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Abstract: World ecosystems are confronted with multiple challenges related to the global change drivers, namely, population growth, 

climate change, land use change, urbanization, invasive species, and interactions between these. Intensified land management practices 

implemented with the primary aim to increase the land productivity, may have severe adverse effects on soil and water quality. In the 

Nordic-Baltic region, both agriculture and forestry have high economic importance and long traditions, and currently intensive management 

is applied in both these sectors. Even though regulatory framework for soil and water protection exists, the management practices have to be 

extended beyond simple compliance with the regulations in order to secure holistic approach to the land management. Therefore, several 

collaboration projects with Nordic-Baltic partnership in forestry and agriculture sectors have been implemented during recent years to test 

nature-based solutions for soil and water protection. 
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1. Introduction 

Healthy soils and clean water are the preconditions of human 

welfare as they support healthy ecosystems, which, in turn, provide 

people with a broad set of ecosystem services. Unfortunately, in the 

conditions of growing global pressures, the quality of soils and 

water is deteriorating in many parts of the world including Europe.  

Three main ecological functions of soils can be defined, 

namely, 1) production of biomass ensuring food, fodder, renewable 

energy and raw materials; 2) filtering, buffering and transformation 

capacity between the atmosphere, groundwater and plant cover 

influencing the water cycle and gas exchange and protecting the 

environment (groundwater and food chain); 3) biological habitat 

and gene reserve with a large variety of organisms. In addition, soils 

have several functions linked to technical, industrial, and socio-

economic uses, serving as: 1) physical basis for technical, industrial 

and socio-economic structures; 2) source of mineral raw materials, 

geogenic energy, and water; 3) geogenic and cultural heritage, an 

essential part of the landscape [1].  

The risk of soil degradation arises from spatial and/or temporal 

competition in the use of the above-mentioned soil functions or 

their misuse. The risks to soil quality are mainly related to different 

types of land use, and agriculture and forestry play a key role in this 

aspect.  

The main pressures related to Europe‟s waters are water 

pollution, water abstractions, droughts, and floods. Densely 

populated river basins, corresponding to 11% of the total area of 

Europe are hotspots for water stress conditions, especially in 

southern Europe. According to European Environment Agency [9], 

agriculture is the main pressure on renewable water resources, while 

population growth and urbanization, including tourism, and water 

abstraction for hydropower and cooling as well have a significant 

impact on water resources, hydromorphology and natural 

hydrological regimes of waterbodies. Water quality is affected by 

both point and diffuse sources, diffuse pollution from agricultural 

activities, nowadays requiring high levels of fertilizers and manure, 

is among the principal sources of pollution. In this regard urban 

settlements, forestry, atmospheric deposition, and rural dwellings 

may be important sources as well. Leaching of nutrients to 

waterbodies causes eutrophication that, by increasing the ecosystem 

productivity, alters light and habitat conditions with detrimental 

effects on aquatic organisms, while excessive sediment runoff 

destroys fish spawning grounds and aquatic habitats.  

Legally binding instruments and recommendations are used to 

prevent the mentioned threats on a world level, regional level (EU), 

and country and/or county level. The UN Convention to Combat 

Desertification (1994; international agreement linking environment 

and development to sustainable land management),the UN 

Watercourses convention (1997; pertaining to the uses and 

conservation of all waters that cross international boundaries) and 

the Revised World Soil Charter (2015; the overarching goal is to 

increase the area under sustainable soil management and the area of 

soils rehabilitated or restored) are some of the examples of global 

level documents pertaining to use and conservation of soil and 

water resources.  

Soil and water protection is one of the priorities of the European 

Commission, thus the need to protect soil and water is stated in 

several binding European level documents, for instance, the Water 

Framework Directive (2000) aiming to achieve "good status" for all 

waters by integrated river basin management, the Nitrates Directive 

(1991) aiming to protect water quality across Europe by preventing 

nitrates from agricultural sources polluting ground and surface 

waters and by promoting the use of good farming practices, the 

Thematic Strategy of Soil Protection (2006) aiming to protect and 

promote sustainable use of soil, based on the following guiding 

principles: (1) preventing further soil degradation and preserving its 

functions; (2) restoring degraded soils to a level of functionality 

consistent at least with current and intended use, thus also 

considering the cost implications of the restoration of soil. Several 

of these documents highlight the need to implement nature-based 

solutions or “green/blue infrastructure” elements instead of 

traditional “grey infrastructure”. 

