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1 INTRODUCTION 

 

1.1 Boreal peatland forests 

 

Peatlands are defined as terrestrial environments where net primary production exceeds 

organic matter decomposition in the long-term causing accumulation of incompletely de-

composed organic matter or peat (Wieder et al. 2006). Peatlands are estimated to cover 

4 000 000 km2 or about 3% of the Earth’s total land area. About 80% of the peatlands 

are located in the northern temperate or cold climates and thus can be called boreal 

peatlands. (Rydin and Jeglum 2006.) Peatlands under natural conditions have an im-

portant role in the carbon cycle being long-term sinks for carbon dioxide (CO2) and 

sources of methane (CH4). Gorham (1991) estimated that the total carbon stored in 

northern peatland is 455 petagrams (Pg) or 455 x 1015 g which is about 30% of the total 

global soil carbon.  

 

More than half of the peatland area in Finland (100 000 km2) has been drained for for-

estry (Päivänen and Hånell 2012) and this day about 40 000 km2 of forest lands are 

classified as drained peatlands (Finnish Forest Research Institute 2014). Drainage low-

ers the water table level (WTL), which decreases CH4 emissions and creates more fa-

vourable conditions for tree growth. Lowering the WTL, however, increases peat decom-

position and therefore CO2 emissions. (Ojanen et al. 2013.) After drainage forest species 

takes place and the peatland becomes a peatland forest (Joosten et al. 2016). 

 

The prevailing method of forest management in Finland is rotational even-aged forestry. 

This includes thinnings during the growth stage and a clear-cut at the end of the rotation 

followed by forest regeneration. (Nieminen et al. 2018a.) Trees take up groundwater and 

transpire it, hence removal of trees during thinning and clear-cut leaves more water in 

the soil (Heikurainen and Päivänen 1970; Päivänen 1982). The WTL rise makes the top-

soil more anoxic since the diffusion of oxygen (O2) through water is several orders of 

magnitude slower than diffusion through air. WTL rise and anoxic conditions lead to an-

aerobic decomposition of organic matter with change from CH4 sink into a CH4 source 

(Korkiakoski et al. 2019). Usually ditch network maintenance (DNM) is needed after 

clear-cutting to lower the water table level. DNM can be done by cleaning the old ditches 

to make water flow again, digging new ditches or doing both (Nieminen et al. 2018b). 

DNM and clear-cutting affect the water quality through erosion as well as the decompo-

sition of peat causing more CO2 emissions. (Nieminen et al. 2018a.) 
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Alternative management options, such as continuous cover forestry (CCF), have been 

proposed (Nieminen et al. 2018a). In CCF no clear cut is made and only part of the tree 

stand is harvested. The left trees maintain the WTL biologically so also no DNM is 

needed (Saarinen et al. 2020; Nieminen et al. 2018a). CCF could decrease greenhouse 

gas emissions by maintaining the WTL adequately deep avoiding too high water levels 

as well as too low water levels (Nieminen et al. 2018b).  

 

 

 
Figure 1. Tree stand development and water table level in even aged management and continu-
ous cover forestry (Figure from Jauhiainen et al. 2021, modified from Nieminen et al. 2018b). 

 
 

1.2 CO2 and CH4 in the atmosphere 

 

Carbon dioxide and CH4 are both included to be major greenhouse gases (GHGs). In 

the atmosphere GHGs absorb and emit radiation causing global warming. Carbon diox-

ide is a trace gas in the atmosphere. The global average concentration of CO2 in the 

atmosphere has increased from 280 ppm (parts per million) in 1800 (IPCC 2001) to 409 

ppm in 2019 (Lan et al. 2020). Most of the CO2 emissions to the atmosphere are pro-

duced by anthropogenic sources such as fossil fuel burning and change in land use but 

also CO2 is released from natural sources such as organic decomposition, ocean release 

and respiration. A single lifetime of CO2 cannot be defined. The lifetime of atmospheric 

CO2 varies from 5 years to up to many hundred years since CO2 is removed in different 

rates by different processes. (IPCC 2001.)  

 

Methane is the third most abundant greenhouse gas in the atmosphere after water vapor 

(H2O) and CO2. Globally the concentration of CH4 has increased from 722 ppb (parts per 

billion) to 1866 ppb during 1750 – 2019 (Lan et al. 2020). Even though CH4 is less abun-

dant in the atmosphere than CO2, and its lifetime in the atmosphere is only about 12 
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years, CH4 absorbs more infrared radiation than CO2. The global warming potential 

(GWP) of CH4, that is its ability to absorb radiation and heat, is 84 times higher than that 

of CO2 over a 20-year timeframe and 28 times higher over a 100-year timeframe. Natural 

sources of CH4 cover about 35-50% of its global emissions with emissions from wetlands 

being the main natural source (from 177 to 284 Tg yr-1). (IPCC 2013.) Gorham (1991) 

estimated that 46 Tg CH4 yr-1 are emitted from undrained boreal peatlands.  

 

1.3 CO2 and CH4 in boreal peatlands – production, consumption, and 

transport 

 

Carbon dioxide in peat is produced mainly through heterotrophic respiration, where dead 

organic matter is decomposed by micro-organisms, and autotrophic respiration by roots 

in the aerobic layer (Oh et al. 2005). It can also be produced as a side product of meth-

anogenesis and through CH4 oxidation described below in equation 1 and 3. The pro-

duction of CO2 is affected by soil moisture, temperature and availability of labile C 

sources (Oh et al. 2005; Ridgwell et al. 1999; Dunfield et al. 1993). Really low moisture 

content inhibits the activity of aerobic microbes and roots and thus CO2 production is 

reduced. However, at high moisture content the production of CO2 is reduced due to the 

lack of oxygen. (Fang and Moncrieff 1999.) Temperature influences the decomposition 

rate of organic matter, higher temperature enhancing the decomposition and thus pro-

duction rate of CO2 (Moore and Basiliko 2006). Some plants are also resistant for de-

composition making the decomposition rate slow (Frolking et al. 2001).  

 

Methanogenic archaea (methanogens) produce CH4 in the water-saturated and anoxic 

part of the peat called catotelm (Vasander and Kettunen 2006). The three main pathways 

of producing CH4 are acetoclastic methanogenesis, hydrogenotrophic methanogenesis 

and methylotrophic methanogenesis (Xu et al. 2016). The acetoclastic methanogenesis 

or acetate fermentation uses acetate to produce CH4 and CO2: 

 

𝐶𝐻3𝐶𝑂𝑂𝐻 →  𝐶𝐻4 +  𝐶𝑂2 (1) 

 

In the hydrogenotrophic methanogenesis CO2 is reduced and thus the pathway can be 

called CO2 reduction: 

 

4𝐻2 + 𝐶𝑂2 →  𝐶𝐻4 +  2𝐻2𝑂 (2) 
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Methylotrophic methanogenesis produces CH4 from methylated carbon compounds 

such as methanol, methylamines or dimethylsulfide. Acetate fermentation accounts for 

about 50 – 90% of the global CH4 produced whereas CO2 reduction accounts for 10 – 

43%. Methylotrophic methanogenesis is considered a minor contributor since it makes 

up only a little of the overall CH4 production. (Xu et al. 2016.) According to Whiticar et al. 

(1986) and Whiticar (1999) acetate fermentation is more important pathway in freshwater 

environments than CO2 reduction. Methylotrophic methanogenesis is significant in saline 

environments (Xu et al. 2016).  

 

In the aerobic part of peat called acrotelm, methanotrophic bacteria (metanotrophs) uti-

lize about 20 – 40% of the CH4 produced in the anaerobic layers for growth and mainte-

nance (Whalen 2005). Methanotrophs can also oxidize CH4 from the atmosphere. In 

drained peatlands the forest floor and the surface soil are always aerobic and oxidation 

in these aerobic layers can be so strong that the drained peatlands can act as CH4 sinks. 

(Korkiakoski et al. 2017.) Methanotrophs oxidize CH4 to eventually form CO2: 

 

𝐶𝐻4 +  2𝑂2 →  𝐶𝑂2 + 2𝐻2𝑂 (3) 

 

Methane oxidation can be either high affinity CH4 oxidation that happens in low, atmos-

pheric CH4 concentrations, or low affinity CH4 oxidation that happens in high CH4 con-

centrations (Segers 1998). 

 

 

 

Figure 2. CH4 production and consumption. Illustration drawn by Lukas Kohl. 

 
 
As well as CO2 production, CH4 production and consumption are also affected by soil 

moisture, soil temperature and availability of labile C sources (Oh et al. 2005; Ridgwell 
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et al. 1999; Dunfield et al. 1993). Soil moisture and high WTL lead to more anoxic con-

ditions since O2 moves 10 000 times slower in water than in air (Hartikainen 2016). An-

oxic conditions increase the rate of CH4 production. Respectively the CH4 consumption 

decreases due to anoxic conditions. (Korkiakoski 2020.) Peltoniemi et al. (2016) found 

that the highest potential CH4 oxidation rates were at 0-10 cm in Carex-dominated fens. 

Also, Sundh et al. (1995) measured highest potential CH4 oxidation in the peat surface 

when the WTL was high, and about 10-20 cm below the surface when the WTL was 

lower. According to Dunfield et al. (1993) and Turetsky et al. (2008) rising temperature 

increases the activity of methanogens increasing the production rate as well as the con-

sumption rate of CH4. For CH4 production and consumption, the WTL is a more important 

factor than soil temperature. 

 

Carbon dioxide is mainly transported in soil by diffusion (Oh et al. 2005) but it can also 

be transported through plant-mediated transport, whereas CH4 can be transported into 

the atmosphere through three different mechanisms: diffusion, ebullition, and plant-me-

diated transport. In diffusion concentration gradient drives the transport from the lower 

anaerobic zone to the aerobic soil surface of peat and finally to the atmosphere. (Lai 

2009.) Diffusion and also other means of gas transport are important for facilitating the 

contact of CH4 with the oxidizing bacteria within the peat (Whalen 2005).  

 

In ebullition CH4 is transported and released to the atmosphere through gas bubbles. 

