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Abstract: More than a half of Latvia’s territory is covered with forests, and forest sector is important for the national economy. Despite 

the high economic importance of timber resources, forest utilization in Latvia is moderately intensive, as long rotation cycle (70-100 years 

for most widespread tree species) is used and strict environmental regulations are in force. Meanwhile, due to the climate change and 

growing demand for renewable resources, intensification of forest management is ongoing and expected to continue. Studies on the 

interactions between forest, soil and water are of high importance to ensure sustainably intensified forestry. Forest felling, transportation of 

logs, collection of slash, stump extraction, drainage system establishment and maintenance, forest road construction, beaver population 

management, use of water protection structures and riparian bufferzones are apparent components of forestry that may exacerbate, change 

or improve quality of water, soil and stands, and as such, require research and practical application of relevant protection measures. 
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1. Introduction 

In Latvia, forests cover 52% of the country's territory, and the 

amount of forested areas continues to increase, both by the 

expansion of the forest in a natural way and by afforestation of non-

fertile land as well as land that is no longer used for agriculture. In 

Latvia, forestry can be described as purposeful and sustainable, as 

current annual increment exceeds average amount of harvested 

timber (appr. 11 million m3) during the last decade [15]. 

Forestry is one of the most economically important sectors in 

Latvia, contributing significantly to the overall sustainable 

development of the economy. In 2017 wood processing, forestry 

and furniture manufacturing represented 4.8% of GDP and the 

export volume reached to EUR 2.2 billion that is 30% of all exports 

[15]. 

About half of the forests in Latvia are state owned (49%), while 

majority of the rest belongs to private owners (48%). The remaining 

3% belongs to municipalities or are classified as “other forests”. 

The dominant tree species are Scots pine (Pinus sylvestris, 33%), 

birch (Betula spp., 30%) and Norway spruce (Picea abies, 19%), 

followed by aspen (Populus tremula, 7%), grey alder (Alnus incana, 

7%), black alder (Alnus glutinosa, 3%) and other species (1%); the 

share of conifers is higher in state-owned forests, while the share of 

broadleaves is higher in other forests [15]. 

There are three basic forest management systems in Latvia; the 

differences generally pertain to the method used to remove the old 

stand (final felling). The one most commonly used is uniform 

regeneration felling when trees are removed from the whole area of 

compartment and regeneration (either natural or artificial) carried 

out afterwards. The average size of a forest compartment in Latvia 

is ~2 ha. The second system is gradual regeneration felling when 

the mature forest stand is removed in several, usually 2-3 

approaches. The third system is selective felling when the stand is 

never entirely removed (continuous cover forestry). The final 

felling may be carried out or started (in case of latter two systems) 

when the target age or target diameter of the stand has been reached 

(Table 1, Table 2) [17, 23].  

In all cases tending of the young stand and subsequently, forest 

thinning is carried out to reach the desired species‟ composition and 

to improve the growing conditions for the target species by reducing 

mutual competition among the trees [15, 17]. 

Apart from fellings whose aim is to obtain wood and timber for 

commercial purposes, there are several types of additional fellings 

with a different primary aim. Sanitary felling is used to improve 

health condition of the stand by removing trees with diseases, pest-

infested trees, trees damaged by animals or other agents, wind-

thrown and broken trees. Depending on the scale of the damage, 

sanitary felling may be uniform or selective. Reconstructive felling 

is used to replace obviously unproductive stands of low value with 

stands formed of trees better suited to the specific growing 

conditions. Landscape felling is used to reveal landscape values, 

cultural and historical monuments, or nature objects. Deforestation 

sometimes takes place to establish and maintain forest infrastructure 

(roads, drainage systems, border trunks) and other types of 

infrastructure important on national or regional level (e.g., power 

lines). 

 
Table 1: The age of the final felling according to the site index [17] 

The dominant tree species 

 

Final felling age [years] according to 

the site index* 

≤I II-III ≥IV 

Oak (Quercus robur L.) 101 121 121 

Scots pine (Pinus sylvestris L.), 

European larch (Larix decidua 

Mill.) 

101 101 121 

Norway spruce (Picea abies (L.) 

Karst.), Ash (Fraxinus excelsior 
L.), Linden (Tilia cordata Mill.), 

Wych elm (Ulmus glabra Huds.), 

European white elm (Ulmus laevis 
Pall.), Norway maple (Acer 

platanoides L.) 

81 81 81 

Birch (Betula spp.) 71 71 51 

Alder (Alnus glutinosa (L.) 