Soil and water quality is recognized as important also in 

regional agreements and national legislation. The European Union 

Strategy for the Baltic Sea Region is the first macro-regional 

Strategy in Europe and one of the three key challenges of the 

Strategy is saving the Baltic Sea. Objective of the Sustainable 

Development Strategy of Latvia until 2030 related to natural capital 

is to be an EU leader in conservation, enhancement, and sustainable 

use of natural capital including soil fertility and clean water. The 

National Development Plan 2014–2020 (NDP2020) is 

hierarchically the highest national-level medium-term planning 

document in Latvia, one of the strategic objectives is “Sustainable 

Management of Natural and Cultural Capital”. The main aim of 

Latvian Environmental Policy Guidelines 2014-2020 is to provide 

citizens with the opportunity to live in a clean and orderly 

environment implementing sustainable development actions, 

preserving environmental quality and biodiversity, ensuring 

sustainable use of natural resources, and public participation in 

decision-making and environmental awareness. All mentioned 

environmental policy documents and a number of specific 

regulations are adopted in Latvia to maintain and improve the 

quality of the environment including soil and water emphasizing 

that healthy soil and clean water are among the most important 

environmental assets in Latvia. Moreover, a number of policy 

support projects are implemented to indirectly contribute to the 

improvement of water and soil quality. For instance, one of the 

initiatives to mitigate eutrophication problem in the Baltic Sea is 
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Interreg Estonia-Latvia programme project “Integrated Nitrogen 

Management System for the Gulf of Riga (GURINIMAS)” 

implemented to promote close cooperation between Estonian and 

Latvian authorities and research institutions for the reduction of the 

nitrogen load into the Gulf of Riga by developing an integrated 

nitrogen management system. Information about the project and its 

results are found under: https://www.envir.ee/en/news-goals-

activities/protection-marine-environment/est-lat-project-gurinimas.   

2. Practical solutions for soil and water protection 

- examples from Nordic-Baltic cooperation projects 

This section presents selected results of several collaboration 

projects implemented during the recent years in Northern Europe 

with Nordic-Baltic partnership focusing specifically on the use and 

efficiency of nature-based solutions to mitigate the effect of land 

management on soil and water quality in forestry, agriculture, and 

peatland management. 

2.1. NUTRINFLOW 
Interreg Central Baltic Programme project CB295 “Practical 

actions for holistic drainage management for reduced nutrient 

inflow to Baltic Sea (NUTRINFLOW)” was implemented from 

2015 to 2019 in Finland, Latvia and Sweden to test, demonstrate 

and increase the recognition of innovative and holistic water 

management measures in agricultural areas contributing to reduced 

nutrient losses in the immediate watershed and into the Baltic Sea. 

According to the Fifth Baltic Sea Pollution Load Compilation 

(PLC-5) agriculture contributed from approximately 70% to over 

90% of the anthropogenic diffuse riverine nitrogen load and 60-

80% of the corresponding phosphorus load, therefore, there is a 

need to implement more effective water protection measures 

including in-field and edge-of-field practices to reduce diffuse 

nutrient losses from agriculture.  

Since 2015, the Rural Support Service of the Republic of Latvia 

as a state administration institution offers financial support for 

reconstruction and renovation of drainage systems. In waterbodies 

considered as being at risk not to meet water quality objectives, 

financial support for reconstruction and renovation of drainage 

systems is available only if edge-of-field practices are implemented. 

In Latvia, edge-of-field practices are mainly implemented in the 

agricultural landscape are so-called „„environmentally friendly 

drainage systems‟‟. These are: sedimentation ponds, two-stage 

ditches, bottom dams, meandering, controlled drainage, and 

constructed wetlands (CWs). 

Two existing pilot-scale constructed wetlands situated at the 

Mezaciruli Farm (56º 34` 22 N, 23º 29` 46 E), Zalenieki county, 

Jelgava region, Latvia were monitored under the NUTRINFLOW 

project. The study site is located within the Nitrate Vulnerable 

Zones designated according to the criteria of the EU Nitrates 

Directive (EC, 1991), since intensity of agricultural production 

throughout the Zemgale region is high. The subsurface flow CW 

was designed with a purpose to improve the quality of storm water 

collected from the hard surfaces in the farmyard territory and 

discharged in the nearby stream. The examined water treatment 

system consists of a sedimentation pond as a pre-treatment plant, a 

water pump, a water distribution well, and a horizontal subsurface 

flow CW. The surface flow CW allowed us to monitor nutrient 

retention in the open stream that collects surface and drainage 

runoff from an agricultural catchment. 

