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Abstract 

Intensive agriculture can cause a sharp decline in biodiversity in a given landscape. Sustainable 
agriculture therefore requires assessment methods in order to predict potential impacts of agricultural 
management practices on farmland biodiversity. Based on the principles of Life Cycle Assessment 
(LCA), BASF has developed AgBalance® to enable farmers analyzing and improving the 
sustainability of their farming operation. AgBalance® is based on the Product Environmental 
Footprint Category Rules Guidance (PEFCR) by the European Commission (2017), which includes 
most of the relevant impact categories for agriculture, like climate change, acidification, 
eutrophication, etc. but misses a biodiversity impact category. To close this gap, a new methodological 
approach called “Biodiversity Calculator” was developed, by using the characterization model of 
Chaudhary and Brooks (2018) and combining it with a set of interventions previously identified as 
effective in terms of positive impacts on biodiversity by the “Conservation Evidence” meta-analysis 
(Sutherland et al., 2019). The results from the “Biodiversity Calculator” are incorporated into 
AgBalance® using an adapted normalization and weighting scheme of the Product Environmental 
Footprint method of the EU commission (PEF). The resulting “Biodiversity Calculator” comprises a 
versatile tool that complements the AgBalance® methodology and informs farmers on how to adapt 
their agri-environmental strategies to mitigate their impact on biodiversity. 
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1. Introduction 
It has been described by various authors that agriculture is the main threat for 87 % of globally 
threatened bird species (IUCN, 2016) and other taxa (Macdonald et al., 2015). Thus, preventing 
further biodiversity loss in agricultural production systems comprises a pre-requisite for their 
sustainability (Benton et al. 2003), underlining the importance of assessing biodiversity on farm.  
 
BASF has been using AgBalance® since 2012 for LCA-based sustainability assessment of various 
farming practices. AgBalance® contributes to an adequate assessment of sustainable agriculture, by 
incorporating state-of-the-art scientific methods for LCA analysis in agriculture, including the impact 
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categories recommended by Product Environmental Footprint (PEF) method (European Commission, 
2017), like climate change, eutrophication, etc. However, the PEF method does not include a 
biodiversity impact category. Even though the necessary integration of biodiversity as an impact 
category is recognized by the European Commission (2017), the inclusion of biodiversity in LCA-
based environmental methods imposes difficulties to the methodological framework of LCA itself 
(Curran et al., 2011). Moreover, site-specific data are necessary to accurately assess biodiversity loss 
at regional and local scale (Teixeira et al. 2016). Lastly, species richness has been considered a useful 
basis for these models, but it must be complemented with land use intensity-based indicators (Teixeira 
et al., 2016).   
 
The objective of this research was to develop an action-based, LCA-compatible biodiversity 
assessment, which can be integrated into the AgBalance® methodology. The so-called “Biodiversity 
Calculator” is a software tool developed for agricultural systems to estimate the impact of specific 
farming practices and to develop scenarios on how to improve biodiversity on-farm, through a 
management-driven approach.  
 
Of the already existing methodological approaches, the UNEP-SETAC working group endorses the 
model proposed by Chaudhary et al. (2015) and Chaudhary and Brooks (2018) as most suitable to 
assess the land use driven impacts on biodiversity (Frischknecht et al., 2016). In order to derive 
information on the biodiversity on farm, action-based approaches take into account interventions and 
farm management (Sutherland et al., 2019) to assess the impact of farming on biodiversity. The most 
comprehensive evidence base for the effectiveness of such measures comprises the meta-analysis 
“Conservation Evidence” (Sutherland et al., 2019). By focusing on interventions that positively 
impact the biodiversity potential, this meta-analysis can support the operationalization of 
interventions for farming as a building block of sustainable agriculture (Shackelford et al., 2017).  
 
2. Material and methods  
Technically, the “Biodiversity Calculator” includes the characterization factors from Chaudhary and 
Brooks (2018) and allows users to adjust them with so called “interventions”, i.e. factors that describe 
farmers’ management practices. These factors were calculated based on the information extracted 
from “Conservation Evidence” (Sutherland et al., 2019). The “Biodiversity Calculator” was 
developed with the scientific advice of the Fraunhofer Institute for Building Physics. In detail the 
methodological background of the “Biodiversity Calculator” and its integration in the AgBalance® 
methodology can be summarized as follows: 
 

2.1. Modelling with regional and country specific characterization factors 
To capture the predicted species loss due to land use, the characterization model of Chaudhary and 
Brooks (2018) was used. The model provides mean global characterization factors (CF) for land 
occupation and transformation of 804 ecoregions and 245 countries and islands, for five land use 
types and three levels of intensity each. For the “Biodiversity Calculator,” these CFs were extracted 
for all ecoregions, countries and islands, covering the relevant land use types for AgBalance®: 
cropland, pasture and plantation forests1. 
 

