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Abstract

Ecosystem services can be measured physically, but also valued in monetary terms. In

public planning and decision-making in Germany, multi-criteria analysis is usually used

to inform decision-makers about different impacts of projects, for example, for housing

and  the  siting  of  industrial  or  infrastructure  projects.  Typically,  these  evaluations  are

based on various environmental, social and economic impacts using their own specific

methods and  then  juxtapose  the  different results, without providing  further support for

weighing various concerns.

Economic evaluations attempt to assess preferences of individuals and society in relation

to  the  outcomes that are  relevant for  a  decision, thereby providing  further  support to

decision-makers. Although so-called welfare values are usually used for this purpose in

cost-benefit  analysis,  it  can  be  shown  that,  in  certain  cases,  exchange  values  from

environmental economic accounting also fulfil that objective. This is demonstrated for the

case of site planning, using maps of economic values of biomass provisioning services

and ecosystem services for nature conservation. 

The ecosystem service values used for this purpose were determined spatially explicitly

nationwide for Germany. Services for nature conservation were calculated as average

costs to develop one ´biotope value point´. This unit is used in German planning law to

determine  ecological  compensation  measures for  impacts  on  nature. Cost data  were

calculated  from  nature  conservation  measures  to  fulfil  the  requirements  of  the  EU

Habitats  Directive.  As  a  proxy  for  the  biomass  provisioning  service,  hypothetical

agricultural  land-lease  rates  with  different  yield  potential  were  estimated  throughout

Germany. Due to a lack of other spatially specific data, timber services were valued with

the average net profit of forestry businesses.
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A comparison  shows  that,  on  average,  services  for  nature  conservation have  higher

values than biomass provisioning services. This is the case even for arable land.
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Introduction

This article aims to show how values from national ecosystem accounting can be used to

support local decisions about the location of housing or infrastructure projects, especially

in rural areas. 

In  Germany,  relevant  decision-making  criteria  for  the  selection  of  sites  for  housing,

industry and commerce or infrastructure are inter alia quality of the land for agricultural

and forestry production and importance for nature conservation; further criteria  are, for

example,  drinking  water  and  groundwater  protection,  carbon  sequestration  or

recreational  land  use  (BauGB  2017, UVPG  2017, BNatSchG  2021).  In  general,

nationwide  monetary  values  for  ecosystem  accounting  can  be  used  as  additional

information  for  site  selection  in  rural  areas.  However,  so  far,  they  only  exist  for  the

ecosystem services for biodiversity protection and biomass production (here: agricultural

products and timber) and were calculated in the pilot project of Hirschfeld et al. (2020).

The following presentation is, therefore, limited to these two ecosystem services.

Cost-benefit analyses, which use monetary values for site selection, are prescribed for

some larger measures, such as planning of federal transport routes (BMDV 2014). The

criterion of preserving fertile soils is mainly considered here in terms of the purchasing

cost for necessary land. Nature conservation concerns have, so far, only been included

as additional  criteria  (ibid.), without being  considered  in  monetary terms. In  Germany,

most other site  planning procedures for location search, for example, for new housing

sites, are based on multi-criteria analysis. Here, different aspects to be considered are

often only evaluated according to their own specific methods and then just juxtaposed.

The evaluative comparison of the various points and their weighting amongst each other,

thus, remains with the decision-maker and is not further supported by information about

the  social  and  individual  values affected  by the  choice. Valuation  methods, including

maps that additionally monetise ecosystem service worthiness, are one of several ways

to  support and  facilitate  location  selection. They  offer  the  possibility  to  compare  and

aggregate  diverse  negative  and  positive  impacts,  based  on  individual  and  societal

preferences. (Schweppe-Kraft and Grunewald 2015, Natural Capital Germany - TEEB DE

2018).
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The  social  benefit or  (potential)  price, people  would  pay for  an  additional  hectare  of

biomass production or nature conservation land, is only marginally influenced by local

changes. The situation  is different for goods, such  as urban  green  spaces, where  the

service can only be provided at the place of production and is difficult or hard to replace.

With a noticeable reduction, the willingness to pay or the potential price for an additional

hectare  of  green  space  increases.  When  assessing  a  local  change  in  green  space

provision, this price  effect must be  considered. In  contrast, biomass and  conservation

services are  commodities that are  traded  on  a  national  or  even  international  scale  or

where valuation relates to  the persistence of populations and ecosystems on a larger

spatial scale. For such goods, local changes in quantity usually have only minimal effects

on the value per measurement unit. The value per unit taken from national  ecosystem

accounts can, therefore, be assumed to be largely constant when valuing local changes.

An  exception  would  be, for  example, if highly endangered  endemic species with  few

other  sites  were  affected.  In  this  case,  any  local  change  may  affect  preferences  for

conserving the remainder of the population.

In a research project on integration of ecosystem services into environmental economic

accounting to fulfil Target 2, Action 5 of the European Biodiversity Strategy to 2020 (EC

2022b), Hirschfeld  et  al.  (2020) determined  nationwide,  spatially  specific  monetary

values for services of agricultural land for biomass production and for ecosystem services

to preserve biodiversity (´appreciation of ecosystem and species services´, according to

UN SEEA-EA 2021). These values are  supported  here  by national  average monetary

figures for ecosystem services of forests for timber production. Economic valuations of

ecosystem services are  based  on  UN SEEA-EA (2021). Unlike  the  other elements of

SEEA-EA, they are not yet binding. Some of the valuation methods used here deviate

from SEEA-EA recommendations, which is justified in each individual case.

The  following  sections  describe  how  values  for  ecosystem  services  for  biomass

provisioning and nature conservation were calculated, what results there are nationwide

for  Germany  and  how  these  values  can  supplement  existing  methods  for  location

planning. The  article  ends  with  a  discussion  on  the  approach  limitations  and  with

possible steps for a further refinement. 

