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Abstract 
 

Detailed knowledge from physical properties of sediment such as erosion and settling velocity are crucial for modelling as well as 

for water protection planning and management. The main purpose of this research was to determine the critical shear stress (τcr) 

and settling velocity of the organic sediments in different peatland drainage areas and headwaters in Finland. Further, KINEROS2 

erosion model was applied to peatland forestry and peat extraction conditions to simulate runoff hydrograph and suspended solid 

yield from two experimental catchments. To determine mean τcr and settling velocity totally 119 undisturbed sediment samples 

were taken from the natural streams, ditches and brooks across Finland. The samples covered main peatland uses, peatland 

forestry and peat extraction sites. Furthermore, to determine the effect of peat soil properties on sediment erosion and settling, peat 

soil samples were collected from 9 peat extraction areas. These samples were used to prepare sediments in laboratory setting. 

Cohesive strength meter (CSM) was applied to measure the τcr and settling velocity in laboratory and in-situ conditions. Results 

were compared against physical properties of sediment or peat soils and further compared against different peatland uses. 

 

The critical shear stress over all samples ranged from 0.0057 to 0.428 N m-2 (mean value 0.116 ± 0.07 N m-2). τcr in peatland 

forestry ditches ranged from 0.0057 to 0.428 N m-2 (mean value 0.07 ± 0.1 N m-2), and in peat extraction sites from 0.006 to 0.421 

N m-2 (mean value 0.12 ± 0.06 N m-2). Similarly, τcr of artificially prepared samples from peat extraction area ranged from 0.012 

to 0.112 N m-2 (mean value of 0.059 ± 0.028 N m-2). At Koivupuro peatland forestry site, measurements were done in laboratory 

as well as in-situ. Results gave slightly different values; in-situ τcr ranged from 0.005 to 0.305 N m-2 with the mean value of 0.03 ± 

0.075 N m-2, and the laboratory results ranged from 0.008 to 0.310 N m-2 with the mean value of 0.125 ± 0.06 N m-2. Degree of 

humification (DOH) and dry bulk density were found to be positively related to critical shear stress.  

 

The settling velocity results for Koivupuro catchment ranged from 0.0004 to 0.131 m h-1 (mean value 0.016 ± 0.034 m h-1) and 

0.0004 to 0.456 m h-1 (mean value 0.144 ± 0.134 m h-1) for other organic peat samples. Degree of humification (DOH) and settling 

velocity showed no correlation while dry density of settled sediment was found inversely proportional to settling velocity. This 

study showed that CSM can be used to determine τcr and settling velocity from organic sediment samples. Results can be applied 

in modelling purposes, and in dimensioning of water protection methods such as settling basins.  

 

Eleven rainfall-runoff events from two different catchments were selected for the study to simulate runoff hydrographs and 

associated sediment yields in different conditions. When properly calibrated for each event, KINEROS2 model produced 

sufficient estimations of runoff hydrographs for peatland forestry and peat extraction sites but failed to produce reliable 

estimations of suspended sediment yields. Moreover, unrealistic parameter values sometimes had to be used in model calibration 

due to model inability to simulate groundwater or soil water response in ditch flow. Thus the model could not be validated for 

varying initial conditions and rainfall events. 

Additional Information 
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1 INTRODUCTION 

Peatland can be defined as a wetland with a thick water-logged organic soil layer 

consisting of dead and decaying plant material. Peat is formed by accumulated organic 

material (e.g. dead mosses and field layer vegetation),  and also bedding matter (e.g. 

shrubs, trees and dying part of vegetation) add their  part in its formation (Päivänen and 

Hånell, 2012). Peatlands are common in Northern Hemisphere and other areas with wet 

climate, which favor accumulation of peat. Finland is covered with peatlands and 

forests, and they are intensively used. According to the Boreal Forest Organisation, 

Lakehead University (2011), Finland is known as the most heavily-forested country in 

Europe with a forest cover of about 74.2% of the land area. In order to increase forestry 

productivity or for other land use purposes such as agriculture and peat extraction, 

approximately 60,000 km
2

 of the total peat area in Finland has been drained (Simola et 

al. 2012).  

According to Evans et al. (2006), peatland drainage has resulted increase in low flows 

during first years after drainage due to catchment dewatering. Its effects on catchment 

hydrology has led to quick runoff associated with a decrease in groundwater table 

(Päivänen and Hånell, 2012). This was seen for example in the Northeastern Finland 

(Koivupuro and Suopuro) where the runoff increased by 13% due to 26% of the 

catchment area being drained (Seuna 1988, cited in Päivänen and Hånell, 2012). Some 

of these impacts can be seen in the peak flows and the downstreams changes in 

sediment flux.  

Intensive peatland use causes increased transportation of particulate organic matter to 

water courses and affects water quality. In Finland this is evident in peat extraction and 

peatland forestry land uses, which cause increased transport of particulate organic 

sediment, and may e.g. change stream bed conditions (Marttila et al. 2014). In this issue, 

transportation and erosion properties of organic sediment in different peatland uses are 

important to determinate as they influence notably to siltation and erosion risk of 

organic beds. Knowledge from sediment properties and transport is crucial for water 
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protection planning and process understanding. Erosion characteristics can be 

influenced by properties of individual particles (e.g. particle size distribution) and 

sediment bed (e.g. bulk density). The total amount of erosion and sediment transport 

varies according to the velocity and amount of water flow in channels and resulting 

shear stress on channel bed and walls.  

Drainage operations cause disturbance of soil profile, increased organic matter 

decomposition and leaching of nutrients as well as result in erosion and weathering of 

drainage channels (Seuna 1982). These changes can have several physical, chemical, 

and biological impacts on the natural process creating stresses on ecology and flora and 

fauna of the ecosystems in downstream watercourses. Peatlands in natural conditions 

typically have low erosion rate and sediment transportation is minor (Nanson et al. 

2010). 

Weathering of channel walls, collapsed sides and bed erosion by runoff are typical 

sources of sediment erosion in peatland forestry conditions (Marttila and Kløve 2010). 

Seasonal conditions and weathering processes affect the amount and type of sediment 

erosion depending on time period and the amount of deposited sediment sources within 

the channel (Marttila and Kløve 2010). Particularly in summer, peak flows by storm 

rainfall have an important role in producing suspended solids for transport (Marttila and 

Kløve 2010). Kløve (1997) highlighted the impacts of rain and peat harvesting 

operations on sediment transportation from bare soil surface to the ditches. In a study by 

Marttila and Kløve (2008), results from Luisansuo study area shows that the 78% of the 

annual suspended solids load was transported only during five peak runoff events. 

Settling velocity (SV) of eroded sediment is one of the most important factors which 

affect sediment transportation (Jiménez et al. 2003). It also contributes to the overall 

sediment load throughout the stream channel. Typically, the settling velocity varies due 

to sediment characteristics e.g. particle size and density. Aggregate from eroded soil 

particles on basis of their characteristics like grain size, density and shape from mineral 

grains does not always relate with the average or median mineral grain (Johnson et al. 

1996; Tromp-van Meerveld et al. 2008). Settling velocities of soil particles have major 
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effect also on the distance transported by the water during individual high flow periods 

(Dietrich, 1982; Kinnell 2001; Kinnell 2005). However, predicting exactly the accurate 

settling velocity of any particular soil material is complicated and little experimental 

research have been done for the settling of organic peat sediments.  

Prediction and calculation of erosion and settling velocity is an important task in land 

use management questions. Information on peat delivery mechanisms such as erosion of 

channel deposits, transportation of eroded sediments etc. can be used to estimate 

sediment budget (Evans et al. 2006) and carry out better dimensioning of water 

protection structures. Finding out the erosion rate of cohesive materials is challenging 

and needs knowledge from the controlling forces that resist the entrainment by 

hydraulic stress, and in characterizing the inherent variability of the cohesive deposit.  

This Master’s thesis will enlighten the risk of erosion of different organic sediments, 

especially variation in peat ditches, and sedimentation in the drainage areas with the 

catchment scale perspective. The main goal of this study is to understand the 

characteristics of erosion and sediment transportation of organic rich sediments in 

channels influenced by different peatland uses. The focus of this study is on the erosion, 

transport and settling velocity of sediments from the peatland drainage sites. Only a few 

studies have been done for determining critical shear stresses (τcr) and settling velocities 

for highly organic peat sediments. Therefore, this research contributes in existing 

research on τcr and SV through CSM and erosion modelling through KINEROS2 which 

has not been applied on highly organic peat catchments.  
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2 TRANSPORT AND EROSION CHARACTERISTICS OF 

ORGANIC SEDIMENTS                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 

2.1 Erosion and sedimentation in drainage area 

2.1.1 Hydrological factor effects on sediment erosion 

Hydrological factors such as precipitation and runoff serve as a means of transportation 

for sediments. The impacts of a longer duration rainfall event with a less intensity do 

result in a lower sediment delivery ratio compared to a short rainfall with higher 

intensity (Ouyang et al. 1997) This could be influenced by the geological factors of the 

area such as soil type, slope, topography and land use etc. Drainage effects on the 

natural hydrological processes varies based on the soil properties/site conditions 

determining the impact and magnitude of the effect. The use of open ditch drainage 

system causes two key processes (Holden 2009). Firstly the direct relation of water 

seepage into the drains for lowering the water table and managing more space for soil 

storage. Secondly the infiltration and surface runoff to drainage channels from any 

rainfall event. Effect of drainage on local hydrology is also dependent on the peat type, 

hydraulic conductivity, pre-rainfall soil moisture content, rate of evaporation, time 

duration and topography of the catchment area (Seuna 1981, cited in Marttila 2010, 

Starr and Päivänen 1981, Kenttämies and Saukkonen 1996, Silins and Rothwell 1998, 

Holden et al. 2004, Koivusalo et al. 2006, Ahti and Hokka 2006). Often increased peak 

runoff causes more sediment erosion. Marttila and Kløve (2010) highlighted the 

characteristic effects of precipitation, flow generation, flow regime and ground water 

elevation on hydrological processes in peak runoff scenarios.  

Marttila and Kløve (2008) stated through flume experiment study, that critical shear 

stress of peat increases gradually as it reached the period of three days stabilization and 

consequent strengthening onwards which is influenced with the cohesive forces. Also 

the rain splash erosion is an important mechanism in sediment transportation which 
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fluctuates the sediment delivery on basis of micro-rills developed at peat top layer. 

(Holden and Burt 2002).  

2.1.2 Effect of particle and sediment properties on erosion and transport 

The erosion of the particulate matter and its transport is primarily dependent on the 

physical properties and morphology of the particles. Dade et. al. (1992) and Grabowski 

et. al. (2011) found that the more the decrease in size of particles below 120 µm, the 

more the increase in the critical shear stress due to cohesion. Erosion rate increases with 

the increase in the particle size (decrease in cohesion) for the smaller particles for a 

specific bulk density till the maximum erosion rate is attained, in association with the 

decreased rate of erosion for larger particles (Roberts et. al. 1998). Lick et al. (2004) 

observed an increase in shear stress in the study of movement of quartz particles smaller 

in size than 100 µm, with the change in the erosion pattern from single particle to 

aggregate erosion. Marttila and Kløve (2008) concluded that the critical shear stress for 

organic peat sediment is 0.01 N m
-2

 and for entire peat deposit 0.059 N m
-2 

which are 

quiet similar with the findings of Migniot et al. (1969) and Righetti and Lucarelli 

(2010).  It must be noted that the characteristics of different peatland sediments are not 

similar with each other (Marttila and Kløve 2008) as e.g. inorganic and organic 

percentage and particle size of inorganic fractions may change. 

2.2 Water protection methods in peatlands 

Main source of pollution and suspended sediment load in peatland forestry and peat 

extraction is associated with the drainage operations (Joensuu 2002 and Kløve 1997). 

Usually the erosional rate declines with the time passage in the peat drainage channels 

(Joensuu, 2002). Increased erosion can cause increased eutrophication, sedimentation 

and loss of biodiversity in downstream watercourses. Typically organic or inorganic 

suspended solid influence differs from watercourse to watercourse. The organic 

sediments generated through peat erosion are deposited downstream on floodplains, 

lakes or in the reservoirs (Evans and Warburton 2001, 2006; Holliday 2003; Labadz et 
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al. 1991). The organic material affects more the water quality while inorganic into the 

change in the stream bed conditions. 

There is many water protection methods which can be used in peatland drainage areas to 

reduce erosion and sediment transport such as settling basins, constructed wetlands and 

peak runoff control. A study by Marttila and Kløve (2009) on the retention of sediments 

and nutrient loads with the peak runoff control concluded that the peak runoff control is 

an effective method to control the sediment loads and peak flows from peatland 

drainage. In this method peak runoff can easily be controlled by set of control dams that 

regulate flow. The peak runoff control prevents the stream bed from erosion and allows 

the suspended particles to settle down (Kløve 1998; Marttila and Kløve 2008). 
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3 MODELLING OF EROSION AND TRANSPORTATION 

3.1 General issues 

Peat extraction or forestry has economic benefits. However, drainage from the peatland 

affects the downstream through or by means of particle concentration that leached into 

the stream during the process (Heikkinen 1990; Kløve 2001). Management practices 

and drainage of peatlands for peat extraction, forestry or for agriculture change 

hydrological regimes and nutrients and sediment transport, resulting in hazardous 

impacts on water ecosystem (Sallantaus 1983; Gafni and Brooks 1986; Kløve 1997; 

Joensuu et al.2001).  

