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Abstract

:

In the context of considering natural capital in decision-making, the ecosystem services concept is steadily increasing in importance. This also holds for the forest sector in Germany. This development calls for a harmonisation of approaches and terms used in the forest sector, as well as being made compatible with the ecosystem services concept and relevant classifications. In Germany, and a number of Central European countries, a common way to assess the multifunctional benefits of forests is the forest function mapping method. Due to the federal multi-level governance system in Germany, each state has its own classification of forest functions and mapping. A first objective of this paper is to align the various forest function categories across German states as a basis to relate them to the ecosystem services concept. Second, this bottom-up approach is combined with a top-down approach, building on the Common International Classification of Ecosystem Services (CICES). The aim is to develop a harmonised, methodological framework, suitable for accounting forest-related ecosystem services, as a step towards future ecosystem services monitoring and reporting commitments in the forest sector. Finally, the challenges and opportunities of the ecosystem services concept for forest management are discussed and ways forward are elaborated.
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1. Introduction


Forests cover almost four billion ha of land globally, amounting to about 30% of total land area [1]. Forests and their biological diversity hold special significance for the provision of ecosystem services (ESS), thus contributing to human well-being in an extraordinarily vast and far-reaching way [1]. This paper aims to harmonise the approaches and terms used in the forest sector with the ESS concept, therefore ESS are defined here according to the definition provided by Haines-Young and Potschin (2018) in their Guidance on the Common International Classification of Ecosystem Services (CICES) V5.1 [2] as “the contributions that ecosystems make to human well-being, and distinct from the goods and benefits that people subsequently derive from them." Besides providing resources like timber or fuel wood, forests also regulate water quantity and quality as well as the climate, or they protect soils against erosion and drought [3]. Furthermore, forests supply various cultural ESS such as recreation, landscape aesthetics or cultural heritage [4].



However, forests, forest biodiversity and thus the ESS that they provide are endangered. Since 1990, the global forest area has decreased by 3.1% annually, with a particularly high degree of natural forest loss in tropical countries and a worldwide increase of planted, commercially-used forest [1]. The climate protection function is particularly affected, and since 1990 the amount of carbon stored in biomass has declined by 0.15% annually. With the exception of Europe, Northern and Central America and Oceania, this trend can be observed worldwide.



As a response, major strategies at the policy level have been adopted to conserve forests and improve the state of biodiversity, ecosystems and ESS in the medium and long terms. The EU Forest Strategy aims to maintain, enhance and restore forests’ multifunctionality and the resilience of forest ESS [5]. Another prominent example at the EU level is the EU 2020 Biodiversity Strategy [6]. The maintenance and restoration of ecosystems and their services are addressed in target 2. These include the assessment of the economic value of such services, and promotion of their integration into accounting and reporting systems at the EU and national levels by 2020. The increased contribution of forests to maintain and enhance biodiversity is part of target 3 [6]. At the German national level, the German National Strategy on Biological Diversity defines specific fields of action such as forestry, climate change mitigation, the mitigation of ESS degradation, and strengthening cultural ESS [7].



The knowledge about the ability of forests to provide multiple services dates back to the early 19th century. According to Riegert and Bader (2010) [8], Zwierlein in 1806 [9] and Jonnès in 1825 [10] were two of the first forest scientists stressing the relevance of forest effects besides wood production. In 1953, Dieterich [11] refined their work towards the contribution of forests to human well-being. Dieterich developed the concept of forest functions, defining forest functions as societally relevant services and the capacity of forests to provide these services (see Köppel et al., 2016 [12]). Various forest functions have been distinguished and the forest function approach acted as a forerunner to the concept of multifunctional forest planning by integrating non-productive aspects as well as socio-cultural and environmental issues into decision-making [13]. According to Kindler (2016) [14], forest functions are traditionally classified according to the use, protection and recreation function of forests. Accordingly, these functions somewhat mirror the Millennium Ecosystem Assessment (MA) [15] and CICES classes of provisioning, regulating and cultural services. Nowadays, various interpretations of multifunctional forest management have found their way into Central European legal regulations, such as in Austria, Switzerland, the Czech Republic and Germany [16]. For example, the German Forest Act prescribes that in addition to the productive function, proper forest management has to ensure the maintenance of protection and recreation functions [17].



With the ESS concept becoming more prominent, developments to expand the traditional forest accounting systems by including ESS could be noted [18,19]. For instance, Elsasser et al. (2016) [20] provide insights into Austrian, German and Swiss efforts towards valuing forest ESS, with the frequency of studies over the last 20 years following an increasing trend. However, regarding an economic perspective, the concept of forest functions suffers from certain weaknesses. According to Hanewinkel (2011) [21] multifunctionality in forest management describes the provision of several forest functions at the same time and in the same area. The author states that forest functions are rarely quantified and spatial or temporal objectives are often not available; therefore, the operationalisation of individual forest functions is only possible in very few cases (e.g., use function).



Therefore, extending the multifunctional forest management system through the ESS approach could be one option to assess forest services [21]. Meyer and Schulz (2017) [22] discuss the added value of ESS compared to existing forest planning approaches and highlight the opportunity of the ESS approach to prioritise forest benefits and analyse interactions and trade-offs between different benefits. They also highlight the flexibility of the ESS approach as a potential advantage in shaping forest governance.



A promising base for an implementation of the ESS perspective in the forest sector is the forest function mapping (FFM) approach as the tool for an integrative consideration of various forest functions in planning and operation [23,24]. Since the use function of forests (timber provision) has always been accounted for in forest agencies [11], the main objective of FFM is to assess and map all forest areas with a particular importance for protection and recreation [19]. This is one reason why FFM is widely used as a common planning tool in Germany and many Central European countries [16]. Furthermore, there are similarities between FFM and the ESS concept, such as overlapping categories or the consideration of similar benefits [14,22,25,26].