Biomass provisioning services

 

General approach

According to UN SEEA-EA 2021, the monetary value of biomass provisioning services of

ecosystems is not the value of the goods produced, like agricultural goods or timber, but

solely the profits made through selling these goods on the market, after deducting all cost

for capital, labour and the cost for all  intermediate goods, like pesticides. In economic

terms,  this  residual  value  corresponds  to  value  added  minus  wages,  including

entrepreneurs labour inputs and minus an ´adequate´ interest rate for invested capital.
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Marginal productivity is the economic concept behind this idea. It results in an exchange

value for an ecosystem service when that service is traded on a market and considers

additional contribution of a spatial unit (e.g. a hectare) of land to income. Under market

conditions, for example, a farmer will try to extend the area under cultivation up to a point

where the price of an additional piece of land equals the additional income he can gain

from  it.  As  shown  in  the  Discussion,  exchange  values,  based  on  current  marginal

productivity, are suitable only for measuring changes that are small, when compared with

current supply (Mankiw and Taylor 2014). They are not suited for rapidly occurring large

scale  (catastrophic)  changes, for  long-term assessments and  for  long-lasting  changes

which can hardly be reversed.

Due to a lack of data on farm profits Hirschfeld et al. (2020) use lease rates as a proxy for

biomass  provisioning  services  of  agricultural  land  and  estimated  spatially  specific

hypothetical  lease  rates  for  all  agricultural  lands  in  Germany  on  the  basis  of  the

relationship between lease rates and measures for the relative yield potential  that are

available  for  all  agricultural  lands  in  Germany.  Average  proxy  data  for  the  biomass

provisioning service of forests were added here from official statistics (see below).

Data and methods

UN SEEA-EA (2021) (par. 9.35) proposes net-profits (´resource rents´) from agriculture or

forestry as a monetary measure for biomass provisioning services. Since no data on farm

profits are  available  in  Germany, agricultural  lease prices are used here instead as a

proxy for valuing biomass provisioning services of agricultural  lands. Lease prices are

not available for all  agricultural  land in detail. Therefore, we used results from Garvert

(2017) to assign estimated lease prices to the yield potential of agricultural areas.

This yield  potential  was  determined  by  an  agricultural  soil  estimate  (German:

´Bodenschätzung´, formerly ´Reichsbodenschätzung´; for a brief summary, see Wikipedia

2022) and envelops grass- and arable land. Although for most, it is not available for all

agricultural areas in Germany. Another system for the estimation of yield potential is the

Müncheberger Soil Quality Rating (SQR). It was developed by Mueller et al. (2007) and

adopted to  all  arable  land in  Germany by BGR (2013). On the basis of data  from the

German Federal States Bavaria, Thuringia and Saxony (SLL 1999, TLUBN 2011, STMUV

2014)  for  which  classifications  according  to  both  the  ´Bodenpunkte´  (soil  scores

according  to  the  ´Bodenschätzung´) and  to  the  SQR are  available, it was possible  to

determine a function that can be used to convert both systems into the other (Hirschfeld et

al. 2020, Grunewald et al. 2021).

In  order  to  assess  SQR  compatible  values  for  grassland  throughout  Germany,  the

average  values  for  arable  land  were  also  assigned  to  all  grassland  areas  of a

municipality in a first step. These values were then corrected downwards according to the

ratios between arable land and grassland, based on the agricultural soil estimates for all

counties/districts in each of the above-mentioned German states.  
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The delineation of arable and grassland is based on data of the land-cover model ´LBM-

DE´ Germany for 2012 and 2015 (BKG 2016, BKG 2019). The arable land areas were

assigned to SQR values from a relatively coarse dataset (250 m × 250 m) by the BGR

(2013). For this purpose, the cropland areas also had to be gridded. The resolution used

was 5 m × 5 m to preserve the extent of arable land given by LBM-DE. In some cases, the

arable land areas defined by LBM-DE did not coincide with the SQR dataset. In this case,

those areas were assigned to the average SQR of that municipality.

Results  are  site-specific  SQR- and  ´Bodenschätzung´-compatible  estimates for  arable

land  and  SQR-  and  ´Bodenschätzung´-compatible  mean  values  for  grassland  at

municipality level (Fig. 1a, upper legend).

The economic evaluation of the ´Bodenpunkte´ (soil scores) - and indirectly also the SQR

values  -  is  based  on  the  information  given  by  Garvert  (2017) that,  in  western  and

southern states of Germany, a rental income of 4.81 Euro per soil score can be achieved

on  average. In  the  six  eastern  Federal  States  the  average  is  only  2.74  Euro  due  to

different agricultural and ownership structures. The above factors were calculated on the

basis of lease rates from 2010 and 2011. In order to adjust them to the 2018 lease level,

we increased them by 49% (Statista 2022). The adjusted factors were then multiplied by

the  soil  scores  determined  for  each  area.  The  result  is  a  nationwide  estimate  of

agricultural rents shown in Fig. 1a, lower legend.

The factors taken from Garvert (2017) are average values per soil score, which Garvert

calculated  with  the  help  of the  hedonic price  function  he  estimated. A more  accurate

calculation,  using  the  coefficients  of  the  hedonic  function  themselves,  instead  of  the

above averages, would  result in: (1) values lower than average for land with  low soil

scores and  (2) higher values for land  with  high  soil  scores. However, such  a  precise

calculation would have required an additional effort that was not feasible within the scope

of our pilot study. As a result, in Fig. 1a and Fig. 4b, land with a low yield potential tends

to be rated too high and land with a high yield potential tends to be rated too low.

Furthermore,  the  yield  potential  explains  only  part  of  the  agricultural  land  rent  (cf.

Feichtinger  and  Salhofer  2016, Garvert 2017). Other  factors, such  as  the  size  of the

agricultural area, can also be partly directly linked to the value of biomass production, for

example,  through  related  cost  variables.  However,  additionally,  there  are  influencing

factors that have little to do with the value of biomass service. An example would be a

high regional demand for land that can be used to dispose surplus manure from animal

production, which can also lead to higher lease rates.