Several models are used for the purpose to study/simulate the transport of sediments. 

Basically, there are three types of models which are empirical/regression, conceptual 

and physics based. Most of these models are a combination of two or more of the above 

types and do not fall in a single type (De Vente et al. 2005). On basis of soil erosion and 

conservation these models varies in context with the use and level of details and 

complexity. Typical modeling software related to soil erosion uses mathematical 

expressions to compute the relationship between different variables, factors and 

processes occurring in soil naturally. These factors and variables can be related to 

catchment topography, hydro-meteorological data, soil properties, land use and land 

cover. One such model is the KINEROS2. It is physical based model with the 

conceptual approach which may be used to determine the various effects e.g. lined 

channels on flood hydrograph and sediment yield (Woolhiser et al. 1990).                                                                                                                                                                                                                                              

3.2 KINEROS model 

KINEROS was mainly developed for Agricultural Research Services by the U.S 

Department of Agriculture. It is used for the assessment of erosion and sediment 
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transport in overland-flow planes which contributes laterally to the channels (Woolhiser 

et al.1970). It is a semi-distributed, physically based, event-oriented model which 

simulates rainfall, interception, dynamic infiltration, surface runoff/overland flow and 

erosion (Woolhiser et al. 1990). It works on the concept that watershed is a cascade of 

planes and channels, where top-down approach of flow is implemented by the finite 

difference solution of one-dimensional kinematic wave equation along with the 

Manning equation for flow routing. Infiltration is determined by using the Smith-

Parlange (1987) equation. However, KINEROS does not consider the groundwater flow 

processes from deeper layers.  

KINEROS2 can be used for calculating the effects of several artificial features like; 

urban development, detention reservoirs, circular conduits and channels for flood 

hydrograph and the sediment yields (Smith et al. 1995a). Erosion and sediment transport 

capacity as represented by the splash and hydraulic rate component relationship is 

explained by Julien and Simons (1985), tractive force by Meyer and Wischmeier 

(1969), unit stream power by Yang (1973), Ackers and White (1973), and Engelund and 

Hansen (1967). Transport capacity equation is used for the computation of particle 

settling, as the particle concentration exceeds transport capacity. KINEROS2 is an open 

source software that is available publically on the internet along with the associated 

model documentation. (www.tucson.ars.ag.gov/kineros) (US Department of 

Agriculture. 2014). 

 

 

http://www.tucson.ars.ag.gov/kineros
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4 MATERIALS AND METHODS 

4.1 Study areas 

4.1.1 Koivupuro 

In this study, a small catchment (Koivupuro) used for peatland forestry was selected for 

the study area. Koivupuro catchment (5.09 ha) is located in the eastern part of Finland 

(63
0
 00’ 33.57” N 26

0
 00’ 33.57” E; Fig. 1A). The average mean annual temperature 

during 1981-2010 has been 2.3
o
C with the 591mm mean annual precipitation. Site has 

been drained for peatland forestry purposes at 80´s and proper maintaining drainage 

steps were done in autumn 2011. The drainage was done through the artificial ditches 

which influences on the erosion process and increase sediment transport. With respect 

to that the erosion which started in the ditches after the maintenance of the ditches, a 

research project was initiated in 2011 to study erosion in the area. Therefore having the 

good approach on the erosion monitoring in August 2011, 5.6 ha part of the Koivupuro 

catchment ditch network was separated from the main catchent for intensive monitoring 

as shown in Fig. 2A (red line). The ditches A1, A5, A6 and A7 were blocked from the 

upper end in order to avoid additional inflow from the upper area in contact.  The 

ditches A1-A9 were in the focus of this study. The average ditch spacing in the nested 

area is about 35 m. Slope for the plane area was 1% and for ditches/channels was 2%. 
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Figure 1. A) Location of Koivupuro Catchment, Eastern Finland, B) sediment sampling 

points in Koivupuro, and C) sediment sampling points from peat extraction sites and 

natural brooks (PF refers to peatland forestry, PE to peat extraction and NB to natural 

brooks). 

 

 

Figure 2. Koivupuro (A, ©Land Survey of Finland) and Korentosuo (B) catchment 

areas (measure of the area 189 ha including tray ditches) B) green color represents 

catchment boundary wetland 1, turquoise: wetland 2, red: primary ditches, and black: 

secondary ditches. For KINEROS2 model yellow color boundary is named as whole 

catchment and orange as small catchment. 

 

A B C 

B A 

Point 1 

Korentosuo 

Koivupuro 
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Figure 3. Images from the Koivupuro catchment area (Fig. 1A and 2A).   

 

Figure 3 presents different ditches of the Koivupuro study area and gives the clear 

indication of peat as a major soil type. The depth of the peat layer varied from 0 m to 4 

m. The average slope of nested catchment was 1 percent, with the northern part being 

the highest area and southern part being the lowest (Fig. 2A). 

4.1.2 Korentosuo  

Korentosuo peat extraction site is in the municipality of Utajarvi which is about 5 miles 

northeast from the Lake Sanginjärvi at east side of 837 highway Northern Finland 

(coordinates 7238688, 3483253) (Figure 1C). It has an approximate area of 208 

hectares. The area includes two treatment wetlands; wetland 1 and wetland 2 (Figure 

2B). Average temperature for the year 2012 was 1.2 
°
C and total precipitation was 583.1 

mm. In this study, an area of approximately 165.014 ha was considered for modeling 

(Figure 2B). Wetland 1 has been used for runoff water purification since early 2008 and 

it covers contributing catchment area of about 189 hectares. Water from the production 

area is pumped to the wetland 2 throughout the year. Discharge was measured from the 
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nested catchment and SS concentration from the point 1 (Fig. 2B). The discharge from 

the subjected area was measured with V-notch weir and automatic water level loggers. 

Also in the wetland 1 the smaller area (Fig.2B) discharge was calculated separately 

through the V-notch. During 2012 the average discharge was 33.03 l/s. (During 2009 

the average water pumped from the area was 180 m3/d/ha.) Turbidity and suspended 

sediment concentration were analyzed from water samples which were collected daily 

from the point 1 (Figure 2B) with an automated ISCO-sampler.  The slope in plane 

areas of subjected catchment varied between 0.31- 0.6% and in ditches/channels 0.35 – 

0.5% (Figure 2B).   

4.2 Critical shear stress measurements 

4.2.1 Sediment samples 

For critical shear stress measurements, sediment samples were collected from peatland 

forestry sites (PF), peat extraction areas (PE), and natural brooks (NB). Collected 

samples almost cover the whole area of Finland (Fig. 1C). But the majority of the 

samples were from central Finland. Tube in which the samples were collected had an 

internal diameter of 3.6 cm with the length of 50 and 100 cm (Fig. 4C) and sediment 

samples were taken from the flow path of water. To determine erosion properties of 

different organic sediments, the samples were taken from ditches of peat extraction and 

forestry (Koivupuro area). Further, sediment samples were collected from small 

headwater brooks under influence of peat extraction, peatland forestry and virgin 

brooks.  
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Figure 4. Tubes used for sediment sample collection from whole Finland.   

 

In this study, bed sediment sampling procedure (sediment sampling tube) was adopted 

for having the true representation of field. Sediments were picked in the transparent 

circular plastic tube with the help of suction pump. In order to collect undisturbed 

sample the long transparent tubes were gently inserted up to the depth of 25cm into the 

marked streambed were the samples are to be collected and then pressed vertically 

downwards into the sediment layer in the channel. Once the tube was half way down 

into the soil layer, the vacuum pump was installed at the top in order to lift the sample 

up in the tube against the force of gravity. Then without removing the vacuum (that was 

created by putting the vacuum pump at the upper end) the tube was slowly lifted 

upwards, and the rubber cork was gently inserted into the bottom and after that the 

vacuum pump that was installed on the top was set free for another sample collection. 

For keeping the moisture content as it was on site the tubes were properly sealed 

(Fig.4A) and placed in cold room at +4 
0
C. 

4.2.2 Effect of peat properties on critical shear stress 

To analyse effect of peat properties on the critical shear stress values, 9 soil core 

samples were taken from peat extraction areas with a big cylindrical tube. Critical shear 

c 
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stress was measured through an instrument “Cohesive Strength Meter” (Partarac LTD, 

CSM model MKIV 60 PSI) for finding the critical erosional stress in different peat 

profiles from peat extraction planes. This instrument “CSM” logs the data in its internal 

memory through the sensors in the sensor head (Fig. 9) against the water jet pressure in 

the sensor head (Fig. 10). Peat type used in these experiments belonged to peat type 

named as Carex, Sphagnum-Carex, Carex-Sphagnum and Sphagnum. These different 

peat type samples were collected from the nine sites which are, Jämiänkeidas, 

Kiihansuo, Nanhiansuo, Konnunsuo, Laukkuvuoma, Muljunaapa, Kuivastensuo, 

Rajasuo and Savonneva. Samples collected from all these nine sites were from the peat 

extraction planes in the long plastic tubes (plastic tube: height 100 cm and diameter 

9.45cm, Fig 5G). In order to keep the moisture content preserved the top and bottom of 

the tube was covered with the insulation and placed in the cold room at +4 
0
C.These 

cylindrical tubes (Fig. 5G) were then further laterally cut down into two equal halves 

(Fig. 5H) and insulated accordingly. Then from each of these nine collected samples 

three samples were taken with the help of suction pump (Fig.5 C and D). Based on the 

changing peat layer, samples were taken from the top, middle and bottom part of 

laterally cut tubes (Fig. 5H). In the results section for determining critical shear stress 

and settling velocity these top, middle and bottom samples were termed as top, middle 

and bottom layer. The quantity/amount of all the samples representing the top, middle 

and bottom layer taken from the laterally cutted tubes (Fig. 5H) were exactly the same 

in terms of volume. Taken samples were placed in the plastic bottles (Fig. 5E & F) filled 

with tap water up to 150 cm
3
 and placed in the shaker for thorough mixing for three 

hours. After mixing through Bühler Universal Shaker SM 30, samples were poured into 

the glass jar. These jar samples were then placed in cold room at +4
o
C for 3 days for 

settlement. Same samples which were prepared for determining the critical shear stress 

for CSM instrument were also used to determine the settling velocity, wet density, water 

content and dry density. Degree of humification and loss of ignition of these nine 

samples were taken from the other similar type of study (for details see Tuukkanen et al. 

2014). Degree of humification was determined using Von post degree of humification 

procedure while shear stress was measured using the cohesive strength meter. 
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Figure 5. Preparation of sediment samples taken from different peatland areas for 

determining critical shear stress and settling velocity.  

4.3 CSM method 

4.3.1 Erosion threshold  

Cohesive strength meter (CSM) (Partrac LTD. UK) was used to calculate the critical 

shear stress of peat sediments both in-situ and in the laboratory. This compact, light and 

portable CSM device (Fig. 6) was originally introduced by Paterson (1989). It is widely 

used for determining the stability of different organic and inorganic sediments or 

cohesive sediments based on the simplicity in handling this device, and its setup and 

measurements is rapid (Tolhurst et al. 1999; Tolhurst et al. 2000a; Tolhurst et al. 2000b; 

Friend et al. 2003; Vardy et al. 2007). 
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Figure 6. Cohesive Stress Meter (CSM) with full assembly.  

 

When the sensor head (Fig. 7) is connected with an on board computer through the 

sensor cable and water pipe, along compressed air bottle and the internal water tank is 

filled with the normal clean water CSM is ready to perform the test. During the CSM 

testing it applies a vertical water jet which strikes the sediments top surface which are 

directly under the firing nozzle of sensor head with pressure. This developed vertical 

water jet with pressure increases gradually as the test goes and the amount of water 

level reduces. There are several pre-installed characteristics like jet pulse duration along 

with subsequent pressure increments, all data logging duration related to soil types 

available with different names in the device memory. All these characteristics are 

working simultaneously and optical sensors head which are at a height of 1 cm above 

the sediment bed constantly recording the light transmission through the water cylinder 

for each time period. After that this recorded data is used to estimate the critical shear 

stress (τcr). Important components in CSM device are erosion chamber with the 

consistent infrared light transmission, fill tube and the receiver.  
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Figure 7. Sensor head or erosion chamber (Cohesive Strength Meter; CSM). 

  

Figure 8. Cross sectional view of CSM sensor head with dimensions.  

 

Figure 8 represents the sensor head of CSM device, where the jet nozzle is at a height of 

20 mm from the sample/sediment bed which is covered with the cylindrical chamber of 

28.7 mm in diameter, covers the total area of 646.92 mm
2
. CSM has a special design 
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technique through which it measure any temporal and spatial variation in sediment 

stability on very small scale (Vardy et al., 2007; Tolhurst et al., 2000a; Tolhurst al., 

2000b; Tolhurst et al., 1999). When the force provided by the CSM instrument exceeds 

the resistance of the material/sample erosion occurs. Based on the different type of 

sediments any particular test for erosion threshold measurement is used (Vardy et al., 

2007). The characteristics of the programs used in this study are as follows. Tests were 

performed in such an order to determine the critical shear stresses for different samples 

based on the properties of the samples collected from the different locations.   