The bubbles are formed when the partial pressure of dissolved gases exceed the hydro-

static pressure in the peat. (Chanton and Whiting 1995.) Ebullition may lead to CH4 es-

caping to the atmosphere without the opportunity to oxidate in the aerobic layer of peat 

(Whalen 2005).  

 

Some aerenchymatous vascular plants can serve as canals for transporting CO2 and 

CH4 from the roots to the atmosphere. Methane transported via plants pass the aerobic 

layer where it would be oxidized. The transportation via plants can happen either through 

diffusion or through convection. The diffusion is driven by concentration gradient be-

tween gases in soil and in the atmosphere. The diffusion of O2 from atmosphere into 

roots accompanies an upward diffusion of CH4 from the rhizosphere to the atmosphere. 

Convection instead is driven by pressure differences created by the differences in tem-

perature or water-vapor pressure between the plant interior and exterior. (Lai 2009; 

Whalen 2005.) 
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According to Hashimoto and Komatsu (2006) for CO2 the relationship between environ-

mental conditions and concentration is not as unambiguous as for methane. Generally 

deeper soil profiles have higher CO2 concentrations, which is not necessarily because of 

higher production rates but mainly a result of low gas diffusivity and accumulation of CO2. 

(Hashimoto and Komatsu 2006.)  

 

1.4 Stable isotopes ratios 

 

Atoms consist of protons, electrons, and neutrons. The number of protons and neutrons 

determine the mass of an atom. The number of protons determine the element and it 

stays always the same for the element. The number of neutrons of an element can 

change causing a difference in mass and isotopic fractionation. For example, carbon has 

two isotopes, 12C and 13C.  (Sharp 2017.) Isotopes can be either stable or radioactive. 

Radioactive isotopes disintegrate spontaneously, and they have measurable half-lives, 

whereas stable isotopes do not disintegrate, and they have extremely long half-lives. 

(Tiwari et al. 2015.) 

 

The difference in mass between different isotopes cause variations in the physical and 

chemical properties such as density, diffusivity, and velocity. This is called the isotope 

effect. (Tiwari et al. 2015.) There are two kinds of isotope effects: kinetic and equilibrium. 

Kinetic isotope effects (KIE) are irreversible and associated with incomplete processes 

and isotopically substituted molecules exhibiting different reaction rates. Normally, a mol-

ecule with lighter isotopes will participate in reactions more readily than a molecule with 

heavier isotopes since less energy is needed to break bond formed by lighter isotopes 

than heavier isotopes. The kinetic isotope effects lead to kinetic isotope fractionation. 

For example, when the light isotopes react faster, they become concentrated in the prod-

ucts whereas the reactants become enriched in the heavier isotope. (Tiwari et al. 2015; 

Schoeller and Coward 1990; Sharp 2017; Kendall and Caldwell 1998) The KIE also af-

fects the diffusion and movement of gasses in the soil, lighter 12C compounds tending to 

move faster than the heavier 13C compounds. 

 

Equilibrium isotope effects (EIE) are reversible, and they affect the bond strength of a 

molecule between two substances or phases. The equilibrium isotope effect causes 

equilibrium fractionation. The heavier isotope forms stronger bonds and will concentrate 

in the phase with higher bond energy. The equilibrium fractionation is dependent on tem-

perature and the ratios of the different isotopes are constant in a particular temperature. 

Rayleigh’s fractionation equation (Equation 4) describes the fractioning of isotopes be-
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tween two phases when one phase decreases in size (Tiwari et al. 2015; Sharp 2017; 

Kendall and Caldwell 1998): 

 

𝑅 =  𝑅𝑜 𝑓(𝛼−1) (4) 

 

where R is the ratio of the isotopes in the reactant, Ro is the initial ratio, f is the fraction 

of material remaining and α is the isotope fractionation factor.  

 

The stable isotope data is reported in a delta (ẟ) notation by ẟ13C expressed in permil 

(‰).  

 

𝛿𝑥 = [
(𝑅𝑎)𝑠𝑎𝑚𝑝𝑙𝑒

(𝑅𝑎)𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑
− 1] 1000 (‰) (5) 

 

where Ra is the rate of the abundance of the heavy to light isotope (13C/12C) ratios relative 

to standard Vienna Pee Dee Belemnite (VPDB). The VPDB standard is 0,011237 (Ken-

dall and Caldwell 1998). 

 

The delta notation determines relative differences in isotopic ratios. A negative ẟ value 

means that the ratio of heavy to light isotope (13C / 12C) is lower in the sample than it is 

in the standard whereas a positive value is the opposite. (Sharp 2017.)  

 

The isotopic compositions of CO2 and CH4 can be used to determine their formation 

pathways. The global average of atmospheric ẟ13CCH4 in the Northern hemisphere is –

47.7‰ (Quay et al. 1999). The production and consumption of CH4 is controlled by the 

KIE as both methanotrophs and methanogens tend to utilize molecules with lower iso-

topic mass than the isotopically heavier ones. (Whiticar 1999.) Methane produced by 

acetate fermentation and CO2 reduction has isotope ratios varying in ẟ13CCH4 from –

110‰ to –50‰ (Whiticar 1999). Methane produced through acetate fermentation in gen-

eral has higher (more positive) ẟ13C values ranging from –50‰ to –65‰ whereas CH4 

produced through CO2 reduction has lower (more negative) ẟ13C values ranging from –

60‰ to –110‰. Carbon fractionation between acetate and CH4 is smaller than the frac-

tionation between CO2 and CH4. (Whiticar 1999; Whiticar et al. 1986; Holmes et al. 2015.) 

The KIE affects the CH4 oxidation when the light 12C is oxidized more rapidly than the 

heavier 13C leaving the residual CH4 enriched in 13C (Coleman et al. 1981). Methane 

oxidation has a KIE fractionation factor of about 1.022 – 1.025 (Reeburgh et al. 1997) 

and following oxidation a ẟ13CCH4 value from –30‰ to –50‰ (Inglett et al. 2013). 
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Knowledge of the isotopic composition of CH4 from natural and anthropogenic sources 

is needed when developing a global budget for CH4 sources and sinks (Chanton et al. 

2005). 

 

The global average of atmospheric ẟ13CCO2 is about –8‰ (Hare et al. 2018). ẟ13C for C3 

plants is about 20‰ less than that in the atmosphere. This is because of the KIE of 

RubisCO, which converts atmospheric CO2 into bioavailable sugar molecules. (Farquhar 

et al. 1982.) The CO2 released from respiration of plants and animals is depleted in 

ẟ13CCO2 relative to atmospheric CO2 having isotope ratios varying from –24‰ to –30‰, 

being about –27‰ for most of Earth’s vegetation (Hare et al. 2018; Bowling et al. 2008) 

as well as for soil organic matter (Reeburgh et al. 1997). Carbon dioxide produced from 

CH4 production is estimated to have isotopic values of +9‰ (Holmes et al. 2014). During 

CH4 oxidation CH4 is enriched in 13C meaning that CO2 has to be depleted in 13C getting 

more negative values (Huang and Hall 2018). 

 

1.5 Gaps of knowledge 

 

Different forest management are known to affect the carbon storage and the carbon 

fluxes in forests, including soil emissions and uptake of CO2 and CH4. The emission can 

be expected to follow changes in soil CO2 and CH4 concentrations. The concentrations 

in different soil depths in turn tell about the activity of different microbes producing CO2 

and CH4 and consuming CH4 as well as about the transport of gases, all of which are 

parameters needed when C balance and C flows within forest ecosystems are modelled. 

The concentrations of CO2 and CH4 in boreal peatland forests soil profiles, and how the 

forest management affects the concentrations have not yet been thoroughly studied. Iso-

topic values of CO2 and CH4 in different depths in these forests also remain unknown. 

The isotopic values of CO2 and CH4 can be used to interpret the production pathways of 

CO2 and CH4, and this knowledge is important for process understanding and for mod-

elling the carbon flows and management effects on carbon dynamics in peatland forests.  

 

1.6 Aims of the study 

 

The aim of this thesis is to study how different forest management, in this case partial 

harvest, affect the CO2 and CH4 in peat soil at 0-65 cm depth during the growing season. 

The thesis will answer the following questions: 

 

1. How does the concentration of CO2 and CH4 change in the soil profile? 
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2. How does CO2 isotope value change in the soil profile and how can it be inter-

preted? 

3. How does the partial harvest differ from control? 

 

1.7 Hypotheses 

 

The main hypotheses answering the questions above are: 

 

1. The WTL and temperature will be higher in partial harvest than in control. 

2. The CO2 concentration value will increase from atmospheric CO2 concentration 

in the surface towards the deeper soil layers due to respiration in the aerobic 

layers and slow diffusion in the water saturated (anoxic) layers.  

3. In partial harvest, the CO2 concentration in the deeper soil layer will be higher 

than in control due to higher WTL and slow diffusion although the lack of oxygen 

decreases the respiration. 

4. As respiration rates increase with temperature during the summer, CO2 concen-

tration will be higher during the warmest time of summer. 

5. The CH4 concentration will increase from shallow to deep soil layers as the pro-

duction of methane is limited to deep soil layers with anoxic conditions. 

6. CH4 oxidation will be highest near the soil surface in the top 20 cm of soil, where 

there is oxygen available. 

7. CH4 concentration will be higher in partial harvested because higher WTL in-

creases anoxic conditions and therefore methane production.  

8. There will be less CH4 oxidation in the partial harvest than in control due to 

smaller O2 concentration.  

9. Measurable amounts of soil CO2 are derived from CH4 oxidation having more 

negative ẟ13CCO2 values. 

10. Higher methane production in partial harvested will lead to more CH4-derived CO2 

and therefore more negative ẟ13CCO2 values. 
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2 MATERIALS AND METHODS 

 

2.1 Study sites 

 

The samples were collected from two different peatland forests in southern Finland, Let-

tosuo (60°38’ N, 23°57’ E) and Paroninkorpi (61°0’ N, 24°45’ E). 

 

 

 
Figure 3. Location of Paroninkorpi and Lettosuo. Image modified from Google Maps. 