So far, there is no study that specifically examines the various influencing factors in terms

of their  significance  for the  ecosystem service  biomass production. As a  result of this

circumstance, only  the  yield  potential  was considered  as an  influencing  factor  in  our

study. Hence, German-wide lease rates presented in Fig. 1a and those for the Rhine-

Sieg County in Fig. 4b tend to be too low when considered as a whole. After comparing

our  modelled  lease  rates  with  statistically  determined  average  values  for  2018,  an
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underestimation of approx. 6.95% can be assumed. In few cases, where the areas are

currently not being used, values show the biomass provisioning potential.

Figures  for  timber  services of  forestry  land  have  been  estimated  biophysically  at  the

district level  by Elsasser et al. (2020) according to the method proposed by SEEA-EA.

Economic  values  presented  by  these  authors,  however,  are not  compatible  with

environmental accounting because they refer to timber sales that include, for example,

wages. According to SEEA-EA, the value for timber services is the timber increment of the

respective  year converted into  the present value of future  sales revenues that can be

achieved by this increment, minus costs incurred. An approximate value is the (average)

annual  net profit of forest enterprises per hectare, which  was taken  here  from official

statistics (StBA 2020c, BMEL 2021a, BMEL 2021b) as a substitute. These values are not

spatially  differentiated,  which,  in  this  context,  is  less  problematic.  Differentiations  in

production  value  hardly  become  relevant  for  decision-making,  since  with  forests

conservation, values account for  the  overwhelming  majority  of the  total  value of both

services considered.

Appreciation of ecosystem and species services

General approach

According  to  UN  SEEA-EA  (2021),  ecosystem  services  for  the  national  goals  and

individual preferences for biodiversity conservation cannot be included in environmental

economic  accounts  in  monetary  terms,  as  these  services  are  provided  without  any

transaction  between  an  individual  and  the  ecosystem. However, the  recording  of this

service is considered very relevant and it is proposed to include it in the complementary

accounts.

Based  on  setting  national  and  international  targets  for  biodiversity  conservation  and

numerous empirical  studies on  the  willingness to  pay for  nature  conservation  (Martin

Lopez et al. 2007, CBD 2021, EC 2022a), it can be assumed that goals of conserving

species  and  habitats,  without  serving  any  further  purpose,  are  amongst  human

preferences.  Furthermore,  in  view  of  the  global  decline  in  biodiversity  and  natural

habitats,  it  can  be  expected  that  biological  diversity  is  scarce.  With  these  two

characteristics - part of the preference function and scarcity - biodiversity fulfils essential

properties of an economic good and, in principle, can be recorded on the basis of scarcity

prices and  exchange values compatible  with  other values in  environmental  economic

accounting; just like other goods and other ecosystem services. Whether this takes place

in the central area of environmental accounting or as a supplementary valuation appears

to be of secondary importance.

Ecosystem services for biological diversity conservation are valued here on both cost and

benefit  sides.  Estimates  of  costs  for  a  complete  implementation  of  Natura  2000  in

Germany  (LANA 2016)  were  used  to  calculate monetary  values  for  the  cost side. An
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estimate  for  benefits  was  derived  from  studies  on  the  willingness  to  pay  for  the

implementation of nation-wide biodiversity conservation programmes.

In both cases, the so-called 'biotope value points' (OECD 2016) served as the basis for

physical  recording  of  ecosystem  services  for  nature  conservation.  The  derivation  of

biotope value points takes characteristics, such as naturalness, age, the occurrence of

endangered species and threat to the ecosystem itself, into account. In Germany, these

points are often used to determine whether impacts on nature and landscape have been

compensated  by  restoring or  creating other  habitats.  Biotope  value  points  can  be

regarded  as  physical  exchange  values  for  ecosystems  that  are  based  on  expert

knowledge and legal regulations and have a price-like function, albeit on a non-monetary

scale.

The  cost-based  estimate  of  the  value  of the  appreciation  of  species  and  ecosystem

service (conservation of biodiversity service) is based on the assumption that investments

in  nature  conservation  have  a  social  rate  of  return  (discounted  difference  between

benefits and costs, internal  rate of return) that is often used in  cost-benefit analysis of

public  projects  (2%  to  4%)  to  show  the  ´regular´  profitability  of  other,  also  private,

investments (for details see next chapter).

However, investments in nature conservation only have the same social return as other

investments if there is no disproportionate lack of biodiversity compared to other goods.

This would be in line with the principle of national accounting, which also uses existing

prices  and  quantities  of  goods  as  calculation  variables  without  asking  whether  they

correspond to an optimal allocation, i.e. an optimal distribution of productive resources to

the production - and preservation - of various goods.

If, instead, a  particularly high scarcity of biodiversity is assumed, an appropriate  price

would not have to be estimated on the basis of the actual expenditure made, but directly

on the basis of the benefits of the measures (e.g. via a contingent valuation). 

Willingness-to-pay  analyses  for  conservation  of  individual  species,  individual  habitat

types  or  for  local  nature  conservation  programmes,  aggregated  over  all  species,  all

habitat types or  all  regions, generally  lead  to  values much  higher than  values of the

willingness to  pay for  the  conservation  of all  species, all  habitats or  a  programme at

national  level  (cf. Whitehead  et al. 1998, Meyerhoff et al. 2012, McFadden  and  Train

2017).  Therefore,  two  surveys  on  willingness  to  pay  for  national  conservation

programmes (Hampicke et al. 1991, Meyerhoff et al. 2012) were used here, to determine

benefits of nature conservation, each comprising a comprehensive set of measures. The

conversion of willingness to pay to individual biotope value points was carried out in the

same way as for the cost-orientated consideration. To make results comparable, values

were adjusted for inflation.
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Data and methods

In  the  context of a  cost-benefit  analysis  and  environmental  accounting, market prices

would  be  ideal  for  calculating  the  economic  value  of biodiversity  services. In  a  cost-

benefit analysis, these market prices must not be too distorted, i.e. they must be as close

to the true economic value as possible. In fact, market prices for biotope value points exist

in Germany. They could be determined, for example, at the land agencies that carry out

compensation and replacement measures for third parties (cf. BFAD 2022). However, a

variety of biotope valuation procedures in Germany at local, regional, state and federal

level and in different specialised planning differ in detail.  Average prices or price ranges,

based on these valuations, are not yet available.