Table 1: Characteristics CSM testing programs. 

Test 

Name 

Jet fired 

for 

(seconds) 

Data 

logged for 

(seconds) 

Data 

logged 

every 

(seconds) 

Test 

started at 

(PSI) 

Incrementing  

by (PSI) per 

test 

Up to 

(PSI) 

Pulse 2 6000 1 0 0 50 

Xfine 

1.0 1 3 0.1 0.1 0.1 10 

 

Critical shear stress: The data from Cohesive Stress Meter (CSM) is then used to 

extract data of critical shear stress (τcr) which is stored in its internal memory needed 

both on the field and in laboratory in order to take the comparison of field and lab 

results. The critical shear stress was obtained from the CSM raw data is in a form of 

vertical shear stress which describe the optical transmissions received by the sensors 

with respect to time. The values of these vertical critical shear stress were converted to 

horizontal by the following equation 1 given by Tolhurst et al. (1999).  

𝛕
𝐍

𝐦𝟐
= 𝟔𝟔. 𝟔𝟕𝟑𝟒 ∗ (𝟏 − 𝐞 (−

𝐩

𝟑𝟏𝟎.𝟎𝟒𝟗𝟒𝟑𝟑
)) − 𝟏𝟗𝟓. 𝟐𝟕𝟓𝟓𝟐 ∗ (𝟏 −

              𝐞 (−
𝐏

𝟏𝟔𝟐𝟐.𝟓𝟔𝟕𝟑𝟖
))                                                                         (1) 



 

26 

 

Where P is the vertical jet pressure (kPa). This conversion is based on Bagnold’s (1966) 

suspension criteria of quarts, which later on modified by McCave (1971). Miller et.al 

(1977) this relation visually by using the Shields curves for sand moments (Watts et al., 

2003; Tolhurst et al., 1999).  

 

Figure 9. An example of CSM test result (sample from Miehonoja study site). a) First 

part is the horizontal part where there is very low erosion or no erosion e.g. sediment 

concentration is zero hence clear light transmission occurs, as shown in the figure; b) 

Second part is the point where erosion starts, and the drop in light transmission occurs; 

c) Third part starts from the point onwards when there is no light transmission which 

happens with the increasing jet pressure and resulted in the massive sediment 

suspension.  

 

From figure 9, at the start of the test based on some disturbance there is rise of optical 

transmission value. Thereafter a sudden fall in the optical light transmission shows the 

start and end of erosion of the particles which are brought to suspension. The 

intersection of the start and end of erosion point also shows the slope angle and the rate 

of erosion with respect to time. This transmission curve is also explained by Tolhurst et 

al. (1999) which has three parts and are clear from my laboratory experiments shown in 

the same Figure 9. Same procedure is applied on the samples from peat extractions 

areas which were artificially prepared. 
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4.3.2 Settling velocity  

For finding the settling velocity for organic sediments, Pulse test/program from CSM 

instrument was used. The settling test was performed only in the laboratory on the 

samples collected from the A2 and A3 ditches just right after performing the X-Fine 1 

test which was done for finding the erosion rate based on their critical shear stress in the 

sample from the same Koivupuro catchment ditches A2 and A3. That is why there was 

some initial disturbance in the sample even before starting the Pulse test for finding the 

settling rate. But that initial disturbance was considered negligible and assumed that it 

has no effect on the performance of the Pulse test. Different output graph based on the 

jet fired from the CSM was for 2 seconds with the 50 psi pressure through PULSE 

program mentioned in the table 1. Based on that high jet pressure fired by the CSM (as 

mentioned in table 1) the whole sample erodes/disturbs, and then CSM started logging 

the results for each second up to 6000 seconds based on the concentration in the sensor 

head chamber reported through transmission received by the two receivers inside the 

cross sectional view of sensor head shown in the figure 8. There are three stages of 

settling of sediments which are reflecting the PULSE program behaviour and are as 

follows. 

Stage 1 before jet fires = 100% transmission, concentration = 0 

Stage 2 jet fires, suspension occurs, 0% transmission, concentration=high 

Stage 3 settling, concentration versus time shows a downward curve (the curve can 

have multiple bits, which reflect the different grain sizes commonly). 
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Figure 10. Settling Velocity by CSM instrument through Pulse Test program. Phase 1: 

Initial Settling state, during this phase based on the amount of concentration against 

settling rate of peat particles was very slow; Phase 2: It started just after the phase1with 

a relatively high settling rate and is also very much clear from; Phase 3: It is a kind of 

settled state, in which the peat particles shows no further settling as it all happened in 

Phase 2. Therefore third phase shows very minor change as observed in Figure 13 with 

respect to concentration against time.  

  

Based on Figure 10 the three phases 1, 2 and 3 clearly shows the settling behavior of 

peat particles. But even after the third Phase, concentration value didn’t reach to 0% 

which might be as a result of water color in the sensor head. As the peat samples put the 

brownish effect in the water which didn’t allowed the sensors to receive the proper 

signals. Also the properties of peat affect its settling in the sensor head.  
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Figure 11. Settling velocity graph from Koivupuro catchment. 

 

The results as an output from CSM pulse program obtained for settling velocity of 

different samples (Fig.11)  were performed after the XFine1 test (for determining the 

critical shear stress). This was continued without disturbing the assembly of CSM 
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sensor head. Having that in mind we have the initial disturbance in the sensor head 

before initiating the pulse test, but it was considered of having the negligible effect on 

the test as pulse test itself fires the water jet with the high pressure and erodes the whole 

sample and started logging the data.  

Similarly the pulse test was applied on the nine peat samples which were collected from 

the peat extraction areas after conducting the critical shear stress test through CSM 

instrument which is described in section 4.2.2. The data logged by CSM for Pulse test 

was converted to settling velocity with the following equation 2 and 3 (Black Kevin 

(personal communication, February 02, 2014)). 

𝑀𝑎𝑠𝑠 𝑑𝑒𝑝𝑜𝑠𝑖𝑡𝑖𝑜𝑛 𝑟𝑎𝑡𝑒 (𝑘𝑔 𝑚−3𝑑1) = (
Start conc (kg 𝑚−3)−𝐸𝑛𝑑 𝐶𝑜𝑛𝑐 (𝑘𝑔 𝑚−3)

Time elapsed (d)
)           (2) 

𝑆𝑒𝑡𝑡𝑙𝑖𝑛𝑔 𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦 (𝑚 𝑠−1) = (
Mass deposition rate D

Start conc (d)
)                         (3) 

where mass deposition rate D (kg m
-2

 d
-1

) which is equals to median settling velocity 

time median concentration (this is the concentration half way through the settling 

period). 

4.4 KINEROS2 modelling 

Hydrological data for KINEROS2 modelling: The Meteorological data was provided 

by Metla (Finnish Forest Research Institute) through Iso-Kauhea weather station which 

is located by 3 km from the Koivupuro study area. The data includes air temperature, 

precipitation, wind speed, relative humidity, global radiation along with the sunshine 

moments recorded at each 20 minute interval. In this study the fraction of data was used 

from April-September 2012 as shown in figure 12.  Discharge was measured with V-

notch weir of 90
o
.   
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Figure 12. Measured precipitation, turbidity and discharge of Koivupuro catchment. 

 

The calculation of discharge was done by the following equation (4): 

Q = 1.381h5/2   (4) 

where the discharge is Q [m
3
/s] and the water depth in the V-notch is h [m]. Average 

runoff recorded (Fig. 12) during the period from April to September 2013 was 28.30983 

l/s/km
2
 for the whole catchment with the minimum base flow of 1.064552 l/s/km

2
. In 

the thesis a smaller fraction of the data (Fig. 12) was used for the modelling of the 

Koivupuro catchment in order to develop and calibrate the hydrograph with the 

modelled one. 
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The precipitation data used for the KINEROS2 modelling for Korentosuo small and 

whole catchment was used for 2012 period (Fig. 13 and 14). 

 

Figure 13. Measured precipitation, suspended solids and discharge from Korentosuo 

small catchment (Fig. 2B) 16.49 ha.  

 

Figure 14. Measured precipitation, suspended solids and discharge from Korentosuo 

whole catchment (Fig. 2B) 165.014 ha in size. 
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Dimensioning of catchment size for KINEROS2 model: Three peatland catchment 

areas Koivupuro (5.09 ha, peatland forestry) (Fig. 2A), Korentosuo small catchment 

(16.49 ha, peat extraction) (Fig.2B) and Korentosuo whole catchment (165.014 ha, peat 

extraction) (Fig.2 B) were used in this study. In peatland forestry the average slope in 

ditches were about 2% and in plane areas between the ditches it was 1%. Whereas in 

peat extraction Korentosuo average slope in channels was 0.42% and in planes 0.426%. 

The precipitation data used was obtained by the Finnish metrological institute and 

Water resources and environmental engineering research group, University of Oulu. The 

measured discharge in catchment was obtained through V-notch and suspended solid 

concentrations from water samples collected with ISCO sampler.  

For KINEROS2 modeling, all the catchments required specific structural water flow 

models. During the initial modeling phase smaller catchment of Koivupuro was 

selected. Model of Koivupuro nested catchment was subdivided into 9 plane and 5 

channel elements. These elements are having different dimensions, slopes and runoff 

flow paths as shown below (Fig. 15). 

 

Figure 15. Water flow path for elements divisioning for Koivupuro catchment (area 

size; 5.09 ha) (KINEROS2 modeling)  

 

During the second phase of simulation KINEROS2 was implemented on the larger scale 

in Korentosuo catchment. The idea is to apply the same modeling approach on the 

bigger catchment in order to see how Kineros2 works in the peat production area. 
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Therefore, same modeling approach was applied on Korentosuo catchment (small 

catchment) which in comparison with Koivupuro catchment is a bigger. This catchment 

was divided into 38 plane and 38 channel elements (Fig. 16). Plane elements have the 

variation in dimensions from 181 to 450 m in length and 1 to 41 m in width. Whereas 

channel elements vary in length from 20 to 450 m with the width of 1m. Elements in 

figure 16 were from the Korentosuo small catchment in wetland1 (Fig. 2B).  

 

Figure 16. Water flow paths in plane and channel elements divisioning for Korentosuo 

small/nested catchment (area size; 16.49 ha) (Fig. 2B) for KINEROS2 modeling. 

 

In the third phase of modeling the same modeling approach was applied again on 

relatively bigger peat catchment, i.e. Korentosuo whole catchment/wetland 1 (Fig.2B). 

The whole catchment consists of 161 field ditches and 5 main ditches. In this model all 

these field ditches were ignored and the 5 main ditches were considered responsible for 

the drainage of the entire catchment. These five main ditches in peatland area (Fig. 2B) 
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were then divided in 55 elements which include 21 channel and 34 planer elements. 

Each element has been given an individual identity number and marked accordingly 

with the flow direction (Fig. 17). 

 

Figure 17. Water flow paths in plane and channel elements divisioning for Korentosuo 

whole catchment (area size; 165.014 ha) (whole catchment in Fig.2B) for KINEROS2 

modeling. 

 

In order to fulfill the other requirements for KINEROS2 program the features available 

on http://www.tucson.ars.ag.gov/kineros/ were reviewed. Based on the reviewed 

features, following information was utilized for developing input files (.par and .pre) for 

KINEROS2 model.  

Rainfall: A separate input rainfall file (.pre) for KINEROS2 was developed with the 

real rainfall intensity reflecting the accumulated depth of water over the time. This 

Rainfall file in KINEROS2, used as a series of pulses of set duration and intensity. 

Some percent of the rain directly interact with the soil surface which holds some portion 

of rain through surface tension forces if the soil surface has vegetation cover. 

Depending on the catchment characteristics (vegetation cover), an interception depth 
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can be established and can be used as an input parameter for KINEROS2. Interception 

depth was assumed to be zero in both Koivupuro and Korentosuo catchments.   

Infiltration rate: The rate at which rain enters into soil is called infiltration rate. The 

infiltration rate is highly linked with the saturated hydraulic conductivity (Ksat), and 

effective net capillary drive. For the KINEROS2, values of these parameters for peat 

soil were determined by the hit and trial method and based on estimated hydraulic 

characteristics of the soil. The range of values suggested by Päivänen (1973) and 

Kineros manual (Woolhiser et al. 1990) were found to be inviable to obtain a 

satisfactory fit of the model.   

Overland flow: When the amount of rainfall exceeds the infiltration capacity then it 

leads towards the overland flow. This overland flow/runoff will behave as lateral input 

for the channels. Kinematic approximation for finding the volumetric flow conditions 

(Woolhiser and Liggett, 1967; Morris and Woolhiser, 1980; Woolhiser et al. 1990) is 

based on the user defined time steps applied through kinematic wave equations. 

KINEROS2 has the optional feature for simulating the movement of eroded soil along 

with the moment of surface water. The caused erosion is accounted by KINEROS2 

through two separate processes; by the raindrop energy and by the flowing water. 

Subsequently, the simulation is continued through channel elements. The only 

limitation is that the effective size of soil particles has to be similar for all eroding 

elements and it is not possible to define it separately for individual elements. 

