 
context of watercourse loading and watercourse 
impact evaluations, since these are scarcely 
based at all on peat data for the production are-
as concerned but on general data for catchment 
areas or administrative regions and other gen-
eral bodies of mean regional data used for the 
inspection of watercourse loading in this con-
nection. Thus they may be deemed to be of du-
bious reliability or usefulness for the estima-
tion or comparison of loading via the runoff 
water from peat production areas and the pres-
entation of such estimates may be regarded as 
questionable.

In accordance with the hypothesis, the 
sprinkling experiments using peats from pro-
duction areas demonstrated that the extent of 
surface runoff from the production strips into 
the dividing ditches and of material transport 
in this runoff water increased with the degree 
of humifi cation of the Carex or Sphagnum 

peat and with decreasing moisture content of 
the peat drying on the mire surface. Organic 
matter concentrations and the chemical oxygen 
demand of organic matter in the surface run-
off water of the production area increased with 
the degree of humifi cation of the peat, doing so 
particularly markedly above a humifi cation lev-
el of H 5.5, and these parameters also showed 
moderate positive correlations with phosphorus 
and nitrogen nutrients in the runoff water. This 
effect of humifi cation was more pronounced in 
Sphagnum than in Carex peats. The extraction 
experiments carried out alongside the sprinkler 
experiments showed that material concentra-
tions in the water extracts also increased with 
the degree of peat humifi cation, thus confi rm-
ing the sprinkler results.

The loading values obtained for the var-
ious peat types and degrees of humifi ca-
tion for comparison purposes are representa-
tive of milled peat production in its core area 
in Finland (being taken from Jyväskylä and 
Kauhava) and are based on a mean rainfall fi g-
ure of 354 mm in the frost-free part of the year 
(May–October) derived from a 30-year sta-
tistical period. Global use is possible in areas 
where the peat type properties, especially the 
occurrence of Sphagnum and Carex peats, cor-
respond to those prevailing in the above region. 
If the values are to be used in places where to-
tal rainfall in the frost-free part of the year (in 
mm) or the typical occurrence of daily rainfall 
(in mm/24 h) shows more than a minor devia-
tion from the above (see Appendices 5 and 11), 
new runoff calculations will have to be made 
on the basis of local rainfall statistics. The 
present runoff and loading values for rainfall 
of differing intensities can then be used with 
these new runoff estimates to defi ne loading 
values in each case. If the peat types and de-
grees of humifi cation differ from those consid-
ered here, new sprinkler experiments will have 
to be carried out with local material in order to 
determine surface runoff values and the result-
ant loadings.

 The present work has concentrated on load-
ing due to direct runoff from peat production 
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mires into their drainage ditches caused by rain 
during the frost-free period of the year (May–
October), whereas the main transport dur-
ing the period of snow cover and ground frost 
(November–April) is through the steady seep-
age of groundwater into the ditches, a loading 
effect that is also dependent on the peat types 
and degrees of humifi cation of the horizons 
concerned (Sallantaus 1983, Klöve 2000a). It 
can thus be assumed that the differences in sur-
face runoff effects ascribed to the various peat 
types and degree of humifi cation in this work 
will show positive and comparable correlations 
with the loading concentrations and total loads 
involved in groundwater seepage.

The steady seepage into the ditches that 
takes place in the winter period (November–
April) and the runoff brought about by the 
melting of the snow in spring cannot be com-
pared in extent with the loading caused by rain-
drop and surface runoff erosion from a produc-
tion area during the frost-free period. Part of 
the melting of the snow in winter and spring in 
any case takes place through evaporation, and 
some of the meltwater rivulets fl ow across sur-
faces that are still lined with snow or ice, so 
that practically no erosion of the peat occurs. 
The erosional and loading effect of meltwater 
is at its greatest when discharge in the network 
of drainage ditches has increased, and when the 
fl ow rate exceeds a certain critical value this is 
likely to set in motion material that has been 
deposited earlier in the bottoms of the ditches, 
so that the particles involved represent the same 
peat types (S and C) and the same degrees of 
humifi cation (H 1–10) that had been typical of 
the surface layer of the production area. In ef-
fect this is a question of the same material as is 
accounted for here in terms of the typical peat 
properties as it passes into the ditches now re-
acting to ditch erosion brought about by fl ow 
rates that exceed the critical level. According to 
Klöve (2000a) and Marttila (2005), each type 
of suspended solid has its own critical fl ow rate 
at which it will be set in motion, depending on 
the density, size and shape of the peat particle. 
In general, the heavier a particle is, the high-
er this critical fl ow rate will be (Klöve 2000b). 

It can also be concluded from the above that 
the more humifi ed the material in the drainage 
ditch is, the weaker the discharge and lower 
the critical fl ow rate required to erode the bot-
tom of the ditch and set it in motion. Marttila 
(2005) notes that the susceptibility of the bot-
toms of ditches to erosion will be exceptionally 
high and the critical fl ow rate for this low for a 
few days after a shower of rain, when the peat 
particles dislodged by the rain and carried into 
the ditches are only loosely resting on the bot-
tom and no more powerful sedimentation has 
had time to take place.

In accordance with the aims of this work, 
it has been possible here to quote loading vales 
for the passage of material into the ditches on 
production mires that are valid for comparison 
purposes. This means that once we know the 
peat properties of a mire we can determine the 
corresponding loading values and simulate the 
amounts of loading over the whole duration of 
production. The present fi ndings are in agree-
ment with the statement by Klöve (2000b) that 
the erosional effect of a critical fl ow rate devel-
oping in the ditch network similarly correlates 
with the density, size and shape of the peat par-
ticles regarding the effect of peat humifi cation 
properties on primary loading from the produc-
tion area and secondary loading from peat par-
ticles in the drainage ditches and on the conse-
quent burden on the surrounding watercourse.

The results of this work and their practical 
application to the prediction of loading from 
peat production enable more detailed estimates 
of loading from given production horizons and 
mires to be constructed than before, and also 
more detailed evaluations of the energy content 
of the peat extracted. The ®Suosvahn mire and 
peat data acquisition and processing system de-
veloped in this connection enables such calcu-
lations to be performed for all surveyed mires 
and extrapolated over their estimated service 
life, including estimates of watercourse load-
ing from individual mires (in kg) relative to the 
energy generated from the resulting peat (in 
MWh), to yield a eco value on the scale 1–5, 
see Table 16.
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In accordance with the aims of this work, 
it will now be possible to produce estimates of 
watercourse loading from peat production on 
the basis of mire and peat properties at the level 
of the individual production mire, so that these 
estimates will correspond better to the require-
ments of both the energy generation industry 
and the environmental authorities with respect 
to the comparison of loading at the mire and 
production horizon levels. It will also be pos-
sible to use the various typical loading values 
obtained for milled peat production to reach 
conclusions regarding loading from sod peat 
production and the ditching of mires for forest-
ry purposes. The present results can furnish an-
swers to the many partial evaluations, assump-
tions and guesses that have been put forward in 
past decades regarding the amounts and quality 
of the runoff water issuing from mires and peat 
production areas and the effects of mire and 
peat properties on these parameters. 

The case study quoted here, focused on 8 
potential peat mining mires in the catchment 
area of the River Köyhäjoki in the Perhojoki 
river basin, mires for which values for load-
ing with suspended solids and for the energy 
content of the resulting peat had been obtained 
by the method developed here, as set out in 
Appendices 10, 14a, 15a and 15b. As may be 
seen from the results, the energy yield from 
peat production varies to only a minor extent 
in response to the peat properties of the indi-
vidual horizons, in the range 321–361 MWh/
ha/yr, so that peat properties may be said to 
be of little signifi cance in this respect, where-
as the comparative fi gures for the loading of 
suspended solids in the drainage ditches vary 
greatly depending on the properties of the 
peat in the mire, over the interval 0.30–5.86 
t/ha/yr. Comparisons of loading from produc-
tion mires (in kg/ha/yr) with the energy yield 
from the resulting peat over the same period 
(in MWh/ha/yr) also enable the estimated load-
ing of drainage ditches and watercourses from 
planned production areas to be compared with 
the observed loading from existing areas. In the 
Köyhäjoki example the SS load on the ditch-

es per unit of energy generated varies in the 
range 0.9–16.5 kg/MWh (i.e. 16-fold) between 
the mires and peat horizons involved while the 
load on the surrounding watercourse (given a 
water purifi cation effi ciency of 80%) varies in 
the interval 0.2–3.3 kg/MWh. 

The present results and the calculation 
model developed as a practical application of 
them would enable industry and the supervis-
ing authorities to develop peat production in 
such a way that peat could be mined over the 
maximum possible area while maintaining wa-
tercourse loading at a tolerable, sustainable lev-
el, by choosing for production purposes mires 
that have low loading factors relative to the en-
ergy yield (kg/MWh).

The present results correspond well to the 
aims of the environmental authorities as laid 
down in the Water Policy Framework Directive, 
the Water Protection Targets for 2005 and the 
Environmental Protection Guidelines for Peat 
Production of 19.9.2003, in that they furnish 
better possibilities for estimating the water-
course loading occasioned by individual peat 
producers or peat production mires or summed 
over whole catchment areas and thus permit 
detrimental watercourse effects to be predicted 
and allowed for. 
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12. Summary

Conditions leading to the occurrence and de-
velopment of mires and the formation of peat 
have varied during the Holocene, and as a con-
sequence mires and even parts of the same mire 
can differ in their external characteristics and 
the properties of their peat horizons. Certain 
regularities are observable in the peat and its 
formation in the case of mires that originated 
in given climatic periods, however, these be-
ing most clearly visible in ones that have not 
been infl uenced by topographic factors associ-
ated with their subsoil or surrounding areas or 
by changes in water balance brought about by 
land uplift.