 
 
Lettosuo is a fertile peatland forest located in Tammela municipality. According to the 

Site type classification on drained peatlands (Vasander and Laine, 2008) Lettosuo is 

classified as Vaccinium myrtillus type II (Mtkg II). It was originally a sedge fen that was 
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drained in the 1930s with widely spaced ditches. A more effective drainage was done in 

1969 with ditches ca. 1 meter deep and 45 meters apart from each other. The peat layer 

is from 1.5 m to 2.5 m, dominated by Carex remains. The moss layer is dominated by 

feather mosses (Pleurozium schreberi and Dicranum polysetum) as well as Sphagnum 

mosses. Before the harvest treatments in 2016, the forest was dominated by Scots pine 

(Pinus sylvestris) and downy birch (Betula pubescens). The ground vegetation is mostly 

herbs (e.g. Trientalis europaea and Dryopteris carthusiana) and dwarf shrubs, such as 

bilberry, Vaccinium myrtillus. In the winter 2016 harvest treatments were made and 13 

ha was partially harvested by removing the dominant pine trees and 3,1 ha was left as a 

control. 

 

 

 

Figure 4. Treatments and experimental setup in Lettosuo. Partial harvest and control have each 
three sets of soil gas collectors. 
 

 

Paroninkorpi is located in Janakkala municipality. It is classified as an herb-rich peatland 

forest (Rhtkg II). The main ditches were first dug in the 1940s, and the ditch network was 

complemented in the beginning of 1960s. The forest has been managed with multiple 

commercial thinnings from below, the last being done in the 1980s. The tree stand varies 

from pure spruce stands in the west to pine stands and pine-spruce-birch mixed stands 

in the east. The peat layer is >1 m thick consisting mostly of sedge (Carex spp) peat. 
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The moss layer is mostly feather mosses (Pleurozium schreberi and Hylocomium splen-

dens) and Sphagnum mosses. The ground vegetation is dominated by herbs such as 

Trientalis europaea, Dryopteris carthusiana and Maianthemum bifolium, as well as dwarf 

shrubs (e.g. Vaccinum myrtillus). 

 

In 2016, a continuous cover forest experiment was set up in Paroninkorpi. 15 40mx40m 

areas were marked and randomized into three different treatments: thinning from above 

to a stand basal area of 12 m2/ha (50–60% of total basal area), thinning from above to a 

stand basal area of 17 m2/ha (30% of total basal area), and control (no harvest, stand 

basal area of 21-30m2/ha). The selective harvests were done in 2017. 

 

 

 

Figure 5. Treatments and experimental setup in Paroninkorpi. There are three sets of soil gas 
collectors both in control and partial harvest. Plot 1 has two sets of soil gas collectors, plot 5 has 
one set and plot 6 has three sets.  
 

 

Annual and summer (June-September) temperatures of measurement years (2019-

2020) in both sites were warmer than the long-term (1981-2010; Pirinen et al. 2012) 



19 
 

mean temperatures which were for Lettosuo 4.6 °C annually and 13.9 °C during summer 

and for Paroninkorpi 4.2 °C annually and 13.7 °C during summer. The long-term precip-

itations were, however, higher during the long-term than during the measurement years. 

The long-term mean temperatures and precipitation well as temperatures and precipita-

tion from the measurement years 2019 and 2020 are presented in Table 1. below. 

 

Table 1. Mean annual and summer (June-September) temperature and precipitation in Lettosuo 
and Paroninkorpi. 
  

 

 

2.2 Experimental setup 

 

In Lettosuo soil gas collectors were buried into the peat soil in 2016. Three sets of col-

lectors were installed both in partial harvest (1A, 1B, 1C) and control (2A, 2B, 2C) (see 

Figure 4.). In each collector set, three collectors were buried in different depths: 25 cm, 

45 cm, and 65 cm below the ground. Altogether Lettosuo has 18 soil gas collectors.  

 

In 2018, the first set of collectors were installed in Paroninkorpi. Collector sets were in-

stalled to the sample plots 1, 5 and 6 (see Figure 5.) and named with the letter A. The 

collectors were buried in depths of 10, 30 and 60 cm. In the spring 2019, collectors in 

the depth of 5 cm were added to these sets. New sets of collectors, named with the letter 

B, were also installed to the plot 1 (1B) and 6 (6B1 and 6B2). The collectors were buried 

in the depths of 10, 30 and 50 cm. Paroninkorpi has 21 gas collectors. 

 

2.3 Soil gas collectors 

 

The soil gas collectors were made from a 220 cm long, 10 mm wide silicone tube that 

was closed from the other end with sealing tape and cable ties. It was attached to a 0.4 

 Year Air Temperature Precipitation (mm) 

  Annual Summer  Annual Summer 

Lettosuo 1981-2010 4.6 13.9 627 276 

 2019 5.9 14.7 662 260 

 2020 7.3 15.3 727 226 

      

Paroninkorpi 1981-2010 4.2 13.7 645 282 

2019 6.1 14.3 730 263 

 2020 6.8 14.8 631 237 
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mm wide PTFE-tube with a restrictive direct connector, sealing tape, cable tie, heat-

shrink tube and an ABA-tightener. The length of the PTFE-tube varied depending on the 

burial depth (burial depth + 45 cm). A three-way faucet was attached to the other end of 

the PTFE-tube with sealing tape and heat-shrink tube. The volume of the soil gas collec-

tors is about 165 ml. 

 

 

Figure 6. Example of a soil gas collector. 

 

 

2.4 Gas samples 

 

Gas samples were taken from the soil gas collectors with a 60 ml syringe (SOL-MTM) and 

injected into a 12 ml vial (Labco Exetainer) to an excessive pressure with a needle. A 

separate syringe and a needle were used for each depth to avoid contamination of sam-

ples. The vials used were septum sealed glass vials that were evacuated. From each 

collector, the sample was injected into two vials: one for greenhouse gas (GHG) concen-

tration measurements and one for isotope analysis. In addition, two replicate samples 

were also taken from the moss layer of each sample plot as well as one sample of the 

ambient air taken about 2 m above ground from each treatment. The samples were col-

lected 1-2 times a month during June 2019 – September 2019 and May 2020 – Septem-

ber 2020 from Lettosuo and during June 2019 – September 2019 and June 2020 – Sep-

tember 2020 from Paroninkorpi. 
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Figure 7. Taking gas samples with a syringe and injecting them into evacuated glass vials. 

 

 

2.5 Temperature and water level table 

 

Temperature of the peat was measured in 2019 with temperature loggers (iButton, 

Maxim Integrated, USA) from both sites. The loggers were at the depths of 5 cm and 30 

cm in Lettosuo and at 5 cm, 10 cm and 30 cm in Paroninkorpi. In 2020 temperature was 

measured in Lettosuo with the loggers at depths of 5 cm, 10 cm and 30 cm. In 

Paroninkorpi temperature was measured manually with a thermometer during the sam-

pling days from the depths 5 cm, 10 cm, and 30 cm but also with soil moisture sensors 

(SoilScout, Finland) from the depths of 10 cm and 30 cm to get the temperature change 

for the whole summer. In Lettosuo the loggers were only near sample plots 1A and 2B 

in 2019 and near plots 1A, 2B and 2C in 2020, so the temperature data is not complete. 

In Paroninkorpi the loggers in 2019 and the soil moisture sensors in 2020 were situated 

one set per treatment. 
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The water table level was measured from Lettosuo with automatic probes (Odyssey® 

Capacitance Water Level Logger, Dataflow Systems Ltd., New Zealand). In Paroninkorpi 

the water table level was measured through perforated manual pipes that were set into 

the ground so that the water table level in the pipe would be the same as in the peat. A 

tube with a measuring tape was used to blow air into the manual pipe making the water 

bubble. From this the water table level could be determined and calculated.  

 

2.6 Concentrations 

 

The GHG concentration samples were analysed in Hyytiälä forest field station with a gas 

chromatograph equipped with flame ionization detectors (Agilent Gas Chromatograph 

7890A, Agilent Technologies, USA) according to Pihlatie et al., (2013).  

 

2.7 Stable isotope analysis 

 

2.7.1 PICARRO analysis 
 

Cavity Ring-Down Spectrometer (G2201-i, Picarro Inc., USA) and its attachment to the 

Small Sample Isotope Module (SSIM, A0314, Picarro Inc, USA) was used to analyse the 

isotopic values of the gas samples. The SSIM is designed to analyze small samples 

(around 20 ml) so if the sample was smaller, as most of our samples, the analyser diluted 

it with synthetic air which does not contain any CO2 or CH4. Based on the concentration 

analysis the whole volume of the sample was analysed if the concentration of CO2 was 

between 100-5000 ppm and of CH4 between 0-1500 ppm. Those samples that were not 

in the range were diluted to be around 700 ppm for CO2 and 3 ppm for CH4 but with the 

minimum possible injected volume being 0.1 ml. 

 

2.7.2 Corrections 
 
 
The Picarro G2201-i manual guarantees that when the CH4 concentration is over 2 ppm 

the device should give a reliable CH4 value. Because most of the samples had concen-

tration below this 2 ppm CH4, the ratio of the CH4 isotope values may have a systematic 

error. The analyzer also has an upper limit for the CO2 value, hence samples with high 

CO2 concentration had to be corrected. These corrections for CO2 were acceptable, but 

CH4 had some problems that must be solved and therefore the CH4 isotopes readings 

are left out from this thesis. 
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The ẟ13C value of CO2 that were out of guaranteed range were corrected based on re-

peated injections of a reference gas with known ẟ13C values at different concentrations 

(B. Tupek, personal communication). The equation for the correction can be seen in Fig-

ure 8. 

 

 

Figure 8. The dashed lines show the CO2 concentration in the ambient air (409 ppm). The red 
line indicates the reference value for the reference gas. 

 
 

Using the equation from Figure 8, the corrected values for ẟ13CCO2 could be calculated 

with equation 6: 

 

ẟCO2corr =  ẟCO2 + (4.623 ∙ 0.065(3.626−log10(cCO2))2
− 7.939) (6) 

 

where ẟCO2corr is the corrected value of ẟ13CCO2, ẟCO2 is the measured ẟ13CCO2 value 

and cCO2 is the measured 12CCO2 value. 