The Common International Classification of Ecosystem Services (CICES) was developed to provide a classification of ecosystem goods and services that is consistent with already accepted typologies; for example, building on the MA [15] and the TEEB initiative on the Economics of Ecosystem and Biodiversity [27]. At the same time, it was developed to be compatible with accounting methods, considered in the System of Environmental-Economic Accounting (SEEA) [28]. Furthermore, it was designed to link data on ecosystem structure, dynamics of ecosystems and information on economic performance [29]. CICES is structured hierarchically and comprises Sections, which correspond to the MA categories of provisioning, regulating and cultural services. These Sections are further divided into Divisions, Groups, and Classes. Within Classes, additional Types and Sub-types can be recognised which allow for an application to particular geographical regions [2].



A comprehensive application of the CICES Framework for Finnish boreal forests can be found in Saastamoinen et al. (2014) [30]. The authors identified and classified nearly 50 ESS classes (e.g., forest biomass, mass stabilisation and control of erosion rates, aesthetic) with more than 100 Class types (e.g., solid wood fuel, water erosion mediation by forests, national parks). They consider CICES as a powerful tool to identify, investigate and classify ESS. Hansen and Malmaeus (2016) [31] provide another valuable example for the application of CICES in forestry. They identified 22 forest ESS, developed indicators and provided economic values where available. They also pointed to the partial lack of adequate indicators, especially for regulating services.



For Germany, Köppel et al. (2016) [12] adapted forest functions based on the federal FFM guideline [24] to CICES ESS categories, and thus provided a first valuable basis for implementing the ESS concept in forest planning and operation. They underline opportunities such as the potential for improved interdisciplinary collaboration or improved communication for the relevance of ESS for society. However, they are also aware of risks, such as the need for additional human and financial resources to assess ESS. In addition, Köppel et al. (2016) [12] emphasised the necessity of further research that takes into account the specificities of both the federal and various state guidelines in Germany, which has been taken as a starting point for aligning FFM and the ESS concept in the present paper.



Beyond Germany, the European State Forest Association (EUSTAFOR) represents State Forest Associations in 22 European countries and highlights the strong relevance of describing and assessing forest ESS in Europe, as well as the need for research on forest ecosystems as “a major source of highly valued goods and services” [32]. The association further highlights the importance of a common language, which can be achieved by the ESS approach. Simoncic et al. (2015) [33] identified the consideration of diverse societal values as a challenge in forest planning for many years. The authors mention the spatial classification of forest areas as a possible solution to this problem. They introduce a conceptual framework to characterise forest priority areas, building—among others—on the German FFM approach as one of their most extensive references for international comparative purposes.



FFM provides highly differentiated information, whereby its widespread and long-term use as a common planning tool in Germany and Central Europe [16] renders FFM a suitable basis for comprehensively integrating ESS into forest operation and planning.



Therefore, the primary purpose of this paper is to provide a classification of ESS, which may support European state forest agencies with a multifunctional forest management system in implementing an ESS perspective in forest planning and management. This work could also serve as a basis for future forest ecosystem accounting studies and reporting commitments in the forest sector. Since FFM is well-established in Central European forest authorities and the German FFM guidelines have already proved to provide a valuable basis for international comparative purposes [33], we use the German FFM approach as a starting point. Therefore, one core element of this research is the harmonisation of German FFM state guidelines and the federal guideline with each other. Another core element of this research is the presentation of a customised CICES Framework—using the latest, updated version of the CICES V5.1 Framework [34]—that represents the FFM content in a comprehensive and precise manner.



The paper is structured as follows: Section 2 outlines our methodological approach to harmonise German FFM and the CICES Framework while Section 3 presents the results in the form of the customised CICES Framework. Finally, the opportunities and challenges of aligning the concepts of ESS and FFM are discussed in Section 4 before concluding in Section 5.




2. Materials and Methods


2.1. Combining a Bottom-Up and a Top-Down Approach


In this section, a methodological approach is introduced, which aligns terminologies used in the FFM guidelines with the ESS concept. Special emphasis is placed on refining the already existing concept of FFM. Due to its international applicability (see Simoncic et al., 2015 [33]) the German FFM was chosen as an example. With few exceptions, provisioning services were not taken into account as the use functions of forests (e.g., timber) have always been accounted for in forest agencies [11] and the main objective of FFM is to assess and map all forest areas with a particular importance for protection and recreation [19].



The methodological approach to align FFM and the ESS concept comprises combining a bottom-up with a top-down approach to reconcile concepts of two different governmental levels. The FFM approach is a national concept, designed at a decentralised level (bottom-up). Due to the federal, multi-level structure of the government system in Germany (see below), the majority of German state forest agencies have formulated their own FFM guidelines, to best represent their individual needs. In contrast, CICES—as an internationally applicable concept—is designed at a centralised level (top-down). In this research, the interface between these two levels is called the intermediate level, where the common denominator (FFM-CICES Synthesis) serves as a translator between the common international classification at a centralised level and the more specific, national concept at decentralised governmental levels (see Figure 1).



Due to the federal, multi-level structure of the government system, Germany comprises 16 states (Länder), 13 so-called area states (Flächenländer) and the three city states (Stadtstaaten) of Berlin, Hamburg and Bremen. As the three city states do not apply FFM, we will focus on the area states that each have an independent state forest agency [35]. Therefore, a large number of individual state guidelines exist for the classification and practical implementation of FFM. At the national level, there is a federal guideline aiming to provide a central, harmonised methodology and framework guideline for all states [24]. In the following the federal guideline and six FFM state guidelines are reviewed to develop a harmonised terminology in view of the ESS concept. As the four states of North Rhine-Westphalia, Baden-Württemberg, Hesse and Bavaria have already largely adopted the federal guideline [24], the accessible individual state guidelines for the states of Mecklenburg Western Pomerania [36], Lower Saxony [37], Brandenburg [38], Saxony [39], Thuringia [40] and Rhineland Palatinate [41] are reviewed. Instead of using an individual FFM guideline, the State Forest Agency of Schleswig-Holstein rather applies an extensive GIS system with over 100 layers (e.g., nature forest, NATURA 2000 Sites, forests of relevance for gene resources, etc.). In the state of Saarland, instead of an individual FFM guideline, all legally designated protected areas are defined as a part of forest planning. In addition, a forest biotope mapping is carried out for the entire forest area.