Instead, an average monetary value per biotope value point, that applies to all ecosystem

types, was calculated. This was based  on  a  detailed  cost estimate  of various habitat

restoration measures; these will be required in the coming years to meet the obligations

of  the  EU  Habitats  Directive  (LANA  2016).  Development  measures  for  43  different

ecosystem types, for which cost data were available, were considered. These measures

cover 1.16 million hectares, which corresponds to 3.2% of the German land cover.

The procedure applied for monetary valuation, explained below, combines methods for

estimating  real  estate  values using  construction  costs (ImmoWertV 2019, Art. 22) with

elements  from  the  habitat  equivalency  analysis  (NOAA  2020).  The  latter  is  used  to

determine  compensation  for  ecological  damage  considering  also  time  needed  for

restoration (Schweppe-Kraft 2009). The original  form of our method was developed in

discussion with German monetary tree assessment procedures (Schweppe-Kraft 1996).

The following data are recorded for each individual  restoration measure considered in

the calculation:

• value of the initial biotope (in biotope value points),

• time until the target biotope has reached its desired condition,

• value  of the  target biotope  when  the  desired  condition  is  reached  (in  biotope

value points),

• one-off  investment  costs  including  costs  of  land  acquisition,  if  necessary  for

biotope development,

• future  annual  management costs and/or compensation for non-use; profits from

the sale of market products are considered, when calculating net management

costs.

The present value of investment and management costs could be compared to the value

difference between the initial  and target biotope. However, this would exclude the fact

that the value of the target biotope will  only be reached in the future. To take this into

account,  the  future  biotope  values  are  discounted  and  herewith a  discounted  value

difference is calculated, which, depending on the development time, can be significantly

smaller than the simple value difference (cf. Fig. 2a).
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Dividing the present value of the investment and maintenance costs by the discounted

biotope value point difference yields a monetary value for a one-off payment required to

achieve a single additional biotope value point. The one-off payment can be converted

into  a  constant  annual  payment  (annuity).  The  result  is  an annual  payment  which,

according to our method, is regarded as the annual monetary value of a single additional

biotope  value  point.  The  internal  rate  of  return  of  the  restoration  measure  can  be

calculated  from the  amount of the  investment and management costs and the  annual

monetary value of the additional biotope value points created. If the same discount rate is

used  when  discounting  the  future  biotope  value  points  and  when  converting  one-off

payments  into  annual  payments, the  internal  (social)  rate  of return  of the  restoration

measure  corresponds exactly  to  the  discount rate  used. If  this discount rate  (roughly)

corresponds to the usual profitability of investments, then through the application of the

described  method one assumes that the  considered  investment for habitat restoration

including annual  management cost has a  social  rate  of return  that corresponds to  the

usual profitability of other investments.

As Fig. 2 shows, the monetary value of the biotope value point per restoration measure

can differ substantially between different types of measures. It could, therefore, be argued

that the highest monetary value found per biotope value point corresponds to society's

current marginal willingness to pay. This marginal value could be taken as the price of

each biotope value point. However, politicians, when deciding on programme funding,

usually do not consider cost-benefit ratios of each individual programme component, but

rather they look at the cost-benefit ratio of an overall programme. This suggests that the

average cost per additional biotope value point should be taken as the marginal social

willingness to pay or simulated price per biotope value point, taking all  measures into

account. Fig. 2b shows how this average value per biotope value point changes when

different discount rates (2%, 3%, 4%) and calculation periods (infinite, 50 years, 25 years)

are applied.

As mentioned above, the implicit assumption of a normal social rate of return for habitat

restoration measures is only acceptable if the existing amount of biodversity corresponds

to social preferences, i.e. from the the point of view of the individuals, the scarcity of these

goods  is  not  higher  than  the  scarcity  of  other  goods.  If  instead,  the  demand  for

biodiversity is higher than for other goods, in relation to their relative prices, only a direct

estimate  of  the  benefits  of  conservation  measures  can  correctly  reflect  the  value  of

biodiversity. 

Two surveys on the willingness to pay for national conservation programmes (Hampicke

et al. 1991, Meyerhoff et al. 2012), each comprising a comprehensive set of restoration

measures, were used here to determine the benefits of nature conservation measures on

the  basis  of  Contingent  Valuation  studies.  The  willingness  to  pay  for  the  whole

programme was converted to an individual biotope value point. This was achieved in the

same way as for the cost-based approach. Adjusted for inflation, the benefit per biotope

value point, determined on the basis of both CV-studies, is about twice as high as the

benefit determined here on a cost basis. For details, see Hirschfeld  et al. (2020). The

cost-based assessment may, therefore, underestimate the actual benefits of biodiversity.
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In all mentioned cases, biotope value points were assigned to ecosystems according to

the  biotope  value list by  Mengel  et al. (2018), which  was developed  for  the  Federal

Compensation  Ordinance  (BKompV  2020)  and  has,  ever  since,  been  further

differentiated, especially in the area of coasts and seas. The 2018 list defines biotope

value  points  for  approximately  500  different  ecosystem  types.  Scores  range  from  0

(sealed areas) to  24 (intact mires and fens, old  semi-natural  forests). Points listed are

average  values  that  can  be  increased  or  decreased  by  a  maximum of  three  points

depending on the condition of the specific ecosystem on site.

