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Abstract Implementation of climate change mitigation measures in forestry has a key role to successfully fulfil 

the climate change policy goals of Land use, land use change and forest sector set by the Paris Agreement to fully 

offset total GHG emissions in the country by CO2 removals in 2050. GHG emissions from organic soils in forest 

land have significant impact on total emissions of Latvia, however, high emissions also indicate the potential of 

climate change mitigation measures. This study aims to evaluate CO2 emissions from drained and naturally wet 

nutrient-rich forest soils to improve knowledge of forest management practice impact on GHG emissions. The 

study is conducted in 21 drained (Myrtillosa turf.mel. and Oxalidosa turf. mel.) and 10 naturally wet 

(Dryopterioso–caricosa and Filipendulosa) forest sites with nutrient-rich organic soils for 12 consecutive months. 

Soil total CO2 emissions were measured by closed manual non-transparent chamber method. The groundwater 

level, soil and air temperature were measured to evaluate factors affecting CO2 emission. Empirical data collected 

within the scope of the study showed high correlation (r = 0.85) between CO2 emissions and temperature, however, 

the groundwater level depth had no considerable impact on emissions. Total soil CO2 emissions from drained 

nutrient-rich organic soils ranged from 5.44 t ± 0.1 tC·ha-1·yr-1 in black alder stands to 9.76 ± 2.47 tC·ha-1·yr-1 in 

clearcut areas (average 7.35 ± 0.89 tC·ha·yr-1), while CO2 emissions from forest sites with naturally wet soil ranged 

from 5.73 ± 2.23 tC·ha-1·yr-1 in spruce stands to 10.41 ± 4.33 tC·ha-1·yr-1 in clearcut areas (average 

7.02 ± 0.96 tC·ha-1·yr-1). The study results demonstrate that drainage does not have significant effect on CO2 

emissions. 
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Introduction 

Organic soil is one of the largest carbon (C) storages of terrestrial ecosystems globally [1] and also 

in Latvia [2]. Depending on the land use and management practices organic soil can act as C sink or 

source [3]. Share of organic soils is 19% of total area of Latvia [4]. According to the national forest site 

type classification system [5] and information provided by the national forest inventory (NFI) the area 

of organic soils in forest land is 723 kha of which 53% are drained.  

According to the Intergovernmental panel on Climate change (IPCC) guidelines [6] for National 

GHG inventories human induced GHG emissions shall be estimated – regarding organic forest soils 

only GHG emissions from drained and rewetted organic soils are reported in Latvia, respectively. IPCC 

guidelines divide organic soils as nutrient-poor and nutrient-rich, however, if the IPCC default 

methodology is applied, the most of forest organic soils in Latvia can be considered as nutrient-rich, 

since they are receiving nutrients with groundwater and precipitation. The IPCC default emission factor 

(2.6 t CO2-C·ha-1·yr-1) for calculation of CO2 emissions from drained organic forest soils [7] is replaced 

by the national emission factor 0.52 t CO2-C·ha-1·yr-1 developed as a result of multiple studies evaluating 

long term C stock changes after drainage [2; 8; 9]. The national emission factor characterises emissions 

from organic soils in forest site types Callunosa turf. mel., Vacciniosa turf. mel. and Myrtillosa turf.mel. 

with nutrient-poor to moderate-rich soils [10], yet it is applied to all drained organic forest soils in the 

national GHG inventory. While for rewetted organic soils the IPCC default emission factor 

0.5 t CO2-C ha-1·yr-1 is used [7]. According to this approach total estimated human induced CO2 

emissions from organic forest soils in forest lands were almost 800 kt CO2 or 7% of total GHG emissions 

in Latvia in 2020. 

Although it is not mandatory to report GHG emissions from naturally wet organic forest soils, 

information on such emissions is necessary to elaborate and implement knowledge-based climate 

change mitigation measures in forest management to work towards climate neutrality policy goals set 

by the Paris Agreement, as well as to provide scientifically substantiated assessment of the effect of 

drainage and rewetting of forest soils. This study aims to work towards better understanding of 

differences between the net CO2 emissions from drained and naturally wet nutrient-rich organic forest 

soils.  
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Materials and methods 

The study was conducted in 31 forest sites in central Latvia with nutrient-rich (the most fertile site 

types for drained and naturally wet soils) organic soils [5]. One sample plot (500 m2) was established in 

each of the selected forest stands: 10 sample plots in naturally wet (Dryopterioso–caricosa and 

Filipendulosa) and 21 sample plots in drained (Myrtillosa turf.mel. and Oxalidosa turf. mel.) sites (Table 

1). Dominant tree species of Norway spruce, silver birch, black alder, as well as 1 year old clearcuts of 

deciduous, mixed stands. To check the forest site conformity to the specified site type the peat depth 

was determined (threshold value of at least 20 cm in drained and 30 cm in naturally wet soils by 5 

measurement replicates. Additionally, ground floor vegetation was characterized to select areas 

representing plant communities typical for certain site types. The centre of the sample plots was at least 

20 m from the stand border. 