Despite fundamental commonalities between the state and federal guidelines in characterising and mapping forest functions, there are also significant differences in their practical application. These differences—particularly related to the terminology used, the way of considering forest functions at the management level and the level of topicality—affect the comparability and clarity at the national level [25].




2.2. Harmonising FFM Guidelines


Figure 1 visualises how information from the FFM methodology was brought into an ESS perspective by using a common denominator. The first step was online research for accessing available FFM guidelines. Building on this, the description of each FFM category (state and federal) was reviewed in a content analysis process, identifying terms used to define and describe related functional aspects, that were recorded in a cross table (Table 1). This structure allowed the synthesis of state guidelines among themselves as well as the federal guideline. The FFM Synthesis contains the overall information of the state guidelines as well as the federal guideline to become a basis for further processing. In this process, duplicates due to coincident functional aspects were eliminated, functional aspects with a similar meaning but a different terminology were synthesised into a generalised term that preserves the overall information, and content that does not exist in certain guidelines was considered in the FFM Synthesis. Accordingly, the procedure adopted follows an inductive approach of developing categories from an existing database [42]. Table 1 is an exemplary representation of this process.



The FFM category Water Protecting Forest serves as an example for eliminating duplicates in the cross table. In the state guidelines, as well as in the federal guideline, the functional aspects Keeping surface water pure and Keeping groundwater pure are addressed. Therefore, each of these terms was arranged in a separate table row without any changes. In certain state guidelines, functional aspects are varying regarding details in the description. For example, relating to the FFM category Street Protecting Forest, the guideline of Brandenburg is emphasising the protection against landslides [38], while in Saxony and Thuringia rockfall is also addressed [39,40]. Therefore, this information is synthesised into the generalised term Protecting streets against solid mass movement to preserve the overall information. Regarding the functional aspect Protecting streets against windblown snow, this term is missing in certain guidelines and the cross tables’ structure contributes to the completion of this functional aspect.




2.3. Finding the Common Denominator


Formulating a common denominator as the synthesis between the FFM approach and the ESS concept occurred at the intermediate level (see Figure 1). Table 2 visualises the synthesis process.



A first step was to compare the content of the FFM Synthesis and the CICES Classes to identify similar content, such as Securing surface water resources and Surface water for drinking, respectively Surface water used as a material (non-drinking purpose). Subsequently, similar content was assigned to each other in a cross table. In a second step, matching content was analysed for deviations at a more detailed level of information. In the column FFM-CICES Synthesis at the Class level, the first two rows in Table 2 show a distinction between surface water for drinking and non-drinking purposes at the CICES Class level, which cannot be found at the FFM Synthesis level. Therefore, the more detailed content from the CICES Class was considered in the FFM-CICES Synthesis. The last two rows in the column FFM-CICES Synthesis at the Class level of Table 2 show a distinction between the origin of water (groundwater, surface water) in the FFM Synthesis, which cannot be found at the CICES Class level. In this case, the more detailed information considered in the FFM-CICES Synthesis stems from the FFM Synthesis.





3. Results


3.1. A Customised CICES Framework


A major outcome of this work is a CICES Framework customised for practical application in state forest agencies to identify ESS at the relevant spatial level, based on existing data from FFM. In the framework presented in the following sub-sections and Table 3, Table 4 and Table 5, all functional aspects of the FFM approach are reproduced in a comprehensive and precise manner and translated into ESS. Table 3, Table 4 and Table 5 directly build on the CICES Framework, including all ESS from CICES relevant for the forest sector. Information at the Section, Division and Group levels as well as Code numbers are identical with CICES wording. At the Class level, any plain text in cells on white background represents original CICES wording. Grey-shaded cells at the Class level contain a synthesis between CICES and German FFM terminologies, due to complementary and more differentiated information relevant for forestry in Germany. If existing CICES Classes have been sub-divided due to FFM detail necessary, the CICES Code numbers have been expanded by letters (a, b, c). Furthermore, customised descriptions and examples were added to ease the identification of forest-related ESS by end users, while staying as close as possible to the original CICES Framework [34] as well as the reviewed FFM guidelines. Underlined text is inspired by Turkelboom et al. (2013) [43] and Saastamoinen et al. (2014) [30].




3.2. Provisioning Services


Table 3 shows the customised CICES Framework for provisioning services, identified in the FFM guidelines. Due to the importance of forests for providing water resources, water provisioning services are considered as the only abiotic CICES Section in this publication. The biotic services contain the provision of (woody) biomass for different purposes and the provision of genetic material. The abiotic services contain the provision of water.



The biomass Division is sub-divided into two CICES Groups, whereby the first includes cultivated, terrestrial plants and the second covers wild plants. The provision of cultivated plants at the CICES Class level describes their utilisation for direct use or processing (excluding genetic materials), while the provision of wild plants is related to their use as a source of energy. This distinction is based on the assumption that timber is provided predominantly by industrial forests, rather than natural forests. The provision of wood for energetic purposes has been assigned to the CICES Class of Wild plants (terrestrial and aquatic, including fungi, algae) used as a source of energy since cultivated plants in terms of an energetic purpose are described as plantations by CICES [34]. However, according to Germany’s Federal Forest Act [17] § 2, plantations with a life cycle of less than 20 years are not forests within the meaning of the law.



The CICES Division Genetic material from all biota (including seed, spore or gamete production) contains only one CICES Group, namely Genetic material from plants, algae or fungi, and is sub-divided in two CICES Classes. Here, a distinction into forest reproductive material that was grown from harvested seeds or spores and material derived from higher and lower plants (e.g., seedlings) was implemented.



The CICES Division of water is part of the CICES Section of abiotic provisioning services and is subdivided into two CICES Groups, which enable a distinction into water used for nutrition, materials or energy from surface water sources and from groundwater sources. These two Groups are sub-divided into two further Classes, respectively, which allow an allocation to drinking water and non-drinking water.