New instances of paludifi cation or the 
spread of mires to areas of forest land are rare 
nowadays, on account of the practise of inten-
sive forestry over almost the whole of the coun-
try. Mire margins and peatland areas that are 
suitable for timber production have been ditched 
for drainage purposes, and the typical forms of 
mire vegetation have given way in many places 
to a typical heath forest vegetation as a result 
of the lowering of the groundwater table, while 
the increasing stem volumes and growing stock 
on peatlands have meant that the tree root sys-
tems have promoted microbial activity in the 
soil, accelerating the decomposition of the peat 
and releasing the nutrients contained in it for 
use by the trees. As a consequence of ditching 
and afforestation the mire plants that typically 
contribute to peat formation disappear almost 
entirely within a few decades and are replaced 
by trees and woody plants, while the invasion 
of a mire by trees causes the existing peat ho-
rizons formed during the Holocene to decom-
pose and revert from acting as carbon and CO² 
sinks to biomass accumulations that release 
these substances. Meanwhile the forest that has 
formed on the mires serves only temporally as 
a CO² sink, during its growth cycle, while the 
CO² balance of the whole mire area becomes 
negative upon felling of the trees, especially 
since the majority of the carbon in the timber 
is released as CO² in the course of the next fi ve 

years. Thus the effects of the ditching of the 
Finnish mires for forestry purposes on the CO².
balance of their ecosystems may be regarded as 
predominantly negative overall and it is highly 
possible that the ditched peatlands will have re-
leased all the carbon sequestered in them into 
the atmosphere in the form of CO² within less 
than a thousand years. The more pronounced 
humifi cation of the peat in mires ditched for 
forestry also means that any later attempt to 
use these areas for peat production will lead to 
more severe watercourse loading than if they 
had never been used for forestry. Similarly, the 
surface runoff from such areas and the ground-
water seeping into the ditches will contain more 
dissolved organic matter and nutrients than in 
the case of the less humifi ed peat of mires left 
in a natural state. Carbon release from a peat 
production and storage area even before any 
use of the peat for energy generation purposes 
has been estimated at 0.3 kg/m² (approx. 0.6 kg 
of dry matter) per year, which is about 10% of 
the annual production of peat.

Another consequence of the ditching of 
a mire is that discharge from the area will in-
crease as the water reserves in the surface layer 
are exhausted in places, and the erosion of or-
ganic matter becomes possible on the sloping 
banks of the ditches themselves. Thus water-
course loading from a production area com-
mences immediately at the time of the prepara-
tory ditching, while the subsequent removal of 
the surface vegetation and shaping of the sur-
face to slope towards the dividing ditches will 
further promote erosion by the runoff water. 
The surface horizons of mires are often com-
posed of poorly humifi ed peat, however, so that 
material transport from it is not pronounced 
and scarcely any detrimental watercourse load-
ing takes place in the fi rst few years. Loading 
will nevertheless increase as production pro-
ceeds to deeper, often more humifi ed horizons. 
On the other hand, mires vary in a somewhat 
idiosyncratic manner with regard to both humi-
fi cation and peat types, so that it is impossible 
to reach precise conclusions regarding organ-
ic matter and nutrient loading without detailed 
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research into the mire and peat properties of 
each production area separately. A signifi cant 
proportion of the exploitable mires of Southern 
and Central Finland, Northern Ostrobothnia, 
Kainuu and Southern Lapland have been sur-
veyed by the government authorities with re-
spect to their area (ha), mean depth (m), veg-
etation, mire types and peat properties, includ-
ing peat type (Sphagnum vs. Carex), degree of 
humifi cation (H 1–10), calorifi c value (Mj/kg), 
dry mater content (kg/m³) and moisture content 
(%). The results point to broad ranges of vari-
ation to be found in these mires and considera-
ble irregularity in the distribution of the various 
properties. It has nevertheless been concluded 
on the basis of such results that the peat type 
and degree of humifi cation can be of signifi -
cance for runoff from peat production areas and 
for the resultant watercourse loading, and fl uc-
tuations in runoff water quality have also been 
observed in the case of mires in a natural state, 
e.g. with respect to organic matter concentra-
tions, which have been assumed to increase as 
a consequence of more pronounced humifi ca-
tion in both natural and ditched mires.

The hypothesis put forward here, that the 
nature and extent of loading from a peat pro-
duction mire will depend on its peat properties, 
is based on geological data regarding the peat 
in mires and on previous observations and con-
clusions regarding marked variations in load-
ing from production areas. The present investi-
gation was focused on the principal peat types 
found in mires, Sphagnum and Carex peats, 
and their most common humifi cation grades (H 
2.5–8.5). The 25 samples gathered from milled 
peat production mires were fairly representative 
of these types and degrees of humifi cation, and 
these were all subjected to two rounds of sprin-
kling with the MTT rainfall simulation equip-
ment at a constant intensity of 1.27 mm/min 
(38 mm / 30 min) at an interval of 24 hours, to 
simulate natural conditions in which rain falls 
on a well or moderately well dried milled peat 
production area and is followed the next day by 
another shower of the same magnitude. The ex-
perimental design was aimed at ensuring valid 

comparison with other relevant results regard-
ing the runoff (l/m², mm) brought about by rain 
falling on loose surface milled peat at different 
moisture levels, the concentrations of substanc-
es, i.e. suspended solids (SS, which in practise 
consisted almost entirely of organic matter), 
chemical oxygen demand (CODmn O2, repre-
senting organic matter), total phosphorus and 
total nitrogen, transported in this runoff water 
(mg/l or µg/l) and the resulting loading of the 
network of drainage ditches (kg/ha/yr). 

In the experiments to determine runoff 
values the samples for sprinkling were divid-
ed into two peat types (Sphagnum and Carex), 
three humifi cation grades (H 2.5–4, 4.5–6 
and 6.5–8.5) and four groups in terms of their 
original moisture content (in the range 22.4–
86.3%), V1 = 0–35%, V2 = 36–55%, V3 = 56–
75% and V4 = 76–100%. The outcome was a 
set of curves representing the direct surface 
runoff into a drainage ditch caused by sprin-
kling to extents of 0–38 mm (at a constant in-
tensity of 1.27 mm/min), where the runoff val-
ues (in l/m² and mm) indicate the capacity of 
the loose surface peat at various degrees of 
moisture content to absorb rainfall, and con-
versely to give rise to runoff. Rainfall retention 
was best in the moisture content group V3, 56–
75%, and it was almost without exception in 
this group that the longest times elapsed before 
the runoff threshold was exceeded. By contrast, 
both the Sphagnum and Carex peats of all hu-
mifi cation grades with a moisture content less 
than 50% had almost entirely lost their ability 
to absorb and retain rainfall, i.e. they had be-
come hydrophobic, so that surface runoff oc-
curred even with low amounts of rainfall and 
total runoff was high. In the case of the samples 
with a moisture content above 76%, those that 
were moderately or well humifi ed (H 5–6 or H 
6.5–8.5) were already saturated with water and 
highly compressed, so that the runoff threshold 
was exceeded fairly quickly, whereas the poorly 
humifi ed Sphagnum peat (H 4) created scarcely 
any runoff even at a moisture content of 86.3%. 
The weighted total runoff values for the 6 sam-
ples representing the two peat types and three 
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humifi cation grades were all relatively similar 
at the same stage of drying (Appendices 5–10 
and 11), except for the Sphagnum samples in 
the range H 6.5–10, the values for which were 
25% higher than for the other groups, on ac-
count of their poor water retention capacity 
even at a moisture content of 56–75%.

Runoff values for the samples with an orig-
inal moisture content less than 50% were only 
8.5% lower in the second sprinkler experiment 
than in the fi rst, i.e. the 38 mm rainfall of the 
previous day had scarcely reduced their hydro-
phobicity at all and runoff continued to be high. 
By contrast, runoff from the samples with an 
original moisture content over 50% increased 
by an average of 63% in the second round of 
sprinkling, indicating that the fi rst round (38 
mm) had partially used up their remaining wa-
ter retention capacity and the runoff threshold 
had soon been exceeded.

Runoff from a milled peat production mire 
can vary greatly even with the same peat type 
and degree of humifi cation, depending main-
ly on the moisture content of the surface peat 
receiving the rainfall. The absorption of rain 
water by surface milled peat with a moisture 
content of approx. 56–75% is particularly det-
rimental as far as a rapid, effi cient peat har-
vesting cycle is concerned, because this water 
does not fl ow away into the ditch network very 
quickly and drying through evaporation takes 
time, whereas in the case of surface peat with a 
moisture content below 50% rain may give rise 
to pronounced runoff and erosion of material 
and nutrients into the ditches but will scarcely 
slow down production at all on account of the 
low rate of absorption.

Material concentrations in the runoff wa-
ter was determined at the total runoff levels 
caused by a rainfall of 38 mm. The fi gures for 
suspended solids (SS) varied in the range 51–
8300 mg/l, organic matter in terms of oxygen 
demand (CODmn O2) in the range 59–2900 mg/
l O2, total phosphorus concentrations 54–6100 
µg/l and total nitrogen 1.8–350 mg/l. Variations 
in soluble phosphorus concentrations were 
110-fold and those in ammonium nitrogen 90-

fold. Material transport in the runoff water in-
creased with the degree of humifi cation, show-
ing statistically signifi cant marked or moderate 
correlations for all of the above parameters, 
while soluble phosphorus concentrations and 
pH showed weak correlations with humifi ca-
tion of the surface milled peat. A clear incre-
ment in material transport in the runoff water 
occurred at a humifi cation grade of H 5.5 in the 
Sphagnum peat samples and H 6 in the Carex 
peat. Variations in concentration were never-
theless still fairly pronounced in the humifi ca-
tion range H 6–8.5.

Statistically signifi cant marked correla-
tions were observed between the rises in mate-
rial transport in sprinkling rounds 1 and 2 in the 
case of suspended solids (SS), chemical oxy-
gen demand (CODmn), total phosphorus, total 
nitrogen and ammonium nitrogen, whereas the 
correlations were poor for soluble phosphorus, 
pH and colour (Pt). 

Material transport in the same samples in 
the two rounds of sprinkling at a 24-hour in-
terval showed a statistically signifi cant close or 
moderate correlation in every case except for 
pH in the Sphagnum peat samples, where the 
correlation was poor. Marked correlations were 
obtained for suspended solids, r = 0.94, total 
phosphorus 0.93, soluble phosphorus 0.99, to-
tal nitrogen 0.76, ammonium nitrogen 0.90, pH 
0.71 and colour 0.84, and a moderate correla-
tion for CODmn, r = 0.60.  These observations 
confi rm the results pointing to a dependence of 
material transport concentrations on peat type 
and degree of humifi cation 

Water extraction of the same samples as 
used in the sprinkler experiments for 48 hours 
yielded very much higher concentrations, on 
account of the difference between the methods, 
but corresponding correlations between the pa-
rameters and dependences on peat type and de-
gree of humifi cation were obtained. Similarly, 
close correlations were found between the re-
sults of the two extractions in all cases except 
for CODmn, where the correlation was a mod-
erate one, r = 0.63. The results of the extraction 
experiment confi rmed those of the sprinkler ex-
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periment, namely that, in accordance with the 
hypothesis, material transport in the mire water 
and runoff water of a peat production area is 
clearly dependent on the peat type and degree 
of himifi cation.