 

2.8 Statistical analysis 

 

Due to the limitations on the amount of gas collectors put into the ground in Paroninkorpi 

I will consider both harvest treatments 17 m2/ha and 12 m2/ha as one when analyzing 

the CO2 and CH4 concentrations. When doing this the partial harvest will have altogether 

three set of collectors similar to the control. Also, the soil depths 50 and 60 cm will be 

combined since the control would only have one replicate of 60 cm and partial harvest 

one replicate of 50 cm. Concentrations that were clearly too low and a leak was expected, 

were removed as outliers. All graphs and tests were carried out with R-program (R Core 

Team, 2020, version 4.0.1.). The results were interpreted as significant if the p-value < 

0.05. 
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The difference in WTL and temperature between the treatments could not be tested due 

to short number of replicates. Figures were drawn and interpreted to see if WTL and 

temperature were higher in partial harvest than in control (Hypothesis 1).  

 

To test Hypotheses 2 and 5 (gas concentration difference by depth), I first calculated the 

average gas concentration at each location and depth throughout all sampling time 

points. Testing whether a significant difference exist was challenging as several test as-

sumptions could not be met.  

 

First, we could not assume that concentrations at different depths at the same location 

were independent of each other. By itself, this limitation could be addressed by carrying 

out a repeated measures analyses of variance (ANOVA). However, we could not assume 

the data to be normally distributed and having the same variance (homoscedasticity = 

homogeneity of variance among samples from distinct treatments). In the case of con-

centration data, for example, the data is often log-normally distributed and could be log-

transformed prior to statistical tests to make it more symmetrical and closer to normal 

distribution (Feng et al. 2012). Furthermore, the number of independent samples was 

too small to test these assumptions for my dataset. Small sample size typically requires 

the use of non-parametric tests, e.g., Kruskal-Wallis test.  

 

Repeated measures analysis and non-parametric analyses, however, are mutually ex-

clusive. I therefore applied both approaches (repeated measures ANOVA after log-trans-

formation and Kruskal-Wallis test). Results were interpreted conservatively – only if both 

approaches show p < 0.05, significance was assumed. These tests were followed up by 

pairwise Wilcox post-hoc test.  

 

To test hypothesis 3 and 7 (gas concentration difference between partial harvest and 

control) Kruskal-Wallis test followed up by pairwise Wilcox post-hoc test, as described 

above, was done.  

 

The seasonal dynamics and the temperature affection of CO2 (Hypothesis 4) was inter-

preted from figures and tested with Kruskal-Wallis test. Oxidation was not measured di-

rectly so hypothesis 6 (CH4 oxidation between depth) and hypothesis 8 (CH4 oxidation 

between treatments) were interpreted from the figures. 

 

To determine the fraction of soil CO2 derived from CH4 oxidation, ẟ13CCO2 data was in-

spected in a modified Keeling plot. This approach assumed that ẟ13CCO2 was determined 
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by the mixing of atmospheric CO2 (–8‰), CO2 derived from the (aerobic) decomposition 

of organic matter (approximately –27‰), and CO2 derived from CH4 oxidation (ẟ13C sim-

ilar to CH4, modified by KIE, approximately –70 to –90‰). A three end-member mixing 

model can thus be formulated as shown in equation 7. 

 

𝛿13𝐶𝑠𝑢𝑚 =  
𝛿13𝐶𝐻𝑅𝑐𝐻𝑅 +  𝛿13𝐶𝑀𝑂𝑐𝑀𝑂 +  𝛿13𝐶𝑎𝑡𝑚𝑐𝑎𝑡𝑚

𝑐𝐻𝑅 + 𝑐𝑀𝑂 + 𝑐𝑎𝑡𝑚
(7) 

 

where, ẟ13CHR, ẟ13CMO and ẟ13Catm are respectively the ẟ13C (‰) of CO2 produced by 

heterotrophic respiration, CH4 oxidation and atmospheric CO2 and cHR, cMO and catm are 

respectively the concentrations of CO2 derived from each source. The end-members 

were determined based on the data and known values from literature. The isotope ratio 

of CO2 and the inverse of the CO2 concentration, 1/CO2 [ppm], could be plotted into a 

Keeling plot based on the mass balance equation (equation 7). The relationship between 

concentration and isotopic ratios of CO2 was first used by Keeling (1959). The point for 

atmosphere was determined –8‰ and 1/410 ppm at first but when looking at the ẟ13C 

results from my ambient air samples most of the samples were closer to –18‰ so the 

point for atmospheric CO2 was changed in the figures. The heterotrophic respiration was 

determined to be between –26 to –29‰ and CH4 oxidation to –70 to –90‰. Contributions 

of CH4-derived C will lead to ẟ13CCO2 values below that of organic matter (–29‰) The 

relationship of the isotope ratio and concentration for each depth was plotted into the 

Keeling plot (Hypothesis 7). 

 

To test if the ẟ13CCO2 differs between partial harvest and control (Hypothesis 8) a Kruskal-

Wallis test, similar to hypothesis 2 and 5, was done.  

 

2.9 Sources of error 

 

Some of the older gas collectors in the field did not have sealing tape and heat-shrinking 

tube attaching the three-way faucet to the PTFE-tube. This could have affected the sam-

ples if the attachment was loose. Also, sometimes there was not enough sample to fill 

both vials to an overpressure.  

 

In 2020 the samples were stored at first in cold (+4°C) but sent to Hyytiälä in room tem-

perature. When analysing the samples with PICARRO, the samples were stored in room 

temperature. In 2019 the concentration and isotope samples collected in June were 

stored for about 5 months before analyzation. In 2020 the concentration samples were 
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analysed 1-3 months after they were collected but for the isotope samples the storing 

was prolonged and the analysing of the isotopes started in the beginning of October. As 

the vials should have been overpressurized the prolonging of samples should not affect 

the samples too much.  

 

A test was made to see does the result differ if the sample were analysed straight from 

the vial or taken first into a syringe. A 20 ml sample was taken into a syringe out of a bag 

filled with room air and analysed with the Picarro. This was repeated three times. After 

this the sample was taken into the same syringe and moved into an evacuated vial. The 

vial was attached straight to the analyser. This was also repeated three times. From the 

20 ml about 2 ml was left into the syringe. Also, for example the ẟ13CCO2 values were 

more negative for the samples analysed via syringe than straight from the vial. So, the 

way the sample was injected into the Picarro could have affected the results.  
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3 RESULTS 

 

3.1 Water table level and temperature 

 

3.1.1 Water table level 
 

The average water table level was higher in partial harvested areas than in control areas 

in both sites. In Lettosuo the mean WTL in the partial harvested area in 2019 was –52.1 

cm and in control –63.1 cm. In 2020 the values were –51.6 cm and –65.6 cm, respec-

tively. In Paroninkorpi the WTL was highest in the stand basal area of 12 m2/ha. The 

mean WTLs in Paroninkorpi were –66.2 cm, –64.9 cm, and –76.2 cm for 17m2/ha, 

12m2/ha, and control plots, respectively in 2019. In 2020 the values were –50.6 cm, –

45.2 cm, and –63.2 cm, respectively. In 2020 the WTL rose during July and August. 

Based on the change of the WTL during the summer, year 2019 was dryer than year 

2020. The WTL changes between different treatments as well as during the summer can 

be seen in Figure 9. and 10.  



28 
 

 

 
Figure 9. The average water table level in partial cutting and control in Lettosuo as well as the 
water table level change during the summer. 
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Figure 10. The average water table levels and the changes during the summer in Paroninkorpi. 

 

 

3.1.2 Temperature 
 

The overall temperature in both sites was warmer in 2020 than in 2019. The average soil 

temperatures in Lettosuo were highest in August for both years and each depth. The 

temperature was highest at 5 cm depth from May to August but from September on there 

was a turn both years so that temperature at 30 cm depth became higher than tempera-

ture at 5 cm (Appendix 1 and 2).  

 

The temperature change in Lettosuo between partial harvest and control during the sum-

mer of 2019 and 2020 can be seen in Figure 11. Partial harvest was mostly warmer than 

control having a bigger change in the middle of the summer. In 2019, the soil temperature 
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at 5 cm depth was on average 0.3°C higher in partial harvest than in control. At 30 cm 

the soil temperature was on average 0.4°C lower in partial harvest than in control. In 

2020 the soil temperatures were higher in partial harvest than in control being on average 

0.8°C, 1.2°C and 0.3°C for 5 cm, 10 cm, and 30 cm, respectively.  

 

 

 

 
Figure 11. Temperature change at different depths between partial harvest and control during 
summer 2019 and 2020. 

 
 

In Paroninkorpi the average soil temperatures in 2019 were highest at 5 cm depth during 

July. At 10 cm depth the highest temperatures were in July for partial harvest and in 

August for control. In 2020 the highest temperature at 10 cm was in July for partial har-

vest and for control in August. At 30 cm depth the highest temperatures were in August 

both years (Appendix 4). As in Lettosuo the temperatures at 5 cm and 10 cm were high-
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est until September after which the highest soil temperatures were found at 30 cm depth. 

The change in temperature during the summer can be seen in Appendix 3.  

 

The change in temperature in different depths between treatments can be seen in Figure 

12. In 2019 the temperature at 5 cm depth was on average 1.4 – 1.6°C higher in partial 

harvest than in control. Temperature at 10 cm was 1.5 – 1.9°C higher and at 30 cm 1.7 

– 1.8°C higher in partial harvest than in control. In 2020 the temperature at 10 cm was 

on average 0.8°C higher and at 30 cm 1.2°C higher in partial harvest than in control. The 

differences between harvest 17 m2/ha and 12 m2/ha were only from 0.01 to 0.4°C, 12 

m2/ha having mostly higher temperatures. 