 The efficiency of both constructed wetlands to retain nutrients 

and total suspended solids (TSS) was determined by comparing 

respective concentrations at the inlet and outlet. Water samples 

were collected twice a month at the inlet and outlet of both 

constructed wetlands using a manual grab sampling approach. In 

order to detect the seasonal impact monthly mean nutrient and TSS 

retention values were compared. The statistical analysis was used to 

examine a significance level for dependence of air temperature, 

precipitation for both CWs and discharge at the outlet of the surface 

flow CW. 

 

 

Fig. 1: Schematic drawing with two constructed wetlands at the Mezaciruli 
Farm. Base map source: googlemaps.com 

 

  

 

Fig. 2: Schematic cross-section of the subsurface flow constructed wetland 

at the Mezaciruli Farm. Author: Linda Grinberga  

 
Table 2: Nutrient retention (%) in two constructed wetlands 

Site NH4-N NO3-N TN PO4-P TP TSS 

Surface 
flow CW 

-35 
-20 

-19 
-30 -46 

-43 

Subsurface 

flow CW 
-68 

-17 
-53 

-88 -89 
-63 

 

This study showed that surface and subsurface flow CWs have a 

potential to reduce nitrogen and phosphorus concentrations in 

drainage water and storm water. The concentrations of TN and TP 

were reduced in the subsurface flow CW on average by 53% and 

89%, respectively, while the surface flow CW reduced the 

concentrations of TN and TP on average by 19% and 46%, 

respectively [4]. 

The project activities included implementation and monitoring 

of several water management related practices in agricultural areas 

in Latvia and Finland. Information about the project and its results 

are found under: http://nutrinflow.eu/.   

2.2. WAMBAF 
Interreg Baltic Sea Region Programme project “Water 

management in Baltic forests (WAMBAF)” was implemented from 

2016 to 2019 in Sweden, Finland, Latvia, Lithuania and Poland 

aiming at tackling problems concerning forestry activities in 

relation to water quality.  

Forests cover 48% of the Baltic Sea catchment. Most forests are 

managed for timber and energy production and have high economic 

value. Rivers and streams transport nutrients and hazardous 

substances (e.g. methyl mercury) from forests to the regional and 

coastal waters causing eutrophication, pollution, and decrease in 

biodiversity. HELCOM has estimated that the natural background 

load from forests comprise approx. 19% of the total nitrogen and 

16% of the total phosphorus load to the Baltic Sea.  

Maintenance of forest ditch networks, management of riparian 

forests, and the distribution of beaver dams are main drivers in the 

forests of the Baltic Sea Region, which affect the export of nutrients 

and methyl mercury, and affect biodiversity in riparian ecosystems. 
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Therefore, the project activities were grouped around these three 

topics, and the project results were compiled in three Tool Boxes. 

Tool Box - Riparian forests consists of: wet area maps - help 

forest machines to avoid soil disturbance and can optimize forestry 

on a small-scale; Blue Targeting tool - helps to design a riparian 

forest buffer; report “Good practices for forest buffer 

implementation”; film about forest buffers. 

Table 3: Functions and proposed management measures of riparian buffers 

[8] 

Function Proposed management 

Protect aquatic 

and terrestrial 

habitats 

Delineate the forest buffer so that important habitats 

are included and protected. A multi-layered and 

uneven-aged forest buffer is often considered 
beneficial for its functionality. Avoid any soil 

disturbance within the forest buffer caused by driving 

forestry machinery, site preparation, ditching, remedial 
drainage, and stump lifting. Try to leave wind-resistant 

forest buffers. 

Supply aquatic 

organisms with 
food (e.g. fallen 

leaves, insects) 

Promote broadleaved trees near surface water in 

conifer stands. 

Provide shading Leave trees, shrubs and other vegetation that can 

provide shading over time. If necessary, the tree-age 

and canopy structure can be modified at thinning. 

Supply large 
coarse woody 

debris 

(deadwood) to 
watercourses 

Leave trees of all ages in the forest buffer to ensure the 
continuous supply of long-lived large woody debris to 

the streams (note: this does not include deposition of 

logging residues at harvesting). Both conifers and 
broadleaved trees can provide such long-lived woody 

debris. However, large amounts of deadwood causing 

damming should be avoided. 

Protect the soil 

adjacent to 

surface waters 

Try to create forest buffers resistant to wind felling 

and, within the buffer, avoid driving forestry 

machinery, site preparation, ditching, remedial 

drainage and stump lifting. 

Stabilize 

streambanks 

Try to create forest buffers resistant to wind felling. 

Tool Box – Forest drainage consists of: app for smartphones - 

helps to plan maintenance of ditch networks; report “Good practices 

for ditch network maintenance”; film about ditch cleaning. 