 The purpose of this work had been to mod-
el the loading (kg/ha/yr) of the drainage ditch 
networks of peat production mires with sus-
pended organic solids and nutrients as a result 
of rainfall during May–October with respect 
to different peat types and degree of humifi ca-
tion. The mean extent of rainfall during these 
months (0–67 mm) and the numbers of days 
on which rainfall of different extents (0.5, 1.5, 
2.5 … 67 mm) occurred were determined on 
the basis of 30-year statistics for Jyväskylä and 
Kauhava (Appencies 5 and 11). The resulting 
runoff values (l/m², mm) and material trans-
port values (mg/l) for these amounts of rainfall 
were then calculated for the two peat types (S 
and C) and the three humifi cation classes (H 
2–8.5), from which it was then possible to de-
termine typical annual values for the loading of 
the drainage ditches of a peat production area 
with suspended organic solids and nutrients 
(kg/ha) and the oxygen demand arising from 
organic matter (kg/ha). Corresponding values 
for Carex-Sphagnum (CS) and Sphagnum-
Carex (SC) peats can be obtained as weight-
ed averages of those for the Sphagnum and 
Carex types (Appendix 6). The results suggest 
that loading increases only a little or scarcely 
at all with the degree of humifi cation up to H 
4.5, beyond which suspended solids, total ni-
trogen and CODmn from Sphagnum peat more 
than double for each increase of one unit on the 
von Post scale (H 1–10), and increase some-
what less, by a factor of approx. 1.5, in the case 
of Carex peat. Thus loading of the drainage 
ditches with suspended organic solids from a 
Sphagnum peat surface is estimated to be 482 
kg/ha/yr at H 4, 1466 kg at H 5, 3270 kg at H6, 
5823 kg at H 7 and 8817 kg at H 8. Chemical 
oxygen demand and phosphorus and nitrogen 
nutrients are also found to correlate positive-
ly with the humifi cation grade of Sphagnum or 
Carex peat in much the same way as suspended 

organic solids. 
The mean calorifi c value of Carex-domi-

nated peat of grade H 3, 21.0 MJ/kg, is already 
suffi ciently high to warrant exploitation for 
fuel purposes, while the difference in calorifi c 
value between Sphagnum peats of grades H 4 
and H6 is only 5.6% and that between Carex 
peats of grades H 3 and H 8 only 4%. It may 
thus be said that all peats of humifi cation grade 
H 4 or above are suitable for use as fuel peat, 
and all Carex peats of H 3 or above. This also 
means that the preferential use of poorly or 
moderately humifi ed peats for production pur-
poses on environmental grounds, on account 
of their low watercourse loading, will scarcely 
have any detrimental effect on the energy ex-
tractable from the fuel peat produced.

The typical loading values (kg/ha/yr) for 
runoff from Sphagnum and Carex peat of vari-
ous humifi cation grades obtained in this work 
for comparison purposes can be combined with 
existing or newly obtained peat type and hu-
mifi cation data for potential production mires 
in order to calculate annual loads of suspended 
organic solids, total phosphorus and total nitro-
gen and annual values for chemical oxygen de-
mand attributable to rainfall during the months 
May–October over the whole service life of the 
mire. In addition, the present results can be used 
to produce corresponding estimates for soluble 
phosphorus, phosphate phosphorus, ammoni-
um nitrogen and iron (Appendices 7–9).

 The ®Suosvahn program has been de-
veloped for handling computerized mire and 
peat data for the purposes of performing the 
above calculations. This program is capable of 
gathering and processing coring and sampling 
data for each horizon in a mire in the desired 
manner and of calculating the mean dry mat-
ter content, calorifi c value and energy con-
tent for each horizon, and thereby the water-
course loading per unit of energy generated 
(kg/MWh) based on the area of each horizon 
and the mean humifi cation grades and pH of 
the Sphagnum and Carex peat in it. The pro-
gram thus enables loading and energy content 
data to be presented and handled for individual 
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peat horizons, whole mires or whole catchment 
areas, for example, on an annual basis or over 
the whole duration of peat production. It is also 
possible on this basis to quote “eco values” on 
a scale 1–5, which represent loading from sur-
face runoff per unit of energy generated (kg/
MWh), for potentially exploitable mires, Table 
16. In the production area taken as an example 
here, loading of suspended solids in the drain-
age ditch networks on 8 mires in a single catch-
ment varied between the mires and horizons in 
the range 0.9–16.5 kg/MWh.

This comparative evaluation method ena-
bles the exploitation of mires in a catchment 
to be planned in a manner that takes account 
of loading from both mires that are already 
in production and potential new ones, ensur-
ing that the tolerance limit for loading of the 
watercourse is not exceeded at any stage. This 
may be achieved partly by choosing mires that 
have a low loading relative to the energy gener-
ated and optimizing the areas of these and the 
energy extracted at the watercourse level. The 
method enables the watercourse loading per 
unit of energy produced to be calculated at the 
areal planning stage for mires that are deemed 
suitable for peat production, so that production 
can be steered primarily towards mire areas that 
entail a lower level of loading, in order to main-
tain a suffi cient mire area under production and 
to ensure a suffi cient supply of fuel peat to 
meet local and national needs. Inclusion of this 
method in the planning of fuel peat production 
would enable the areas and future energy yields 
of all exploitable mires within a feasible trans-
port distance of a given peat-fi red power station 
to be calculated along with the resulting loads 
imposed on their watercourses, in relation to 
the tolerance levels of the latter.

The adoption of this method in the plan-
ning of fuel peat supplies for energy generation, 
the evaluation of the impacts of peat produc-
tion on watercourses, the steering of areal plan-
ning, the more detailed planning of mire areas 
and river catchment areas and decision making 
in the case of permit applications would allow 
watercourse loading and environmental impact 

assessments of a new kind to be made for all 
mires under production or for which produc-
tion is planned, assessments that take account 
of the properties of the peat in the mires and 
its energy content. The results would be of val-
ue to peat producers in designing appropriate, 
properly timed and cost-effective water protec-
tion measures that allow for watercourse load-
ing over the whole service life of the produc-
tion area. The method would also allow the 
planning and establishment of appropriate and 
cost-effective inspection of watercourse load-
ing based on predictions drawn up in advance.

The adoption and application of an eval-
uation method developed on the basis of the 
present work would constitute in many re-
spects a response to the challenges that face 
the environmental administration in terms of 
the standardization of its evaluation, licens-
ing and supervision practises with respect to 
peat production in connection with the Law 
on the Evaluation of Environmental Impacts, 
the Environmental Protection Guidelines for 
Peat Production (2003), which are principal-
ly concerned with water protection, the EU 
Water Policy Framework Directive, the pro-
gramme of Water Protection Targets (2005) 
and the document Wise Use of Peatlands drawn 
up jointly by the International Peat Society 
(IPS) and the International Mire Conservation 
Group (IMCG). The Environmental Protection 
Guidelines for Peat Production place particu-
lar emphasis on the reaching of an agreement 
with regard to the calculation of watercourse 
loading over the whole duration of production 
and the manner in which the results are to be 
presented, and also insists that it should be pos-
sible to compare the results for different areas 
and relate them to fi gures for other sources of 
loading. It also regards it as particularly im-
portant that more reliable estimates should be 
available in the future for watercourse loading 
from peat production areas. 
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Sprinkling mm H 1-4 S 
l/m2, mm

H 4,5-6 S 
l/m2, mm

H 6,5-10 S 
l/m2, mm

H 1-4 C, 
l/m2, mm

H 4,5-6 C 
l/m2, mm

H 6,5-10 C 
l/m2, mm

0.500 0.269 0.048 0.000 0.388 0.003 0.000

1.000 0.277 0.073 0.000 0.396 0.029 0.000

1.500 0.284 0.121 0.000 0.403 0.054 0.000

2.000 0.292 0.174 0.000 0.410 0.080 0.000

2.500 0.300 0.228 0.000 0.418 0.105 0.055

3.000 0.308 0.281 0.037 0.425 0.178 0.124

3.500 0.315 0.334 0.154 0.433 0.264 0.193

4.000 0.370 0.410 0.371 0.533 0.451 0.284

4.500 0.556 0.507 0.720 0.727 0.704 0.440

5.000 0.743 0.715 1.069 1.000 0.957 0.710

5.500 0.932 0.988 1.419 1.279 1.209 0.985

6.000 1.179 1.261 1.768 1.558 1.462 1.260

6.500 1.425 1.534 2.117 1.837 1.715 1.535

7.000 1.671 1.808 2.466 2.115 1.968 1.810

7.500 1.918 2.081 2.816 2.394 2.221 2.086

8.000 2.164 2.354 3.165 2.673 2.474 2.361

8.500 2.410 2.627 3.514 2.952 2.726 2.636

9.000 2.657 2.900 3.864 3.231 2.979 2.911

9.500 2.903 3.173 4.213 3.509 3.232 3.186

10.000 3.150 3.446 4.562 3.788 3.485 3.461

10.500 3.396 3.719 4.912 4.067 3.738 3.736

11.000 3.642 3.992 5.261 4.346 3.991 4.012

13.000 4.628 5.085 6.658 5.461 5.002 5.112

15.000 5.613 6.177 8.055 6.576 6.014 6.213

17.000 6.598 7.270 9.452 7.691 7.025 7.313

19.000 7.584 8.362 10.850 8.807 8.036 8.414

22.500 9.308 10.274 13.295 10.758 9.806 10.340

27.500 11.772 13.005 16.788 13.546 12.335 13.092

32.500 14.235 15.736 20.281 16.334 14.863 15.843

37.500 16.699 18.467 23.774 19.122 17.392 18.595

42.500 19.162 21.198 27.267 21.910 19.920 21.346

47.500 21.626 23.929 30.760 24.698 22.449 24.098

52.500 24.089 26.660 34.253 27.486 24.977 26.849

57.500 26.553 29.391 37.746 30.274 27.506 29.601

62.500 29.016 32.122 41.239 33.062 30.034 32.352

67.500 31.480 34.853 44.732 35.850 32.563 35.104

Appendix 4.  Mean direct surface runoff from the production strip into the dividing ditches (l/m2, mm) in 
rounds 1 and 2 of the sprinkler experiment (calculated for rainfalls of 0.5–67.5 mm) for S and C peats in 
humifi cation classes H 1–4, H 4.5–6 and H 6.5–10 weighted in relation to the occurrence of the moisture 
content classes V1-V4, representing the drying of peat. 
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Appendix 5.  Mean rainfall values in May-October over the normal period 1961-1990 (Finnish 
Meteorological Institute).