Gaertn.) 
71 71 71 

Aspen (Populus tremula L.) 41 41 41 

* The higher the site index, the better the growing conditions 

 
Table 2: The diameter of the final felling according to the dominant tree species 
and site index [23] 

The dominant tree species 

Site index 

Ia I II III 

Average diameter of dominant stand 
[cm] 

Scots pine (Pinus sylvestris L.) 39 35 31 27 

Norway spruce (Picea abies (L.) 
Karst.) 

31 29 29 27 

Birch (Betula spp.) 31 27 25 22 

 

Only native tree species are permitted in the forests of Latvia 

(with the exception of larch occurring in very small areas), 

therefore, Latvia has so far avoided the environmental conflicts 

associated with large-scale growing of introduced trees. The scope 

of measures used to intensify tree growth in Latvian forests is rather 

limited, yet some are applied or tested with good results. The most 

widely practiced activity in this regard is forest drainage (carried 

out mainly in the second half of the 20th century, suspended in 

1990ties due to environmental considerations; currently only 

drainage system maintenance is performed). High quality 
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reproductive material is generally used in forest regeneration in 

state forests and on increasing scale in private forests as well. Forest 

fertilization has been carried out in the second half of 20th century, 

and then suspended, and presently research is again ongoing to 

quantify possible economic gains and potential risks to the 

environment from resuming it. Fast-growing tree plantations and 

agroforestry systems form a separate group and should not be 

considered as a part of conventional forest management. The given 

overview and examples confirm that the degree of the intensity of 

the forest management in Latvia is moderate, however, the situation 

may change in the near future, and already now several new 

challenges have arisen that had not been encountered before. 

2. Challenges of modern forestry 
Due to the global and regional pressures related to climate 

change and increasing demand for renewable resources, forest 

management is facing several challenges that are related to the need 

for improvement of stand productivity and utilization of the logging 

residues. Forests are important providers of renewable energy in 

Latvia. Consequently, forestry is under a heavy pressure to reach 

40% renewable energy share in total energy used by 2020 set by the 

directive 2009/28/EC of the European Union [3]. Intensification of 

the forestry activities is therefore present and expected to continue, 

but it has to be carried out in a sustainable way.  

2.1. Water quality 
Establishment of forest drainage systems in waterlogged forests 

is one of the most effective measures to increase forest productivity 

in Latvian conditions. Forest drainage activities on large scale were 

carried out in the second part of 20th century, and currently there 

are approximately 500 000 ha of drained forestland in the state 

forests alone [16]. Although new systems are not currently 

established due to nature conservation reasons, existing ones have 

to be renovated periodically (every 20-40 years) by ditch cleaning 

to maintain the productivity [27]. Both establishment and 

maintenance may alter the water quality in ditches and connected 

waterbodies. 

A threat to cost effective forestry in Latvia is Eurasian beaver 

(Castor fiber L.). Beavers often have preference for forest drainage 

ditches as suitable places to build dams for habitation. Stands in 

drained areas are adapted to the optimized water regime, and rapid 

rise in the water table often leads to mortality of affected forest 

stands causing severe economic losses. 

2.2. Nutrient cycling 
Currently dominant uniform regeneration felling is usually 

supplemented with removal of treetops and branches that are further 

utilized for energy purposes. In the vicinities of waterbodies, final 

felling may pose a threat to water quality because the nutrient 

cycling is significantly altered in a short time period. Leaching of 

the nutrients into waterbodies may cause eutrophication and ruin 

habitats for aquatic animals and plants. A properly functional buffer 

zone is thus essential to retain the nutrients and stabilize the nutrient 

cycling near the felling area. Different harvesting intensities may 

require a buffer zone with different parameters. 

The most valued forestry product is timber, but logging residues 

(treetops, branches, stumps) are still a significant renewable energy 

source that may be used to fill in the energy demand [2]. Different 

practices are used besides conventional harvesting (CH), where 

only timber is extracted: whole tree harvest (WTH), where all above 

ground biomass is harvested; stump biomass (SB) extraction, where 

stumps are extracted together with major roots; combination of 

whole tree harvest and stump biomass extraction (WTH+SB). CH is 

considered to have little impact on site productivity, but, on the 

contrary, WTH may lead to deterioration of site productivity 

because of higher content of nutrients in foliage than stems [28]. 

2.3. Carbon storage 
Mineral and especially organic  soils  store  large  amounts of 

carbon  and  are  important  carbon  pools  in  the  global  carbon  

cycle [4, 26, 29]. The whole carbon cycling in forest ecosystem is 

not complete if soil carbon is not included. Some of the forestry 

practices may contribute to climate change mitigation through 

higher energy wood production, for example, stump removal or 

removals of logging residues during harvesting. At the same time, 

they may negatively impact soil carbon storage, as the effects are 

often site-specific [1, 11]. 