Like the biomass provisioning service, German-wide recording of ecosystems is based

on the ´Land Cover Model Germany´ LBM-DE of the Federal Agency for Cartography and

Geodesy (BKG 2019). This dataset characterises land-use and land-cover, applying the

three-digit classification of the European CORINE Landcover (CLC) system. LBM-DE has

a spatial resolution of at least 1 ha and is updated every three years. For Germany, there

are  37  different ecosystem types, for  example, salt marshes, land-use  types, such  as

arable land or land-cover, such as forest.

Linear elements of the official topographic-cartographic information system (ATKIS Basis

DLM, BKG 2016) were integrated into the LBM-DE. These factors include traffic routes,

paths, as well as all watercourses, hedge structures, tree rows and rocks (Grunewald et

al. 2020, Grunewald et al. 2021).

From the LBM-DE and ATKIS classes, the importance of the areas for biodiversity can

already be determined to a limited extent, but only very roughly. Therefore, the following

specific data were used to further assess the CLC classes and linear elements in terms of

their composition and average condition:

• data from the reporting on European Habitats Directive (BfN 2020a),

• data from the reporting on the Water Framework Directive (UBA 2020a),

• mapping  of  biotopes  within  the  agricultural  landscape  with  high  nature

conservation value (HNV mapping, BfN 2020b),

• data from the Federal Statistical Office on land use and the extent of various types

of agricultural land use (StBA 2020a, StBA 2020b) and

• the Federal Forest Inventory (Thünen-Institut 2020).

On the basis of these sources, it was possible to define approx. 300 different ecosystem

types and ecosystem condition classes covering the entire area of Germany. These 300

(approximately) different types were each attributed values from the biotope value list. By

assigning  subclasses  to  the  spatially  specific  CLC  classes  and  linear  elements,  the

distribution  of  the  total  sum  of  biotope  value  points  represented in  the  ecosystem

subclasses can also be approximated in a spatially specific manner for the entire German

area. Fig. 1b shows the nationwide assessment of biotope points (upper legend) and the

monetary value of appreciation of ecosystem and species services (bottom legend).
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Results for biomass provisioning and appreciation of ecosystem

and  species  services  in  comparison  -  applicability  for  site

planning in rural areas

Due to availability, the following monetary values are partly linked to geographical data

from different  years  (2015  and  2018).  This  results  in  minor  inaccuracies,  which  can

largely be neglected, because geographical data have changed only slightly in relation

to each other in the years in question.

The  two  maps  in  Fig.  1 contrast  the  ecosystem  services  for  agricultural  biomass

production (for food, fibres, energy biomass etc.) and services for conserving of biological

diversity on  a  national  scale, each in  their own physical  unit (SQR and biotope value

points, see upper legend), as well as monetary (see bottom legend). Fig. 1 also gives an

impression of the range, frequency and spatial distribution of the values for conservation

and  agricultural  biomass  production  services  for  each  ecosystem  and  agricultural

production site, respectively.

The monetary valuation of the two services allows for comparison and for adding them up

for a joint value. This is done in Fig. 3 for highly aggregated ecosystem types. Here, the

ecosystem services  for  timber  production  are  included.  For  completeness,  additional

information is provided on the value of ecosystems as a location for settlements, a value

that is of particular importance in  the  context of spatial  planning. Sales values for the

biomass produced on agricultural  and forest lands are added as well. Although these

values do not represent ecosystem services, they can likewise become relevant for site

planning under certain economic and social conditions.

Fig. 3 and  Fig. 1 show that the  monetary value  of ecosystem services for timber and

agricultural  production is significantly lower than  the  monetarily-valued  services of the

same ecosystems for biodiversity. Furthermore, this applies to agricultural land, even if all

particularly  nature  conservation-relevant land  elements, such  as hedges, stone  walls,

ditches, small  wetland elements etc., are excluded. This will  be further analysed in the

Discussion  chapter.  Due  to  their  high  biodiversity  conservation  value,  non-utilised

ecosystems  are,  on  average,  significantly  more  valuable  than  agricultural  land  and

approximately as valuable as forests.

The situation  is only different in  the  case of settlement areas. Here, the  building  land

value for residential or commercial purposes, which can be seen as a value for an abiotic

service  (see  explanation  in  the  annex  of  Fig.  3),  is  significantly  higher  than  the

biodiversity value. However, this does not mean that there should be a further expansion

of settlement areas  at the  expense  of areas  for  biodiversity,  forestry  and  agricultural

production. In addition to the effects on biodiversity and the availability of agricultural and

forestry  land,  the  increase  in  settlement,  industry  and infrastructure  areas  has  other

negative  effects.  Depending  on  the  specific  planning,  these  effects  can  degrade
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recreational areas close to settlements, can increase the urban heat island and tend to

increase traffic volumes along with  multiple  consequences on the quality of the urban

environment,  health  and  climate  change.  These  effects  are  important  for  deciding

whether or not a settlement or infrastructure project should be carried out. However, in a

first  planning  step,  when  distinguishing  between  less  and  more  environmentally

damaging  sites, the  spectrum of environmental  impacts to  be  examined  can  often  be

limited. In this paper, the spectrum is limited to the aspects of biodiversity and biomass

production, although in Germany also, for example, recreation or flood protection would

be considered regularly. This aspect will be addressed further in the Discussion chapter.

Estimating the monetary value of a biotope value point on the basis of willingness-to-pay

captured by contingent valuation studies led to values per biotope value point which are

proximately twice as high as the valuation based on costs (see above and Hirschfeld et

al.  (2020)).  Although  this  is  a  considerable  discrepancy, it  would  hardly  change  the

relative values of the ecosystems shown in Fig. 3; and thus, would not considerably alter

site planning decisions, based on these values.