3.3. Regulation and Maintenance Services


Table 4 contains seven CICES Groups, namely Mediation of wastes or toxic substances of anthropogenic origin by living processes, Mediation of nuisances of anthropogenic origin, Regulation of baseline flows and extreme events, Lifecycle maintenance, habitat and gene pool protection, Regulation of soil quality, Water conditions and Atmospheric composition and conditions. Grey-shaded cells at the Class level contain a synthesis between CICES and German FFM guidelines—due to a higher detail of the latter or additional FFM content—not covered in CICES. Relevant Code numbers are extended by letters (a–c).



In the CICES Division Transformation of biochemical of physical inputs to ecosystems, the CICES Group Mediation of wastes or toxic substances of anthropogenic origin by living processes, is sub-divided into two Classes. Here, the first addition in the CICES Class level took place. Filtration/sequestration/storage/accumulation by micro-organisms, algae, plants, and animals now distinguishes between the local and regional level. The decision to refine this CICES Class is based on the fact, that the federal FFM guideline clearly distinguish between a known emitter (local level; Code 2.1.1.1-a) and an unknown emitter (regional level; Code 2.1.1.1-b) [24]. The CICES Group Mediation of nuisances of anthropogenic origin remains unaltered and contains the CICES Classes Noise attenuation and Visual screening.



Further FFM extensions to CICES can be found in the CICES Division Regulation of physical, chemical, biological conditions. The CICES Group Regulation of baseline flows and extreme events with its original single Class of Control of erosion rates is divided into water- and wind-induced erosion due to the more detailed nature of the FFM guidelines. The Class Control of water induced erosion rates covers the ability of vegetation to anchor the soil and prevent or reduce a leaching of sediments into surface waters (e.g., waterfront protection forests) as well as reducing the water run-off caused by precipitation. Control of wind induced erosion rates includes the ability of forests to reduce wind speed and therefore to reduce the blow-off of soil and humus. The CICES Class Buffering and attenuation of mass movement covers all solid mass movements, mentioned in the FFM guidelines, such as rock slipping, landslides or avalanches. Hydrological cycle and water flow regulation (Including flood control, and coastal protection) describes the ability of forests to regulate the water balance or water retention in order to protect humans, facilities or nature in general against damages, caused by floods. Wind protection describes for instance the actual protection of settlements or storm threatened forest stands against wind or storm as a force of nature and additionally the ability of forests to prevent a blow-in of matter (e.g., snow, fog) into certain areas such as streets. Fire protection describes the ability of special forest areas (e.g., forest fire protection stripes) to protect humans, facilities or nature against fire damages due to a flame-retardant species composition or special dry tree management.



The CICES Group Lifecycle maintenance, habitat and gene pool protection contains the Class Maintaining nursery populations and habitats (Including gene pool protection) and includes the provision of habitats for (endangered) species or improved resistance of species against diseases due to an increased diversity in forest structure.



The CICES Group Regulation of soil quality contains the CICES Class Decomposition and fixing processes and their effect on soil quality and describes humification processes and nutrient inputs into soils by forests to maintain soil characteristics necessary for a human use. Within the CICES Group Water conditions the original CICES Class Regulation of the chemical condition of freshwater by living processes is sub-divided into surface and groundwater, according to the content analysis of the FFM guidelines. The first of these two categories also includes maintaining the water quality of mineral springs. In the last CICES Group Atmospheric composition and conditions, the Class Regulation of chemical composition of atmosphere and oceans covers forests’ ability of global climate regulation by sequestering and storing carbon at high performance stands. The CICES Class Regulation of temperature and humidity, including ventilation and transpiration is divided into three spatial scales, due to specific categories in the FFM-guidelines. The micro-climate level describes the impact of forests on small, nearby areas, such as temperature and sunlight regulation on parts of surface waters or single buildings. Regulation of local climate refers to forests, which are protecting nearby, larger objects such as (parts of) agricultural fields and forest rejuvenation areas or clusters of several buildings against climate effects such as cold air damages. Regional-level climate regulation covers impacts on wider areas such as climate regulation in densely populated areas or urban agglomerations through an exchange of air masses.




3.4. Cultural Services


Table 5 shows the customised CICES Framework for biotic cultural services, identified in the FFM guidelines. The CICES Division Direct, in-situ and outdoor interactions with living systems that depend on presence in the environmental setting contains the CICES Groups Physical and experiential interactions with natural environment and Intellectual and representative interactions with natural environment.



The first CICES Group contains two CICES Classes regarding Characteristics of living systems that enable activities promoting health, recuperation or enjoyment. The difference consists in active or immersive interactions versus passive or observational interactions. The first option describes a recreation service that takes place in forests, but only with a secondary focus on nature, the activity itself serves as the main purpose such as walking, cycling or horse riding. In contrast, the second option is primarily connected to a conscious perception or observation of nature as the main motive, such as forest characteristics, species, smells and sounds. While some of the benefits of these interactions are overlapping, such as an improved physical, social or mental well-being, nature awareness is more pronounced in relation to passive and observational interactions.



The CICES Group Intellectual and representative interactions with natural environment contains four Classes regarding Characteristics of living systems, each with a specific purpose. First, forests provide cultural services for a scientific purpose, generating knowledge about environmental processes or for the creation of traditional ecological knowledge. Second, forests provide cultural services for education and training. Third, they provide ESS in terms of cultural heritage, characteristic for forest areas, which contain evidence, relicts or traces of human culture. Fourth, forests enable aesthetic experiences, which improve the physical, social or mental well-being of humans or their mental health. The CICES Group Spiritual, symbolic and other interactions with natural environment contains the Class Elements of living systems that have symbolic meaning and provides benefits such as an improved sense of place, sense of identity or sense of society. Forest areas providing such services may be representative of specified types of landscape, cultural artefacts or ecosystems. CICES Group Other biotic characteristics that have a non-use value is separated into the two CICES Classes Characteristics or features of living systems that have (1) an existence value and (2) an option or bequest value. The main difference is the temporal perspective. While existence values mainly relate to the present generation, option or bequest values relate to values for future generations. Existence values assume that the right to exist is inherent to all living nature, beyond any benefits to human beings [43]. Option values refer to a potential use of ESS in the future, whereas bequest values relate to preserving species or ecosystems for future generations [44]. Regarding the customised CICES Framework, existence values are inherent in forest areas protected by German Nature Conservation Act, as Article 1 prescribes that nature and landscape are also to be protected based on their intrinsic value [45].





