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Brief Introduction 

 The main driver in the change and loss to biodiversity and ecosystem 

services is land-use, from agriculture and development (Figure 1).  Over 4,000 

species are known to be threatened by intensifying agriculture (UNEP Dead 

Planet, Living Planet).  Once a species is lost from the planet the functional role it 

plays in nature must either be filled by another organism or the functions of that 

role don’t occur.  The result can be not only a loss to the intrinsic value of the 

variety of life on our planet but also a loss in the functions nature provides to 

humans and therefore business.  The human needed functions of nature are 

called ecosystem services, for example, the role of a wetland in protecting 

shorelines from erosion or the role of a forest in maintaining water quality or the 

role insects have in pollinating food crops.  These functions have documented 

economic costs associated with them and are emerging as business risks and 

opportunities that should be carefully evaluated (The Natural Value Initiative- risk 

in ag supply chain, McKinsey Report on Biodiversity, Building Biodiversity 

Business, World Economic Forum Biodiversity Business Risk).   

 Land-use involves many factors including transforming or converting land 

from one vegetation cover type to another, occupying land which prevents it from 

regenerating, and degrading or changing land quality through land cover removal 

or through release of pollutants or nutrients.  Land-use in developed agricultural 

regions has a different suite of issues than the issues of nations that are 

developing agricultural markets.  In developed nations, agricultural biodiversity 

and land use change due to urban/suburban development, fertilizer and pesticide 

use, absence of natural buffers that support pollinators and other wildlife, and 

http://www.grida.no/publications/rr/dead-planet/ebook.aspx
http://www.grida.no/publications/rr/dead-planet/ebook.aspx
http://www.naturalvalueinitiative.org/content/005/501.php
http://www.naturalvalueinitiative.org/content/005/501.php
file:///G:/Biodiversity_HomeOffice%20Combined%208.2.10/My%20Final%20Report/Lit%20Cited/McKinsey%20report%20on%20biodiversity.pdf
http://data.iucn.org/dbtw-wpd/edocs/2008-002.pdf
http://data.iucn.org/dbtw-wpd/edocs/2008-002.pdf
http://www.pwc.co.uk/eng/issues/biodiversity_risk.html
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sedimentation are important issues affecting biodiversity.  In emerging markets 

direct biodiversity loss by unregulated land transformation and fragmentation 

such as forest or grassland conversion to agriculture are the more pressing issues. 

 In response to biodiversity loss and threats of loss, metrics have been 

developed for biodiversity and land-use on a variety of scales ranging from high 

level Life Cycle Impact Assessment metrics for products to local/farm level 

assessments that measure biodiversity and land-use efficiency. 

 The following is a brief business summary of land-use and biodiversity 

metrics from LCIA, ecoregional scale, and local/farm scale.  For definitions of 

common metrics for biodiversity and land-use see Appendix A. 
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 Figure 1. The relationship between land use, land cover, biodiversity and ecosystem services (adapted from 

 Haines-Young 2009) 
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Life Cycle Impact Assessment Indicators (LCIA) 

 

Life Cycle Inventory data can be analyzed with different Life Cycle Impact 

Assessment (LCIA) methodologies.   There are different variations of LCIA 

methodologies but examples here are given from three methods- Eco-indicator 

99, Impact 2002+, and ReCiPe (Goedkoop and Spriensma 2000a, Goedkoop and 

Spriensma 2000b, Jolliet et al. 2003, Goedkoop et al. 2009).  These methodologies 

have midpoint and/or endpoint indicators.  Endpoint indicators of Ecosystem 

Quality aggregate total species loss from all impacts to an area from the 

production of a product over 1 year (Figure 2).  Midpoint metrics of Ecosystem 

Damage are estimates of local extinction rates or species losses from different 

mechanisms separately- ecotoxicity, acidification, eutrophication, climate change, 

land occupation and transformation (Figure 2).  Local extinction is not permanent 

extinction; it is the loss of a species from an area.  Permanent extinction is the 

loss of a species from the planet.  It is assumed in LCIA that the production of a 

single unit of product can not cause the permanent extinction of species. 

However, it is feasible that the aggregate impact from the production of all units 

of a product over the course of years could cause the permanent extinction of a 

species in certain circumstances. 
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Figure 2.  Example of flows in ReCiPe.  This methodology has both midpoint 

and endpoint indicators shown in dark gray.

 

 

 

Potentially Disappeared Fraction or PDF 

 All LCIA methodologies use the Potential Disappeared Fraction of species or 

PDF.  The PDF is the rate of species loss (or in ecological terms the extinction rate) 

in a particular area of land or volume of water during a particular time due to 
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unfavorable conditions associated with land conversion, land occupation, toxicity, 

increase in average global temperature, or eutrophication.  The resulting indicator 

called Ecosystem Quality is quantified and presented differently depending on the 

impact assessment used, for example: 

1. Eco-indicator 99- rate of species loss (PDF) per m2 per yr (endpoint 

indicator) 

2. ReCiPe- actual species lost per year (based on species density and PDF)  

(endpoint indicator) 

3.  Impact 2002+ (normalization)- rate of species loss(PDF) per person per 

year (midpoint indicator) 