Upland Erosion: The equation (5) used in the KINEROS for describing the sediment 

dynamics at any position along its flow path is a mass balance equation which is similar 

for the kinematic water flow (Bennett,1974): 

                           
∂(ACS)

∂t
+

∂(QCS)

∂x
−  e(x, t) = q(x, t)        (5) 

where,  Cs = sediment concentration [L3/L3] 

 Q = water discharge rate [L3/T] 
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 A = cross sectional area of flow (L2), 

 e = rate of erosion of the soil bed [L2/T], 

 qs = rate of lateral sediment inflow for channel [L3/T/L]. 

 

As discussed earlier, the rate of erosion is defined by two parameters namely splash 

erosion (es) and hydraulic erosion (eh) (equation 6).  

  e =  eS + eh    (6) 

Splash Erosion. The rate of splash erosion is a function of rainfall rate and soil and 

surface properties as defined by Meyer and Wischmeier (1969) (equations 7-9). 

                                                         es =  cfK(h)r2   ;   q > 0  (7) 

                                                             =   0                ;   q < 0       (8) 

where cf  =  constant for soil and surface properties,  

 k(h) =  factor for splash erosion caused based on water depth  

 k(h) = 1.0 prior to runoff and 0 for deep flow empirical expression 

 

       k(h) = exp(−chh)   (9) 

where ch = parameter for damping effectiveness for  surface water  

 

Hydraulic Erosion. Rate of hydraulic erosion accounts for the erosion due to flowing 

water.  KINEROS2 assumes various relevant parameters to calculate rate of hydraulic 

erosion (equation 10), these parameter includes flow velocity, slope and depth etc. 

                                                        eh =  cg(Cm − Cs)A                                          (10) 

where  Cm = concentration at the equilibrium transport capacity,  

 Cs = Cs(x,t) which shows current local sediment concentration 
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 cg  =  transfer rate coefficient  

 

For more details (equation 5-10) see ‘A Kinematic Runoff and Erosion Model’ 

documentation and user manual of KINEROS (1990) is available at 

http://www.tucson.ars.ag.gov/kineros/ by US Department of Agriculture (2014). 

At start all modeling input parameters (except rainfall) were based on assumptions. 

During the test runs they were refined accordingly with the objective to remove the 

difference between modeled and measured values of discharge and suspended solid 

yield (model calibration). Although the measured and modeled discharge time series 

were matched with relative ease, it was unattainable to exactly match the modeled and 

measured curves for suspended solid yield. During the test run PAV 

coefficient/parameter (range 0-1) was used for balancing the suspended solid yield. As 

the PAV value differed for obtaining the sediment peak and total sediment budget equal 

was significantly low. Therefore, combination of approaches (by including/excluding 

the base flow and by changing the particle size) were used to deal with this issue; one 

was to balance the measured and modeled output in terms of peak suspended solid 

yield, second was to match the total suspended solid yield (along with the hydrograph). 

Initially a higher value of particle density (2.65 g cc
-1

) was used with the particle size of 

0.005 mm, which was later reduced to a more realistic value (1.5 g cc
-1

) for peat. 

Furthermore, after having the hydrograph adjustment the modeling iterations were 

carried out for two scenarios for obtaining the peak of suspended solid yield equal to the 

modelled one and for the total balanced yield. For Koivupuro catchment one selected 

rainfall event was modelled with considering the base flow in channels and without it. 

In Korentosuo small catchment (16.49 ha) one model was done in a way for adjusting 

the suspended solid through changing the particle size, and similar approach for the 

Korentosuo whole catchment (165.014 ha) (Fig. 2B) was used.     

Critical parameters that allow the rainfall infiltration into the peat soil are saturated 

hydraulic conductivity and effective net capillary drive. A remarkable fluctuating effect 

will be achieved by minor deviation in Ksat and G values in terms of runoff and 
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sediment transportation. A value for net effective capillary drive 65 cm and porosity 0.5 

cm
3
/cm

3
 were selected after random runs of model for smaller catchment areas and for 

larger catchment area used value for G was 265 cm. For choosing the saturated 

hydraulic conductivity while keeping in view the plane infiltration and slope several 

model test runs were performed for the calibration. Then by comparing the simulated 

results with the measured ones based on runoff hydrographs, saturated hydraulic 

conductivity of 0.05-1.5 mm hr
-1

 was adopted. After screening the range of parameter 

values through several model runs for all three different models, these model values 

were applied on different rainfall events. For obtaining the non-erodible surface layer 

(plane elements) in peatland forestry, surface pavement fraction (PAV) was set to 100 

%. In peat extraction site Korentosuo with having no surface cover PAV was set 

accordingly. 
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5 RESULTS 

The results obtained in this study through laboratory and field experiments, 

measurements, calculations and modelling issues are presented under different sub-

headings. A total of 119 sediment samples were collected and analyzed from different 

locations, which are mainly categorized into two main groups; brooks and ditches in 

peatland forestry and peat extraction sites and pristine headwater brooks. Samples were 

analysed for critical shear stress and settling velocity. Critical shear stress (τcr) in all 

available samples ranged from 0.0057 N m
-2

 to 0.428 N m
-2

 (Fig. 18). Inter-site and 

intra-site analysis were implemented on obtained shear stresses to further elaborate their 

mean values and standard deviation. Further, KINEROS2 hydrological and erosion 

modeling was conducted for two different type of peat drainage areas; peatland forestry 

and peat extraction. 

5.1 Critical shear stress in peatland forestry and peat extraction sites  

5.1.1 Brooks and ditches in peat extraction sites 

Based on the critical shear stress (τcr) results obtained by the CSM instrument from the 

samples collected from ditches in peat extraction areas and brooks below the extraction 

areas, median critical shear stress is 4.69 % higher in brooks (0.117 N m
-2

) than is 

ditches (0.112 N m
-2

) (Fig. 18A). The difference between the two groups is not 

statistically significant (Mann-Whitney U-test, p=0.985). However, critical shear stress 

has slightly more variation in ditches than in brooks. Ditches inter-quartile range (IQR = 

upper quartile UQ - lower quartile LQ) 0.044 N m
-2

 is 18.5 % higher that Brooks inter-

quartile range (0.037 Nm
-2

). Also the maximum τcr was much higher in peat extraction 

ditches than in brooks (Fig. 18A).  
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Figure 18. Comparison of peat extraction and peatland forestry on the basis critical 

shear stress (τcr) measured on various sediment samples from ditches and brooks A) 

peat extraction ditch against peat extraction brook, B) peatland forestry ditch against 

peatland forestry brook, C) peat extraction ditch against peatland forestry ditch, D) peat 

extraction brook against peatland forestry brook, E) ditch against brook without site 

classification, and F) peat extraction against peatland forestry without classification of 

stream type. (PF refers to peatland forestry, PE to peat extraction, D to ditches and B to 

brooks) 
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5.1.2 Brooks and ditches from peatland forestry site/area  

Critical shear stress (τcr)  results obtained by CSM instrument from ditches and brooks 

samples in peatland forestry area, showed that median critical shear stress is 14.79% 

higher in peatland forestry ditches (0.114 N m
-2

) than peatland forestry brooks (0.099 N 

m
-2

) (Fig. 18B). The difference within peatland forestry area between ditches and 

brooks are not statistically significant (Mann-Whitney U-test, p = 0.587). However, 

critical shear stress has more variation in brooks than in ditches and all the values for 

peatland forestry ditches fall within the range of values of brooks. Brooks inter-quartile 

range 0.045 N m
-2

 is 62.69 % higher that peatland forestry ditches (0.028 N m
-2

). Also 

the maximum τcr obtained was much higher in peatland forestry brooks than in peatland 

forestry ditches (Fig. 18B)  

5.1.3 Comparison of brooks from peat extraction and peatland forestry 

The result of brooks critical shear stress (τcr) from peat extraction and peatland forestry 

(Fig. 18C) through the CSM instrument, median of critical shear stress from peat land 

forestry is 2.54% higher (0.114 N m
-2

) then peat extraction (0.111 N m
-2

). The 

difference between the two groups is not statistically significant (Mann-Whitney U-test, 

p=0.375). However, ditch inter-quartile range from peatland forestry brook 0.045 N m
-2

 

is 22.09% higher than brook from peat extraction area (0.037 N m
-2

). 

5.1.4 Comparison of ditches in peat extraction and peatland forestry 

Peat extraction and peatland forestry areas critical shear stress (τcr) of ditch result shows 

that, median critical shear stress is 17.19% higher in ditches in peat extraction areas 

(0.117 N m
-2

) than in ditches in peatland forestry areas (0.099 N m
-2

) ( Fig.18 D). The 

difference between the two groups is not statistically significant (Mann-Whitney U-test, 

p = 0.698). The values of critical shear stress in peatland forestry ditch fall within the 

values of critical shear stress from peat extraction ditch. Though, inter-quartile range  in 

peat extraction ditch (0.044 N m
-2

) is 58.08 % higher than in peatland forestry ditch 

(0.028 N m
-2

). 
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5.1.5 Overall comparison of brook and ditch by eliminating distinction of site 

By combining the result of all critical shear stresses (τcr) obtained by CSM instrument 

from the samples of ditches and brooks by eliminating the distinction of site (Fig. 18E), 

the median critical shear stress is 8.87% higher in ditches (0.111 N m
-2

) than in brooks 

(0.103 N m
-2

). The difference between the two groups is not statistically significant 

(Mann-Whitney U-test, p= 0.083). Brooks inter-quartile range 0.059 N m
-2

 is 255.50% 

higher that ditches inter-quartile range (0.016 N m
-2

). 

5.1.6 Overall comparison of peatland forestry and peat extraction sites by 

eliminating the distinction of channel type 

Through merging the critical shear stress (τcr) results of peat extraction and peatland 

forestry obtained by CSM instrument through elimination of source that is ditch or 

brook, median critical shear stress is nearly the same in both (0.111 N m
-2

)  (Fig. 18F). 

The difference between the two groups is not statistically significant (Mann-Whitney U-

test, p= 0.495). Results show on basis of τcr median that the variation is only 0.593% 

higher in case of peat extraction as compared to peatland forestry.  Also the overall 

range of critical shear stress (τcr) is same both in peat extraction and peatland forestry 

area. However, inter-quartile range  in peat extraction area is 0.041 N m
-2

 is 4.528% 

higher than peatland forestry range (0.039 N m
-2

) 

5.2 Critical shear stress and settling velocity in Koivupuro ditches 

5.2.1 Ditch A2 vs A3 lab results: 

On the basis of measured critical shear stress (τcr) by CSM instrument during lab 

experiments on collected samples from two ditches (A2 and A3) in Koivupuro (Fig. 

19A), median critical shear stress is 9.29% higher in A2 ditch (0.120 N m
-2

) than in A3 

ditch (0.109 N m
-2

) (Fig. 19A). The difference between the two group is not statistically 

significant (Mann-Whitney U-test, p = 0.742). However, in ditch A3 critical shear stress 
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has more variation (0.089-0.310 N m
-2

) than in A2 and all the values of A2 ditch lab 

results (0.095-0.198 N m
-2

) fall within the range of values of A3 ditch. The inter-

quartile range of A3 ditch lab critical shear stress 0.061 N m
-2

 is 62.29% higher than A2 

ditch lab critical shear stress values inter-quartile range (0.022 N m
-2

). 

5.2.2 Ditch A2 vs A3 field results 

On the basis of in-situ testing the critical shear stress (τcr) results obtained through CSM 

instrument from A2 and A3 ditches in Koivupuro area, median critical shear stress in 

both ditches is exactly the same (0.009 N m
-2

) (Fig. 19B). The difference between the 

two ditches (A2 and A3) is statistically not significant (Mann-Whitney U-test, p = 

0.672). However, critical shear stress has more variation (0.005-0.32 N m
-2

) in A2 ditch 

than in A3 ditch and all of the ditch A3 values (0.006- 0.012 N m
-2

) fall within the range 

of critical shear stress values for A3 ditch. A2 ditch inter-quartile range 0.008 N m
-2

 is 

47.52% higher than in A3 ditch (0.006 N m
-2

) (Fig. 19B). 

5.2.3 Ditch A2 field vs A2 lab results 

By comparing A2 ditch critical shear stress (τcr) in-situ and lab measurements by CSM 

from Koivupuro peatland area, the measured median critical shear stress is 885.5%  

higher in A2 in situ (0.120 N m
-2

) than in A2 lab (0.012 N m
-2

) (Fig. 19C). The 

difference between the in-situ and lab measurements is not statistically significant 

(Mann-Whitney U-test, p=0.148). However, critical shear stress values for A2 in-situ 

measurements have more variation (0.005-0.31 N m
-2

) than the values of A2 lab 

measurement and all values of A2 lab fall within the A2 ditch in-situ values. Ditch A2 

field inter-quartile range 0.036 N m
-2

 is 61.64% higher than A2 in-situ inter-quartile 

range (0.022 N m
-2

). 
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Figure 19. Comparison of ditch A2 and A3 (Fig. 1B) field results and lab results in 

Koivupuro nested catchment. 