Number of instances in 1961-1990 Number of instances 
in May-October

Mean 
number of 
instances

Mean cumulative rainfall (mm) in 
May-October

Daily 
rainfall, 

mm

Kauhava, 
days

Jyväskylä, 
days

Mean 
days, 

Kauhava + 
Jyväskylä 

Mean/yr.
Kauhava  

Mean/yr.
Jyväskylä

Mean/yr.
Kauhava + 
Jyväskylä

Mean/yr.
Kauhava

Mean/yr. 
Jy-

väskylä

Mean/yr. 
Kau-

hava + 
Jyväskylä

67.5 1 1 1 0.03 0.03 0.03 2.25 2.25 2.25

62.5 0 0 0 0 0 0 0 0 0

57.5 0 2 1 0 0.07 0.03 0 3.83 1.92

52.5 1 0 0.5 0.03 0 0.02 1.75 0 0.88

47.5 0 3 1.5 0 0.1 0.05 0 4.75 2.38

42.5 1 1 1 0.03 0.03 0.03 1.42 1.42 1.42

37.5 2 8.6 5.3 0.07 0.29 0.18 2.5 10.75 6.63

32.5 4 8.6 6.3 0.13 0.29 0.21 4.33 9.32 6.83

27.5 10 12 11 0.33 0.4 0.37 9.17 11 10.08

22.5 30 27 28.5 1 0.9 0.95 22.5 20.25 21.38

19 11 20.4 15.7 0.37 0.68 0.52 6.97 12.92 9.94

17 17 31.5 24.3 0.57 1.05 0.81 9.63 17.85 13.77

15 32 44.6 38.3 1.07 1.49 1.28 16 22.3 19.15

13 60 65.4 62.7 2 2.18 2.09 26 28.34 27.17

11 62 90.1 76.1 2.07 3 2.54 22.73 33.04 27.9

9.5 51 70 60.5 1.7 2.33 2.02 16.15 22.17 19.16

8.5 57 72.5 64.7 1.9 2.42 2.16 16.15 20.54 18.33

7.5 75 80 77.5 2.5 2.67 2.58 18.75 20 19.38

6.5 76 94 85 2.53 3.13 2.83 16.47 20.37 18.42

5.5 119 117.8 118.4 3.97 3.93 3.95 21.82 21.6 21.71

4.5 144 142.7 143.3 4.8 4.76 4.78 21.6 21.41 21.5

3.5 190 201.3 195.6 6.33 6.71 6.52 22.17 23.49 22.82

2.5 272 286.4 279 9.07 9.55 9.3 22.67 23.87 23.25

1.5 394 408.5 401 13.13 13.62 13.37 19.7 20.43 20.05

0.5 1008 1072 1040 33.6 35.73 34.67 16.8 17.87 17.33

0 2900 2659 2779 96.67 88.63 92.63 0 0 0

Total 5518 5519 5517.2 183.9 183.98 183.91 317.52 389.73 353.62
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Appendix 6.  Direct material transport (kg/ha/yr) of suspended solid (SS), chemical oxygen demand (COD), 
total phosphorus (P) and total nitrogen (N) from Sphagnum (S), Carex (C), Sphagnum-Carex (SC) and Carex-
Sphagnum (CS) milled surface peats of humifi cation grades H 2.0 - 8.5 into the dividing ditches caused by 
typical intensities of rainfall during the period May-October. 

H SS_S SS_C SS 
SC,CS

COD_S COD_C COD 
SC,CS

P_S P_C P 
SC,CS

N_S N_C N 
SC,CS

2 86.66 336.02 211.34 54.63 378.21 216.42 0.13 0.54 0.33 1.88 2.83 2.35
2.1 97.95 332.29 215.12 60.91 395.19 228.05 0.14 0.56 0.35 2.24 2.74 2.49
2.2 106.44 329.26 217.85 67.20 408.49 237.85 0.15 0.57 0.36 2.53 2.72 2.63
2.3 112.85 327.07 219.96 73.69 418.42 246.05 0.17 0.59 0.38 2.74 2.79 2.77
2.4 117.86 325.86 221.86 80.56 425.27 252.92 0.18 0.59 0.38 2.91 2.92 2.91
2.5 122.16 325.75 223.95 88.00 429.36 258.68 0.19 0.59 0.39 3.03 3.12 3.08
2.6 126.37 326.88 226.63 96.17 430.97 263.57 0.20 0.60 0.40 3.13 3.38 3.26
2.7 131.13 329.37 230.25 105.23 430.39 267.81 0.21 0.59 0.40 3.21 3.71 3.46
2.8 137.03 333.34 235.18 115.35 427.89 271.62 0.21 0.59 0.40 3.29 4.01 3.69
2.9 144.63 338.90 241.77 126.66 423.74 275.20 0.22 0.58 0.40 3.37 4.54 3.95
3 154.50 346.18 250.34 139.32 418.20 278.76 0.23 0.57 0.40 3.47 5.03 4.25

3.1 167.16 355.27 261.21 153.46 411.54 282.50 0.24 0.57 0.40 3.60 5.57 4.59
3.2 183.10 366.29 274.70 169.19 404.00 286.60 0.25 0.56 0.41 3.77 6.17 4.97
3.3 202.82 379.34 291.08 186.66 395.82 291.24 0.27 0.55 0.41 3.98 6.80 5.39
3.4 226.77 394.52 310.64 205.95 387.23 296.59 0.28 0.54 0.41 4.25 7.48 5.87
3.5 255.38 411.91 333.65 227.19 378.47 302.83 0.30 0.53 0.41 4.59 8.20 6.40
3.6 289.05 431.62 360.34 250.47 369.76 310.12 0.31 0.52 0.42 5.00 8.96 6.98
3.7 328.18 453.74 390.96 275.88 361.31 318.60 0.33 0.52 0.42 5.50 9.75 7.62
3.8 373.13 478.33 425.73 303.51 353.32 328.41 0.35 0.51 0.43 6.08 10.58 8.33
3.9 424.24 505.50 464.87 333.42 346.01 339.71 0.37 0.51 0.44 6.75 11.44 9.01
4 481.82 535.31 508.56 365.69 339.55 352.62 0.40 0.51 0.46 7.53 12.33 9.93

4.1 546.16 567.83 557.00 400.39 334.15 367.27 0.43 0.52 0.47 8.42 13.25 10.84
4.2 617.53 603.15 610.34 437.57 329.97 383.77 0.46 0.52 0.49 9.43 14.20 11.81
4.3 696.18 641.31 668.75 477.26 327.19 402.22 0.49 0.53 0.51 10.55 15.17 12.86
4.4 782.33 682.40 732.36 519.53 325.97 422.75 0.53 0.54 0.54 11.80 16.17 13.98
4.5 876.18 726.45 801.32 564.39 326.48 445.43 0.57 0.56 0.56 13.17 17.19 15.18
4.6 977.89 773.54 875.72 611.87 328.86 470.37 0.61 0.58 0.60 14.68 18.23 16.46
4.7 1087.63 823.72 955.67 662.00 333.27 497.63 0.66 0.60 0.63 16.33 19.29 17.81
4.8 1205.52 877.02 1041.27 714.78 339.83 527.30 0.71 0.63 0.67 18.11 20.38 19.24
4.9 1331.67 933.50 1132.58 770.21 348.68 559.45 0.76 0.67 0.71 20.04 21.48 20.76
5 1466.15 993.19 1229.67 828.31 359.94 594.12 0.81 0.70 0.76 22.11 22.59 22.35

5.1 1609.02 1056.14 1332.58 889.04 373.74 631.39 0.87 0.75 0.81 24.33 23.73 24.03
5.2 1760.32 1122.37 1441.35 952.40 390.17 671.29 0.93 0.79 0.86 26.70 24.88 25.79
5.3 1920.06 1191.93 1555.99 1018.37 409.34 713.85 1.00 0.85 0.92 29.22 26.05 27.64
5.4 2088.22 1264.83 1676.52 1086.90 431.35 759.13 1.07 0.91 0.99 31.89 27.24 29.56
5.5 2264.76 1341.09 1802.93 1157.97 456.29 807.13 1.14 0.97 1.06 34.70 28.43 31.57
5.6 2449.64 1420.74 1935.19 1231.52 484.24 857.88 1.22 1.04 1.13 37.67 29.65 33.66
5.7 2642.75 1503.80 2073.28 1307.50 515.27 911.38 1.30 1.11 1.21 40.79 30.88 35.83
5.8 2844.00 1590.27 2217.14 1385.84 549.45 967.65 1.38 1.20 1.29 44.05 32.12 38.09
5.9 3053.26 1680.16 2366.71 1466.49 586.85 1026.67 1.47 1.28 1.38 47.47 33.38 40.42
6 3270.37 1773.48 2521.93 1549.37 627.51 1088.44 1.56 1.37 1.47 51.02 34.66 42.84

6.1 3495.16 1870.23 2682.69 1634.39 671.49 1152.94 1.66 1.47 1.56 54.72 35.95 45.33
6.2 3727.41 1970.41 2848.91 1721.46 718.83 1220.14 1.75 1.58 1.67 58.56 37.25 47.91
6.3 3966.92 2074.01 3020.46 1810.49 769.55 1290.02 1.85 1.69 1.77 62.54 38.57 50.56
6.4 4213.43 2181.02 3197.22 1901.37 823.69 1362.53 1.96 1.81 1.88 66.65 39.91 53.28
6.5 4466.67 2291.42 3379.05 1993.99 881.27 1437.63 2.06 1.93 2.00 70.89 41.27 56.08
6.6 4726.34 2405.21 3565.78 2088.23 942.29 1515.26 2.17 2.06 2.12 75.25 42.64 58.95
6.7 4992.14 2522.36 3757.25 2183.96 1006.76 1595.36 2.29 2.19 2.24 79.74 44.04 61.89
6.8 5263.70 2642.85 3953.28 2281.06 1074.68 1677.87 2.40 2.33 2.37 84.34 45.45 64.89
6.9 5540.68 2766.65 4153.66 2379.38 1146.05 1762.71 2.52 2.48 2.50 89.04 46.89 67.96
7 5822.68 2893.72 4358.20 2478.77 1220.85 1849.81 2.64 2.63 2.64 93.85 48.34 71.01