Table 1 

Study site characteristics 

Parameter Value 

Naturally wet forest sites Drained forest sites 

Norway 

spruce 

Silver 

birch 

Black 

alder 
Clearcut 

Norway 

spruce 

Silver 

birch 

Black 

alder 
Clearcut 

Number of 

study sites 
number 1 3 5 1 12 3 2 4 

Age of 

dominant 

tree species, 

years 

Average 67 56 43 - 55 39 40 - 

range 

(min...max) 
- 21-77 10-80 - 14-86 18-60 26-53 - 

Growing 

stock,  

m3·ha-1 

average 446 225 170 - 269 135 189 - 

range 

(min...max) 
- 78-365 35-325 - 7-521 38-210 

123-

254 
- 

Peat layer, 

cm 

average  41 59 47 81 43 65 90 

range 

(min...max) 
- 31-52 23-99 - 37-99 25-75 60-70 63-99 

During the study period from October of 2019 till June of 2021 soil CO2 emissions were monitored 

for 12 consecutive months by the closed manual non-transparent chamber method [11], when the mean 

air temperature was 9.2 ± 0.8 ºC (min 8.0 ± 0.7, max 31.4 ± 0.1) and annual precipitation 668 ± 136 mm 

(ranged from 472 mm to 860 mm) according to 5 meteorological stations in a range of up to 30 km from 

the sample plots. 5 collars were installed in every plot at least 1 month prior the first CO2 emission 

measurement. Sides of the collars reached approximately 5 cm depth. Roots were not trenched and 

ground vegetation as well as the litter layer were left intact, therefore CO2 emissions measured include 

soil heterotrophic and both above- and belowground ground vegetation autotrophic respiration (soil total 

emissions). 

Sample plots were surveyed once per month by taking 4 gas samples from each chamber position 

on each collar installed. Gas samples were collected with the interval of 10 minutes: 0; 10; 20 and 

30 minutes after carefully positioning chambers on the collars. The samples collected in 

underpressurized 100 mL glass vials were transported to the laboratory to be analysed by a gas 

chromatograph equipped with an electron capture detector [12]. Simultaneously with gas sampling the 

air and soil temperature at 5 cm depth, as well as the ground water level in the groundwater level 

monitoring wells (140 cm long PVC pipe) installed at time of establishment of the sample plots were 

measured. 

Soil total CO2 emissions are estimated by using the slope acquired form the linear regression curve 

representing CO2 concentration changes in the chamber during the measurement period of 30 minutes. 

For quality assurance purpose only slopes with R2 > 0.7 were used for further analysis. The ideal gas 

equation is used for calculation of soil total CO2 emissions: 
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CO =2

, (1) 

where CO2 – soil total CO2 emissions, µg CO2 m2·h-1; 

 M – molar mass of CO2, g·mol-1; 

 R – universal gas constant, 8.314 m3 ·Pa·K-1⋅mol-1; 

 P – assumption of air pressure inside the chamber, 101 300, Pa; 

 T – air temperature, K;  

 V – chamber volume, 0.063 m3; 

 t – time, 1 h; 

 slope – CO2 concentration changes in time, ppm·h-1; 

 A – collar area, 0.1995 m2. 

All soil total CO2 emission measurement results in the paper are expressed in unit of tC·ha-1·yr-1, 

indicated uncertainty is the confidence interval. Data compliance to normal distribution is checked by 

Shapiro-Wilk test and differences of mean values – by Mann-Whitney test. Significance level α = 0.05 

is applied in statistical analysis. 

Results and discussion 

According to the data acquired in the study monthly average total CO2 emissions from soil in 

naturally wet and drained sites are not significantly different (p = 0.25) and ranged from 2.39 to 

15.81 tC·ha-1·yr-1 in February and June, accordingly (Fig. 1).  

 

Fig. 1. Variation of monthly soil total CO2 emissions 

The groundwater level has low correlation with CO2 emissions (r = -0.30). Variations of soil CO2 

emissions can be explained with changes of the soil temperature. Relationship of CO2 emissions and 

soil temperature at 5 cm depth is characterized by exponential regression (Fig. 2). While the air and soil 

temperature have significant correlation (r = 0.89) characterised by linear equation: 

 tsoil = 0.64tair + 1.96  (2) 

where tsoil – soil temperature at 5 cm depth, ºC 

 tair – air temperature, ºC. 