 

 

 

 
Figure 12. Temperature change at different depths between treatments in Paroninkorpi. 
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3.2 Concentrations 

 

3.2.1 CO2 concentration difference by depth 
 

The CO2 concentrations in Lettosuo varied from 531 ppm to 195 000 ppm during 2019 

and from 400 ppm to 282 500 ppm during 2020. In 2019 the lowest concentration was 

measured from plot 2C (partial harvested area) at moss layer in 27.6.2019 and the high-

est from plot 1B (control) at 65 cm depth in 22.7.2019. In 2020 the lowest concentration 

was measured from the moss layer of plot 1C (partial harvested area) in 15.6.2020 and 

the highest in 12.8.2020 from plot 1B at 65 cm depth. In 2019 the concentrations varied 

between 531 ppm and 989 ppm in the moss layer (depth 0 cm in figures). Tables 2 and 

3 show the range of CO2 concentration and means at each depth in 2019 and 2020.  

 

. 
Table 2. Lettosuo CO2 concentrations [ppm] in 2019 
 

Depth Min Max Mean 

Moss 531 989 684 

-25 cm 3585 32 700 11 900 

-45 cm 1677 48 700 21 900 

-65 cm 4428 195 000 49 700 

 

 

 
Table 3. Lettosuo CO2 concentrations [ppm] in 2020. 
 

Depth Min Max Mean 

Moss 400 843 555 

-25 cm 1808 40 000 15 800 

-45 cm 14 000 85 100 35 200 

-65 cm 7135 282 500 74 800 

 

 

The minimum and maximum concentrations as well as median, mean and standard de-

viation for each depth can be seen in Appendix 5. The average concentrations for each 

depth on each sampling day can be seen in Figure 13. 
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Figure 13. CO2 concentrations in Lettosuo during the sampling days. The mean and standard 
deviation can be seen for each treatment and each depth. 

 
 

In Paroninkorpi, the CO2 concentrations varied between 462 ppm (measured 10.9.2019 

from the moss layer of plot 1B, stand basal area of 17m2/ha) and 125 500 ppm (meas-

ured 19.9.2019 from plot 1A at 60 cm depth) in 2019. In 2020 the concentration varied 

between 407 ppm (measured 29.6.2020 from plot 6B1, control, from moss layer) and 

424 600 ppm (measured 12.8.2020 from plot 1A at 60 cm depth).  

 

Tables 4 and 5 show the range of CO2 concentration in Paroninkorpi in 2019 and 2020. 

In addition, median and standard deviation can be seen in Appendix 6. Figure 14. shows 

the average concentrations during each sampling day in Paroninkorpi. 
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Table 4. Paroninkorpi CO2 concentration [ppm] in 2019. 
 

Depth Min Max Mean 

Moss 462 997 639 

-5 cm 749 1213 990 

-10 cm 1881 17 300 6567 

-30 cm 8678 47 200 24 000 

-50 cm 29 300 56 000 42 000 

-60 cm 19 200 125 600 62 300 

 

 

 
Table 5. Paroninkorpi CO2 concentration [ppm] in 2020. 
 

Depth Min Max Mean 

Moss 407 727 481 

-5 cm 814 1648 1174 

-10 cm 1822 27 400 7428 

-30 cm 8905 48 200 21 700 

-50 cm 22 300 96 200 56 900 

-60 cm 31 400 424 600 156 900 
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Figure 14. CO2 concentrations in Paroninkorpi during the sampling days. Standard deviation can 
be seen for some depths. Some depths only had one value so standard deviation cannot be seen 
for these. 

 
 

A comparison of the average measured CO2 concentrations at each depth and each plot 

revealed significant differences between all the depths (moss, -25, -45 and -65) in Let-

tosuo (repeated measures ANOVA after log-transformation, F-value = 260.3, p-value = 

3.73e-13) with higher concentrations found at greater depth. 

 

A similar result was found by Kruskal-Wallis test (chi-squared = 209.56 p-value < 2.2e-

16) and the pairwise Wilcox post-hoc test (Table 6.) 
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Table 6. P-values from comparison between the average measured CO2 concentration at each 
measured depth in Lettosuo. The number of the depth indicates the depth of the soil gas col-
lector (1 = -25cm, 2 = -45cm and 3 = -65cm). The samples from the moss layer are marked as 
sam. 
 

Depth [cm] 1 2 3 

2 1.5e-11 - - 

3 < 2e-16 4.4e-08 - 

sam < 2e-16 < 2e-16 < 2e-16 

P value adjustment method: none 

 

 

In Paroninkorpi the repeated measures ANOVA after log-transformation gave a F-value 

of 92.5 and a p-value of 2.65e-11 for the average measured CO2 concentrations at each 

depth and each plot meaning there is a significance between different depths. The Krus-

kal-Wallis test supported this finding (chi-squared = 204.57, p < 2.2e-16). Significance 

between depths can be seen in Table 7. 

 

 
Table 7. P-values from pairwise Wilcox post-hock test from Paroninkorpi The depth indicates 
the depth (-5 cm, -30 cm, -55 cm) the soil gas collector was buried under measured from the 
soil surface. Moss layer the sample was collected is marked on the table as sam. 
 

Depth [cm] 10 30 5 55 

30 1.7e-12 - - - 

5 5.0e-13 5.3e-12 - - 

55 < 2e-16 1.8e-12 5.0e-13 - 

sam < 2e-16 < 2e-16 1.2e-12 < 2e-16 

P value adjustment method: none 
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3.2.2 CO2 concentration difference between treatments 
 

Figure 15. shows the average concentrations of each depth with the p-values between 

treatments in Lettosuo and Paroninkorpi. 

 

 

Figure 15. Average concentrations throughout the sampling time points in Lettosuo and 
Paroninkorpi. The figures show the mean and standard deviation of each depth as well as the 
significance of the difference between the treatments obtained from pairwise Wilcox post-hoc test 
(Table 8. and 9.) 

 
 

In Lettosuo the differences between partial harvest and control were found out to be 

significant (Kruskal-Wallis chi-squared = 10.133, p = 0.001457). The results of multiple 

pairwise-comparison between groups can be seen in Table 8. The concentration be-

tween the partial harvest and control at the moss layer and at 25 cm depth were not 

significant (p = 0.2780 and p = 0.7302 respectively). At 45 cm depth the difference was 

slightly significant (p = 0.0269) whereas at 65 cm the difference between partial harvest 

and control was significant (p = 2.6 e-09).  
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Table 8. P-values from a multiple pairwise-comparison in Lettosuo. The first number of the 
group indicates the treatment (1 = partial harvest, 2 = control) and the second number indicates 
the depth (1 = -25cm, 2 = -45cm, 3 = -65cm, sam = moss). 
 

Group 1-1 1-2 1-3 1-sam 2-1 2-2 2-3 

1-2 1.8e-05 - - - - - - 

1-3 1.4e-12 1.1e-09 - - - - - 

1-sam 2.1e-12 1.4e-12 5.0e-14 - - - - 

2-1 0.7302 6.6e-10 6.5e-13 1.4e-12 - - - 

2-2 0.0015 0.0269 3.7e-11 2.1e-12 1.2e-07 - - 

2-3 1.9e-05 0.7682 2.6e-09 2.1e-12 6.1e-09 0.667 - 

2-sam 3.0e-12 2.1e-12 8.1e-14 0.2780 2.1e-12 3.0e-12 3.0e-12 

P value adjustment method: none 

 

 

In Paroninkorpi Kruskal-Wallis test between partial harvest and control did not give a 

significant result (chi-squared = 0.0037095, p-value = 0.9514). A significance could be 

seen at 10 cm and 55 cm depth between the partial harvest and control (Pairwise Wilcox 

post-hoc test p = 0.02079 and p = 0.00725 respectively). Comparing partial harvest and 

control, the other depths were not significant. The p-values between depths and treat-

ments can be seen in Table 9. 

 

 
Table 9. P-values between depths and treatments in Paroninkorpi. The first number indicates the 
treatment (1 = partial harvest, 6 = control) and the second number indicates depth in cm (sam = 
moss layer). 

 

Group 1-10 1-30 1-5 1-55 1-sam 6-10 6-30 6-5 6-55 

1-30 1.2e-09 - - - - - - - - 

1-5 1.9e-08 4.3e-08 - - - - - - - 

1-55 4.5e-10 6.4e-08 2.5e-08 - - - - - - 

1-sam 3.0e-10 1.0e-09 4.9e-08 4.5e-10 - - - - - 

6-10 0.02079 5.5e-06 4.3e-08 1.6e-09 1.0e-09 - - - - 

6-30 1.2e-07 0.81447 7.4e-07 2.6e-06 6.1e-08 0.00043 - - - 

6-5 9.8e-06 1.4e-05 0.15723 1.1e-05 4.3e-05 1.4e-05 5.2e-05 - - 

6-55 6.7e-10 3.2e-07 3.3e-08 0.00725 6.7e-10 3.0e-09 1.1e-05 1.2e-05 - 

6-sam 4.5e-10 1.5e-09 2.5e-08 6.5e-10 0.32342 1.5e-09 7.7e-08 1.3e-05 9.7e-10 

P value adjustment method: none 
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3.2.3 Seasonal dynamics of CO2 concentration 
 

The change in temperature and concentration during the sampling time points can be 

seen in Figure 16. There was no significant seasonal variation in the concentration (Krus-

kal-Wallis 2019 chi-squared = 3.6221, p – value = 0.3053 and 2020 chi-squared = 

6.7501, p – value = 0.3446) not even when looking only at the deepest depth (Kruskal-

Wallis 2019 chi-squared = 4.3173, p – value = 0.2292 and 2020 chi-squared = 10.745, 

p – value = 0.09659). 

 

 

Figure 16. Change in temperature and CO2 concentration throughout the growing seasons of 
2019 and 2020 in Lettosuo. 

 

 

In Paroninkorpi the CO2 concentration did not change significantly either in 2019 or in 

2020 during the growing season (Kruskal-Wallis 2019 chi-squared = 0.03426, p – value 
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= 0.983 and 2020 chi-squared = 1.9696, p – value = 0.8533). Figure 17. shows the sea-

sonal change of temperature as well as of CO2 concentration. Looking at the figure the 

deepest depth seems to have some change at least in 2020 but there was no significant 

change (Kruskal-Wallis 2019 chi-squared = 0.31579, p – value = 0.8539 and 2020 chi-

squared = 6.6306, p – value = 0.2496). 

 

 

Figure 17. Change in temperature and CO2 concentration at each sampling time point. 