7.1 6109.29 3024.04 4566.66 2579.08 1299.04 1939.06 2.76 2.79 2.78 98.76 49.82 74.29
7.2 6400.07 3157.56 4778.82 2680.15 1380.62 2030.38 2.89 2.96 2.92 103.76 51.33 77.54
7.3 6694.57 3294.25 4994.41 2781.80 1465.54 2123.67 3.02 3.13 3.07 108.84 52.86 80.85
7.4 6992.30 3434.05 5213.18 2883.86 1553.75 2218.81 3.15 3.30 3.22 113.99 54.42 84.21
7.5 7292.76 3576.93 5434.84 2986.15 1645.21 2315.68 3.28 3.48 3.38 119.21 56.01 87.61
7.6 7595.42 3722.81 5659.11 3088.48 1739.86 2414.17 3.41 3.67 3.54 124.48 57.63 91.06
7.7 7899.71 3871.66 5885.69 3190.64 1837.63 2514.14 3.54 3.86 3.70 129.81 59.29 94.55
7.8 8205.08 4023.40 6114.24 3292.43 1938.46 2615.45 3.68 4.06 3.87 135.17 60.97 98.07
7.9 8510.92 4177.98 6344.45 3393.64 2042.27 2717.95 3.81 4.26 4.04 140.56 62.70 101.63
8 8816.60 4335.33 6575.96 3494.05 2148.96 2821.51 3.95 4.47 4.21 145.97 64.47 105.22

8.1 9121.48 4495.37 6808.42 3593.43 2258.46 2925.95 4.08 4.68 4.38 151.39 66.27 108.83
8.2 9424.89 4658.04 7041.46 3691.54 2370.66 3031.10 4.22 4.90 4.56 156.81 68.12 112.47
8.3 9726.13 4823.24 7274.69 3788.15 2485.46 3136.81 4.36 5.12 4.74 162.21 70.02 116.11
8.4 10024.49 4990.91 7507.70 3883.01 2602.73 3242.87 4.49 5.34 4.92 167.58 71.97 119.77
8.5 10319.22 5160.96 7740.09 3975.85 2722.38 3349.11 4.63 5.57 5.01 172.92 73.96 123.44
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Appendix 7.  Relations (%) between loading factors in the runoff water from the milled peat samples in 
rounds 1 and 2 of the sprinkler experiment.

Peat sample 
nr.

Peat type Humifi c.  
H 1-10

COD % 
of SS

tot. P % 
of SS

tot. N % 
of SS

tot.P % 
of tot. N

sol P % 
of tot. P

AMN % 
of tot.N

5 Er1S2C3 86.27 0.04 1.65 2.50 3.81 7.98

5 Er1S2C3 4 52.63 0.05 1.68 3.13 9.00 15.00

6 S1C5 4 73.33 0.08 2.25 3.70 1.00 7.41

6 S1C5 4 94.12 0.09 2.00 4.71 2.00 8.24

8 L1S2C3 6 38.18 0.03 2.00 1.64 0.44 10.00

9 N1S1C4 4 50.00 0.06 2.33 2.64 2.16 10.71

9 N1S1C4 4 50.00 0.07 2.89 2.47 3.50 11.48

10 S2C4 5 57.27 0.07 2.18 3.33 1.63 5.83

10 S2C4 5 44.83 0.08 2.76 2.92 1.43 2.96

11 Er1S2C3 4.5 52.83 0.05 1.87 2.83 3.93 17.17

11 Er1S2C3 4.5 66.67 0.07 3.83 1.88 8.46 17.39

12 Er1S2C3 5.5 55.21 0.11 4.17 2.75 20.00 32.50

12 Er1S2C3 5.5 78.26 0.09 3.04 3.00 15.48 26.79

13 L2S1C3 7 56.57 0.06 2.83 2.07 2.07 10.00

13 L2S1C3 7 37.86 0.06 3.43 1.75 1.79 9.17

14 L1S2C3 6 69.57 0.18 2.91 6.27 15.71 8.51

14 L1S2C3 6 45.45 0.18 2.73 6.50 12.56 7.50

15 L2S1C3 7 36.52 0.04 2.04 1.91 1.89 7.45

15 L2S1C3 7 23.70 0.04 2.26 1.57 1.77 7.54

18 L1S1C4 6 77.42 0.14 1.94 7.33 1.82 7.33

18 L1S1C4 6 63.57 0.14 2.21 6.13 3.16 6.45

24 L2S1C3 8 51.79 0.07 0.46

24 L2S1C3 8 55.10 0.12 0.25

26 L2C4 3.5 100.00 0.14 4.64 3.00 14.62 38.46

26 L2C4 3.5 68.75 0.08 2.78 2.92 9.23 23.60

27 L1S1C4 5 60.00 0.04 2.83 1.53 3.85 17.65

27 L1S1C4 5 71.43 0.10 4.79 2.09 7.86 34.33

28 L1S2C3 5.5 72.34 0.07 2.77 2.38 5.48 23.85

28 L1S2C3 5.5 62.86 0.06 2.60 2.31 6.67 20.88

C peat mean 60.40 0.08 2.73 3.16 5.59 14.67

1 Er1S5 2.5 53.08 0.14 2.54 5.45 8.89 24.85

1 Er1S5 2.5 119.61 0.12 3.53 3.39 16.39 38.89

3 Er1S5 4 85.71 0.48 4.76 10.00 66.00 54.00

3 Er1S5 4 116.67 0.12 6.08 1.92 53.42

4 Er1S5 3 55.71 0.11 2.07 5.52 9.38 17.24

4 Er1S5 3 49.17 0.05 1.83 2.45 29.63 16.82

7 Er1C1S4 6.5 52.94 0.06 2.06 3.00 7.14 7.71

7 Er1C1S4 6.5 70.37 0.05 2.00 2.59 4.29 6.85

16 L1C1S4 6 95.00 0.10 17.50 0.57 0.90 1.77

16 L1C1S4 6 38.30 0.04 1.68 2.41 1.05 7.09

17 N1C2S3 5 86.21 0.11 4.83 2.29 7.19 16.43

17 N1C2S3 5 50.00 0.07 2.67 2.63 10.00 18.75

21 Er1S5 2.5 128.57 0.24 4.36 5.57 38.24 27.87

21 Er1S5 2.5 169.49 0.24 5.59 4.24 17.14 26.67

22 Er1S5 4 123.44 0.17 4.69 3.67 14.55 22.00

22 Er1S5 4 141.67 0.22 4.17 5.20 9.23 8.60

23 L1Er1S4 7 33.33 0.02 0.92 2.36 1.71 9.58

23 L1Er1S4 7 35.29 0.02 1.03 1.57 1.73 7.71

25 L2S4 8.5 42.03 0.04 2.17 2.00 10.00 8.00

25 L2S4 8.5 36.25 0.05 1.63 2.77 5.00 7.38

S peat mean 79.14 0.12 3.81 3.48 13.6 19.08

C and S peat mean 69.84 0.10 3.18 3.25 8.59 16.42
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Appendix 8.  Relations (%) between loading factors in the extracts from the milled peat samples in water 
extraction experiments 1 and 2.

Peat sample 
nr.

Peat type
Humifi c.      
H 1-10

COD % 
of SS

tot.P % 
of SS

tot.N % 
of SS

tot.P % 
of tot. N

tot.FE % 
of SS

tot. FE % 
of tot. N

5 Er1S2C3 4 45.00 0.03 1.30 1.92

5 Er1S2C3 4 67.69 0.03 1.62 1.86 0.60 37.14

6 S1C5 4 45.16 0.03 1.65 1.96

6 S1C5 4 53.49 0.05 1.91 2.56 1.28 67.07

8 L1S2C3 6 30.11 0.02 2.04 1.16

8 L1S2C3 6 38.36 0.02 1.78 1.38 2.05 115.38

9 N1S1C4 4 47.62 0.03 1.90 1.38

9 N1S1C4 4 57.14 0.04 2.18 1.97 0.71 32.78

10 S2C4 5 48.57 0.05 1.60 3.04

10 S2C4 5 46.55 0.04 1.90 2.36 0.78 40.91

11 Er1S2C3 4.5 32.56 0.01 0.84 1.67

11 Er1S2C3 4.5 48.72 0.03 1.18 2.17 0.38 32.61

12 Er1S2C3 5.5 41.82 0.04 1.65 2.42

12 Er1S2C3 5.5 46.30 0.04 1.78 2.40 1.83 103.12

13 L2S1C3 7 34.48 0.03 2.24 1.46

13 L2S1C3 7 29.00 0.03 2.30 1.35 1.40 60.87

14 L1S2C3 6 32.97 0.09 2.09 4.47

14 L1S2C3 6 31.46 0.11 2.02 5.28 0.66 32.78

15 L2S1C3 7 33.33 0.03 1.98 1.44

15 L2S1C3 7 28.24 0.03 2.00 1.53 1.18 58.82

18 L1S1C4 6 41.27 0.04 1.75 2.45

18 L1S1C4 6 55.07 0.04 1.74 2.42 1.06 60.83

24 L2S1C3 8

24 L2S1C3 8 41.18 0.05 2.65 1.94 1.76 66.67

26 L2C4 3.5

26 L2C4 3.5 58.33 0.02 1.69 1.44 1.00 59.02

27 L1S1C4 5

27 L1S1C4 5 50.00 0.03 1.86 1.64 0.26 14.18

C peat mean. 43.40 0.04 1.83 2.15 1.07 55.9

1 Er1S5 2.5 46.15 0.06 1.52 3.92

1 Er1S5 2.5 48.08 0.06 1.77 3.26 0.12 6.63

3 Er1S5 4 37.08 0.05 1.17 3.93

3 Er1S5 4 41.82 0.06 1.23 5.19 0.19 15.19

4 Er1S5 3 24.64 0.03 0.87 3.67

4 Er1S5 3 173.58 0.06 1.32 4.71 0.15 11.29

7 Er1C1S4 6.5 36.23 0.04 1.45 2.70

7 Er1C1S4 6.5 41.79 0.04 1.64 2.55 0.73 44.55

16 L1C1S4 6 36.99 0.03 1.51 2.09

16 L1C1S4 6 37.68 0.03 1.59 1.91 0.87 54.55

17 N1C2S3 5 40.35 0.02 1.23 1.40

17 N1C2S3 5 45.83 0.03 1.29 2.01 0.50 38.71

21 Er1S5 2.5

21 Er1S5 2.5 39.23 0.03 1.23 2.63 0.27 21.88

22 Er1S5 4

22 Er1S5 4 41.36 0.04 1.23 3.48 0.35 28.89

23 L1Er1S4 7

23 L1Er1S4 7 43.24 0.02 1.00 2.49 0.27 27.03

25 L2S4 8.5

25 L2S4 8.5 32.58 0.04 1.57 2.29 0.48 30.71

S peat mean 47.90 0.04 1.35 3.02 0.39 27.9

C and S peat mean 45.15 0.04 1.64 2.49 0.79 44.23
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Appendix 9.  Relations (%) between loading factors in the extracts from the milled peat samples in water 
extraction experiments 1 and 2.

Peat sample 
nr.