Total annual CO2 emissions from soil range from 5.44 ± 0.10 to 9.76 ± 2.47 tC·ha-1·yr-1
 in drained 

black alder dominated stands and clearcuts and from 5.81 ± 2.23 to 10.55 ± 4.33 tC·ha-1·yr-1
 in naturally 

wet Norway spruce stands and clearcuts, accordingly (Fig. 3). The impact of drainage conditions 

(naturally wet or drained soil) on the total CO2 emissions from soil with different dominant tree species 

and difference of the mean annual emission between the dominant tree species is not significant 

(p < 0.05). 
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Fig. 2. Relationship between soil total CO2 emission and soil temperature 

 

  

Fig. 3. Intra annual variation of soil total CO2 emissions in forest stands  

with different dominant tree species and soil drainage status 

Consequently, statistically significant differences between mean total CO2 emissions from soil in 

different forest site types (p > 0.05) as well as in drained (7.35 ± 0.89 tC·ha-1·yr-1) and naturally wet 

(7.02 ± 0.96 tC·ha-1·yr-1) study sites (p = 0.34) were not found (Fig. 4). Intra annual total CO2 emissions 

from soil in the study sites with tree cover ranged from 0.38 to 31.66 tC·ha-1·yr-1, while in clearcuts – 

from 0.17 to 25.74 tC·ha-1·yr-1. It was found that the CO2 emissions above 22.13 tC·ha-1·yr-1 are 

statistical outliers as indicated in Fig. 4 and differences between annual mean CO2 emissions in forest 

stands (6.84 ± 0.56 tC·ha-1·yr-1) and clearcuts (10.08 ± 1.96 tC·ha-1·yr-1) are statistically significant 

(p = 0.002). 

  

Fig. 4. Intra annual variation of soil total CO2 emissions in different forest  

site types and by drainage status and tree cover 

It is important to note that total reported CO2 emissions from soil are gross soil emissions and 

include both soil heterotrophic and autotrophic respiration and do not consider soil C input by above- 



ENGINEERING FOR RURAL DEVELOPMENT Jelgava, 25.-27.05.2022. 

 

581 

and belowground litter. It is reported in similar ecosystems studied that total CO2 emissions from soil 

can be recalculated to heterotrophic respiration by the factor 0.5 [13-15]. It is estimated according to the 

NFI data on tree species and age distribution in Latvia that the weighted mean annual carbon input with 

above ground and belowground litter in drained organic soil is 0.27 ± 0.01 tC·ha–1·yr-1 and  

0.65 ± 0.01 tC·ha–1·yr-1 in silver birch and Norway spruce stands, accordingly; while weighted average 

C annual input by fine roots is 1.43 ± 0.07 tC·ha–1·yr-1 in Norway spruce dominated stands and 

1.70 ± 0.07 tC·ha-1·yr-1 in silver birch stands; and annual carbon input by tree foliar litter is  

2.0 tC·ha–1·yr-1 and 1.86 tC·ha-1·yr-1 in silver birch and Norway spruce dominated stands with basal area 

of 20 m2 ha-1 [16]. By combining the above mentioned data on soil CO2 emissions an C input and 

estimating combined uncertainty, annual net soil CO2 emissions are -0.55 ± 0,29 tC·ha-1·yr-1
 in silver 

birch stands and -0.52 ± 0.29 tC·ha-1·yr-1 in Norway spruce stands. To improve the net soil CO2 emission 

estimate, additional national data on soil carbon input stratified by dominated tree species, soil fertility 

and drainage status as well as the proportion of heterotrophic and autotrophic respiration are necessary. 

Conclusions 

1. The study results show no significant impact of the forest site type, dominant tree species or 

drainage status on annual mean total CO2 emissions from nutrient-rich organic soils (sum of soil 

heterotrophic and ground vegetation autotrophic respiration). 

2. Differences between annual mean total CO2 emissions from nutrient-rich organic soils in forest 

stands (6.84 ± 0 .56 tC·ha-1·yr-1) and clearcut areas (10.08 ± 1.96 tC·ha-1·yr-1) are statistically 

significant. 

3. Combining the study results on the CO2 emissions from nutrient-rich organic soils with the 

estimates from earlier studies on the soil C input in forest sites with drained organic soils, the 

calculated net CO2 emissions from the soil in the studied areas in silver birch stands are -

0.55 ± 0.29 tC·ha-1·yr-1 and -0.52 ± 0.29 tC·ha-1·yr-1 in Norway spruce stands; respectively, they are 

net sinks of CO2 removals. 
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