3. Ongoing research in response to identified 

challenges   
3.1 Forest infrastructure maintenance impact on water 

quality 
Although drainage network maintenance is necessary to support 

tree growth, it can also cause erosion, resulting in the transport of 

suspended particles and nutrients to the water bodies. Intensification 

of sedimentation and eutrophication processes can lead to 

deterioration of water quality, and it is therefore important to 

implement effective measures to improve water management 

practices and guidelines in forestry and water management. 

One of the methods used to preserve water quality is the 

establishment of sedimentation ponds for particulate matter capture. 

Sedimentation ponds are larger cross-sectional areas on the main 

ditches before they enter into the waterbody. In Latvia 

sedimentation ponds are generally built according to standard 

parameters – pond should be constructed in a 30-50 m long section, 

creating 0.5-1.0 m recession, the bottom of the pond should be at 

least 2 m wider than ditch itself [22]. Results of a three-year study 

by Kalvite et al. [9] showed that sedimentation ponds built by JSC 

„Latvia‟s State Forests‟ (according to legislation) in six catchments 

where drainage network maintenance was performed were more 

effective in reducing the concentration of suspended particles than 

concentrations of nutrients. In general, concentrations of total 

suspended solids and nutrients gradually decreased after 

maintenance (Fig. 1). However, the discharge of nutrients is closely 

linked to the discharge of particulate matter, and more effective 

solutions to protect water quality must be considered. 

 
Fig. 1: TSS concentrations in three study sites (BU1; ST1; VG) before and 

after sedimentation ponds during drainage network maintenance and during 

two years following it 

To test whether parameters of water protection structures that 

are applied in other countries are more effective, a sedimentation 

pond and a peak flow control structure will be built in 2019 in 

experimental forests of Kalsnava forest district according to 

parameters generally used in Finland. In Finland sedimentation 

ponds are constructed with a surface area of 3-8 m2 per hectare, 

with a minimum volume of 2-5m3 per ha in catchment areas up to 

40 ha [7]. The size of the drainage system in our study area is 

noticeably larger; therefore, a complex solution will be tested by 

combining a large irregular shaped pond (~3500 m2) with uncleaned 

sections of ditches and with sedimentation pits. Peak flow control 

dams regulate runoff from the drained area during periods of 

intensive runoff with control pipes, thereby preventing flooding of 

surrounding areas and extending sediment settling time. The area of 

the sedimentation pond, which will be located before the peak flow 

control structure, will be ~468 m2 (3 m2 per ha according to the 

Finnish method). The results will allow to evaluate the efficiency of 

such water protection structures in local climatic and geographical 

conditions and to adjust their parameters to increase the efficiency 

[10]. 
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As beaver activity is multifaceted and complex according to the 

environmental and ecological impact, further steps have to be 

considered to reduce the impact of beaver activity on forest 

productivity and water quality. Kalvite et al. [8] reported that 

considering Ntot, Ptot, and DOC concentrations less impact on water 

quality was detected in a natural beaver site in a protected area 

comparing to the results from ~3 km distant study site where beaver 

dams were found in a drainage system established in a potentially 

highly productive peatland. In addition to higher Ntot, Ptot and DOC 

concentrations in the drainage system water, the adjacent forest 

stand was destroyed due to flooding. During this study also the 

effects of beaver dam removal were studied. Analyzing the initial 

effects on the water chemistry, it was concluded that Ntot, Ptot and 

DOC concentrations in drainage system water runoff were higher 

directly after beaver dam removal comparing to the concentrations 

before dam removal. On the one hand, beaver dam is a structure to 

retain nutrients on site, but, on the other hand, accumulated 

nutrients directly after dam removal are released and have a greater 

impact in a short period of time. Study is being continued to better 

understand correlations between changes in water quality and the 

beaver management, besides Hg and MeHg content in water, 

sediment and biota will be further investigated in beaver populated 

areas. 

3.2 Felling impact on nutrient cycling 
Logging residue extraction from final fellings may significantly 

delay return of equilibrium state in cycling of nutrients. The impact 

is mainly site specific and dependent on different factors. Some of 

the main factors are forest site type, fertility of the site and soil 

properties. In a study by Klavins et al. [12] nutrient concentrations 

in soil solution were observed for five years in three sites with low, 

medium and high fertility after different intensities of uniform 

regeneration felling (WTH and CH). It was detected that nutrient 

concentrations in soil solution increased with peaks two to three 

years after the felling and returned to pre-felling levels after three to 

five years (Fig. 2). It was found that in low fertility site NO3
--N and 

K+ concentrations were higher in CH subplot comparing to WTH 

showing the importance of logging residue decomposition to aid the 

growth of the young stand. On the contrary, in high fertility site 

NO3
--N and K+ concentrations were higher in WTH subplot as 

compared to CH subplot (Fig. 2). PO4
3--P concentrations did not 

differ significantly between the subplots of different felling 

intensity. 