Peat type
Humifi c.       
H 1 - 10

sol. COD % 
of COD

sol.P % 
of tot.P

sol. PO4P % 
of tot. P

sol.FE % 
of tot. FE

AMN % 
of tot N

5 Er1S2C3 4 2.04 0.64

5 Er1S2C3 4 1.09 1.46 0.28 0.55 7.14

6 S1C5 4 0.54 0.09

6 S1C5 4 0.30 0.36 0.08 0.12 6.83

8 L1S2C3 6 0.18 0.03

8 L1S2C3 6 0.19 0.51 0.11 0.07 8.46

9 N1S1C4 4 1.07 0.15

9 N1S1C4 4 0.48 0.47 0.08 0.27 6.72

10 S2C4 5 0.71 0.05

10 S2C4 5 0.59 0.62 0.02 0.33 6.36

11 Er1S2C3 4.5 1.57 0.15

11 Er1S2C3 4.5 0.89 0.72 0.09 0.33 7.61

12 Er1S2C3 5.5 2.45 1.59

12 Er1S2C3 5.5 0.68 1.78 1.39 0.14 9.48

13 L2S1C3 7 0.84 0.06

13 L2S1C3 7 0.29 0.84 0.32 0.41 6.52

14 L1S2C3 6 1.65 1.29

14 L1S2C3 6 0.64 1.58 0.87 0.24 7.22

15 L2S1C3 7 0.78 0.06

15 L2S1C3 7 0.50 0.54 0.05 0.01 5.76

18 L1S1C4 6 1.41 0.15

18 L1S1C4 6 0.14 0.14 0.01 0.05 5.42

24 L2S1C3 8

24 L2S1C3 8 0.20 0.17 0.02 0.06 7.22

26 L2C4 3.5

26 L2C4 3.5 0.44 0.65 0.20 0.05 6.56

27 L1S1C4 5

27 L1S1C4 5 0.45 0.49 0.14 0.82 6.72

C peat mean 0.49 0.94 0.32 0.25 7.00

1 Er1S5 2.5 2.26 0.55

1 Er1S5 2.5 3.24 1.20 0.40 1.97 10.87

3 Er1S5 4 8.82 7.73

3 Er1S5 4 1.74 7.86 7.00 1.29 11.11

4 Er1S5 3 2.55 0.68

4 Er1S5 3 0.83 1.64 0.33 1.39 13.00

7 Er1C1S4 6.5 0.41 0.20

7 Er1C1S4 6.5 0.46 0.82 0.68 0.27 7.36

16 L1C1S4 6 0.87 0.43

16 L1C1S4 6 0.46 0.71 0.13 0.20 6.18

17 N1C2S3 5 0.95 0.13

17 N1C2S3 5 0.50 0.60 0.14 0.18 6.77

21 Er1S5 2.5

21 Er1S5 2.5 2.35 1.01 0.14 1.29 9.38

22 Er1S5 4

22 Er1S5 4 1.87 0.34 0.07 1.92 8.15

23 L1Er1S4 7

23 L1Er1S4 7 1.56 0.42 0.09 0.96 7.84

25 L2S4 8.5

25 L2S4 8.5 0.79 2.88 2.47 0.58 6.50

S peat mean 1.38 2.09 1.32 1.01 8.72

C and S peat mean 0.86 1.39 0.71 0.57 7.72
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Appendix 11.  Rainfall and snowfall statistics for the Jyväskylä and Kauhava areas in the normal period 
1961-1990, according to the statistics of the Finnish Meteorological Institute 1961-1990.

Jyväskylä airport

1961-1990
Mean

rainfall
mm

Snow depth
15th day

cm

Snow depth
last day

cm

    Number of
observation days *)

snow

 Number of
observation days *)

sleet

1965-1980
Proportion of 

precipitation as snow%

January 43.2 35 43 25 3 96.9

February 29.9 50 51 21 2 96.4

March 34.8 51 46 19 5 93.5

April 37.1 28 6 11 6 76.0

May 40.5 - - 2 2 10.5

June 55.7 - - 0 0

July 78.3 - - 0 0

August 90.6 - - 0 0

September 66.8 - - 1 1 3.8

October 56.0 0 2 7 4 36.2

November 59.2 5 13 18 5 76.8

December 46.8 21 27 24 4 93.7

Total 638.9 128 32

Kauhava airport

1961-1990
Mean

rainfall
mm

Snow depth
15th day

cm

Snow depth
last day

cm

Number of
observation days *)

snow

Number of
observation days *)

sleet 

January 28.4 22 29 23 3

February 19.2 32 33 19 1

March 22.2 29 24 17 4

April 25.8 8 0 10 4

May 33.9 - - 2 2

June 43.0 - - 0 0

July 69.1 - - 0 0

August 69.7 - - 0 0

September 57.9 - - 1 0

October 43.4 0 1 5 2

November 39.7 4 8 15 4

December 30.4 11 16 21 4

Total 482.7 113 24

*) regardless of amount of precipitation, includes 0.0 mm
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Appendix 12 a.  Example of comparative estimates of loading of the River Köyhjoki watercourse with 
suspended solids (tn) as a result of runoff from the milled peat production strips into the dividing ditches 
over the duration of peat mining, 2005–2051, calculated using the results of the sprinkler experiments and 
assuming a water purifi cation effi ciency of 80%. Planning does not take account of the maximum tol-
erance level of the watercourse, which is 365 tn/yr (cf. grey area).

Peatproduction areas, waterway loading of suspended solids (SS) tn/yr ( water purifi cation effi ciency of 80 %).
total 

loading.  
(SS) 
tn/yr

Time Kolan-
neva     
tn.

Lahden-
neva      
tn.

Haapa-
neva     
tn.

Tervalam-
menneva     

tn.

Lintti-
räme        
tn.

Lapin-
neva     
tn.

Päivä-
neva     
tn.

Pieni 
Österneva    

tn.

2005 28.3 12.0 37.5 12.4 24.4 114.6
2006 28.3 12.0 37.5 12.4 24.4 114.6
2007 28.3 12.0 37.5 12.4 24.4 114.6
2008 28.3 12.0 37.5 12.4 24.4 114.6
2009 28.3 12.0 37.5 12.4 24.4 114.6
2010 28.3 12.0 37.5 12.4 24.4 114.6
2011 28.3 79.7 37.5 12.4 24.4 182.3
2012 28.3 79.7 37.5 12.4 24.4 182.3
2013 28.3 11.5 79.7 37.5 12.4 24.4 193.8
2014 28.3 11.5 79.7 37.5 12.4 24.4 193.8
2015 49.0 11.5 79.7 37.5 12.4 139.1 329.2
2016 49.0 11.5 79.7 102.8 101.9 139.1 4.2 488.1
2017 49.0 11.5 99.6 102.8 101.9 139.1 4.2 508.0
2018 49.0 11.5 99.6 7.7 102.8 101.9 139.1 4.2 515.7
2019 49.0 11.5 99.6 7.7 102.8 101.9 139.1 4.2 515.7
2020 49.0 23.2 99.6 7.7 102.8 101.9 139.1 4.2 527.5
2021 49.0 23.2 99.6 7.7 102.8 101.9 139.1 4.2 527.5
2022 49.0 23.2 99.6 7.7 102.8 101.9 139.1 18.7 542.0
2023 49.0 23.2 99.6 7.7 102.8 101.9 139.1 18.7 542.0
2024 49.0 23.2 99.6 26.5 114.7 101.9 237.4 18.7 671.0
2025 91.7 36.0 99.6 26.5 114.7 138.0 237.4 18.7 762.6
2026 91.7 36.0 99.6 26.5 114.7 138.0 237.4 18.7 762.6
2027 91.7 36.0 99.6 26.5 114.7 138.0 237.4 18.7 762.6
2028 91.7 36.0 99.6 26.5 114.7 138.0 237.4 18.7 762.6
2029 91.7 36.0 36.9 26.5 114.7 138.0 237.4 18.7 699.9
2030 91.7 36.0 36.9 26.5 114.7 138.0 237.4 18.7 699.9
2031 91.7 23.2 36.9 45.2 114.7 138.0 189.1 18.7 657.5
2032 91.7 23.2 36.9 45.2 114.7 105.8 189.1 18.7 625.3
2033 57.3 23.2 36.9 45.2 114.7 105.8 189.1 18.7 590.9
2034 57.3 23.2 45.2 79.5 105.8 189.1 22.2 522.3
2035 57.3 23.2 45.2 79.5 105.8 189.1 22.2 522.3
2036 23.2 45.2 79.5 105.8 189.1 22.2 465
2037 23.2 45.2 79.5 105.8 189.1 22.2 465
2038 23.2 45.2 79.5 105.8 189.1 22.2 465
2039 23.2 34.0 79.5 105.8 189.1 22.2 453.8
2040 23.2 34.0 79.5 105.8 189.1 22.2 453.8
2041 23.2 34.0 105.8 189.1 22.2 374.3
2042 23.2 34.0 105.8 189.1 22.2 374.3
2043 23.2 34.0 105.8 189.1 22.2 374.3
2044 34.0 105.8 189.1 22.2 351.1
2045 34.0 105.8 189.1 17.1 346
2046 34.0 105.8 189.1 17.1 346
2047 34.0 105.8 189.1 17.1 346
2048 34.0 105.8 189.1 17.1 346
2049 105.8 189.1 17.1 312
2050 105.8 17.1 122.9
2051 17.1 17.1
2052 0

tot. tn. 1678.5 713.8 1929.9 933.3 2938.4 4029.9 5805.1 613.4 19587.8
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Appendix 12 b.  Areas of mire in the River Köyhäjoki catchment area (ha) planned for production in the 
course of the total duration of production there (cf. Appendix 12 a). Planning does not take account of 
the maximum tolerance level of the watercourse, which is 365 tn/yr.