If  ecosystem  services  can  only  be  utilised with  a  high  capital  input,  ecosystem

transformations may not only result in the loss of ecosystem services, but also in the loss

of  the  capital  benefits  associated  with  the  utilisation  of  the  ecosystem  service.  An

example  are  farms with  high  capital  inputs, for example, dairy farming. If such a  farm

cannot lease  neighbouring  land  after  the  conversion  of its  own  land  in  favour  of an

infrastructure project, the economic loss may be higher than the ecosystem service of the

converted  land. In  the  worst case, the  farm will  be  closed  down. The  economic loss

corresponds to the value added, if not only employed capital  (e.g. through the sale of

machinery),  but  also  labour  associated  with  ecosystem  service  utilisation  cannot  be

applied  elsewhere.  In  the  short  term,  economic  losses  could,  furthermore,  occur  for

producers of the input products. In this case, the total  economic loss could include not

only the value of the ecosystem service, but also the value of the products produced. 

If the  turnover  of the  products is  considered  instead  of the  ecosystem services, i.e. if

inputs of goods, labour and capital required for production are added to the ecosystem

services, the  picture  outlined above changes. As Fig. 3 shows, production  areas then

become more valuable than unused or near-natural areas.

However, such a scenario, with completely inflexible capital, labour and product markets,

is not at all realistic. In an industrialised country with functioning markets and a shortage

of  labour,  like  Germany,  the  total  economic  loss  associated  with  a  loss  of  biomass

provisioning services will be far closer to the service value than to the product value. Only

when major land-use changes, within short periods, coincide with insufficient adjustment

possibilities of labour and capital markets value added, or in the worst case sales values,

should additionally become relevant for location decisions. 

To the authors' knowledge, currently no other study is available  that attempts to  value

biodiversity for an  entire  country -  on  the  basis of the  exchange value  concept -  and

contrasts  this  evaluation  with  values  for  biomass  provisioning  services.  Thus,

12



validating our  results  against  comparable  studies  is  a  challenge.  Lease  prices  are

influenced by the structure of respective lease markets and do not always correspond to

the actual value of the ecosystem service (see also the chapter on ´biomass provisioning

services´).  However,  in  the  authors'  opinions,  this  cannot  be  the  reason  for  the

considerable  difference  between  the  value  of  provisioning  services  and  the  value of

ecosystem  and  species  appreciation  services.  That  is  evident  in  our  figures.  When

comparing our results on biodiversity with other studies, for example, on national parks,

certain projects or regional conservation measures, we found that our per ha values for

nature  conservation  services  are  rather  low.  The  reason  might  be  the  so-called

embedding/scope effect (for an explaination see section ´appreciation of ecosystem and

species services´). Specifically, on the values for arable land, see ´Discussion´.

According  to  the  authors,  the  high  values  for  biodiversity,  compared  to  ecosystem

services  for  biomass  production,  can  be  explained  as  following:  biodiversity  has

increasingly become a very scarce commodity, while  technical  progress and breeding

successes in agriculture have meant that biomass can be produced ever more cheaply.

As a result, the relative value of biodiversity has increased and the political and individual

willingness to pay for its restoration is higher and more money per land unit is spent for

this purpose than for purchasing of a piece of forest for timber production or leasing land

for agricultural use.

These high values assigned to biodiversity, compared to values of biomass provisioning

services, must, however, not be  misunderstood. They do  not mean that converting  all

agricultural and forestry land into nature reserves is economically and socially beneficial.

The willingness to spend large sums of money, in order to achieve an improvement of

one biotope value  point, can  be  explained by the  current high  scarcity of biodiversity.

Each restoration measure would reduce this scarcity and, thus, change relative values. At

the same time, the value of a biomass production area depends on the current supply

and  demand  for  biomass.  The  demand  is  dependent,  amongst  other  things,  on  the

international purchasing power for food, which in turn, is determined by global income

distribution. Other factors include a possible increase in demand for energy biomass or

an expected expansion and preservation of forest stands for climate change mitigation

reasons.

In  other  words,  relative  prices  or  values  for  biodiversity  and  biomass  production

presented  here  are  prices  and  values  referring  to  the  current  situation.  Therefore,

they only apply to relatively small changes in relation to the total stock of ecosystems and

their services concerned. Policy scenarios, in which an extensive change in the utilisation

of ecosystems and ecosystem services is considered for an entire economy, would have

to take future expected price and value changes into account. In contrast, relatively small

changes - in macroeconomic terms - due to individual settlement or infrastructure projects

are not expected to result in widespread price and value changes, so that current prices

and values can be used as a proxy for assessing quantity changes.

In the field of biodiversity, however, even relatively small quantitative changes can lead to

significant  value  changes.  An  example  would  be  destroying the  site  of  a  highly
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endangered species. The biotope value point approach used here is too vague to be

able to represent such special features. At the latest, when highly-endangered species

are expected to be affected, the procedure proposed here must be underpinned by on-

site surveys to support site planning. 

Raw data for ecosystem accounting include values for biomass provisioning and nature

conservation services that are far more differentiated than those presented in Fig. 1 and

Fig. 3. Fig. 4 below  shows how  these  can  be  used  to  support existing  site  planning

methods  with  economic  data  on  the  value  of  ecosystem  services.  By  aggregating

monetary ecosystem service values, it is possible to directly identify which areas are most

likely to be considered as sites, if the aim is to reduce the total  value of all  ecosystem

services (here reduced to only two) as little as possible.

This procedure would primarily identify areas with a high proportion of arable land as the

most suitable locations for settlement, industrial  and infrastructure development, if only

biomass  provisioning  and  appreciation  of  ecosystem  and  species  services  are

considered. In Germany, arable land is often used for new settlements and infrastructure

facilities (Tietz et al. 2012: 17). Additionally, in Germany, arable land is frequently used for

ecological compensation measures that regularly become necessary in such cases. This

pattern corresponds to what Fig. 3 suggests in terms of the economic values shown there.

Through development, areas with  the lowest total  value (arable land) are replaced by

areas with  a significantly higher economic valuation (settlement areas). Via  ecological

compensation, areas with a lower total value (arable land) are again converted into areas

with a higher value (near-natural areas or forest). Thus, the procedure proposed here to

support existing site  planning methods with  ecosystem service values from ecosystem

accounting would seemingly not fundamentally change current decision-making. Rather,

it underpins established procedures and decision-making routines with economic data

that further strengthen the aspect of biodiversity conservation in location planning.  