4. Discussion


Regarding the methodology applied, the cross-tabulation of FFM categories and the terms used to define and describe forest-related functional aspects in the FFM guidelines (Table 1) has proved crucial in terms of streamlining the content of multiple data sources at state and federal level in Germany. This methodology guaranteed similarities to be identified within the various FFM guidelines and differences in terminology used to be harmonised.



4.1. Challenges and Opportunities of Aligning FFM and the ESS Concept


A wide range of forest functions as applied in German FFM could be unambiguously translated into ESS terminology, especially in case of provisioning services and, considering minor adjustments, also in case of regulation and maintenance services. In some cases, challenges emerged in deciding which detail of information from FFM or CICES should be considered in the FFM-CICES Synthesis and transferred into the customised CICES Framework to avoid double counting in future accounting studies. For example, due to more detail in FFM guidelines, the original CICES Class Control of erosion rates is now sub-divided into water- or wind-induced erosion (see Section 2). However, a soil protection forest—for example—can provide both services at the same time and same spatial level without being designated for one of these purposes. In order to avoid double counting in such cases, decision makers have to identify and define the prevalent ESS according to the selected spatial and/or temporal scale [46]. Nevertheless, the reviewed FFM guidelines already provide comprehensive, clearly defined criteria for differentiating between relevant FFM categories, sub-categories and related functional aspects of forests, which also supports the identification of primary ESS to be considered.



Since version five of CICES has been released, the framework has been separated into biotic and abiotic ESS to enable a distinction between ESS depending on living systems and those depending on non-living systems [2]. Due to the importance of forests for fresh water provision, which is part of all FFM guidelines, our analysis considered water as the only abiotic ESS for the CICES Section of provisioning services. Other forest-related functional aspects potentially influenced by abiotic factors are much less prominently described in the FFM guidelines and therefore not yet considered in our customised CICES Framework. Nonetheless, they may well be included in a more extended version of a customised CICES Framework for the forest sector. Although relevant information is provided by other expert authorities, rock structures—for example—are mentioned in the federal FFM guideline as geotopes potentially worthy of protection [24]. It is also conceivable that forests for recreational purposes benefit from the presence of caves or rocks, providing abiotic cultural services for cave exploration or rock climbing. Other examples of abiotic ESS can be the generation of energy by wind turbines on forest areas or natural monuments in the form of rock formations. However, before further including abiotic factors into a customised CICES Framework for application in forest agencies or enterprises, it is to be clarified whether these elements should be recognised as a component of forest ecosystems or demarcated as distinct areas.



Regarding our results achieved, we can confirm previous findings highlighting strong similarities between the ESS concept and the FFM approach that have also been put forward by Kindler (2016) [14], Meyer and Schulz (2017) [22] and Bürger-Arndt (2012) [23]. However, building on the harmonised CICES Framework presented in this paper, there are further opportunities in aligning the ESS concept and the FFM approach.



According to Köppel et al. (2016) [12], the ESS concept enables a quantitative perspective. This allows the definition of benchmarks for assessing the state of forest ecosystems. For example, Seif 2017 [47] has developed target condition indicators (Zielzustandsindikatoren) for forest ESS supply, to derive measures towards maintaining or optimising certain ESS. Furthermore, the supply side-orientated FFM approach can be extended by a demand side perspective, considering ESS in decision-making processes, an improved collaboration of different stakeholders or by valuing forest ESS in view of social, cultural or economic perspectives.



However, there are also challenges. It should be kept in mind that FFM has been developed to identify and map forest functions in addition to timber provision, given that timber provision has always been accounted for in forest enterprises [11]. Therefore, the customised CICES Framework presented in this paper falls short of a number of provisioning services related to timber or other forest products that have always been part of the forest agencies’ or enterprises’ traditional cost- and performance accounting procedures. This also holds for further provisioning services such as game, fish or Christmas trees.



Further forest-related provisioning services mentioned in the international literature are not taken into account by the FFM guidelines due to the German legal and institutional framework. For example, Saastamoinen et al. (2014) [30] or Hansen and Malmaeus (2016) [31] also take into account livestock farming and collecting plants or mushrooms. In Germany, the consideration of livestock farming in forests proves difficult due to federal acts. Livestock farming is in most cases considered as a conversion of forest into other land-use types and therefore generally prohibited by law [48]. In contrast, the provision of venison causes less problems in Germany, and data are more easily available. For example, in their annual reports, the state forest agencies of Saxony [49] and Bavaria [50] provide detailed information about the amount and revenues of killed game. To sum up, if forest ESS are to be assessed holistically, a careful discussion of which ESS to be included or not is necessary, yet, legal regulations of relevant countries are to be respected.




4.2. The Way Forward


Although the research results presented here are clearly based on German framework conditions including characteristics at German state and federal levels, the principle of FFM is also used in other Central European countries [16]. Therefore, the customised CICES Framework should be transferable to other countries using FFM, but even beyond, due to the wide applicability of the differentiated approach of FFM in Germany. However, this needs to be adapted to context, as the criteria for determining most important ESS may need to be applied to other governmental and forestry structures.



Due to CICES’ ability to link data on ecosystem structures, dynamics of ecosystems and information on economic performance [29], the customised CICES Framework bears the opportunity to serve as an accounting framework in terms of SEEA Experimental Ecosystem Accounting [28]. The customised CICES Framework developed here is but a first step to identify and assess forest ESS at a biophysical level. For ecosystem accounting to move further, economic values of forest ESS are needed.