 
 
3.2.4 CH4 concentration difference by depth 
 

In Lettosuo the CH4 concentration varied between 0.56 ppm (measured 26.9.2019 from 

partial harvest plot 1B at 45 cm depth) and 147 300 ppm (measured 22.7.2019 from the 

same plot but at 65 cm depth) during 2019. In 2020 the lowest (0.12 ppm) and the highest 

(189 100 ppm) concentrations were measured 27.7.2020 and 15.6.2020 from the same 
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plots and depths, respectively, as in 2019. Tables 10 and 11 show the range in concen-

tration in different depths in 2019 and 2020. 

 

 
Table 10. Lettosuo CH4 concentrations [ppm] in 2019. 
 

Depth Min Max Mean 

Moss 1.94 8.09 2.68 

-25 cm 0.73 2.45 1.48 

-45 cm 0.56 3.18 1.24 

-65 cm 0.65 147 300 18 500 

 

 

 

 
Table 11. Lettosuo CH4 concentrations [ppm] in 2020. 
 

Depth Min Max Mean 

Moss 1.73 23.40 2.47 

-25 cm 0.38 2.22 1.14 

-45 cm 0.12 32.08 3.50 

-65 cm 0.26 189 100 25 400 

 

 

Appendix 7 shows the minimum and maximum values CH4 concentrations as well as 

medians, means and standard deviations. The concentrations for each sampling day are 

shown in Figure 18.  
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Figure 18. Methane concentrations in Lettosuo. The x-axel is shown in a logarithmic scale. 

 
 
In Paroninkorpi the CH4 concentrations varied between 0.09 and 109 ppm in 2019 and 

between 0.05 and 107 ppm in 2020. In 2019 the lowest concentration was measured 

25.6.2019 from plot 6B2 at 30 cm depth whereas the highest was measured 25.6.2019 

from plot 5A at 60 cm depth. In 2020 the lowest concentration was measured from plot 

5A at 30 cm depth and the highest concentration was measured 29.6.2020 from the 

same plot at 60 cm. Tables 12 and 13 show the range in concentration in 2019 and 2020. 

Other statistical variables of CH4 in Paroninkorpi can be seen in Appendix 8. Figure 19. 

shows concentrations on each sampling time point.  
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Table 12. Paroninkorpi CH4 concentrations [ppm] in 2019. 

 

Depth Min Max Mean 

Moss 2.02 2.36 2.04 

-5 cm 1.92 2.12 2.00 

-10 cm 0.33 2.07 1.26 

-30 cm 0.09 2.10 0.75 

-50 cm 0.20 5.77 1.10 

-60 cm 0.68 109 21.16 

  

 

 
Table 13. Paroninkorpi CH4 concentrations [ppm] in 2020. 

 

Depth Min Max Mean 

Moss 1.80 2.21 1.97 

-5 cm 1.58 1.98 1.77 

-10 cm 0.06 1.45 0.84 

-30 cm 0.05 7.42 0.91 

-50 cm 0.06 7.86 1.70 

-60 cm 0.85 107 17.08 
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Figure 19. CH4 concentrations in Paroninkorpi. The x-axel is in a logarithmic scale. 

 
 
In Lettosuo the CH4 concentration differed significantly between depths highest concen-

tration being deeper in the soil profile (repeated measures ANOVA after log transfor-

mation F = 5.102, p = 0.0124 and Kruskal-Wallis chi-squared = 76.816, p < 2.2e-16). The 

differences between depths from the multiple pairwise Wilcox post-hoc test can be seen 

in Table 14. 

 
Table 14. The concentrations differ significantly in Lettosuo between the depths. In this test, all 
the concentrations from partial harvest and control were together. 
 

Depth 1 2 3 

2 0.121 - - 

3 3.5e-06 2.8e-07 - 

sam < 2e-16 6.9e-10 0.026 

P value adjustment method: none 
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Also, in Paroninkorpi the repeated measures ANOVA after log-transformation revealed 

a significant difference between different depths (F = 8.295, p = 0.000668). Kruskal-

Wallis test supported this (chi-squared = 99.17, p < 2.2e-16). Table 15. shows the results 

from pairwise Wilcox post-hoc test. 

 
Table 15. Significance between depths in Paroninkorpi. 

 
Depth 10 30 5 55 

30 0.00321 - - - 

5 6.5e-12 5.4e-10 - - 

55 0.00034 8.6e-06 0.45584 - 

sam < 2e-16 1.4e-13 2.0e-05 0.53676 

P value adjustment method: none 

 

Figures 18, 19 and 20 show that the CH4 concentration goes below the ambient air CH4 

concentration (approximately 1.8 ppm) in the aerobic part of the soil. The steepest slope 

in the concentration can be seen near the WTL. 

 

3.2.5 CH4 concentration difference between treatments 
 

The average concentrations throughout the sampling time points as well as the p-values 

between the treatments can be seen in Figure 20.  

 

 

 
Figure 20. Average CH4 concentration in each depth during the sampling time points. The signif-
icance between the treatments (Table 16. and Table 17.) is shown. The figures also show the 
means and standard deviations. 
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Kruskal-Wallis test revealed a significant difference between the treatments in Lettosuo 

(chi-squared = 17.73, p-value = 0.00002546). Table 16. shows that when comparing the 

partial harvest and control the result in the moss layer (p = 0.79710) as well as at 45 cm 

depth (0.65615) are not significant. Instead, the results at 25 cm and 65 cm are signifi-

cant (p = 0.00506 and p = 5.1e-12 respectively).  

 
 
Table 16. Pairwise Wilcox post-hoc test shows that there are significant differences between 
the depths in both treatments. Also, there are differences between the treatments when com-
paring each depth. The first number tells the treatment (1 = partial harvest and 2 = control) 
whereas the second number indicates the depth (sam = moss, 1 = 25 cm, 2 = 45 cm and 3 = 
65 cm). 
 

Group 1-1 1-2 1-3 1-sam 2-1 2-2 2-3 

1-2 0.83606 - - - - - - 

1-3 7.5e-13 2.8e-12 - - - - - 

1-sam 3.2e-10 0.00012 2.9e-10 - - - - 

2-1 0.00506 0.10675 1.7e-12 5.5e-11 - - - 

2-2 0.83742 0.65615 4.8e-12 5.8e-07 0.00175 - - 

2-3 0.69095 0.87542 5.1e-12 1.3e-05 0.00926 0.36933 - 

2-sam 6.4e-10 0.00027 3.5e-10 0.79710 7.9e-11 9.6e-07 2.3e-05 

P value adjustment method: none 

 

In Paroninkorpi the concentrations also differed significantly between the treatments 

(Kruskal-Wallis chi-squared = 9.5443, p = 0.002006). The difference was significant at 

depths 10 cm (p = 0.00231) and the deepest 50 and 60 cm combined (55 cm, p = 

0.00038). The difference between the moss layers, 5 cm and 30 cm depths were not 

significant (p = 0.99290, p = 0.69968 and 0.05161, respectively). Table 17. shows the p-

values between depths and treatments.   
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Table 17. P-values comparing different depths and treatments in Paroninkorpi. 
 

Groups 1-10 1-30 1-5 1-55 1-sam 6-10 6-30 6-5 6-55 

1-30 0.00179 - - - - - - - - 

1-5 1.2e-07 5.1e-06 - - - - - - - 

1-55 7.0e-05 1.3e-05 0.00274 - - - - - - 

1-sam 3.8e-10 3.7e-07 0.00169 0.00085 - - - - - 

6-10 0.00231 0.74927 1.3e-07 5.3e-06 1.0e-09 - - - - 

6-30 9.2e-06 0.05161 7.4e-07 1.1e-05 6.1e-08 0.25191 - - - 

6-5 3.7e-05 0.00030 0.69968 0.01833 0.00274 2.9e-05 5.2e-05 - - 

6-55 0.81181 0.15272 0.05033 0.00038 0.01035 0.07345 0.01676 0.14865 - 

6-sam 5.0e-10 4.7e-07 0.00274 0.00089 0.99290 1.5e-09 7.7e-08 0.00493 0.01189 

P value adjustment method: none 

 

Figures 18, 19 and 20 show that the CH4 concentration goes more below the ambient air 

CH4 concentration in the control than in the partial harvest but the slope in the concen-

tration is steeper in the partial harvest. 

 

3.3 CO2 isotope values 

 

The ẟ13CCO2 values ranged from –30.3 to –15.6‰ in Lettosuo and from –30.5 to –16.4‰ 

in Paroninkorpi. The Keeling plots that show the source of CO2 are presented in Figure 

21. and Figure 22.  The measured ẟ13CCO2 values were close to the mixing line between 

atmospheric CO2 and CO2 produced by heterotrophic respiration. Hence this indicates 

that only traces (<<20%) of CO2 were derived from CH4 oxidation.  
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Figure 21. Keeling plots with end-members and ẟ13CCO2 values from Lettosuo. Plot a shows all 
the values from all the depths. Plots b to f show the different depths alone (b = ambient air, c = 
moss, d = 25 cm depth, e = 45 cm depth, f = 65 cm depth). The individual lines indicate the 
estimated delta value when different percentages of CO2 are derived from CH4 oxidation, -80‰ 
being 100% derived from CH4 oxidation, -70‰ being 80% derived from CH4 oxidation and so on.  
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Figure 22. Keeling plots with end-members and ẟ13CCO2 values from Paroninkorpi. Plot a shows 
all the values from all the depths. Plots b to h show the different depths alone (b = ambient air, c 
= moss, d = 5 cm depth, e = 10 cm depth, f = 30 cm depth, g = 50 cm depth, h = 60 cm depth). 
The individual lines indicate the estimated delta value when different percentages of CO2 are 
produced through CH4 oxidation, -80‰ being 100%, -70‰ being 80% and so on.  