General discussions,  conclusions and outlook

On the basis of ecosystem services for biomass provisioning and for nature conservation,

it  was  shown  that  a  monetary  valuation  of  these  services,  as  it  is  currently  being

discussed  and  developed  for  an  application  in  environmental  accounting,  can

meaningfully  support decision-making  processes on  the  ground  with  socially-relevant

information. Compared  to  other  decision  support  methods, monetary  values  for

ecosystem services offer the advantage that they can be compared with each other and

with  other  monetary  values  (Boyd  2011). Thus,  they  provide  an  additional  basis  for

weighing up different concerns, which so far, has not been available in  a comparable

manner. When planning new settlements, transport lines or infrastructure facilities in rural

or on the edge of urban areas, the possibility to aggregate values for different ecosystem

services  (such  as  for  agricultural  and  timber  production  and  the  preservation  of

biodiversity) can  simplify  location  searches  with  the  lowest overall  impairment  of

ecosystem services.
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The fact that values for ecosystem services from environmental economic accounting can

be  used  meaningfully  for  location  decisions  does  not  mean  that  the  decision  must

automatically be based on values available there. This is the case, for example, when

other ecosystem services that have not yet been evaluated on a nationwide basis have to

considered, such as values for recreational  use of the landscape. If recreation-related

services would also be considered, especially near-natural ecosystems in the vicinity of

urban  areas and  areas equipped  with  special  recreational  infrastructure, these  would

gain  additional  value.  Furthermore,  many  specific  impacts,  for  example,  on  animal

species, require additional on-site studies and cannot yet be assessed on a national data

basis. In  addition, institutional  and  legal  specifications must be  considered  in  making

decisions,  such  as  different  protected  area  categories,  which  take precedence  over

monetary evaluations.

The  above  statement  that  the  proposed  application  of  monetary  ecosystem  service

values from national  accounting  may not fundamentally  change  planning  procedures

towards  a  more  sustainable  utilisation  of ecosystems,  along  with  the  explanations

of short-term  prices  and  values  and  their  long-term  development,  highlights  the

weaknesses of an economic valuation if it reflects only current ecosystem service values.

Those  present service  values alone  are  not suitable  for  a  more  sustainable  decision-

making,  especially  if  they  influence  the  usability  of  ecosystems  in  the  long  term.  In

Germany,  it  is  common  practice  to  convert  arable  land  into  settlement,  industry  and

infrastructure land and also into ecosystems with high biodiversity to use the latter as an

ecological  compensation. We  argued  that, in  the  short term, this  may be  economical;

however, even considering only two ecosystem services - namely the one for biomass

provision and for nature conservation - this practice does not seem to be sustainable in

the  long  term  when  considering  the  future  demands  for  food  or  energy  biomass.

Furthermore, intensification of agriculture has long since reached its limits due to effects

on environmental  degradation, for example, by impacts of pesticides and fertilisers on

habitats  and  groundwater  (Garcia  2020,  Midler  2022). Ongoing  expansion  of  settled

areas  at  the  expense  of  agricultural  lands,  thus,  will  result  in  a  shortage  of both

agricultural  land and land for conservation of our biodiversity, as well  as other related

ecosystem services. It is important to realise that monetary values of ecosystem services

from  environmental  economic  accounting  only  reflect  current  scarcities  and  prices.

Considering  future  scarcity would  only be  possible  if,  beyond  current  services,

environmental economic accounting would value ecosystems also as capital (stocks). A

reliable  long-term capital  valuation, which captures future developments with  sufficient

certainty,  is  currently  not  apparent.  It  is,  therefore,  important  to  use  the  window  of

opportunity (e.g. provided by the Stern Review (Stern 2007) and the currently published

report by Dasgupta 2022) and to promote, for example, a concrete valuation of peatlands

from a climate protection perspective. The so-called Methodenkonvention (convention of

methods) of the German Federal Environment Agency, for example, in the field of CO

emission valuation, could provide a good basis for this purpose (UBA 2020b).  

The concept of biotope value  points, which  has been used in  this work as a  general

yardstick for quantifying biodiversity, may not be sufficiently scientifically sound to some

2
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readers. This concept can be described as a heuristic method, developed by planners,

biologists  and  practitioners  from  nature  conservation  administrations,  in  order to

decide on type and extent of necessary compensation measures on a generally accepted

basis. Certain value relations, like a 6 points value for arable land and ´only´ 24 points

value for peatlands, can be explained by the fact that a lower score for arable land would

ultimately mean that fewer compensatory measures would  have to  be  implemented in

Germany. The biotope value points were used here because they represent a socially-

accepted metric by which biodiversity is recorded comparatively in practice. It was not the

task to scientifically question and discuss the concept of biotope value points. However,

the authors see no other scientifically- or socially-sound approach with which it would be

practical to define physical and monetary exchange values for biodiversity at this time.

For further development of the monetary valuation of biotope value points nationwide, it

would be important to decide the following: first, whether valuation should be based on

costs or on willingness to pay and second, whether public restoration measures or impact

compensation measures should be used as the basis for estimating costs:

• The  rather  comprehensive  nature  conservation  programmes,  for  which

willingness  to  pay  per  biotope  value  point  was  assessed,  would  increase

Germany's  total  biodiversity,  measured  in  biotope  value  points,  only  rather

slightly, estimated at about 6% (Hirschfeld et al. 2020). The willingness to pay for

additional  biotope  value  points  can,  therefore,  be  interpreted  as  a  marginal

willingness to pay per biotope value point, in the sense of exchange values. They

are  twice  the  values  that  result  from  the  cost-based  approach.  Therefore,  a

decision would have to be made whether to perform a valuation based on costs -

and accept the risk of ignoring higher social scarcities - or whether to use values

based on surveys – that, however, tend to be more uncertain.