 

5.2.4 Ditch A3 field vs A3 lab results 

Based on the A3 ditch in-situ and lab measurement critical shear stress (τcr)  results 

obtained by CSM instrument from the samples collected in Koivupuro peatland area, 

median critical shear stress in A3 measured in laboratory (0.109 N m
-2

) is 1088.88% 

higher than in A3 in situ critical shear stress (0.009 N m
-2

) (Fig. 19 D). The difference 

between the two groups is not statistically significant (Mann-Whitney U-test, p = 

0.156). Also, critical shear stress has more variation in ditch A3 lab values (0.006-0.219 

N m
-2

) than in A3in-situ values (0.008-0.310 N m
-2

). A3 ditch lab value inter-quartile 

range (0.061 N m
-2

) is 9.064% higher than A3 ditch in-situ value (0.006 N m
-2

). 
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5.2.5 Ditch A2 andA3 field vs A2 and A3 lab results 

By combining the results of both ditches A2 and A3, and comparing the critical shear 

stress (τcr) results obtained by CSM instrument against in-situ and lab measurement of 

Koivupuro peatland ditches, median critical shear stress measured in laboratory is 

840.04% higher (0.114 N m
-2

) than shear stress measured in-situ (0.012 N m
-2

) (Fig. 

20). The difference between the two groups are statistically significant (Mann-Whitney 

U-test, p=0.01). However, the overall variation in both A2 and A3 in-situ and lab results 

are the same. Ditch A2 and A3 lab inter-quartile range is 0.022 N m
-2

 is 87.39% higher 

than A2 and A3 in-situ inter-quartile range (0.01182 N m
-2

). 

 

Figure 20. Comparison of critical shear stresses measured in field (ditches A2 and A3) 

and in laboratory.  

5.2.6 Settling velocity for Koivupuro samples 

Based on the settling velocity (SV) results obtained through CSM instrument from the 

samples of A2 and A3 ditches in Koivupuro peatland, median settling velocity is 0.0002 

m h
-1

 (Fig. 21). These settling velocity results were based on the elapsed time by pulse 

program in CSM instrument. The average settling velocity calculated was 0.00216 ± 
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0.034 m h
-1

. The inter-quartile range of settling velocity is 0.018 m h
-1

 and the range of 

settling velocity is 0.0004 - 0.131 m h
-1

.  

 

Figure 21. Sediment settling velocity results from Koivupuro catchment ditch samples. 
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5.3 Critical shear stress and settling velocity for prepared sediments  

Based on prepared peat sediment samples critical shear stress (τcr) results, which were 

obtained by CSM instrument shows that the median τcr was 0.054 N m
-2

 and the mean 

was 0.059 ± 0.028 N m
-2

.  The overall range of critical shear stress τcr lab prepared 

samples ranged from 0.012 – 0.112 N m
-2

 (Fig. 22A). However, inter-quartile range of 

all layers was 0.047 N m
-2

. 

Similarly for the same samples the settling velocity (SV) results through CSM 

measurments shows that the median SV was 0.08 m h
-1

 and the mean 0.144 ± 0.134 m 

h
-1

. The overall range of critical shear stress τcr lab prepared samples ranged from 

0.0004 – 0.456 m h
-1

 (Fig. 22B). However,  the inter-quartile range of all layers settling 

velocity is 0.256 m h
-1

 (Fig. 22 B). 

Figure 22. Critical shear stress and settling velocity of sediment samples prepared in 

laboratory from peat samples taken from peat extraction areas around Finland.  

5.3.1 Critical shear stress and settling velocity of lab prepared sediment samples 

with respect to sediment properties 

Critical shear stress (τcr) and settling velocity for four major peat types namely carex, 

sphagnum-carex, carex-sphagnum and sphagnum have been measured. Median τcr in 

Carex (0.068 N m
-2

) and sphagnum-carex (0.071 N m
-2

) is higher than in Carex-

A B 
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sphagnum (0.042 N m
-2

) and sphagnum (0.042 N m
-2

) peat.  Figure 23A also shows that 

τcr has the largest range in sphagnum-carex (0.017 – 0.112 N m
-2

). 

On the other hand, the settling velocity on basis of peat sediment type median of 

sphagnum is highest (0.313 m h
-1

) followed by sphagnum-carex (0.082 m h
-1

), carex 

(0.037 m h
-1

) and carex-sphagnum (0.013 m h
-1

) (Fig. 23B). 

Figure 23. Critical shear stress and settling velocity based on the peat type. 

Figure 24 presents the plot of various geotechnical properties of the studied peat 

samples against their critical shear stress. The points of the plots are scattered in a 

random manner in each plot and it is difficult to identify a clear pattern. It should be 

noted that any interrelation concluded on the basis of these trend lines will have a 

significant amount of uncertainty. 

As seen in Figure 24 A and B, degree of humification (DOH) and dry density positively 

correlate with critical shear stress. The range of DOH of studied samples were between 

1 to 8 on von Post scale, while range of dry density was between 0.599-0.952 g cm
-3

. 

Conversely, water content of the studied samples is inversely proportional to the critical 

shear stress and lies in the range of 8.61 to 75 percent. The flat trend line (Fig. 24D) 

depicts that critical shear stress is independent of the wet density and no significant 

correlation was observed between the two. 
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Figure 24. Comparison of critical shear stress (τcr) with A) degree of humification, B) 

dry density (peat soil), C) water content, D) sediment wet density and E) degree of 

humification in artificially prepared sediment samples with respect to layers. 

 

The correlation of shear stress and degree of humification for samples taken from 

different peat extraction areas are given in figure 24 E. The figure shows that the 

properties are directly related in case of 6 samples while inversely proportional in case 

of 2 and reaming 1 shows no correlation. 
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5.3.2 Variation of critical shear stress among sediments prepared from different 

peat soil layers  

As elaborated in the preceding chapters (these results are from different peat soil 

samples taken from peat extraction sites whose samples were  made artificially by 

observing the change of color representing the change of layer and thus named as top, 

middle and bottom layer), undisturbed peat samples were collected using a long tube.  

Various layers of the peat were differentiated namely layer 1 (top layer), layer 2(middle 

layer) and layer 3(bottom layer) within these samples. It should be noted that τcr was 

measured from the sediments prepared in laboratory through peat samples while 

physical characteristics were determined from peat soil. Degree of humification (DOH) 

and critical shear stress (τcr) for every layer in each sample was measured. Plots of shear 

stress against degree of humification have been provided in (Fig. 25 B, C and D) for 

top, middle and bottom layer respectively. Figure 25 A, represents the accumulation of 

all three on plot. Similarly the shear stress against dry density in layers was presented 

(Fig. 25 F, G and H) with the accumulation of all the layers in figure 25F. 

Each averaged peat layer varies from 5 - 30 cm in thickness. The top layer shows direct 

relation between shear stress and degree of humification as well as the dry density (Fig. 

25 B and F). Based on Von Post degree of humification, scale ranged between 1 to 6 in 

the top layer with the minimum to maximum critical shear stress ranged between 0.030 

- 0.089 N m
-2

 and dry density from 0.807 – 0.908 g cm
-3

. The middle layer (Fig. 25 C 

and G) follows the same pattern with the variation of Von Post degree of humification 

scale ranged from 2 to 6, critical shear stress from 0.018 -  0.104 N m
-2

 and dry density 

0.599 – 0.915 g cm
-3

. In the middle layer the results from critical shear stress and dry 

density show a bit stronger correlation in comparison with degree of humification. 
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Figure 25. Comparison of critical shear stress (τcr) against degree of humification (A-

D) and sediment dry density (E-H). All peat layers (A&E), top peat layer (B&F), middle 

peat layer (C&G) and bottom peat layer (D&H). 
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In the bottom layer (Fig. 25D and H) the correlation is stronger between the critical 

shear stress against degree of humification in comparison with the dry density of that 

layer. The average scale of degree of humification from 5 – 8, critical shear stress 

0.012- 0.112 N m
-2

 and dry density 0.745 – 0.952 g cm
-3

. The correlation between τcr 

and degree of humification at the bottom layer (R
2
=0.384) has the highest correlation 

compared to the top, middle layer and all layers combined (Fig. 25D). 

5.3.3 Variation of settling velocity among peat layers and comparison with physical 

characteristics  

Plots of settling velocity against dry density of the disturbed sample and von Post 

degree of humification are presented in Figures 26 B-D & F-H  for top, middle and 

bottom layer respectively while the cumulative plot for all these layers is given in 

Figure 26 A and E. No correlation was observed between physical characteristics and 

settling velocity of organic peat sediments. The trend line shows that the two parameters 

degree of humification and dry density are inversely proportional with respect to settling 

velocity for top and middle layer (Fig. 26 B, C, F and G) and the range of dry density is 

0.740 g cm
-3

 to 0.952 g cm
-3

. 
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Figure 26. Settling velocity against degree of humification (A-D) and dry density (E-

H). All peat layers (A&E),top peat layer(B&F), middle peat layer(C&G)  and bottom 

peat layer (D&H). 
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5.4 Erosion modelling 

For varying rainfall events and catchment type, following results illustrate the use of 

varying input parameters in KINEROS2 to simulate discharge and suspended solid yield 

in Koivupuro (peatland forestry) and Korentosuo (peat extraction) catchments. The 

plane areas at Koivupuro peatland forestry catchment were heavily covered with the 

vegetation cover whereas channels (in nested catchment) were bare of vegetation due to 

ditch cleaning operations. Contrary, in Korentosuo there was no vegetation cover on 

plane area or on the channel elements. For all these three catchments, Relief -parameter 

in KINEROS was held constant at 10 cm while average micro topographic spacing 

value used were from 0.01- 1 m.  

5.4.1 Calibration and validation of KINEROS2 models 

As the initial flow conditions and soil characteristics in the modelled peatland forestry 

and extraction catchments vary with the precipitation event, therefore it is not possible 

to define (calibrate) a simple set of parameters for all precipitation events. As evident in 

Figures 27-29, previously calibrated parameters have proved grossly inadequate for the 

new rainfall events. This observation has been similarly pointed out and indicated by 

Haahti (2013). 

For peatland forestry Koivupuro catchment first developed model was of having 25 mm 

rainfall in total whose total measured discharge (Qmeasured) was 1026.41 m
3
 with the 

suspended solid yield (SSmeasured) was 16.83 kg. The total modelled output in terms 

of Qmodelled and SSmodelled was 941.01 m3 and 142.64 kg (Fig. 27A). However, 

model validation was tested on the other rainfall event (11.0 mm) (Fig. 27B), but the 

results were unexpectedly out of sync from the measured values. During the selected 

event of rainfall the total discharge was 88.64 m
3
  and suspended solid yield was 1.31 

kg while the model resulted in much higher output in terms of discharge and suspended 

solid yield (Q = 351.83 m
3
 and SSY = 17.95 kg).  



 

56 

 

 

Figure 27. Both models for Koivupuro catchment A) with 25 mm rainfall with total 

measured discharge (Qmeasured) and suspended solid yield (SSmeasured) = 1026.41 

m
3
 and 16.83 kg, and B) with 11.0 mm rainfall with Qmodelled and SSsuspended solid 

yield (351.83 m
3
 and 17.95 kg) while Qmeasured and SSmeasured was 80.56 m

3
 and 

1.31 kg. For input parameters see table 3 (section 5.4.2)  

 

For peat extraction (Korentosuo small catchment, 16.49 ha) model validation, one 

rainfall event was selected and the base flow was adjusted accordingly on the basis of 

average measured data from field. In the calibrated model the rainfall event was of 10 

mm with total Qmeasured and Qmodelled of 182.54 and 118.54 m
3
. While the 

SSmeasured and SSmodelled was 7.031 and 7.57 kg (Fig. 28A). During its validation 

for another event which was having 11.9 mm rainfall with the total measured discharge 

and suspended solid yield of 3199.92 m
3
 and 58.28 kg (Fig. 28B). The model validation 

results in terms of discharge were low (2512.45 m
3
) as compared with Qmeasured but 

higher in case of suspended solid yield (691.56 kg) (Fig. 28B).   
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Figure 28. Both models for Korentosuo small catchment having Qmeasured and 

modelled and suspended solid yield (SSmeasured) with base flow (A & B). In B Total 

measured discharge and suspended solid yield = 3199.92 m
3
 and 58.28 kg, and 

modelled discharge and suspended solid yield = 2512.45 m
3
 and 691.56 kg. For input 

parameters see table 3 (section 5.4.3). 

 

In Korentosuo whole catchment of 165.014 ha (Fig. 2B), total two rainfall events were 

selected. These selected rainfall events were of total 16.2 mm and 10 mm precipitation. 

In the event of 16.2 mm the total measured discharge and suspended solid yield were 

6534.79 m
3
 and 534.267 kg (Fig. 29A).  While modelled discharge result 5720.08 m

3
 

was achieved by adjusting the hydraulic conductivity (at 0.27) with the suspended solid 

yield of 498.794 kg for which the particle size and density were 0.001 mm and 1.5 g/cc 

respectively. The same model (.par file) was used for validation on the other event of 10 

mm precipitation, having the total measured discharge of 4125.58 m
3
 and suspended 

solid yield of 111.154 kg. The modelled result for validation of discharge showed 

variation from the measured values with discharge at 3121.17 m
3
 and suspended solid 

yield at 217.33 kg (Fig. 29B).  
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Figure 29. Model validation for Korentosuo whole catchment 165.04 ha A) total 

Qmeasured and SSmeasured = 6534.79 m
3 

and 534.26 kg (modelled output 5720.08 m
3
 

and 498.794 kg) B) total Qmeasured and SSmeasured = 4125.58 m
3
 and 46.78 kg 

(modelled output 3121.17 m
3
 and 217.33 kg). For input parameters see table 3 (section 

5.4.3). 