 
 
The mean ẟ13CCO2 in partial harvest was –25.07‰ in Lettosuo and –24.14‰ in 

Paroninkorpi. In control the mean ẟ13CCO2 values were –25.00‰ and –25.08‰ respec-

tively, not differing much from the partial harvest. Kruskal-Wallis test also showed that 

the ẟ13CCO2 values did not differ significantly in Lettosuo (chi-squared = 0.44655, p = 

0.504). Table 18. shows the p-values between different depths and treatments in Let-

tosuo. In Paroninkorpi the Kruskal-Wallis test showed a significance between the treat-

ments (chi-squared = 5.0553, p = 0.02455). The pairwise Wilcox post-hoc test (Table 19) 

shows also a significant difference between partial harvest and control at 10 and 30 cm 

depth (p = 0.03882 and p = 0.01460). 
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3.4 Additional data, O2 concentration 

 

For additional information, I plotted the O2 concentration for each sampling time plot in 

Lettosuo (Figure 23.) and in Paroninkorpi (Figure 24.).  

 

 

 

 
Figure 23. O2 concentration in Lettosuo during the sampling time points. 
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Figure 24. O2 concentration in Paroninkorpi during the sampling time points. 
 
 

The oxygen concentration generally decreased in depth being the lowest near or under 

the WTL. Generally, the deeper layers had lower O2 concentrations in partial harvest 

than in control due to the higher WTL.  
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4 DISCUSSION 

 

4.1 Effects of partial harvest on WTL and temperature 

 

Water table level as well as temperature were higher in partial harvest than in control. 

Previous studies have shown that removing vegetation cover affects the thermal and 

hydrological characteristics of the soil in mineral soils (Kellman et al. 2015). Water table 

level has previously been found out to be higher in harvested sites than in control sites 

due to less trees and reduced water uptake (e.g. Korkiakoski et al. 2020; Leppä et al. 

2020b). Heikurainen and Päivänen (1970) and Leppä et al. (2020a) observed that the 

ground water table seems to be the higher the heavier the harvest has been. This sup-

ports the result that in Paroninkorpi the WTL was highest in the plot which is harvested 

to the stand basal area of 12 m2/ha.  

 

Harvesting and clear-cutting has been found to increase the average soil temperatures. 

Previous studies have shown a difference from 1°C to 3°C in the summer between clear-

cut and control due to the increased solar radiation in the clear-cut. (Hashimoto & Suzuki 

2004.) In the present study I only compared the differences between partial harvest and 

control so the difference in temperature was not as big. Korkiakoski et al. (2020) found 

that the soil temperatures in 2016 and 2017 in Lettosuo were on average 0.3 °C higher 

in the partial harvest compared to the control. Even though partial harvest does not have 

as big of an effect as clear-cut on soil temperature, the soil temperature is probably 

higher in partial harvest than in control due to less trees and more solar radiation reach-

ing the ground. 

 

4.2 Peat profile CO2 concentrations 

 
The CO2 concentrations differed significantly within depth at both sites. The CO2 con-

centration increased from the surface towards the deeper layers, the deepest layers hav-

ing the highest concentrations. Decomposition and CO2 production is affected by the soil 

organic matter content, moisture content and temperature. Combination of these factors 

and the activities of plant roots and microbes result that there is less decomposition hap-

pening deeper in the soil. This causes the production rate of CO2 to also decrease with 

increasing depth. (Hashimoto and Komatsu 2006.) The WTL was higher than the deep-

est sampling depth at least in the partial harvests meaning the moisture content was 

higher deeper in the soil. Very low moisture content inhibits the activity of microbes and 

production of CO2, but also high moisture content inhibits the production of CO2 due to 
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lack of oxygen (Fang & Moncrieff 1999). Carbon dioxide is mainly produced in the aero-

bic layer (Oh et al. 2005). This would suggest that the concentration should be higher in 

the aerobic layers and in the deeper layers there would be less production and thus less 

CO2. The results from the O2 concentration show that in most cases there is still some 

oxygen under the WTL. The decomposition is enhanced in a higher temperature (Moore 

& Basiliko 2006) but as the results from Paroninkorpi and Lettosuo show, the tempera-

ture is lower in the deeper layers of the soil. Thus, the higher concentrations in the deeper 

layers are not explained with the production rate. 

 

The higher concentration in the deeper layers could be explained with gas diffusion. Low 

porosity as well as higher water content in the deeper layers cause lower gas diffusivity 

meaning that the CO2 concentration can be high even though the production rate is low 

(Hashimoto & Komatsu 2006). This also explains that in the deeper layers (> 45 cm), 

partial harvest seemed to have a steeper slope than control and the concentrations dif-

fered significantly, CO2 concentrations being larger in partial harvest than in control. Gas-

ses diffuse slower in water than in air (Hartikainen 2016) so higher WTL in partial harvest 

causes lower diffusion and accumulation of CO2 in the deep soil layer. During the sam-

pling days the WTL in control is rarely above the deepest sampling depth in which case 

there is less accumulation of CO2 and the diffusion of CO2 through the soil profile is more 

rapid than if the WTL would rise above the deepest sampling depth. Production of CH4 

through acetate fermentation produces CO2 (Lai 2009), which could also explain the 

higher concentrations in the deeper layers. This is not certain and should still be studied 

more with the isotope values.  

 

There was no significant change in the CO2 concentrations during the growing season. 

According to Mäkiranta et al. (2008) and Ojanen et al. (2010) soil temperature is the main 

factor regulating the temporal CO2 fluxes and soil respiration. Soil respiration and CO2 

production are enhanced by rising soil temperature (Tang et al. 2019). Also, Hashimoto 

and Komatsu (2006) found that as CO2 fluxes, the soil CO2 concentrations increased 

with increasing soil temperature. However, the relationship between temperature and 

concentrations could not be seen in this study and the higher CO2 concentration in partial 

harvest cannot be explained with warmer soil temperature. Based on this study the WTL 

has a more important role on the concentration between the different depths as well as 

between partial harvest and control than temperature. The correlation between soil CO2 

concentration and soil temperature could be studied more for example taking samples 

from the soil gas collectors earlier in the spring as well as later in the autumn. 
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4.3 Peat profile CH4 concentrations 

 

The CH4 concentrations ranged a lot within each depth yet having on average highest 

concentrations in the deepest layer. Oxygen is one of the most important factors affecting 

CH4 production and CH4 consumption. Methanogens produce CH4 only in anaerobic con-

ditions meaning CH4 production is limited to the deep soil layers with anoxic conditions 

(Korkiakoski 2020). The additional data of O2 concentrations show that the deeper layers 

were mostly more anaerobic having the concentration change in the soil profile reverse 

to the CH4 concentration. The O2 concentration and anaerobic conditions in the soil is 

mostly affected by WTL. Gasses diffuse 10 000 times slower in water than in air so high 

WTL prevents the oxygen diffusion downwards in the soil (Hartikainen 2016). Oxygen 

can still get deeper into the soil through roots. In anaerobic conditions plants can 

transport O2 downwards to the roots making the rhizosphere around the roots aerobic. 

(Watson et al. 1997.)  

 

Partial harvesting raises the WTL due to decreased transpiration. Fewer trees also mean 

fewer roots and less transpiration adding the anaerobic conditions deeper in the soil. 

Higher WTL and fewer trees increases the zone for CH4 production explaining the higher 

concentrations of CH4 in partial harvest than in control. At the same time higher WTL 

decreases the potential CH4 oxidation zone (Lai et al. 2009). According to Conrad and 

Rothfuss (1991) study in a flooded rice field, about 80% of CH4 produced in anaerobic 

conditions was oxidized before escaping to the atmosphere. Ojanen et al. (2010, 2013) 

found that the soil turns from a CH4 source to a CH4 sink when the WTL is around –30 

cm. WTL higher than –30 cm produce CH4 emissions due to reduced zone of potential 

oxidation. In this study the WTL either in partial harvest or in control never went higher 

than –30 cm. The CH4 concentrations in both treatments went under the concentration 

of atmospheric CH4 at the surface layers to about –40 cm depth indicating that the soil 

would be a CH4 sink and also the atmospheric CH4 is oxidized. Partial harvest does not 

seem to increase the CH4 emissions even though the WTL is higher in partial harvest 

than in control. 

 

Most of the CH4 oxidation is happening near the WTL in about –30 to –50 cm. If metha-

notrophs would be deeper, they would suffer from lack of oxygen while in shallower there 

would be less CH4 to oxidize (Lai et al. 2009). There are different assumptions of the 

potential CH4 oxidation layer (e.g. Peltoniemi et al. 2016; Sundth et al. 1995; Segers 

1998). According to Segers (1998) the highest potential CH4 oxidation layer is near the 
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oxic/anoxic interfaces (within 25 cm of the interface), which supports the results of pre-

sent study. Low affinity methanotrophs oxidize CH4 in these oxic/anoxic interfaces.  

 

Despite the O2 concentrations being on average lower in the partial harvest than control 

the oxidation is not limited to the O2 concentration. Even though in partial harvest the 

CH4 concentration in the deepest layer is higher than in control, the steep slope indicates 

that CH4 from the deep soil layer is oxidized to almost the same level as in control. 

 

The concentration of CH4 gives an idea where CH4 production and oxidation could take 

place in the soil but for a more specific determination, the microbial activity and microbial 

populations should be studied.  

 

4.4 Isotope values of CO2 from different sources 

 

The ẟ13CCO2 over 1/CO2 [ppm] values set nicely to the mixing line from atmospheric CO2 

air towards the CO2 produced by heterotrophic respiration. This can be interpreted so 

that the CO2 in the moss layer and at 5 cm depth were derived from both atmospheric 

CO2 and CO2 derived from heterotrophic respiration whereas the CO2 in the deeper lay-

ers was mostly derived from heterotrophic respiration. The most negative ẟ13CCO2 value 

measured was –30.5‰ meaning that there were no measurable amounts of CO2 derived 

from CH4 oxidation and only << 20% was derived from CH4 oxidation in both treatments. 

Even though only << 20% was derived from CH4 oxidation in both treatments, in 

Paroninkorpi partial harvest had significantly lower ẟ13CCO2 values at depth 10 and 30 

cm. Cautiously this could be interpreted that when more CH4 is produced in partial har-

vest, more of it gets oxidized and more CO2 is derived from CH4 oxidation.  