Next to market valuation methods, revealed and stated preference methods are applied to assess the economic value of ecosystem services [51,52,53]. Elsasser et al. [20] already provide a bibliography and database on forest ecosystem service valuation studies in Austria, Germany and Switzerland. As primary valuation studies may be time-consuming and expensive, benefit transfer methods use existing valuation studies to transfer values from the case study site to the policy site of interest [54].



Yet, challenges remain. For example, not all available methods are undisputed. For non-use values, such as existence or bequest values, monetary values can only be estimated using stated preference methods [52]. Schweppe-Kraft and Grunewald (2015) [53] raise concerns whether the respondents’ statements about their willingness-to-pay actually reflect their real preferences. They also attach great importance to the formulation of questions asked in such studies and the selection of goods examined in order to make the results robust for decision-making. According to Sukhdev et al. (2014) [55] it is also essential to carefully communicate the purpose of economic valuation studies, which dimensions have been taken into account and how the results are to be interpreted. Ring et al. (2010) [56] point to ecological, economic and political challenges related to the economics of ecosystems and biodiversity; among them our ignorance about ecosystem thresholds and uncertainties associated with the relationship between biodiversity and ecosystem services or socio-cultural considerations that may limit the range of valid cases for marginal valuation [57].



Although there is an increasing number of studies, e.g., by Waldgenossenschaft Remscheid [58] or Hansen and Malmaeus (2016) [31], there remains much to be done in this direction. Siebert (2014) [58] calculated that the proceeds from timber sales in the city forest of Remscheid, Germany only account for 2.6% of the total value of all ESS accounted for. Therefore, a future challenge consists in assessing the economic value especially of regulating and maintenance services as well as cultural services that have thus far not been accounted for in forest business accounting procedures. Another related problem for ecosystem accounting lies in the partial incompatibility of environmental-economic accounting in the framework of national accounting with non-market valuation methods used for environmental valuation. SEEA Experimental Ecosystem Accounting prefers market prices and cost-based approaches—thus values not including the consumer surplus [59]—while many non-market valuation methods such as contingent valuation or choice modelling include the consumer surplus in the economic values derived.



Balancing different needs and demands of forests could be another future challenge. Anderson et al. (2000) [60] emphasise the importance of considering various interests in forest planning, such as water quality, social values or biomass production. Therefore, the classical forest stand perspective should be extended by a landscape level approach [60]. Although the customised CICES Framework could be used in monitoring and information systems towards a landscape-based forestry planning, its suitability remains to be tested.





5. Conclusions


In the context of considering natural capital in decision making, the ESS concept is steadily increasing in importance. This also holds for the forest sector in Germany. In search for a harmonised set of terminology compatible with ESS classifications, the FFM method that is applied in Germany and a number of Central European countries as a common way to assess the multifunctional benefits of forests is used as a starting point [16].



Due to the federal multi-level governance system in Germany, the various forest function categories across German states were harmonised as a basis to relate them to the ESS concept. This bottom-up approach has been combined with a top-down approach, building on CICES with the aim of developing a harmonised, methodological framework, suitable for accounting forest-related ESS, as a step towards future ESS monitoring and reporting commitments in the forest sector.



As a main result, the customised CICES Framework provides a synthesis between German FFM and CICES at CICES Class level. Furthermore, by way of providing forest-related examples and descriptions of the forest-relevant CICES Classes, decision makers and various stakeholders in the forest sector are supported in further developing their existing data bases of FFM towards a revised data base of ESS. Due to the bottom-up approach starting at state level, regional particularities are taken into account to ensure an application on forests across the entirety of Germany.



Due to the ability of the CICES Framework to link data on ecosystem structures, dynamics of ecosystems and information on economic performance [29], the customised CICES Framework bears the opportunity to serve as an accounting framework for SEEA Experimental Ecosystem Accounting [28] in the future to enable a biophysical evaluation and accounting for the economic value of forest ESS. Accordingly, an important step towards realising national, European and international biodiversity and forestry strategies is made.
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Figure 1. Combining a bottom-up approach with a top-down approach to harmonise forest function mapping (FFM) in federal systems and the Common International Classification of Ecosystem Services (CICES). Source: own representation. 
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Table 1. Synthesis of state and federal forest function mapping (FFM) guidelines. Source: own representation. ✓ Same terms used; ø Terms not present.
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FFM Category

	
Terms Used to Define and Describe Functional Aspects in FFM Guidelines

	
FFM Synthesis




	
Federal

	
Saxony

	
Brandenburg

	
Thuringia

	
Staten






	
Water Protecting Forest

	
Keeping surface water pure

	
✓

	
✓

	
✓

	
…

	
Keeping surface water pure




	
Keeping groundwater pure

	
✓

	
✓

	
✓

	
…

	
Keeping groundwater pure




	
…

	
…

	
…

	
…

	
…

	
…

	
…




	
Street Protecting Forest

	
ø

	
Protecting streets against landslides

	
Protecting streets against rockfall

	
Protecting streets against rockfall

	
…

	
Protecting streets against solid mass movement




	
ø

	
Protecting streets against windblown snow

	
ø

	
Protecting streets against windblown snow

	
…

	
Protecting streets against windblown snow




	
…

	
…

	
…

	
…

	
…

	
…

	
…
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Table 2. Deriving a synthesis between FFM Synthesis and CICES at Class level. Source: own representation. Grey-shaded cells contain a synthesis between CICES Class and German FFM terminology, due to a complementary and more differentiated level of information in either FFM or CICES.
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FFM Category

	
FFM Synthesis

	
FFM-CICES Synthesis at the Class level

	
CICES Class

	
CICES Section






	
Water Protecting Forest

	
Securing surface water resources

	
Surface water for drinking

	
Surface water for drinking

	
Provisioning (abiotic)




	
Surface water used as a material (non-drinking purpose)

	
Surface water used as a material (non-drinking purpose)




	
Keeping groundwater pure

	
Regulation of the chemical condition of freshwaters by living processes (groundwater)

	
Regulation of the chemical condition of freshwaters by living processes

	
Regulation & Maintenance (biotic)




	
Keeping surface water pure

	
Regulation of the chemical condition of freshwaters by living processes (surface water)
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Table 3. Customised CICES Framework for provisioning services (biotic and abiotic). Source: own representation. Underlined text is inspired by (1) [43] and (2) [30].
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Section

	
Division

	
Group

	
Class

	
Code

	
Customised Description

	
Customised Example






	
Provisioning (biotic)

	
Biomass

	
Cultivated terrestrial plants for nutrition, materials or energy

	
Fibres and other materials from cultivated plants, fungi, algae and bacteria for direct use or processing (excluding genetic materials)

	
1.1.1.2

	
Wood-based resource production potential in a particularly high degree

	
Provision of renewable, climate-friendly resources (e.g., construction-, furniture-, paper, chemical producing industry ...)