2.2. Selection of agricultural interventions with impact on biodiversity 
Data for the impact of management practices on biodiversity was extracted from the meta-analysis 
“Conservation Evidence” (Sutherland et al., 2019). In “Conservation Evidence,” the interventions 
had been assessed by an expert panel in terms of effectiveness (effectiveness score in percentage) and 

 
1 In the “Biodiversity Calculator,” permanent crops were assigned to the land use type of plantation forests. However, 
Chaudhary (2018) included permanent crops in the cropland land use type. 
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strength of the evidence (certainty score in percentage). Furthermore, the interventions were classified 
in several overall effectiveness categories, ranking from “beneficial” to “harmful” (Sutherland et al., 
2019). A total of 39 interventions from the conservation categories “Farmland Conservation” and 
“Mediterranean Farmland”2 with evidence classified as “beneficial” or “likely to be beneficial,” were 
chosen as a basis for the Biodiversity Calculator, to provide farmers with measures that mitigate their 
biodiversity impact due to land use intensity as demonstrated by Chaudhary and Brooks (2018). The 
choice was narrowed down to 29 interventions, after 10 redundant interventions were excluded in 
order to avoid double-counting of interventions in the calculation of action scores (see section 2.3).  
 

2.3. Calculation of action scores  
To rank these interventions, the effectiveness (ECi) and certainty components (CCi) of each 
intervention i were multiplied to yield a single action score ASi (see Eq. 1). 
 
 

𝐴𝑆   
𝐸𝐶 ∙ 𝐶𝐶

100
 

[%] Eq. 1 

 
The single action score of each intervention i was divided by the total sum of action scores of all 
applicable interventions of land use type j, to obtain a scaled action score (SASi,j) that ranges between 
0 % and 100 % (see Eq. 2). The applicability of each intervention i for land use type j is provided in 
the respective synopsis in “Conservation Evidence”. In the calculator, the number of applicable 
interventions n varies for each land use type: out of 29 interventions, 21 apply to cropland 
management, 24 to pasture and 8 to plantation forests. 
 
 

𝑆𝐴𝑆 ,   
𝐸𝐶 , ∙ 𝐶𝐶 ,

∑ 𝐸𝐶 , ∙ 𝐶𝐶 ,
∙ 100 [%] Eq. 2 

 
Action scores of selected interventions were summed into a total action score of the farm (ASfarm) as 
shown in Eq. 3, where higher values are considered better for biodiversity. The binary variable si 
equals 1 if the intervention i is selected, otherwise it equals 0. 
 
 𝐴𝑆 𝑆𝐴𝑆 , ∙ 𝑠  [%] Eq. 3 

 
2.4. Effect of action scores on the characterization factors 

The characterization factors (CF) for minimal and intense use of each land use type and ecoregion or 
country were fitted in linear regressions as a function of the action score of the farm. A linear function 
was assumed, as the exact cause-and-effect relationships between the interventions and biodiversity 
remain largely unknown. Accordingly, it was assumed that the action score of 0 % corresponds to the 
CF of intense use as a starting point, and the action score of 100 % corresponds to the CF of minimal 
use, the CF values for action scores between 0% and 100% are derived by interpolation as follows.  
 
Eq. 4 and Eq. 5 represent the linear regressions that estimate the characterization factor of potential 
species loss on the farm due to land occupation (CFocc,j,k) and transformation (CFtrans,j,k) respectively, 
as a function of the action score of the farm, given a land use type j and country or region k. The 
characterization factors of minimum and intense use are different for each land use type, country and 

 
2 The conservation categories “Farmland Conservation” and “Mediterranean Farmland” refer to the effect on biodiversity 
of farmland wildlife and human dominated landscapes that add economic and ecological value. Effects of these 
interventions were assessed for northern and western Europe and Mediterranean climates (Dicks et al., 2013) (Shackelford 
et al., 2017).  
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ecoregion, so the slopes mocc,j,k and intercepts bocc,j,k of the linear regression will also vary accordingly. 
Subsequently, the CFocc,j,k and CFtrans,j,k are multiplied with the area of land occupation and 
transformation respectively to obtain the species loss per functional unit, which is the result of the 
LCA-based biodiversity assessment. 
 