To evaluate the site productivity after different intensity fellings 

in a study by Klavins et al. [13] measurements of the next rotation 

stands were carried out in the same study sites, as well as five other 

medium fertility sites where WTH was compared to WTH+SB. In 

the high fertility site, it was found that productivity of Norway 

spruce was lower in CH than in WTH subplot. In contrast, 

productivity of Scots pine in low fertility site was found to be 

higher in CH subplot than WTH subplot. Comparing WTH and 

WTH+SB extraction subplots it was found that productivity of 

Norway spruce and black alder was higher in WTH subplots. In a 

mixed stand with Norway spruce and black alder no differences 

were detected regarding spruce productivity, but productivity of 

black alder was higher in WTH+SB subplot. 

 In long term WTH (also WTH+SB) may significantly reduce 

soil nutrient pools [21, 25], but in high fertility sites where risks of 

extensive leaching are present to nearby waterbodies, logging 

residue extraction may provide environmental benefits [24]. In a 

study by Libiete et al. [18] general soil parameters in three of 

previously mentioned medium fertility WTH vs. WTH+SB sites 

were analyzed. Acidification of soil and soil solution was not 

observed. Furthermore, soil C and N stocks where similar in both 

WTH and WTH+SB subplots. 

Previously mentioned WTH vs CH sites are located on shallow 

slopes, which directs surface runoff and leachates to nearby 

watercourses/ditches. Between the fellings and water bodies buffer 

zones are present. To evaluate direct forestry impact on nearby 

waterbodies and the efficiency of buffer zones soil solution and 

water in watercourses/ditches are sampled in the framework of an 

ongoing study. Initial results of the soil solution reflect upslope 

activities and determines where buffer zones are needed the most 

[14]. 

 
Fig. 2: NO3--N concentrations in soil solution during and after different 

intensity regeneration fellings in high fertility site (CH – conventional 
harvest, where only stems are removed; WTH – whole tree harvest, where all 

above ground biomass is removed; felling was performed between 2012 and 

2013 sampling (vegetation) seasons) 

3.3 Forest management impact on carbon storage 
To estimate soil carbon balance in dry forest site types on 

mineral soils in Latvia Yasso07 soil carbon model was used. It was 

determined that under the steady climate scenario, the forest mineral 

soil is a stable carbon sink. The model showed carbon removals in 

mineral forest soils for the whole 1990 – 2030 period. The average 

CO2 removals for steady climate scenario were ~0.6 t CO2 ha-1 yr-1. 

Even if the climate change was considered, forest mineral soil still 

acted as a sink not source of CO2. Under the most severe climate 

change scenario (+0.05°C annually), soil was a source of CO2 only 

for one year. During the remaining period the forest mineral soil 

was CO2 sink (0.1 – 0.7 t CO2 ha-1 yr-1) [1]. 

Management of organic soils may alter carbon cycling. The 

main threat for carbon storage is drainage, causing increased CO2 

emissions [5, 20]. Results of the study performed in a transitional 

mire drained for forestry in Latvia showed that in the hemiboreal 

vegetation zone, drainage of organic soils is not always causing 

carbon storage reduction. Carbon stock may even increase after the 

drainage. This is caused by the increase of above and belowground 

litter production rates. Peat subsidence followed by drainage was 

caused mostly by physical shrinkage of aerated soil surface not by 

peat oxidation [19]. 

4. Conclusions 
Historically due to long rotation age of forests, use of only 

native tree species, small size of compartments and strict 

environmental considerations forestry in Latvia has been 

moderately intensive, but currently the forest management 

intensification is ongoing due to global and regional environmental 

and economic pressures. 

As forestry activities may cause significant impact to connected 

ecosystems, relevant preventive actions are implemented to 

minimize the environmental risks. Furthermore, research is being 

carried out to further investigate possible negative interactions and 

minimize their impact. 

Drainage system maintenance is an integral part of Latvian 

forestry, and further steps have to be taken to minimize the export 

of nutrients and suspended particles to connected water bodies. 

Eurasian beaver population management has to be considered to 

balance economic needs and nature conservation. 

The disturbance to the cycling of nutrients in felling sites must 

be further investigated. Export of logging residues should be 

considered in sites where nutrient stocks will not be exhausted and 

environmental benefit for nearby waterbodies is possible. Properly 

functional buffer zones according to felling intensities and 

topography must be applied. 
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