  Peatproduction areas (ha) in production 2005-2052

Time Kolan-
neva

Lahden-
neva

Haapa-
neva

Tervalam- 
menneva

Linttiräme Lapinneva Päiväneva Pieni 
Österveva

production 
area       

tot. ha/yr
2005 128 107 138 175 407 955
2006 128 107 138 175 407 955
2007 128 107 138 175 407 955
2008 128 107 138 175 407 955
2009 128 107 138 175 407 955
2010 128 107 138 175 407 955
2011 128 107 138 175 407 955
2012 128 107 138 175 407 955
2013 128 86 107 138 175 407 1041
2014 128 86 107 138 175 407 1041
2015 128 86 107 138 175 407 1041
2016 128 86 107 138 175 407 26 1067
2017 128 86 85 138 175 407 26 1045
2018 128 86 85 92 138 175 407 26 1137
2019 128 86 85 92 138 175 407 26 1137
2020 128 86 85 92 138 175 407 26 1137
2021 128 86 85 92 138 175 407 26 1137
2022 128 86 85 92 138 175 407 26 1137
2023 128 86 85 92 138 175 407 26 1137
2024 128 86 85 92 138 175 407 26 1137
2025 124 85 85 92 138 172 407 26 1129
2026 124 85 85 92 138 172 407 26 1129
2027 124 85 85 92 138 172 407 26 1129
2028 124 85 85 92 138 172 407 26 1129
2029 124 85 46 92 138 172 407 26 1090
2030 124 85 46 92 138 172 407 26 1090
2031 124 60 46 92 138 172 285 26 943
2032 124 60 46 92 138 127 285 26 898
2033 70 60 46 92 138 127 285 26 844
2034 70 60 92 106 127 285 26 766
2035 70 60 92 106 127 285 26 766
2036 60 92 106 127 285 26 696
2037 60 92 106 127 285 26 696
2038 60 92 106 127 285 26 696
2039 60 65 106 127 285 26 669
2040 60 65 106 127 285 26 669
2041 60 65 127 285 26 563
2042 60 65 127 285 26 563
2043 60 65 127 285 26 563
2044 65 127 285 26 503
2045 65 127 285 20 497
2046 65 127 285 20 497
2047 65 127 285 20 497
2048 65 127 285 20 497
2049 127 285 20 432
2050 127 20 147
2051 20 20
2052 0
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Appendix 13 a.  Example of comparative estimates for loading of the River Köyhäjoki watercourse with 
suspended solids (SS, in tn) from 8 peat production mires, given a water purifi cation effi ciency of 80%,  
and their production areas (in ha) in the years 2005–2051 (cf. Appendices 12a and 12 b). Planning does 
not take account of the maximum tolerance level of the watercourse, which is 365 tn/yr.
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Appendix 13 b.  Example of total loading of the River Köyhäjoki watercourse with suspended solids (SS, 
in tn) from 8 peat production mires, given a purifi cation effi ciency of 80 % and their combined produc-
tion areas (in ha), when planning does not take account of the maximum tolerance level of the water-
course, which is 365 tn/yr (cf. grey area).
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Appendix 14 a.  Example of comparative estimates of loading of the River Köyhjoki watercourse with suspended solids (tn) as a result of 
runoff from the milled peat production strips into the dividing ditches, calculated using the results of the sprinkler experiments and assuming a 
water purifi cation effi ciency of 80%, areas under production (ha) and loading per unit of area under production (tn/ha) over the duration of peat 
mining, 2005–2089. Planning takes account of the maximum tolerance level of the watercourse, which is 365 tn/yr.

Peatproduction areas, waterway loading of suspended solids (SS), (tn/yr), production 
area (ha/yr) 2005-2089, water purifi cation effi ciency of 80 %.

total load-
ing (SS) 

tn/yr

total 
produc-

tion 
area        
ha/yr

total 
loading 
(mean) 

tn/ha 

Year Kolan-
neva

Lahden-
neva

Haapa-
neva

Terva-
lammen-

neva

Lintti-
räme

Lapin-
neva

Päivä-
neva

Pieni 
Öster-
neva

2005 11.5 12.0 24.4 47.9 600 0.08
2006 11.5 12.0 24.4 47.9 600 0.08
2007 11.5 12.0 24.4 47.9 600 0.08
2008 11.5 12.0 24.4 47.9 600 0.08
2009 11.5 12.0 24.4 47.9 600 0.08
2010 11.5 12.0 24.4 47.9 600 0.08
2011 11.5 79.7 24.4 115.5 600 0.19
2012 23.2 79.7 24.4 127.3 600 0.21
2013 23.2 79.7 24.4 127.3 600 0.21
2014 23.2 79.7 24.4 127.3 600 0.21
2015 23.2 79.7 139.1 242.0 600 0.40
2016 23.2 79.7 139.1 242.0 600 0.40
2017 36.0 99.6 139.1 274.7 577 0.48
2018 36.0 99.6 139.1 274.7 577 0.48
2019 36.0 99.6 139.1 274.7 577 0.48
2020 36.0 99.6 139.1 274.7 577 0.48
2021 36.0 99.6 139.1 274.7 577 0.48
2022 36.0 99.6 139.1 274.7 577 0.48
2023 23.2 99.6 139.1 4.2 266.1 578 0.46
2024 23.2 99.6 237.4 4.2 364.4 578 0.63
2025 23.2 99.6 237.4 4.2 364.4 578 0.63
2026 23.2 99.6 237.4 4.2 364.4 578 0.63
2027 23.2 99.6 237.4 4.2 364.4 578 0.63
2028 23.2 99.6 237.4 4.2 364.4 578 0.63
2029 23.2 36.9 237.4 18.7 316.2 539 0.59
2030 23.2 36.9 237.4 18.7 316.2 539 0.59
2031 23.2 36.9 189.1 18.7 267.9 417 0.64
2032 23.2 36.9 189.1 18.7 267.9 417 0.64
2033 23.2 36.9 189.1 18.7 267.9 417 0.64
2034 23.2 7.7 189.1 18.7 238.7 463 0.52
2035 23.2 7.7 189.1 18.7 238.7 463 0.52
2036 7.7 189.1 18.7 215.5 403 0.53
2037 7.7 189.1 18.7 215.5 403 0.53
2038 7.7 189.1 18.7 215.5 403 0.53
2039 28.3 7.7 189.1 18.7 243.8 531 0.46
2040 28.3 26.5 189.1 18.7 262.6 531 0.49
2041 28.3 26.5 189.1 22.2 266.1 531 0.50
2042 28.3 26.5 189.1 22.2 266.1 531 0.50
2043 28.3 26.5 189.1 22.2 266.1 531 0.50
2044 28.3 26.5 12.4 189.1 22.2 278.52 706 0.39
2045 28.3 26.5 12.4 189.1 22.2 278.52 706 0.39
2046 28.3 26.5 12.4 189.1 22.2 278.52 706 0.39
2047 28.3 45.2 12.4 189.1 22.2 297.22 706 0.42
2048 28.3 45.2 12.4 189.1 22.2 297.22 706 0.42
2049 49.0 45.2 12.4 189.1 22.2 317.92 706 0.45
2050 49.0 45.2 12.4 22.2 128.82 421 0.31
2051 49.0 45.2 12.4 22.2 128.8 421 0.31
2052 49.0 45.2 12.4 17.1 123.72 415 0.30
2053 49.0 45.2 12.4 17.1 123.72 415 0.30
2054 49.0 45.2 37.5 12.4 17.1 161.22 553 0.29
2055 49.0 34.0 37.5 101.9 17.1 239.5 526 0.46
2056 49.0 34.0 37.5 101.9 17.1 239.5 526 0.46
2057 49.0 34.0 37.5 101.9 17.1 239.5 526 0.46
2058 49.0 34.0 37.5 101.9 17.1 239.5 526 0.46
2059 91.7 34.0 37.5 101.9 265.1 502 0.53
2060 91.7 34.0 37.5 101.9 265.1 502 0.53
2061 91.7 34.0 37.5 101.9 265.1 502 0.53
2062 91.7 34.0 37.5 101.9 265.1 502 0.53
2063 91.7 34.0 37.5 101.9 265.1 502 0.53
2064 91.7 34.0 37.5 138.0 301.2 499 0.60
2065 91.7 102.8 138.0 332.5 434 0.77
2066 91.7 102.8 138.0 332.5 434 0.77
2067 57.3 102.8 138.0 298.1 380 0.78
2068 57.3 102.8 138.0 298.1 380 0.78
2069 57.3 102.8 138.0 298.1 380 0.78
2070 102.8 138.0 240.8 310 0.78
2071 102.8 105.8 208.6 265 0.79
2072 102.8 105.8 208.6 265 0.79
2073 114.7 105.8 220.5 265 0.83
2074 114.7 105.8 220.5 265 0.83
2075 114.7 105.8 220.5 265 0.83
2076 114.7 105.8 220.5 265 0.83
2077 114.7 105.8 220.5 265 0.83
2078 114.7 105.8 220.5 265 0.83
2079 114.7 105.8 220.5 265 0.83
2080 114.7 105.8 220.5 265 0.83
2081 114.7 105.8 220.5 265 0.83
2082 114.7 105.8 220.5 265 0.83
2083 79.5 105.8 185.3 233 0.80
2084 79.5 105.8 185.3 233 0.80
2085 79.5 105.8 185.3 233 0.80
2086 79.5 105.8 185.3 233 0.80
2087 79.5 105.8 185.3 233 0.80
2088 79.5 105.8 185.3 233 0.80
2089 79.5 105.8 185.3 233 0.80

1678.5 713.8 1929.9 933.3 2938.4 4029.9 5805.1 613.4 19587.8
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Appendix 14 b.  Loading of the River Köyhäjoki watercourse with suspended solids (SS) from peat production mires in its catchment area per 
unit of energy generated from the peat (kg/MWh) and areas under production over the total duration of production, 2005-2089, assuming a water pu-
rifi cation effi ciency of 80% (cf. Appendix 14 a). Planning takes account of the maximum tolerance level of the watercourse, which is 365 tn/yr.

Peatproduction areas, waterway loading of suspended solids (SS) per unit of energy (kg/MWh) and production areas (ha/yr), 
2005-2089 water purifi cation effi ciency of 80 %.