 

In section 5.4.2 and 5.4.3, major parameters like porosity, capillary drive, hydraulic 

conductivity and particle size were readjusted for better model results for all other 

selected rainfall/precipitation events in both peat catchment types (Fig. 2). 

5.4.2 Koivupuro catchment 

In total, 4 events for Koivupuro catchment were selected. The selected events were 

having total rainfall of 25 mm, 18.06 mm, 11 mm and 10.8 mm. The final parameter 

values used in figure 27A were re-calibrated to model the mentioned rainfall events in 

Koivupuro catchment, which varied from initially developed model (see section 4.5.1). 

For the highest rainfall event (25 mm), total measured discharge was 1026.41 m
3
 and 

suspended solid yield was 29.01 kg. In calibration initially used density of quartz 2.65 

g/cc (Fig. 30 A) was reduced to 1.5 g/cc (Fig. 30 B). The total modelled outflow 

(964.85 m
3
) achieved was close to measured one. However the modelled suspended 

solid yield peak with the higher density was obtained (average modelled suspended 

solid yield 147.95 kg) (Fig. 30A) which by lowering the density resulted in much higher 
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suspended solid yield (490.15 kg) (Fig. 30B). The used manning coefficient was 0.8, 

hydraulic conductivity 0.8 mm hr
-1

, capillary rise 65 mm and PAV 1were same while 

changing the densities. 

 

Figure 30. Modelled discharge and suspended solid yield using two different particle 

size densities A) 2.65 g/cc, and B) 1.5 g/cc. For input parameter details see table 2. 

 

To deal with rise in suspended solid yield when particle density was changed (Fig. 30), 

the model input parameters were changed and the hydrograph was readjusted. Based on 

the results of two pre-defined approaches; 1) the balanced measured and modeled output 

in terms of peak (for suspended solid yield) and 2) aiming to balance the total 

suspended solid yield. With the changed parameters the modelled discharge output 

showed the similar results as measured on site. In the Figure 31 A and C the SSyield 

was adjusted in the model by equalizing the peak and by balancing the total average 

suspended solid yield with having the base flow. While, results in Figure 31 B and D 

were achieved by eliminating the base flow. Though the hydrograph followed the 

measured discharge pattern but by eliminating the base flow the total measured 

discharge was not equal to modelled output (643.28 m
3
). However the SS peak and total 

yield were achieved. Though in reality there is always some base flow, but the reason to 

consider this approach here is to get the idea in terms of erosion and generation SSY 

with any heavy rainfall event which in peatland mostly ground water flow is low in 

comparison with the KINEROS2 modelled. Also this is due to the calculation method in 
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KINEROS2 that it considered that there is erosion even with the low base flow which 

affects too much to the sediment balance. Adjusted sediment yield was achieved by 

assuming that only 0.007% of the ditch network is unpaved and rest is covered by 

erosion pavement which is reality does not support this assumption as the ditch is totally 

unpaved. However, the manning coefficient (0.45), hydraulic conductivity (0.8 mm hr
-1

) 

and capillary rise (65 mm) were kept unchanged for both approaches.     

 

Figure 31. Total Qmeasured and SSmeasured = 1026.41 m
3
 and 29.01 kg during 25 mm 

in total rainfall event. A and C) are with the base flow, while B and D) are without base 

flow. For input parameter details see table 2.  

 

The validated rainfall event of 10.8 mm (Fig. 27B) with modelled discharge (351.83 m
3
) 

and SSY (20.18 kg) was recalibrated (readjusted) to obtain the modelled result equal to 

the measured discharge (88.64 m
3
) and the suspended solid yield (0.77 kg). To obtain 

such results the manning coefficient and saturated hydraulic conductivity were 

readjusted. The adjusted manning’s coefficient (0.3), saturated hydraulic conductivity 
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(1.5 mm hr
-1

) and other parameters like capillary rise (65 mm) for both approaches were 

kept constant. The use of PAV coefficient 0.9935 for channel elements resulted in 

achieving the desired sediment peak height equivalent to measured one (Fig. 32 A). 

However in this case of average modelled sediment yield (1.96 kg) in terms of 

achieving the peak correct was 2.4 times higher than average measured suspended solid 

yield 0.77 kg. Furthermore, to balance the average measured and modeled suspended 

solid yield, PAV at 0.99767 resulted in achieving the measured suspended solid yield 

(0.77 kg) equals to modelled (0.75 kg) (Fig. 32 B). Total modeled discharge (84.62 m
3
) 

in both approaches (Fig. 32 A & B) was close to total measured discharge. 

 

Figure 32. Total Qmeasured and SSmeasured = 88.64 m
3
 and 0.77 kg. A) Calibration of 

sediment peak discharge B) balancing the SS yield by adjusting PAV-coefficient. For 

input parameter details see table 2. 

 

The second selected event for validation of model for Koivupuro peatland forestry area 

was having 18.06 mm rainfall. Total measured discharge during the event was 833.98 l 

s
-1 

with the suspended solid yield of 4.14 g s
-1

. Following the predefined approaches; for 

balanced peak in measured and modeled output in terms of suspended solid yield (10.15 

g s
-1

) (Fig. 33 A) was attained by setting the channel PAV equal to 0.996. The modeled 

discharge followed the measured discharge pattern generating equal amount of 

discharge (836.29 l s
-1

). The influence of precipitation in modeled discharge was more 

dominating. For the second approach of achieving balanced suspended solids yield (Fig. 

33 B) PAV 0.9984 for channels resulted in to achieve the modeled suspended solid 
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yield (4.08 kg) and obtained modeled discharge (836.29 m
3
). Whereas, the manning 

coefficient (0.40), saturated hydraulic conductivity (1.5 mm hr
-1

) and capillary rise (65 

mm) were remained same for both approaches.   

 

Figure 33. 18.06 mm rainfall event. with total Qmeasured and suspended solid yield = 

833.98 m
3
 and 4.14 kg. A) Calibration of sediment peak discharge B) balancing the SS 

yield. For input parameter details see table 2. 

 

In third selected event the total amount of rainfall was 11.0 mm, with the measured 

discharge of 80.56 m
3
 and suspended solid yield of 1.13 kg. Manning coefficient (0.35), 

saturated hydraulic conductivity (1.5 mm h
-1

) and capillary rise (65 mm) in both 

approaches (balanced peak and balanced yield) were kept same. Whereas for resulting 

the suspended solid yield peak, PAV at 0.99 (Fig. 34 A) resulted with the modeled 

discharge of 80.42 m
3
 and suspended solid yield of 3.10 kg. However, balanced amount 

of modeled sediment yield (80.56 m
3
) and discharge (1.10 kg) (Fig. 34 B) was obtained 

by putting the PAV equal to 0.9965. 
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Figure 34. 11 mm rainfall event with the Qmeasured and Qmodelled discharge (80.65 

m
3
 and 1.13 kg),  A) Calibration of sediment peak discharge B) balancing the SS yield 

For input parameter details see table 2. 
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Table 2.  KINEROS2 model parameters for Koivupuro catchment 5.09 ha 

 

Description Symbols Units

Fig. 27A Fig. 27B Fig. 30A Fig. 30B Fig. 31A Fig. 31B Fig. 31C Fig. 31D Fig. 32A Fig. 32B Fig. 33A Fig. 33B Fig. 34A Fig. 34B

Diameter of Particle Diams mm 0.005 0.005 0.005 0.005 0.005 0.001 0.005 0.001 0.005 0.005 0.005 0.005 0.005 0.005

Density of Particle Density g/cc 1.5 1.5 2.65 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5

Temperature Temp C 25 25 25 25 25 25 25 25 25 25 25 25 25 25

Manning Manning - 0.45 0.45 0.8 0.8 0.45 0.8 0.45 0.75 0.4 0.4 0.3 0.3 0.35 0.35

Coefficient of Vatiation of Ks CV mm 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 1 1 1 1 1 1

Initial degree of soil saturation SAT - 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9

Fraction of surface covered by errosion pavement PAV (0-1) 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Fraction of surface covered by errosion pavement PAV* (0-1) 0.94 0.94 0 0 0.94 0 0.993 0.8 0.996 0.9984 0.994 0.99767 0.990 0.996

Relief Relief mm 10 10 10 10 10 10 10 10 10 10 10 10 10 10

Spacing Spacing - 0.01 0.01 0.09 0.09 0.01 0.09 0.01 0.09 0.01 0.01 0.01 0.01 0.1 0.1

Constant (saturated) conductivity representing seepage KS mm/h 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 1.5 1.5 1.5 1.5 1.5 1.5

Mean capillary drive G mm/h 65 65 65 65 65 65 65 65 65 65 65 65 65 65

Distribution Dist - 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05

Porosity POR - 0.25 0.25 0.25 0.25 0.25 0.5 0.55 0.55 0.65 0.65 0.65 0.65 0.65 0.65

Volumetric rock fraction Rock - 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Particle class fraction Fract - 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Splash parameter Splash - 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Soil cohession coefficient COH - 1 1 0.5 0.5 1 0.5 1 0.8 0.5 0.5 0.5 0.5 0.5 0.5

All values are for channel elements except mentioned.

PAV* = For plane elements

Calibrated parameter values for individual rainfall events
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5.4.3 Korentosuo catchment 

For peat extraction area, Korentosuo small catchment (16.49 ha) (Fig. 2),  three rainfall 

events were selected with the total of 11.99, 10 and 4.39 mm precipitation. In this area, 

for first model the selected rainfall event was of 4.39 mm total precipitation with the 

total measured discharge 974.71  m
3
 and suspend solid yield 21.39 kg. In figure 35 A-D, 

the total modelled discharge was 849.63 l m
3
. However, by changing the particle size 

(Fig. 35 A & B) from 0.5 to 0.3 mm by keeping the other parameter unchanged 

measured peak and total yield was achieved (6.819 kg and 24.72 kg). While in figure 35 

C & D, the particle size was kept constant at 0.001 mm, and by adjusting the cohesion 

input parameter desired result in term of suspended solid peak and total yield was 

achieved. 

 

Figure 35. A and B are with varied particle size while C and D with same particle size 

(All with base flow). Total measured discharge and suspended solid yield = 947.714 m
3
 

and 21.39 kg. 
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In the second selected event for peat extraction site the total amount of rainfall was 10 

mm. The total measured discharge and suspended solid yield during the selected period 

was 182.54 m
3
 and 7.03 kg (Fig. 36 A & B). The modelled discharge resulted in 118.14  

m
3
, however modelled suspended solid peak by adjusting the cohesion turned out 7.57 

kg (Fig.36A) and 5.53 kg (Fig. 36B). 

 

Figure 36. Total measured discharge and suspended solid yield = 182.54 m
3
 and 7.03 

kg. A) Calibration of sediment peak discharge B) balancing the SS yield. For input 

parameter details see table 3. 

 

In order to recalibrate the model with the measured values as earlier used in the Figure 

28B, input parameter values of manning coefficient, hydraulic conductivity and 

capillary rise was readjusted from 0.25 to 0.09 , 0.15 to 0.01 mm hr
-1

 and 65 to 265 mm. 

The total rainfall during the selected event was 11.99 mm. Both (Fig. 37 A & B) 

resulted 3221.7 m
3
 of total modelled discharge with the readjusted values. However, for 

balancing the total measured and modelled suspended solid amount equal, the maximum 

modelled achieved was 29.38 kg (Fig. 37A), while for achieving the peak balanced the 

modelled output resulted that with the total of 7.57 kg (Fig. 37B) suspended solid yield. 
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Figure 37. Measured and modelled discharge and suspended solid yield with base flow 

(A & B). Total measured discharge and suspended solid yield = 3199.93 m
3
 and 58.28 

kg. A) balancing the SS yield B) Calibration of sediment peak discharge. For input 

parameter details see table 3.  
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Table 3 KINEROS2 model parameters for Korentosuon small catchment 16.49 ha  
Description Symbols Units

Fig. 28A Fig. 28B Fig. 34A Fig. 34B Fig. 35A Fig. 35B Fig. 35C Fig. 35D Fig. 36A Fig. 36B Fig. 37A Fig. 37B

Diameter of Particle Diams mm 0.001 0.001 0.2 0.4 0.5 0.3 0.001 0.001 0.001 0.001 0.2 0.4

Density of Particle Density g/cc 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5

Temperature Temp C 25 25 25 25 25 25 25 25 25 25 25 25

Manning Manning - 0.25 0.25 0.09 0.09 0.19 0.19 0.19 0.19 0.25 0.25 0.09 0.09

Coefficient of Vatiation of Ks CV mm 1 1 1 1 1 1 1 1 1 1 1 1

Initial degree of soil saturation SAT - 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9

Fraction of surface covered by errosion pavement PAV (0-1) 0 0 1 1 0 0 0 0 0 0 0.0 0.0

Fraction of surface covered by errosion pavement PAV* (0-1) 1 1 0.990 0.996 0 1 1 1 1 1 1 1

Relief Relief mm 10 10 10 10 10 10 10 10 10 10 10 10

Spacing Spacing - 0.01 0.01 0.01 0.01 0.1 0.1 0.1 0.1 0.01 0.01 0.01 0.01

Constant (saturated) conductivity representing seepage KS mm/h 1.5 1.5 0.001 0.001 0.05 0.05 0.05 0.05 1.5 1.5 0.001 0.001

Mean capillary drive G mm/h 65 65 265 265 265 265 265 265 65 65 265 265

Distribution Dist - 0.05 0.05 0.05 0.05 0.05 0.05 0.5 0.5 0.05 0.05 0.05 0.05

Porosity POR - 0.4 0.4 6.5 6.5 0.6 0.5 0.5 0.5 0.4 0.4 6.5 6.5

Volumetric rock fraction Rock - 0 0 0 0 0 0 1 1 0 0 0 0

Particle class fraction Fract - 1 1 1 1 1 1 1 1 1 1 1 1

Splash parameter Splash - 0 0 0 0 0 0 0 0 0 0 0 0

Soil cohession coefficient COH - 0.14 0.14 0.5 0.5 0.1 0.1 0.00078 0.0018 0.14 0.10 0.5 0.5

All values are for channel elements except mentioned.