 𝐶𝐹 , ,   𝑚 , , 𝐴𝑆 𝑏 , ,  [species loss/m2] Eq. 4 

 
 𝐶𝐹 , ,   𝑚 , , 𝐴𝑆 𝑏 , ,  [species loss∙year/m2] Eq. 5 

 
2.5. Integration of biodiversity assessment into AgBalance® methodology 

The results of the biodiversity assessment are incorporated into the AgBalance® methodology using 
an adapted normalization and weighting scheme of the PEF method of the European Commission 
(2017). As normalization factor for the biodiversity impact, an annual average of number of species 
gone extinct is used, based on the data from IUCN database of species gone extinct in the last 100 
years (IUCN, 2019) of the same taxa covered by Chaudhary and Brooks (2018). The AgBalance® 
weighting scheme is based on the PEF methodology for the development of a weighting approach for 
the Environmental Footprint by Sala et al. (2018). Therefore, to include the biodiversity impact 
category, a weighting factor and a robustness factor were derived by determining the importance of 
the topic and the robustness of the assessment tool. According to the concept of the Planetary 
Boundaries, climate change and biodiversity rank on the same level of importance for life on earth 
(Steffen, et al., 2015). Therefore, the weighting factor of biodiversity was allocated equivalent to that 
of climate change in the AgBalance® methodology. Twelve experts of two fields of expertise (experts 
in method development and experts in biodiversity) provided their assessment of the robustness of 
the methodology implemented in the “Biodiversity Calculator,” as defined by Sala et al. (2018). 
Subsequently, a mean value of the assessment of the experts was calculated to obtain a robustness 
factor for the biodiversity impact category. With the robustness factors and corresponding weighting 
factors of each impact categories of the AgBalance® methodology, a weighting scheme including a 
biodiversity assessment for sustainability analysis of farming practices was implemented. 
 
3. Results and discussion 
The “Biodiversity Calculator” was initially developed as an Excel tool and a web-based interface was 
created to facilitate the usability. For assessments using the “Biodiversity Calculator,” the first step is 
the selection of the country or ecoregion where the farm is located in the section “Region definition” 
(see Figure 1), followed by the land use type to be assessed in the pre-selection of interventions. An 
optional feature enables the customization of the tool through the application of filters, allowing users 
to select subsets of interventions that correspond to their farm management conditions. As a next step, 
the interventions to be applied at the farm or in the farmland can be selected to predict the impact on 
species loss. The numerical outcome of the Biodiversity Calculator comprises three values: i) the 
action score of the farm (ASfarm), an index from 0 % to 100 %, ii) a CF for land occupation of the farm 
expressed in potential global species loss per square meter and iii) a CF for land transformation 
expressed in potential global species loss per square meter times regeneration years. While the CFs 
are relevant for LCA applications, the results are graphically displayed, showing the Action score as 
well as the change in species loss due to the implemented interventions. Figure 1 shows a partial view 
of the interface of the “Biodiversity Calculator” and the graphic with the results, where higher action 
scores reduce the potential species loss. A calibration and validation of the tool is anticipated for next 
year, using field monitoring data on changes in the abundance and diversity of different species in 
response to the implementation of the interventions included in the calculator. 
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Figure 1: Partial view of the interface of the “Biodiversity Calculator” 
 
4. Conclusions  
The “Biodiversity Calculator” comprises a versatile tool to support decisions about how to maintain 
and restore biodiversity on the farm and an LCA-compatible assessment method, with a focus on 
cropland, pasture and (to a lesser extent) permanent crops. This method is seamlessly integrated into 
the existing AgBalance® framework and allows for a site-specific biodiversity impact assessment 
based on the location of the farm, land use type and the management strategies chosen by farmers. It 
can also be easily integrated into other LCA frameworks as well. 
 
Limitations due to simplifications for the sake of practicality are known. Furthermore, customization 
and expansion of the tool is required for case studies focused on permanent crops. Additionally, the 
evidence base of “Conservation Evidence” is restricted to regions with Mediterranean climates and 
to northern and western Europe. Improvements like adaptation of interventions to different 
geographies and the extension to permanent crops are currently discussed. Further development is 
necessary to account for the decline in biodiversity, as well as its interrelations with other impact 
categories leading to an endpoint-oriented damage category.  
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