Year Kolan-
neva 

Lahden-
neva

Haapa-
neva

Terva-
lammen-

neva

  Lintti-
räme   

Lapin-
neva

Päivä-
neva

Pieni 
Öster-
neva

total loading 
(mean), (SS) 
kg/ (energy) 

MWh

total pro-
duction 

area     
ha/yr

kg/MWh ha kg/MWh ha kg/MWh ha kg/MWh ha kg/MWh ha kg/MWh ha kg/MWh ha kg/MWh ha kg/MWh ha
2005 0.4 86 0.3 107 0.2 407 0.2 600
2006 0.4 86 0.3 107 0.2 407 0.2 600
2007 0.4 86 0.3 107 0.2 407 0.2 600
2008 0.4 86 0.3 107 0.2 407 0.2 600
2009 0.4 86 0.3 107 0.2 407 0.2 600
2010 0.4 86 0.3 107 0.2 407 0.2 600
2011 0.4 86 2.2 107 0.2 407 0.6 600
2012 0.6 86 2.2 107 0.2 407 0.6 600
2013 0.6 86 2.2 107 0.2 407 0.6 600
2014 0.6 86 2.2 107 0.2 407 0.6 600
2015 0.6 86 2.2 107 1.0 407 1.2 600
2016 0.6 86 2.2 107 1.0 407 1.2 600
2017 1.2 85 3.3 85 1.0 407 1.4 577
2018 1.2 85 3.3 85 1.0 407 1.4 577
2019 1.2 85 3.3 85 1.0 407 1.4 577
2020 1.2 85 3.3 85 1.0 407 1.4 577
2021 1.2 85 3.3 85 1.0 407 1.4 577
2022 1.2 85 3.3 85 1.0 407 1.4 577
2023 1.1 60 3.3 85 1.0 407 0.5 26 1.3 578
2024 1.1 60 3.3 85 1.7 407 0.5 26 1.8 578
2025 1.1 60 3.3 85 1.7 407 0.5 26 1.8 578
2026 1.1 60 3.3 85 1.7 407 0.5 26 1.8 578
2027 1.1 60 3.3 85 1.7 407 0.5 26 1.8 578
2028 1.1 60 3.3 85 1.7 407 0.5 26 1.8 578
2029 1.1 60 2.2 46 1.7 407 2.0 26 1.7 539
2030 1.1 60 2.2 46 1.7 407 2.0 26 1.7 539
2031 1.1 60 2.2 46 1.9 285 2.0 26 1.8 417
2032 1.1 60 2.2 46 1.9 285 2.0 26 1.8 417
2033 1.1 60 2.2 46 1.9 285 2.0 26 1.8 417
2034 1.1 60 0.3 92 1.9 285 2.0 26 1.5 463
2035 1.1 60 0.3 92 1.9 285 2.0 26 1.5 463
2036 0.3 92 1.9 285 2.0 26 1.5 403
2037 0.3 92 1.9 285 2.0 26 1.5 403
2038 0.3 92 1.9 285 2.0 26 1.5 403
2039 0.7 128 0.3 92 1.9 285 2.0 26 1.8 531
2040 0.7 128 0.8 92 1.9 285 2.0 26 1.9 531
2041 0.7 128 0.8 92 1.9 285 2.4 26 1.9 531
2042 0.7 128 0.8 92 1.9 285 2.4 26 1.9 531
2043 0.7 128 0.8 92 1.9 285 2.4 26 1.9 531
2044 0.7 128 0.8 92 0.2 175 1.9 285 2.4 26 1.4 706
2045 0.7 128 0.8 92 0.2 175 1.9 285 2.4 26 1.4 706
2046 0.7 128 0.8 92 0.2 175 1.9 285 2.4 26 1.4 706
2047 0.7 128 1.4 92 0.2 175 1.9 285 2.4 26 1.5 706
2048 0.7 128 1.4 92 0.2 175 1.9 285 2.4 26 1.5 706
2049 1.1 128 1.4 92 0.2 175 1.9 285 2.4 26 1.6 706
2050 1.1 128 1.4 92 0.2 175 2.4 26 1.2 421
2051 1.1 128 1.4 92 0.2 175 2.4 26 1.2 421
2052 1.1 128 1.4 92 0.2 175 2.4 20 1.2 415
2053 1.1 128 1.4 92 0.2 175 2.4 20 1.2 415
2054 1.1 128 1.4 92 0.8 138 0.2 175 2.4 20 1.1 553
2055 1.1 128 1.5 65 0.8 138 1.7 175 2.4 20 1.7 526
2056 1.1 128 1.5 65 0.8 138 1.7 175 2.4 20 1.7 526
2057 1.1 128 1.5 65 0.8 138 1.7 175 2.4 20 1.7 526
2058 1.1 128 1.5 65 0.8 138 1.7 175 2.4 20 1.7 526
2059 2.1 124 1.5 65 0.8 138 1.7 175 2.0 502
2060 2.1 124 1.5 65 0.8 138 1.7 175 2.0 502
2061 2.1 124 1.5 65 0.8 138 1.7 175 2.0 502
2062 2.1 124 1.5 65 0.8 138 1.7 175 2.0 502
2063 2.1 124 1.5 65 0.8 138 1.7 175 2.0 502
2064 2.1 124 1.5 65 0.8 138 2.3 172 2.3 499
2065 2.1 124 2.1 138 2.3 172 3.0 434
2066 2.1 124 2.1 138 2.3 172 3.0 434
2067 2.3 70 2.1 138 2.3 172 2.7 380
2068 2.3 70 2.1 138 2.3 172 2.7 380
2069 2.3 70 2.1 138 2.3 172 2.7 380
2070 2.1 138 2.3 172 2.2 310
2071 2.1 138 2.3 127 2.2 265
2072 2.1 138 2.3 127 2.2 265
2073 2.3 138 2.3 127 2.3 265
2074 2.3 138 2.3 127 2.3 265
2075 2.3 138 2.3 127 2.3 265
2076 2.3 138 2.3 127 2.3 265
2077 2.3 138 2.3 127 2.3 265
2078 2.3 138 2.3 127 2.3 265
2079 2.3 138 2.3 127 2.3 265
2080 2.3 138 2.3 127 2.3 265
2081 2.3 138 2.3 127 2.3 265
2082 2.3 138 2.3 127 2.3 265
2083 2.1 106 2.3 127 2.2 233
2084 2.1 106 2.3 127 2.2 233
2085 2.1 106 2.3 127 2.2 233
2086 2.1 106 2.3 127 2.2 233
2087 2.1 106 2.3 127 2.2 233
2088 2.1 106 2.3 127 2.2 233
2089 2.1 106 2.3 127 2.2 233
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Appendix 15 a.  Example of comparative estimates for loading of the River Köyhäjoki watercourse with 
suspended solids (SS, in tn) from 8 peat production mires, given a water purifi cation effi ciency of 80%,  
and their production areas (in ha) (cf. Appendices 14a and 14 b). Planning takes account of the maxi-
mum tolerance level of the watercourse, which is 365 tn/yr.
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Appendix 15 b.  Example of total loading of the River Köyhäjoki watercourse with suspended solids (SS, 
in tn) from 8 peat production mires and their combined production areas (in ha), when planning takes 
account of the maximum tolerance level of the watercourse, which is 365 tn/yr.
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Geological  Survey of Finland, Report of Peat Investigation 338, 2002
Carl-Göran Stén ja Markku Moisanen, Rengon suot ja niiden turvevarat

Average humifi cation

Sligtly humifeed Sphagnum
predominant surfacew layer/
entire peat layer in dm

Thickness of peat in dm

0 - 1 m

1 - 2 m

2 - 3 m

The raised bog Ruokojärvensuo. An example of a mire map.

Appendix 16 a.
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S   Sphagnum peat

C   Carex peat

B   Bryales peat

CS  Carex-Sphagnum peat

ER  Eriophorum

L   Wood

MR   Till

HK   Sand

HT   Fine sand

HS   Silt

Coal layer

Precipitate

HDLJ  Fine detritus gyttja

KDLJ   Coarse detritus gyttja

Peat types Bottom soils

Geological  Survey of Finland, Report of Peat Investigation 338, 2002
Carl-Göran Stén ja Markku Moisanen, Rengon suot ja niiden turvevarat

Appendix 16 b.

Snacks

Peat humifi cation

3/2        Amount of snacks
             per 10 soundings at depht
             of 0 - 1 m and 1 - 2 m

H 1-3

H 4

H 5-10

Humifi cation

Mire types, snacks, peat types, bottom soils
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Appendix 17.
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Fig. 24. tot. N mg/l  C-peat

nr. H 2-8,5 Mean mg/l
95% Low 

Lim.
95%Up 

Lim.
1 2 2,5 2,0 3,0
1 2,5 2,5 2,0 3,0
1 3 2,5 2,0 3,0
1 3,5 6,8 6,3 7,3
1 4 11,6 11,1 12,1
2 4,5 16,9 15,8 18,0
2 5 22,7 21,6 23,8
2 5,5 29,1 27,9 30,2
2 6 35,9 34,8 37,0
3 6,5 43,3 41,6 45,0
3 7 51,2 49,4 52,9
3 7,5 59,6 57,8 61,3
3 8 68,5 66,7 70,2
3 8,5 77,8 76,2 79,6

Fig. 24. tot. N mg/l  S-peat

nr. H 2-8,5 Mean mg/l
95% Low 

Lim.
95%Up 

Lim.
1 2 2,4 2,1 2,7
1 2,5 2,4 2,1 2,7
1 3 2,4 2,1 2,7
1 3,5 4,3 4,0 4,7
1 4 8,4 8,1 8,7
2 4,5 14,6 12,7 16,4
2 5 22,9 21,0 24,7
2 5,5 33,3 31,5 35,2
2 6 45,9 44,0 47,7
3 6,5 60,5 56,6 64,5
3 7 77,4 73,4 81,4
3 7,5 96,3 92,3 100,3
3 8 117,4 113,4 121,3
3 8,5 140,5 136,5 144,5

Fig. 21.   SS mg/l  C-peat

nr. H 2-8,5 Mean mg/l
95% Low 

Lim.
95%Up 

Lim.
1 2 262,0 250,9 273,2
1 2,5 262,0 250,9 273,2
1 3 262,0 250,9 273,2
1 3,5 322,8 311,7 334,0
1 4 466,2 455,1 477,3
2 4,5 692,1 622,9 761,2
2 5 1000,5 931,3 1069,6
2 5,5 1391,4 1322,3 1460,6
2 6 1864,9 1795,8 1934,0
3 6,5 2420,9 2268,9 2572,9
3 7 3059,5 2907,5 3211,5
3 7,5 3780,5 3628,5 3932,5
3 8 4584,1 4432,1 4736,2
3 8,5 5470,3 5318,3 5622,3

Fig. 21.   SS mg/l  S-peat

nr. H 2-8,5 Mean mg/l
95% Low 

Lim.
95%Up 

Lim.
1 2 106,7 83,4 129,9
1 2,5 106,7 83,4 129,9
1 3 106,7 83,4 129,9
1 3,5 200,3 177,0 223,5
1 4 533,1 509,9 556,4
2 4,5 974,3 858,2 1090,3
2 5 1523,6 1407,5 1639,7
2 5,5 2181,2 2065,2 2297,3
2 6 2947,1 2831,0 3063,2
3 6,5 3821,3 3593,1 4049,4
3 7 4803,6 4575,5 5031,8
3 7,5 5894,3 5666,1 6122,4
3 8 7093,2 6865,0 7321,3
3 8,5 8400,3 8172,2 8628,5

Appendix 18.  
95% confi dence interval (lower and upper limit) for the mean concentrations of suspended solids (SS), 
total phosporus (tot.P), total nitrogen (tot. N) and oxygen demand (COD mn O2) see fi g. 21-24, based on 
t-distribution      X-bar +/- T(0.025) Sx/Sqrt(n)
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