PAV* = For plane elements

Calibrated parameter values for individual rainfall events
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For the modelling of Korentosuo whole catchment of 165.014 ha (Fig. 2B), two rainfall 

events were selected with total 16.2 mm and 10 mm precipitation. Subsequently, in 

order to recalibrate the validated event (Fig. 29 B) to get the modelled results for 

discharge equal to the measured result hydraulic conductivity and cohesion coefficient 

was lowered to 0.17 and 0.05 respectively. The recalibrated values changed the 

modelled discharge to 4008.29 m
3
 and suspended solid yield to 199 kg, which are much 

closer to measured ones (Fig. 38).   

 

Figure 38. Calibrated model with measured and modelled discharge and suspended 

solid yield with base flow. Total measured discharge and suspended solid yield = 

4125.58 m
3
 and 111.15 kg & Total modelled discharge and suspended solid yield = 

4008.29 m
3
 and 199 kg. For detailed input parameter see table 4. 
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Table 4  KINEROS2 model parameters for Korentosuo whole catchment 165.049 ha 

 

 

Description Symbols Units

Fig. 29A Fig. 29B Fig. 38

Diameter of Particle Diams mm 0.001 0.001 0.001

Density of Particle Density g/cc 1.5 1.5 1.5

Temperature Temp C 25 25 25

Manning Manning - 2 2 2

Coefficient of Vatiation of Ks CV mm 1 1 1

Initial degree of soil saturation SAT - 0.9 0.9 0.9

Fraction of surface covered by errosion pavement PAV (0-1) 0 0 0

Fraction of surface covered by errosion pavement PAV* (0-1) 0 0 0

Relief Relief mm 10 10 10

 Spacing Spacing - 0.01 0.01 0.1

Constant (saturated) conductivity representing seepage KS mm/h 0.27 0.27 0.17

Mean capillary drive G mm/h 240 240 250

Distribution Dist - 0.1 0.1 0.5

Porosity POR - 0.8 0.8 0.8

Volumetric rock fraction Rock - 0 0 0

Particle class fraction Fract - 1 1 1

Splash parameter Splash - 0 0 0

Soil cohession coefficient COH - 0.9 0.9 0.05

All values are for channel elements except mentioned.

PAV* = For plane elements

Calibrated parameter 

values for individual 

rainfall events
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6 DISCUSSION 

6.1 Erosion and critical shear stress 

Based on the analyzed samples, the critical shear stress obtained from Koivupuro 

peatland forestry field ranged from 0.005 to 0.305 N m
-2

 while laboratory results ranged 

from 0.008 to 0.310 N m
-2

. However, the mean critical shear stress was 0.03 ± 0.075 N 

m
-2 

for peatland forestry in field and 0.125 ± 0.06 N m
-2

 in laboratory (Fig. 20). which 

can be due to the stabilization of tube samples during storage. As compared to results 

obtained from the laboratory, the in situ critical shear stress (0.03 N m
-2

) seems to be 

closer to the results obtained by Marttila and Kløve 2008 (0.05 N m
-2

) based on their 

research work carried out in peat extraction areas in North-Ostrobothnia region in 

Finland. 

The critical shear stress (τcr) for the entire data set (Fig. 18), which contains also natural 

brooks under influence of forestry, obtained from across the Finland were also analyzed 

and the result shows that the τcr for peatland forestry ranged from 0.0057 to 0.428 N m
-2

 

with the mean value of 0.07 ± 0.10 N m
-2 

while peatland extraction ranged from 0.006 

to 0.421 N m
-2 

with the mean value of 0.12 ± 0.06 N m
-2

. As a comparison, Parchure 

and Mehta (1985) reported that the critical shear stress ranged from 0.04 to 0.62 N m
-2 

for cohesive muds, which shows that the organic sediment are generally more prone to 

erosion than cohesive muds. Low variation in result from peat extraction and forestry 

samples suggests that both generate equal amount of erosion risk and sediment 

transport. Also probably weathering conditions and sediment properties are similar in 

both land uses.  

The fraction of sediment taken along the flow path will automatically have some other 

particles embedded in it. Therefore, the cohesion of the sediments will have a 

significant influence on its critical shear stress values. This study shows that τcr has a 

positive correlation with dry density and degree of humification (Fig. 24). However, 



 

72 

 

these results seems to be different from Tuukkanen et al 2014, in which he suggested τcr 

for particle entrainment decreases with increasing degree of humification, and could be 

attributed to the degree of decomposition of peat soil. Nevertheless, the samples from 

Tuukkanen et al. (2014) where from peat soils, whereas samples from current study 

where sediments, which behave differently.  

Experiment results performed in lab on the samples collected from peatland forestry and 

peat extraction sites on different occasions/timings of the year are shown in Table 5.The 

interquartile range of  τcr in case of ditches and brooks in peat extraction sites shows 

18.5% higher variation in ditches than from brooks. While the same results from ditches 

and brooks from peatland forestry sites shows 62.69% higher variation in case of brooks 

than from ditches. Comparison of ditches and brooks from peatland forestry and peat 

extraction shows that τcr for brooks is independent of site. However, ditches 

experiences some variation with site, which could be due to age of the ditches . 

Median critical shear stress (τcr) from peat extraction was 4.69% higher in brooks than 

in ditches whereas in peatland forestry it is 14.79% higher in ditches as compared with 

the brooks. This shows nearly same and independent of site results in the ditches and 

brooks. However, previous research has shown that the frictional material in peat 

behaves closely with respect to the effective stress (Gosling and Keeton 2008). Brooks, 

on the other hand, are natural channels and their bed material and resulting shear stress 

is dependent on the origin of the deposited material, for example, peatland forestry have 

significantly higher vegetation cover as compared peat extraction site. 

Based on the experiments performed in the lab and measurements taken in  the field at 

Koivuporo, the outcome of the results from peat extraction were quite different than 

from the results obtained in Koivupuro peatland forest site. Because in field the site 

flow conditions varies before the test while it was same in collected samples for lab. 

Also, the other possible reason of variation in τcr can be as a result of collected sample 

whose surface is covered with the partially decomposed peat material.    
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Table 5. Measured variation in critical shear stress (τcr) of peat sediments in peatland 

forestry and peat extraction sites.  

Serial No. Inter-quartile Range of τcr Median.... τcr. 

1 Brooks vs Ditches (Peat extraction) 

  Ditches Brooks % higher Ditches Brooks % higher 

  
0.04452 

N/m
2
 

0.03756 

N/m
2
 

In ditches 

= 18.5% 

0.11193 

N/m
2
 

0.11718 

N/m
2
 

In Brooks 

= 4.69% 

              

2 Brooks vs Ditches (Peatland Forestry) 

  Ditches Brooks % higher Ditches Brooks % higher 

  
0.02815 

N/m
2
 

0.0458 

N/m
2
 

In Brooks 

= 62.69% 

0.11478 

N/m
2
 

0.09999 

N/m
2
 

In ditches 

= 14.79% 

              

3 Brooks vs Ditches (Without distinction between  land uses) 

  Ditches Brooks % higher Ditches Brooks % higher 

  
0.01681 

N/m
2
 

0.05976 

N/m
2
 

In Brooks 

= 255.50% 

0.11199 

N/m
2
 

0.10281 
In ditches 

= 8.87% 

        

 

    

4 
Peat extraction vs Peatland Forestry (Without distinction between brooks 

and ditches) 

  
Peat 

extraction 

Peatland 

Forestry %higher 

Peat 

extraction 

Peatland 

Forestry % higher 

  
0.04132 

N/m
2
 

0.03953 

N/m
2
 

In Peat 

extraction 

= 4.583% 

0.11193 

N/m
2
 

0.11127 

N/m
2
 

In Peat 

extraction 

=  0.593% 

 

Critical shear stress behaviour and geotechnical properties of peat 

 Based on the results increase of the degree of humification and dry density with respect 

to the critical shear stress shows a direct relationship (Fig.25 A and E).  An explanation 

for this linear trend with increasing depth from the surface could be the increase in 
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density. As the density increases, the friction, which was otherwise insignificant, starts 

to play a part in contributing to the shear stress of the soil. It can be hypothesized that as 

the degree of humification increases more organic content is in the form of more 

decomposed organic matter providing greater friction under the pressured of over laying 

peat pressure. Therefore the percentage increase in the critical shear stress angle 

overburden pressure increased significantly in the bottom layer shows the direct impact 

of humification factor under the effect of overburden pressure. Hence shear stress and 

overburden pressure were directly proportional under the effect of overburden pressure.  

6.2 Settling 

6.2.1 Settling velocity with respect to peat properties and peat type  

The observed mean average settling velocity from Koivupuro samples was 0.016 m h
-1

 

with the range 0.0004 – 0.131 m h
-1 

(Fig. 21). However, based on the artificially 

prepared samples in  laboratory, observed mean average settling velocity was 0.144 m 

h
-1

 with the range of 0.0004 – 0.456 m h
-1

 (Fig. 22B). These observed peat sediment 

settling velocity results were different as reported by Marttila and Klove (2008) on a 

similar study on peat sediments (0.87 m h
-1

). Settling velocity of artificially prepared 

samples were also observed on the basis of peat type. As number of samples varied 

based on the peat type (carex, sphagnum-carex and sphagnum were eight and carex-

sphagnum was three in number) (Fig. 23). For example (Fig. 23 A and B) carex sample 

has the highest mean τcr (0.068 N m
-2

) with the lower mean settling velocity (0.037 m h
-

1
). However, these samples were used to determine the settling velocity. It can be 

deduced that peat type has effect on the τcr. Also the higher the critical shear stress, the 

lower the settling velocity. Sphagnum has higher settling velocity than the carex. (Fig. 

23 B). 

The number of samples varied based on the peat type (carex, sphagnum-carex and 

sphagnum were eight and carex-sphagnum were three in number). however, these 

samples were used to determine the settling velocityIt can be deduced that peat type has 
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effect on the τcr. Also the higher the critical shear stress, the lower the settling velocity. 

For example (Fig. 23) carex sample has the highest mean τcr (0.068 N m
-2

) with the 

lower mean settling velocity (0.037 m h
-1

). Peat containing a combination of both peat 

types can have immensely varying composition with one type dominating over the other 

through various degrees. Settling velocity of mixture also varies with the peat mixture 

ratio (carex or sphagnum dominance), therefore composition of sample affects the value 

of settling velocity. Surface peat in peat extraction areas is often relatively loose and 

dry, which probably reduces the settling velocity of samples prepared from this layer.  

As Sphagnum content of the peat increases, so does the settling velocity as depicted in 

figure 23 B. This pattern is slightly different in the samples that contain a combination 

of both peat types but have Sphagnum as the major constituent. This is, however, 

pertinent to mention here that the number of such samples was significantly smaller 

than the rest and therefore is more prone to errors.    

6.2.2 Variation of settling velocity   

When the degree of humification increases the particles are more disintegrated and 

hence smaller in size. The trend lines for top and middle layer (Fig. 26) shows an 

inverse relationship between the two parameters which is in line with stoke’s law which 

states that settling velocity for a discreet particle is directly proportional to the particle 

size among other factors.  However, in bottom layer the relationship is positive. The 

reason for this could be the shift from discrete settling to zone settling where the 

particles make flocs and settle as a single large mass. The other possible reason of 

variation in settling velocity is the amount of organic content in the collected samples, 

which varies based on site conditions. 
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6.3 Modelling with Kineros2 

A comparison between the observed and simulated discharge and sediment yield time 

series shows that KINEROS2 does not give the exact runoff hydrograph, but one can 

get the relatively good approximation of total sediment yield when model is individually 

calibrated for each event. The discharge in modelled rainfall events exhibits variation in 

lag-time and peak discharge. The storing water capacity in peat and its release even 

after stopping of precipitation/rainfall is one of the special features of peat (Pearsall 

1950).  

The study area used in modeling was from peatland forestry and peat extraction for 

predicted runoff and sediment discharge with respect to observed data. High differences 

among the two different peatland types showed inconsistency in the modeled runoff.  

Examined response based on KINEROS2 flow and sediment output resulted in varied 

uncertainty in different runoff-events. Modeled showed that saturated hydraulic 

conductivity, net capillary drive, and soil saturation generally dominate the modelled 

flow and sediment yield output. Whereas median particle diameter, plane roughness 

coefficient and rain splash coefficient had a moderate control mainly on peak runoff 

event and sediment discharge.  