	
Wild plants (terrestrial and aquatic) for nutrition, materials or energy

	
Wild plants (terrestrial and aquatic, including fungi, algae) used as a source of energy

	
1.1.5.3

	
Wood-based energy resource production potential in a particularly high degree

	
Provision of renewable, climate-friendly energy resources (e.g., fuel wood, cutting residuals, process-by-products (2), ...)




	
Genetic material from all biota (including seed, spore or gamete production)

	
Genetic material from plants, algae or fungi

	
Seeds, spores and other plant materials collected for maintaining or establishing a population

	
1.2.1.1

	
Extraction of tree seeds for the production of forest reproductive material

	
Provision of properly identified forest reproductive material; maintaining and improving forests genetic diversity and functional performance (seeds)




	
Higher and lower plants (whole organisms) used to breed new strains or varieties

	
1.2.1.2

	
Extraction of trees for the production of forest productive material

	
Provision of properly identified forest reproductive material; maintaining and improving forests genetic diversity and functional performance (plants)




	
Provisioning (abiotic)

	
Water

	
Surface water used for nutrition, materials or energy

	
Surface water for drinking

	
4.2.1.1

	
Quantity of drinking water from rivers, lakes, reservoirs, collected precipitation (1)

	
Drinking water for domestic use




	
Surface water used as a material (non-drinking purposes)

	
4.2.1.2

	
Quantity of non-drinking water from rivers, lakes, reservoirs, collected precipitation (1)

	
Water for non-domestic use (e.g., animal consumption (1), irrigation, industrial production (2), fire-fighting reservoirs, ...)




	
Groundwater used for nutrition, materials or energy

	
Groundwater (and subsurface water) for drinking

	
4.2.2.1

	
Quantity of drinking water from springs, (non-fossil) aquifers (1)

	
Drinking water for domestic use




	
Groundwater (and subsurface water) used as a material (non-drinking purposes)

	
4.2.2.2

	
Quantity of non-drinking water from springs, (non-fossil) aquifers (1)

	
Water for non-domestic use (e.g., animal consumption (1), irrigation, industrial production (2), fire-fighting reservoirs, ...)
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Table 4. Customised CICES Framework for regulating services (biotic). Source: own representation. Grey-shaded cells contain a synthesis between CICES and German FFM terminology, due to a complementary and more differentiated level of information. Underlined text is inspired by (1) [43] and (2) [30].






Table 4. Customised CICES Framework for regulating services (biotic). Source: own representation. Grey-shaded cells contain a synthesis between CICES and German FFM terminology, due to a complementary and more differentiated level of information. Underlined text is inspired by (1) [43] and (2) [30].





	
Section

	
Division

	
Group

	
Class

	
Code

	
Customised Description

	
Customised Example






	
Regulation & Maintenance (Biotic)

	
Transformation of biochemical or physical inputs to ecosystems

	
Mediation of wastes or toxic substances of anthropogenic origin by living processes

	
Filtration/sequestration/storage/accumulation by micro-organisms, algae, plants, and animals at local scale

	
2.1.1.1-a

	
Capturing/filtering (fine) dust, chemicals and smells(1) by trees between a known emitter and an area to be protected

	
Improved life quality for humans




	
Filtration/sequestration/storage/accumulation by micro-organisms, algae, plants, and animals at regional scale

	
2.1.1.1-b

	
Capturing/filtering (fine) dust, chemicals and smells(1) by trees in a polluted area, where a certain emitter is unknown




	
Mediation of nuisances of anthropogenic origin

	
Noise attenuation

	
2.1.2.2

	
Buffering of noise by forests




	
Visual screening

	
2.1.2.3

	
Hiding unwelcome visual impacts by forests




	
Regulation of physical, chemical, biological conditions

	
Regulation of baseline flows and extreme events

	
Control of water-induced erosion rates

	
2.2.1.1-a

	
The capacity of vegetation to prevent or reduce leaching of sediments (e.g., nutrients, toxic substances, ...) into surface water; Water capacity increase of soils by roots; Reduction of precipitation quantity and -intensity reaching the ground by forest biomass

	
Reduction of damage (and associated costs) of sediment input to water courses; Protection against erosion damages caused by water (e.g., washing out, running-off soil and humus)




	
Control of wind-induced erosion rates

	
2.2.1.1-b

	
Wind speed reduction by trees, shrubs and ground cover vegetation; Soil anchoring by roots

	
Protection against erosion damages caused by wind (e.g., blowing off soil and humus)




	
Buffering and attenuation of mass movement

	
2.2.1.2

	
Avalanche volume reduction by forests; Soil anchoring by roots

	
Protection against erosion damages caused by solid mass movement such as rock-, soil-, snow (e.g., settlements, roads and other facilities, ...)




	
Hydrological cycle and water flow regulation (Incl. flood control, and coastal protection)

	
2.2.1.3

	
Water balance regulation, water retention, water flow control by forests

	
Protection against damages caused by floods (e.g., humans, facilities, nature, …)




	
Wind protection

	
2.2.1.4

	
Wind speed reduction by trees, shrubs and ground cover vegetation; Volume reduction of matter blown in (e.g., snow, fog)

	
Protection against wind/storm; matter blown in by wind (e.g., snow, fog); Protection of storm threatened forest stands, settlements, roads and vehicle drivers




	
Fire protection

	
2.2.1.5

	
Wild fire risk reduction by flame retardant tree- and shrub species, shaded soil, special dead- and dry tree management in wild fire protection areas or stripes

	
Protection against fire damages (e.g., humans, facilities, nature, ...)