 Tool Box – Beaver consists of: beaver tool - classifies beaver 

dams as either positive or negative considering various impacts; 

beaver handbook - with information on beaver populations and 

management needs, country-specific legislation, good practices etc.; 

report “Good practices for management of beavers and beaver 

ponds in the Baltic Sea Region”; film about beavers in the Baltic 

Sea Region. 

The demonstration areas have been established in 11 places 

around the Baltic Sea showing management in practice for forest 

buffers, ditch network maintenance, and beaver dams. In the demo 

areas, 19 training courses were carried out during 2018 with 

participants representing forest enterprises, forest owners, hunters, 

NGOs, authorities, scientists, and students.  

 

 

Fig. 3: Decision-making scheme for maintenance of drainage network 

(DNM) [3]  

All project material is available on the project website:  

https://www.skogsstyrelsen.se/en/wambaf/   

2.3. LIFE REstore 
EU LIFE program project “Sustainable and responsible 

management and re-use of degraded peatlands in Latvia (LIFE 

Restore)” was implemented in Latvia from 2015 to 2019 to 

establish a decision support system for responsible and sustainable 

degraded peatland re-use and management in Latvia. 

Degraded peatlands are areas, where peat extraction has been 

discontinued or completed, but no after-use measures have been 

carried out, and there is no valid licence for the use of subterranean 

depths. Degraded peatlands create GHG emissions thus affecting 

the global climate; do not deliver potential economic benefits; do 

not ensure the restoration of biodiversity. 

Peatlands degraded by peat extraction in Latvia were 

inventoried during the LIFE REstore project, and included in a 

publicly available database. Biophysical and economic assessment 

of degraded peatland ecosystem services has been carried out 

during the LIFE REstore project. Regulation, provisioning and 

cultural services of the project demo sites were evaluated in current 

situation and in perspective of five, 25 and 50 years. 

 

Fig. 4: Comparison of GHG emission factors elaborated by the LIFE Restore 

and included in the IPCC guidelines 

During the two-year period, the LIFE REstore project has 

carried out systematic measurements of greenhouse gas emissions 

in 41 differently managed peatlands in Latvia to identify the most 

efficient peatland management options from the point of view of 

climate change mitigation. Latvia is the first of the Baltic States, 

who has developed national GHG emission factors. The actual 

GHG emissions are on average twice as low as previously assumed 

[2, 5, 6, 7]. 
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 In five demo sites several after-use scenarios of degraded 

peatlands were tested, namely, renaturalization, planting of 

Sphagnum mosses, establishment of highbush blueberry plantations, 

afforestation, establishment of cranberry plantations.  

3. Conclusions 
Healthy soils and clean water are recognized as very important 

environmental assets on global, regional and national level serving 

as a basis for provision of variety of ecosystem services crucial for 

human welfare. They are jeopardised in many parts of the world, 

mostly due to increasing pressure on the ecosystems and climate 

change effects. 

Intensification of agriculture and forestry to fulfil the needs of 

growing population and demand for renewable resources has 

adverse effects on soil and water quality worldwide, therefore, there 

is a need to introduce management practices that would mitigate 

and prevent the threats. Solutions of green and blue infrastructure 

are called for in this regard; and recently several approaches have 

been tested for agriculture, forestry and peatland management on 

national scale and in Nordic-Baltic cooperation projects.  

The results of the NUTRINFLOW project demonstrated that 

surface and subsurface constructed wetlands have potential to 

reduce the leaching of nitrogen, phosphorus, and total suspended 

solids in storm water and drainage water from agricultural areas.  

The results of the WAMBAF project demonstrated the need for 

decision support tools in forestry with regard to riparian forests, 

drainage system maintenance and beaver population management. 

Ecologically functional bufferzones, water protection structures in 

drainage system maintenance and guidance for retention or removal 

of beaver dams are needed to reduce the leaching of nutrients and 

mercury to the waterbodies. Several practically applicable tools for 

the above-mentioned purposes are developed within the WAMBAF 

project and are freely available.  

The results of the LIFE Restore project demonstrated that the 

GHG emissions from nutrient-poor organic soils in Latvia are 

considerably smaller than it was reported earlier in the National 

GHG inventory according to the default IPCC emission factors. 

However, the area affected by peat extraction and still not 

transferred into other land uses is about twice larger than reported 

earlier. The project proved that afforestation of degraded peatlands 

has the largest climate change mitigation potential and in contrast to 

a common opinion forests on drained nutrient-poor soils are net sink 

of CO2 removals. The project also proved that cultivation of berries 

can contribute to the reduction of GHG emissions in the degraded 

peatlands. The GHG emission reduction potential of rewetting of 

the degraded peatlands was not confirmed by the project results. 
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