• In  Germany, a  large, probably even  the  largest part of measures to  restore  or

develop  biotopes  are  carried  out  as  compensation  measures  within  the

framework  of  impact  mitigation  regulations  under  nature  conservation  and

building law. Far fewer restoration actions are carried out as nature conservation

measures financed  by  the  public  sector  or  NGOs. Measures under  the  impact

regulation tend to be more expensive per biotope value point created than public

nature  conservation  measures. This  is, in  part, because  of the  frequent small-

scale impact compensation measures compared to the larger-scale public nature

conservation projects. Putting the calculation of costs per biotope value point on a

broader basis in the future, thus, seems plausible. An example can be the random

evaluation  of  the  costs  for  real  biotope  development  measures under

consideration of impact regulation and public nature conservation measures.

At this stage, we would like to point out once again that the underlying study was a pilot.

The survey was implemented within the framework of the Environmental Research Plan

of the Ministry of the Environment, Nature Conservation and Nuclear Safety as part of the

implementation of Target 2, Action 5 of the European Biodiversity Strategy until 2020. A

larger  part  of  the  survey  was  commissioned  by  the  Federal  Agency  for  Nature

Conservation; the remainder was carried out by the Agency´s own staff. The goal was to
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examine  possibilities  of  integrating ecosystem  services  into  environmental  economic

accounting in Germany. The first two ecosystem services selected for the Ministry of the

Environment  are  ´biodiversity conservation´  and  ´ecosystem  services  of  urban  green

spaces´,  the  latter  being  the  subject  of  another  publication  by  the  authors  in  one

ecosystem. One  of the  main  reasons for  this  choice  was that useful preliminary  work

already exists on both topics. Ecosystem services for biodiversity conservation should be

compared with biomass provisioning services, in  part because often differing views on

the  importance  of this  service  in  relation  to  biodiversity  exist. Target 2, Action  5  was

carried out under the EU-wide agreement that, if possible, no new primary data should be

collected for implementation. In addition, research conducted for practical issues of the

various  sectoral  ministries  usually  has  significantly  lower  budgets  than  thematically

comparable research projects of the Federal Ministry for Education and Research. This is

due to the different orientation, namely applied questions instead of research funding.

These framework conditions make it understandable that the work had to concentrate on

producing plausible results orientated to political  communication. For this purpose, the

results were compared with other important data, for example, from the Federal Statistical

Office. However, an in-depth statistical analysis of the possible uncertainties of the results

had to be omitted for resource reasons. Further research can be supported, for example,

by  the  extensive  and  detailed  databases  of  the  Thünen  Institutes  affiliated  with  the

Ministry  of Agriculture; for  example, on  forest issues (cf. Elsasser  et al. (2020))  or  to

capture the effects of various ´distortions´ of regional lease markets on the relationship

between ´true´ ecosystem services and actual lease prices.

According  to  the  authors, additional  information  on  ecosystem services for  recreation,

climate  change  mitigation  and  flood  prevention  would  be  particularly  helpful  for  site

planning issues. In the meantime, initial results on climate change mitigation services are

available  from  a  follow-up  project  in  which  the  authors  are  involved. Due  to  time

constraints,  these  results  could  not  be  included  in  this  article.  The  same  project  is

currently also  working  on  a  German-wide  economic evaluation  of recreation  services.

Extensive  and  complex simulations are  required  to  obtain  valid  results on  ecosystem

services in flood protection. Going forward, a project on this topic with pooled resources

from the thematically responsible ministries and the Ministry of Education and Research

would certainly be beneficial.
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Figure 1. 

Ecosystem  services  for  agricultural  production  and  biological  diversity  (appreciation  of

ecosystems  and  species  services)  presented  in  physical  and  monetary  units  (source:

Hirschfeld et al. 2020).
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a b

Figure 2. 

Calculating  an  average monetary value  per  biotope  value  point.  For  detailed  explanation,

see Suppl. material 1.

a: Calculation scheme with examples;   

b: Calculation result for different discount rates and calculation periods.      
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Figure 3.  

Ecosystem services for  nature conservation, agriculture and timber  production; sales values

for timber and agricultural products and residential land rent by 2018 (source: Hirschfeld et al.

2020):

1) Including habitats according to the EU Habitats Directive;

2) Monetary values of biotope points according to Hirschfeld et al. (2020);

3) Profits from forestry operations, timber sales: StBA (2020c), BMEL (2021a), BMEL (2021b)

;

4) Agricultural land rent, sales of agricultural products: StBA (2021a), BMEL (2021c); 

5) Same as 3), corrected according to the larger area;

6) In the case of marketed products, the value of the ecosystem service is part of the value of

product sales; 

7) Average sales value for 2018, according to StBA 2021b (200 euros per m , interest rate for

calculating the annuity: 3%, infinite calculation period).

The value of a site for residential, commercial, industrial or similar use is the land value. Similar

to ecosystem services, this value is the difference between the sales value of the final product

(e.g. residential rent)  minus the total anthropogenic inputs (development costs, construction

costs, estate agents etc.). The land value for real estate is, thus, calculated in a very similar

way to the value of the ecosystem service.
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a

b

Figure 4. 

Land use and aggregated values for  biomass provisioning and nature conservation services

(appreciation  of  ecosystem  and  species services)  in  the  Rhine-Sieg  county (source:  own

illustration).
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Supplementary material

Suppl. material 1: Calculation of average cost per biotope value point

Authors:  Burkhard Schweppe-Kraft

Data type:  Detailed examples for calculating an average monetary value for one biotope value

point per hectare. 

Brief description:  The Excel-file shows the detailed way to calculate monetary values for  the

appreciation of ecosystem and species services of ecosystems. The file uses examples from the

calculation of the cost of habitat restoration measures to fulfil the targets of the European Habitats

Directive in Germany.

Download file (52.32 kb) 
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