 

Besides respiration and CH4 oxidation, CO2 is produced in CH4 production. According to 

Huang and Hall (2018) the production of CH4 impacts the ẟ13CCO2 values. When CO2 is 

produced by acetate fermentation it must be enriched in 13C, making the ẟ13CCO2 value 

more positive, to balance the more depleted 13C of CH4 having more negative ẟ13C val-

ues. Previous studies (Corbett et al. 2013; Holmes et al. 2015) have shown that accord-

ing to the mass balance when the isotopic composition of CH4 produced by acetate fer-

mentation is -65‰, the ẟ13C for CO2 would be +9‰. Corbett et al. (2013) studied the 

profile of CO2 in a bog and a fen in which both methanogenesis dominated the production 

of CO2 below 60 cm depth. In the present study ẟ13CCO2 values never got positive values. 

I only had soil gas collectors down to 60-65 cm depth at their deepest so more CH4-

derived CO2 could be found deeper in the soil and deeper under the WTL. 
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According to Huang and Hall (2018) the ẟ13CCO2 values should be interpreted with cau-

tion due to the impact of CH4 production. In an ideal case ẟ13C values of CH4 would be 

combined with the ẟ13CCO2 values when thinking about the sources of CO2.  
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5 CONCLUSIONS 

 

The aim of this thesis was to study how partial harvest affects the CO2 and CH4 in peat 

soil at 0-65 cm depth during the growing season. Based on the results, partial harvest 

rises the WTL causing more CO2 to accumulate into the deeper soil layers at partial 

harvest compared to control. In the shallower layers the CO2 concentrations in partial 

harvest and in control did not differ significantly from each other. The isotopic values of 

CO2 indicate that most of the CO2 produced in the soil at 0-65 cm depth is derived from 

heterotrophic respiration and only <<20% was derived from CH4 oxidation. The isotope 

values of CO2 should be further studied together with the isotopic values of soil CH4. The 

higher WTL in partial harvest leads to higher CH4 production in the water saturated an-

oxic part of the soil. Still the CH4 oxidation does not seem to be restrained by the higher 

WTL, and in the shallower soil layers the CH4 concentration in partial harvest and control 

are on the same level. Based on the soil concentrations, partial harvest does not produce 

more CH4 emissions than control. These results should be verified with gas flux meas-

urements.  
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APPENDICES 

 

APPENDIX 1. Change in temperature in each depth during the summer. Notice that the 

temperatures measured in 2020 start from the beginning of June and not May as in 2019. 

Starting from September the temperature in depth 30 cm becomes higher than 5 cm and 

10 cm. 
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APPENDIX 2. Average soil temperatures in Lettosuo.  

 

2019 T5, harvest T5, control T30, harvest T30, control 

May 7.59 6.92 4.95 4.74 

Jun 13.27 12.73 8.93 9.24 

Jul 13.89 13.43 10.39 11.09 

Aug 13.92 13.65 11.44 12.25 

Sep 10.45 10.49 10.66 11.30 

Oct 6.42 6.36 7.73 7.96 

 

 

2020 T5,  

harvest 

T5,  

control 

T10,  

harvest 

T10,  

control 

T30,  

harvest 

T30,  

control 

Jun 14.77 13.22 13.48 11.82 10.14 9.48 

Jul 14.14 12.98 13.66 12.24 11.78 11.15 

Aug 14.20 13.47 13.96 12.84 12.55 12.04 

Sep 11.50 11.09 11.56 10.67 11.08 10.71 

Oct 9.62 9.52 10.15 9.49 10.53 10.39 
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APPENDIX 3. Temperature change from May to the end of September in Paroninkorpi. 
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APPENDIX 4. Average soil temperatures in Paroninkorpi. 1 = 17 m2/ha, 5 = 12 m2/ha 

and 6 = Control. 

 

2019 T5,  

1 

T5,  

5 

T5,  

6 

T10, 1 T10, 5 T10, 6 T30, 1 T30, 5 T30, 6 

May 8.56 8.74 4.62 7.79 7.36 3.75 5.63 5.66 5.79 

Jun 12.81 12.88 12.65 11.86 11.42 10.62 9.46 9.46 7.98 

Jul 13.32 13.43 13.04 12.63 12.23 11.54 10.89 10.97 9.55 

Aug 13.04 13.22 12.89 12.54 12.19 11.69 11.38 11.54 10.32 

Sep 10.56 10.84 9.93 10.62 10.30 9.86 10.80 10.86 10.18 

 

 

2020 T10, 1 T10, 5 T10, 6 T30, 1 T30, 5 T30, 6 

May 4.87 4.99 4.01 3.95 4.12 2.95 

Jun 12.39 12.11 11.03 10.21 10.09 7.80 

Jul 13.31 13.48 12.38 12.11 12.15 10.46 

Aug 13.28 13.42 12.64 12.43 12.53 11.28 

Sep 10.89 11.04 10.79 10.66 10.89 10.32 
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APPENDIX 5. Statistical variables of CO2 [ppm] in Lettosuo. 
 

Lettosuo Min Max Median Mean Standard  

deviation 

CO2  400 282 500 20 000 29 300 39 100 

CO2 2019 531 195 000 12 700 21 300 30 200 

CO2 2020 400 282 500 24 700 33 800 42 700 

Moss 400 989 577 603 127 

Moss 2019 531 989 645 684 124 

Moss 2020 400 843 541 555 102 

-25 cm 1808 40 000 10 300 14 300 9424 

-25 cm 2019 3585 32 700 9144 11 900 7754 

-25 cm 2020 1808 40 000 12 800 15 800 10 000 

-45 cm 1677 85 100 29 300 30 400 14 500 

-45 cm 2019 1677 48 700 22 000 21 900 10 100 

-45 cm 2020 14 000 85 100 32 500 35 200 14 400 

-65 cm 4429 282 500 55 300 66 300 54 500 

-65 cm 2019 4428 195 000 34 600 49 700 45 400 

-65 cm 2020 7135 282 500 59 100 74 800 56 700 
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APPENDIX 6. Statistical variables of CO2 [ppm] in Paroninkorpi. 

 

Paroninkorpi Min Max Median Mean Standard 

deviation 

CO2 400 424 600 7067 26 800 54 900 

CO2 2019 462 125 600 8170 18 900 24 700 

CO2 2020 400 424 600 6059 31 000 65 300 

Moss 407 997 480 809 2036 

Moss 2019 462 997 601 639 3498 

Moss 2020 407 727 463 481 71 

-5 cm 749 1648 1160 1112 200 

-5 cm 2019 749 1213 1007 990 151 

-5 cm 2020 814 1648 1200 1174 193 

-10 cm 1822 27 400 5722 7141 5434 

-10 cm 2019 1881 17 300 6166 6567 4559 

-10 cm 2020 1822 27 400 5054 7428 5801 

-30 cm 8678 48 200 19 500 22 700 10 300 

-30 cm 2019 8678 47 200 25 300 24 000 11 100 

-30 cm 2020 8905 48 200 19 200 21 700 9598 

-50 cm  22 300 96 200 48 600 51 300 19 500 

-50 cm 2019 29 300 56 000 38 600 42 000 10 200 

-50 cm 2020 22 300 96 200 53 100 56 900 21 400 

-60 cm 19 200 424 600 81 500 125 400 105 800 

-60 cm 2019 19 200 125 600 64 200 62 300 34 500 

-60 cm 2020 31 400 424 600 132 000 156 900 114 900 
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APPENDIX 7. Statistical variables of CH4 [ppm] in Lettosuo. 
 

Lettosuo Min Max Median Mean Standard  

deviation 

CH4 0.12 189 100 1.73 6386 27 000 

CH4 2019 0.56 147 300 1.65 4799 24 100 

CH4 2020 0.12 189 100 1.74 7278 28 500 

Moss 1.73 23.40 2.04 2.55 2.78 

Moss 2019 1.94 8.09 2.16 2.68 1.63 

Moss 2020 1.73 23.40 2.01 2.47 3.27 

-25 cm 0.38 2.45 1.34 1.26 0.43 

-25 cm 2019 0.73 2.45 1.45 1.48 0.39 

-25 cm 2020 0.38 2.22 1.25 1.14 0.41 

-45 cm 0.12 32.08 1.06 2.69 6.21 

-45 cm 2019 0.56 3.18 1.12 1.24 0.53 

-45 cm 2020 0.12 32.08 0.97 3.50 7.62 

-65 cm 0.26 189 100 7.72 23 000 47 500 

-65 cm 2019 0.65 147 300 2.06 18 500 44 600 

-65 cm 2020 0.26 189 100 35.18 25 400 48 800 
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APPENDIX 8. Statistical variables of CH4 [ppm] in Paroninkorpi. 

 

Paroninkorpi Min Max Median Mean Standard  

deviation 

CH4 0.05 109 1.67 3.49 11.14 

CH4 2019 0.09 109 1.53 3.71 13.10 

CH4 2020 0.05 107 1.70 3.37 9.91 

Moss 2.02 2.36 2.03 1.99 0.28 

Moss 2019 2.02 2.36 2.15 2.04 0.45 

Moss 2020 1.80 2.21 1.96 1.97 0.12 

-5 cm 1.58 2.12 1.90 1.85 0.15 

-5 cm 2019 1.92 2.12 1.98 2.00 0.07 

-5 cm 2020 1.58 1.98 1.77 1.77 0.12 

-10 cm 0.06 2.07 1.13 0.98 0.48 

-10 cm 2019 0.33 2.07 1.43 1.26 0.47 

-10 cm 2020 0.06 1.45 1.00 0.84 0.43 

-30 cm 0.05 7.42 0.47 0.84 1.19 

-30 cm 2019 0.09 2.10 0.99 0.75 0.44 

-30 cm 2020 0.05 7.42 0.44 0.91 1.52 

-50 cm  0.06 7.86 0.88 1.47 1.84 

-50 cm 2019 0.20 5.77 0.35 1.10 1.68 

-50 cm 2020 0.06 7.86 1.31 1.70 1.90 

-60 cm 0.68 109 8.59 18.44 27.54 

-60 cm 2019 0.68 109 2.57 21.16 33.73 

-60 cm 2020 0.85 107 9.71 17.08 23.73 

 
 

 