	
Lifecycle maintenance, habitat and gene pool protection

	
Maintaining nursery populations and habitats (Including gene pool protection)

	
2.2.2.3

	
Forest that serves as habitats for (endangered) species; Structurally rich forest stands, with a high variety of animal- and plant species

	
Providing habitats for (endangered) species (e.g., Deadwood); Increased resistance of species against diseases in diverse forests




	
Regulation of soil quality

	
Decomposition and fixing processes and their effect on soil quality

	
2.2.4.2

	
Humification and nutrient input into soils, especially by forests with (a certain amount of) deciduous tree species

	
Maintaining soil characteristics necessary for human use




	
Water conditions

	
Regulation of the chemical condition of freshwaters by living processes (groundwater)

	
2.2.5.1-a

	
Filtration of hazardous substances from water (rhizofiltration) (2) seeping to lower soil layers and into the groundwater (also holds for mineral springs)

	
Maintaining chemical condition of fresh waters (groundwater) to enable human use or health




	
Regulation of the chemical condition of freshwaters by living processes (surface water)

	
2.2.5.1-b

	
Filtration of hazardous substances from water (rhizofiltration) (2) streaming into surface water

	
Maintaining chemical condition of fresh waters (surface water) to enable human use or health




	
Atmospheric composition and conditions

	
Regulation of chemical composition of atmosphere and oceans

	
2.2.6.1

	
Carbon sequestration and storage by trees on high performance stands

	
Global climate regulation to maintain living conditions




	
Regulation of temperature and humidity, including ventilation and transpiration at the micro-climate level

	
2.2.6.2-a

	
Forested areas, with a climatic impact on nearby, small areas

	
Equalisation of temperature and humidity extremes or improve living conditions for species or humans (e.g., parts of surface waters, single buildings, …)




	
Regulation of temperature and humidity, including ventilation and transpiration at the local level

	
2.2.6.2-b

	
Forested areas, with a climatic impact on nearby, larger objects or local areas

	
Equalisation of temperature and humidity extremes or improve living conditions for species or humans (e.g., parts of agricultural fields, forest rejuvenation areas, facilities, clusters of several buildings, …)




	
Regulation of temperature and humidity, including ventilation and transpiration at the regional level

	
2.2.6.2-c

	
Forested areas, with a climatic impact on larger areas at the regional level

	
Equalisation of temperature and humidity extremes or improve living conditions for species or humans (e.g., densely populated areas, urban agglomerations, …)
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Table 5. Customised CICES Framework for cultural services (biotic). Source: own representation. Underlined text is inspired by (1) [43] and (2) [30].
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Section

	
Division

	
Group

	
Class

	
Code

	
Customised Description

	
Customised Example






	
Cultural (Biotic)

	
Direct, in-situ and outdoor interactions with living systems that depend on presence in the environmental setting

	
Physical and experiential interactions with natural environment

	
Characteristics of living systems that enable activities promoting health, recuperation or enjoyment through active or immersive interactions

	
3.1.1.1

	
Forested areas, where nature experience is a secondary motivation. The activity itself (e.g., walking, cycling, horse riding, …) is the central concern of recreation

	
Improved physical, social, mental well-being, motoric development (1), health aspects




	
Characteristics of living systems that enable activities promoting health, recuperation or enjoyment through passive or observational interactions

	
3.1.1.2

	
Forested areas, where the recreational purpose is primarily connected to a conscious perception of nature (e.g., forest characteristics, smells, sounds, ...)

	
Improved physical, social, mental well-being, inspiration, cognitive development, spiritual development, nature awareness (1)




	
Intellectual and representative interactions with natural environment

	
Characteristics of living systems that enable scientific investigation or the creation of traditional ecological knowledge

	
3.1.2.1

	
Forested areas are an object of research (e.g., sample areas, areas where natural developments will not be altered, …)

	
Knowledge generation about nature and environmental processes; Derivation of knowledge for practical applications (Forest management, species protection, …)




	
Characteristics of living systems that enable education and training

	
3.1.2.2

	
Educational improvement; Transfer, conservation, development of knowledge

	
Forested areas where nature-/forest-related topics can be covered for teaching or training purposes (e.g., experimental areas, historical practices of silviculture, …)




	
Characteristics of living systems that are resonant in terms of culture or heritage

	
3.1.2.3

	
Forested areas where evidence, relicts or traces of human culture or fossils can be found

	
Conservation of evidence of human history, geological development; Improved human awareness about historical developments of nature, mankind




	
Characteristics of living systems that enable aesthetic experiences

	
3.1.2.4

	
Forested areas which are aesthetically attractive or which have a particularly positive impact on aesthetic effects of landscape

	
Improved physical, social, mental well-being; Improved mental or physical health (1)




	
Indirect, remote, often indoor interactions with living systems that do not require presence in the environmental setting

	
Spiritual, symbolic and other interactions with natural environment

	
Elements of living systems that have symbolic meaning

	
3.2.1.1

	
Forested areas which are representative for specified types of landscape, cultural artefacts, ecosystems, ...

	
Improved sense of place, identity (1), society




	
Other biotic characteristics that have a non-use value

	
Characteristics or features of living systems that have an existence value

	
3.2.2.1

	
Forested areas with species worthy of protection (e.g., endangered species, designated protected areas, …)

	
The right to exist beyond any benefits to human beings is assumed to be inherent to all living nature(2)




	
Characteristics or features of living systems that have an option or bequest value

	
3.2.2.2

	
Forested areas with species to be conserved for future generations to enjoy or use

	
To preserve species and ecosystems for the experience and use of future generations(e.g., nature forests)
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