Variation in the suspended solid yield in comparison with the measured SS yield is 

higher especially by including or excluding the base flow from the model. Therefore 

higher base flow leads to higher suspended solid yield and vice versa. The major issue 

for modeling suspend solid yield was to achieve the quick response of suspended solid 

as measured during any rainfall event. This issue overall caused the huge variation in 

estimation of total suspended solid yield for predicting any upcoming event.  

This observed fluctuation/variation in the measured and modeled hydrograph would be 

as a result of input parameters used in KINEROS2 model. Characteristics of rainfall 

(intensity and duration) (.pre file) has clear influence on the starting of hydrograph and 
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its dynamics. It is also affected by the uncertain parameters agitated values of model 

errors in input files (.par file) which are difficult to evaluate.  

KINEROS2 model corresponds with the period of base flow for erosion and sediment 

transportation. As runoff increased with the precipitation, the level of eroded material 

increased. By inspecting the modelling results (Fig. 30-38) we can conclude that on 

measured suspended solid the rainfall intensity has a lot influence. Therefore the 

temporal changes in suspended solid yield could be caused by the variation in erosion 

threshold, which varies event to event. Therefore, smaller peak runoffs can be observed 

(in model results) before the measured peak in runoff hydrograph. This is probably due 

to slow response of ground water to stream flow, which cannot be simulated with 

KINEROS2.  

Due to limitations of KINEROS to simulate ground water flow, unrealistic values of 

manning coefficient, hydraulic conductivity etc. had to be used in model calibration in 

order to force rainfall to generate overland flow. For instance, suggested manning 

coefficient range in case of peatland drainage sites in KINEROS2 model was in 

accordance with study by Haahti (2014). Based on the modeling results for having fair 

approximation of suspended solid yield, during model calibration higher PAV value can 

be used but these PAV values are not realistic concerning catchment type. Therefore, 

these estimated PAV values cannot be directly applied for other events because they are 

not based on real conditions in the modelled catchment. While including the base flow 

or lower PAV value in case of eliminating the base flow. Also in some events the model 

can be used without the PAV coefficient. However, to improve the model results, the 

basic layout of the catchment with respect to the channel and plane elements can play an 

important role, which by defining more elaboratory can lead to better output. This will 

also provide the opportunity to input the peatland information based on micro scale, 

which help in better simulating of hydrological and erosion processes. 
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7 CONCLUSION AND SUMMARY 

The main objective of this work was to measure the critical shear stress and settling 

velocity of highly organic peat sediment in particular for Koivupuro catchment and in 

general for Finland. Another objective was to assess the workability of KINEROS2 

model in peatland forestry and peat extraction conditions. Understanding about peat 

erosion and suspended solid load and its settling time, which generate from peatland 

forestry or peat extraction area, is very important for any water protection project. For 

this purpose, cohesive strength meter (CSM) was used for measuring τcr and settling 

velocity both in field and in laboratory. Samples across Finland were tested for having 

the in-depth results on variation of τcr and settling velocity. The results were observed 

individually on the basis of peat sediment source, and apart from their source. 

Afterwards, KINEROS2 model was applied on two different peat catchments (peatland 

forestry and peat extraction) for simulating runoff hydrographs and suspended solid 

yields for different events. For the assessment of model performance, the modeled 

results were compared with the on-site measured data.       

Based on the measurements on peat sediments it can be concluded that the variation in 

τcr is rather stable and vary little between sites. Furthermore, it was noted that τcr values 

are likely to be higher from natural brooks than artificial ditches due to the environment 

and consolidation achieved over time in case of natural brooks. Measured τcr for all the 

sediment samples was having a mean value of 0.166 ± 0.07 N m
-2

. On basis of source of 

peat sediments, 0.07 ± 0.1 N m
-2

 for peatland forestry, and 0.12 ± 0.06 N m
-2

 for peat 

extraction was obtained. Koivupuro peatland forestry laboratory and field test shear 

stresses were 0.03 ± 0.075 N m
-2

 and 0.125 ± 0.06 N m
-2

, respectively. For artificially 

prepared samples the measured τcr value with the mean average was 0.059 ± 0.028 N m
-

2
. Mean settling velocity for Koivupuro sediment samples was 0.016 ± 0.034 m h

-1
, and 

for artificially prepared sediment samples was 0.144 ± 0.134 m h
-1

.   

The results from KINEROS2 model showed that it can be used for the simulation of 

runoff and erosion processes in rainfall events at peatland conditions only when model 
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is individually calibrated for each event. Usually the simulated hydrograph gives similar 

shape as measured one, and the sediment yield gives the satisfactory eroded amount of 

sediments but not the correctly shaped graph. KINEROS2 model implementation will 

provide us the closest possible simulating results from the catchment runoff perspective 

solely based on catchment type and the amount of precipitation. Also model output is 

dependent on the plane and channel element partition done for the model. However it is 

not successfully implemented for estimating the erosion risk in peatland. Different 

variables of erosion based on rainfall events in peatland forestry and peat extraction 

catchments have been identified for KINEROS2 simulation. The identified parameters 

are sufficient for generating the runoff hydrograph for peatland forestry and peat 

extraction catchments/area but insufficient for exact simulation of suspended solid 

yield. Overall, this work will help selecting the coefficients range for peat soils for 

KINEROS modelling. However, more research is needed for precise estimation of 

runoff hydrograph and suspended solid yield from peatland forestry and peat extraction 

sites. This will help in improving the water mitigation strategies and lowering the 

erosion accordingly and for better understanding and prediction of peat erosion 

threshold in ditches and brooks. 

Peat sediments are very sensitive and required a special attention at all stages of study. 

A minor handling issue in experimental study can end up in a misleading result. So it is 

therefore recommended to use repeated measurements when critical shear stresses are 

determined with CSM instrument. The experiments could be repeated in upcoming 

years for different sites to determine the possible stabilization of artificial ditches. This 

would help in estimating the total stabilization period on the basis of their erosion 

threshold.  
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APPENDICES 

This section provides the further explanation how KINEROS2 software were used to 

find the measured discharge and suspended solid yield equall to the modelled modelled 

discharge and suspended solid yield. The (.par file) proceeds in the same order as the 

water flow path shown in figure 15 section 4.4. Koivupuro catchment .par file for the 

selected rainfall event from 15-17 July 2012 (Fig. 31 A) for KINEROS2 model.   

BEGIN GLOBAL  

CLEN = 361,  UNITS = METRIC, NPR = 3, DIAMS = .005  ! mm, DENSITY = 1.5! 

g/cc, TEMP = 25 ! deg C, Nele = 14,  

END GLOBAL 

BEGIN PLANE 

ID = 1, LEN = 272, WIDTH = 17, SLOPE = .01, MANNING = .45, CV = .8, THICK = 

500, SAT = .9, PAV = 1, PR = 2, NPR = 3, RELIEF = 10, SPACING = .01, KS = 0.8,      

G = 65, DIST = 0.05, POR = 0.25, ROCK = 0, FRACT = 1, SPLASH = 00, COH= 1 

END PLANE 

BEGIN PLANE 

ID = 2, LEN = 272, WIDTH= 16.5, SLOPE= .01, MANNING = 0.45, CV = .36, 

THICK = 500, SAT = .9, PAV = 1, PR = 2, NPR = 3, RELIEF = 10, SPACING = .01, 

KS = 0.8,      G = 65, DIST = 0.05, POR = 0.25, ROCK = 0, FRACT = 1, SPLASH = 

00, COH= 1 

END PLANE 
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BEGIN CHANNEL 

ID = 3, LAT = 1, 2   LEN = 272, WIDTH = 1, PR = 2, NPR = 3, QB = 0.000025, 

SLOPE= .02, MANNING = .01, SS1 = 0.7, SS2 = 0.7, RWIDTH = 1, WO = N, SAT = 

0.0, CV = 0.0, KS = 0.0, G = 0.0, DIST = 0.0, POR = 0, PAV = 0.94, ROCK = 0.0, 

COH = 0.00256, FRACT = 1 

END CHANNEL 

BEGIN PLANE 

ID = 4, LEN = 361, WIDTH= 16.5, SLOPE = .01, MANNING = 0.45, CV = .8, THICK 

= 500, SAT = .9, PAV = 1, PR = 2, NPR = 3, RELIEF = 10, SPACING = .01, KS = 0.8,      

G = 65, DIST = 0.05, POR = 0.25, ROCK = 0, FRACT = 1, SPLASH = 00, COH= 1 

END PLANE 

BEGIN PLANE 

ID = 5, LEN = 361, WIDTH= 16.5, SLOPE = .01, MANNING = 0.45, CV = .8, THICK 

= 500, SAT = .9, PAV = 1, PR = 2, NPR = 3, RELIEF = 2, SPACING = .01, KS = 0.8,      

G = 65, DIST = 0.05, POR = 0.25, ROCK = 0, FRACT = 1, SPLASH = 00, COH= 1 

 END PLANE 

BEGIN CHANNEL 

ID = 6, LAT = 4, 5   LEN = 361, WIDTH = 1, PR = 2, NPR = 3, QB = 0.000025, 

SLOPE= .02, MANNING = .01, SS1 = 0.7, SS2 = 0.7, RWIDTH = 1, WO = N, SAT = 

0.0, CV = 0.0, KS = 0.0, G = 0.0, DIST = 0.0, POR = 0, PAV = 0.94, ROCK = 0.0, 

COH = 0.00256, FRACT= 1 

END CHANNEL 
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BEGIN PLANE 

ID = 7, LEN = 360, WIDTH= 18.5, SLOPE = .01, MANNING = 0.45, CV = .8, THICK 

= 500, SAT = .9, PAV = 1, PR = 2, NPR = 3, RELIEF = 10, SPACING = .01, KS = 0.8, 

G = 65, DIST = 0.05, POR = 0.25, ROCK = 0, FRACT = 1, SPLASH = 00, COH= 1 

 END PLANE 

BEGIN PLANE 

ID = 8, LEN = 360, WIDTH= 18.5, SLOPE = .01, MANNING = 0.45, CV = .8, THICK 

= 500, SAT = .9, PAV = 1, PR = 2, NPR = 3, RELIEF = 10, SPACING = .01, KS = 0.8, 

G = 65, DIST = 0.05,   POR = 0.25, ROCK = 0, FRACT = 1, SPLASH = 00, COH= 1 

END PLANE 

BEGIN CHANNEL 

ID = 9, LAT = 7, 8, LEN = 360, WIDTH = 1, PR = 2, NPR = 3, QB = 0.000025, 

SLOPE= .02, MANNING = .01, SS1 = 0.7, SS2 = 0.7, RWIDTH = 1, WO = N, SAT = 

0.0, CV = 0.0, KS = 0.0, G = 0.0, DIST = 0.0, POR = 0, PAV = 0.94, ROCK = 0.0, 

COH = 0.00256, FRACT= 1 

END CHANNEL 

BEGIN PLANE 

ID = 10, LEN = 350, WIDTH= 16.5, SLOPE = .01, MANNING = 0.45, CV = .8, 

THICK = 500, SAT = .9, PAV = 1, PR = 2, NPR = 3, RELIEF = 10, SPACING = .01, 

KS = 0.8, G = 65, DIST = 0.05, POR = 0.25, ROCK = 0, FRACT = 1, SPLASH = 00, 

COH= 1 

END PLANE 
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BEGIN PLANE 

ID = 11, LEN = 350, WIDTH= 21, SLOPE = .01, MANNING = 0.45, CV = .8, THICK 

= 500, SAT = .9, PAV = 1, PR = 2, NPR = 3, RELIEF = 10, SPACING = .01, KS = 0.8, 

G = 65, DIST = 0.05, POR = 0.05, ROCK = 0, FRACT = 1, SPLASH = 00, COH= 1 

END PLANE 

BEGIN CHANNEL 

ID = 12, LAT = 10, 11, LEN = 350, WIDTH = 1, PR = 2, NPR = 3, QB = 0.000025, 

SLOPE= .02, MANNING = .01, SS1 = 0.7, SS2 = 0.7, RWIDTH = 1, WO = N, SAT = 

0.0, CV = 0.0, KS = 0.0, G = 0.0, DIST = 0.0, POR = 0, PAV = 0.94, ROCK = 0.0, 

COH = 0.00256, FRACT= 1 

END CHANNEL 

BEGIN PLANE 

ID = 13, LEN = 141, WIDTH= 25, SLOPE = .01, MANNING = 0.45, CV = .8, THICK 

= 500, SAT = .9, PAV = 1, PR = 2, NPR = 3, RELIEF = 10, SPACING = .01, KS = 0.8, 

G = 65, DIST = 0.05, POR = 0.25, ROCK = 0, FRACT = 1, SPLASH = 00, COH= 1 

END PLANE 

BEGIN CHANNEL 

ID = 14, LAT = 13, UP = 3, 6, 9, 12, LEN = 141, WIDTH = 1, PR = 2, NPR = 3, QB = 

0.0001, SLOPE= .02, MANNING = .01, SS1 = 0.7, SS2 = 0.7, RWIDTH = 1, WO = N, 

SAT = 0.0, CV = 0.0, KS = 0.0, G = 0.0, DIST = 0.0, POR = 0, PAV = 0.94, ROCK = 

0.0, COH = 0.00256, FRACT= 1 

END CHANNEL 