 The PDF is a rate based on local studies in the literature such as the 

predicted extinction rates of plants and butterflies and other animals due to 

increased temperature (Thomas et al. 2004), the vascular plant species diversity 

associated a particular area of land cover (e.g. broadleaf forest, grassland, etc. ) 

(Köllner 1999, Köllner 2000).  In other models it is the amount of freshwater 

aquatic macrofauna (term for plankton and bugs) in response to phosphorus 

levels.  The PDF rate from 1 or more local studies is used in different ways 

depending on the metric involved.  Detailed rates from local studies are needed 

but the drawback is they are often from only one region.  For example, the 

vascular plant data used in the land-use metric in ReCiPe is from the Swiss 

lowlands and England while the aquatic fauna data are from Denmark alone.  So, 

either one must assume that plant or freshwater fauna from these regions is 

representative of their own study region (the places where the life cycle for a 
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product of interest occur)…or if not, interpret the LCIA results on Ecosystem 

Damage with caution.   

 An example of the use of PDF for land use:  Many LCIA methods use some 

variation of a widely accepted ecological principle called the species-area 

relationship.  Generally, this principle states there is a positive correlation 

between the number of species and area.  Thus, a larger area will have more 

species than a smaller area.  For example in the LCIA ReCiPe, the land-use metric 

relies on the diversity of vascular plants in Switzerland and England and are likely 

only appropriate for use in Europe which has these or justifiably similar habitat 

types.  Köllner et al. (1999, 2000) estimated species richness of vascular plants in 

Swiss lowlands and categorized his data based established, recognized land cover 

types.  Then from his estimates of plant richness, the specie- area relationship 

was applied which estimates the species diversity over a continuum of increasing 

area (Figure 3).   

 Once species- area curves are created from field studies then estimates of 

the number of species in a particular area of a distinctive land type can be made.  

Below is an example of the species area curves used for broad-leafed forests and 

conventional farm land.  If a product were responsible for clearing new land for 

crop production we could calculate the species lost when converting a forest into 

conventional farm land.   

 



University of Arkansas - Fayetteville | Life Cycle Impact Assessment Indicators (LCIA) 8 

 

 

Figure 3.  An example of species-area relationships for two different land cover 

types (adapted from Kollner 2000).  E(S) is the estimated number of species. 

Land Use and Land Transformation Metric 

 Land-use in LCIA is typically assessed by one or two of the following factors 

land occupation and/or land conversion.  Land occupation prevents the land from 

returning to a natural state. Land conversion, or changing from one land cover 

type to another (e.g. broad-leaved forest to agriculture), factors in an estimate of 

the amount of time it takes for converted land to return to a natural state of 

comparable quality.  Local effects take into account the effect the area of land 

conversion has on biodiversity.  Regional effects take into account the effect land 

surrounding the converted land experiences loss to biodiversity.  Both are 

calculated similarly by using the biodiversity of the prior land type (reference) to 

converted or occupied land type (use).   

 Most LCIA methodologies address land-use yet there is no consensus on a 

common methodology or metrics that may inform LCIA.  Spitzley and Tolle (2004) 

reviewed land-use metrics used in various corporate reporting efforts such as GRI 

and SETAC (Table 1).  They found all of these metrics and indicators to be useful in 
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some ways but none were truly sufficient for assessing impacts at the product 

level. 
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Table 1.  A comparison of land-use metrics (adapted from Spitzley and Tolle 2004) 
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LCIA Metrics Summary 

 In general converting land from a high plant biodiversity types to a type 

with less biodiversity, releasing nutrients or chemicals that increase species loss 

from acidification and eutrophication, or emitting ghg’s at levels that increase the 

planet’s global warming rate and the subsequent predicted species loss result in 

negative impacts to the overall Ecosystem Quality Score.  The categories in this 

score can be used as a very coarse hotspot analysis for improvements within a 

product’s life cycle with caution.   

The drawbacks are 

o the biodiversity data are European-based in many cases and may not 

apply to other geographies. 

o The assumptions that all species respond the same way and have 

equal extinction risk are not biologically realistic. 

o The calculation of the impact that one unit of product has on the 

world’s species carries with it many assumptions that may not exist 

in the real world or may not have biological relevance.  It may be 

useful for highlighting areas along the production process that need 

further, more refined investigation only. 
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Biodiversity, Land-Use Metrics and Remote Sensing 

 

 Satellite images and continual improvement in remote sensing technologies 

have allowed us to map land cover and geologic features leading to a better 

understanding of species ranges and distributions.  The Eco-regional level is a 

coarse, large scale delineation of extensive areas that share a suite of distinctive 

species typically associated with a particular geology and climate.  Regional level 

data allow for more refined identification of areas by more specific habitat type 

and the species associated with those habitats than the eco-regional level.   

 Biodiversity has been estimated at the eco-regional level and displayed in 

GIS-based map form by conservation organizations World Wildlife Fund (WWF) 

and The Nature Conservancy (TNC).  In terms of metrics, I will leave them out for 

now as they are often more complex models that require considerable 

explanation.  WWF’s tool called WildFinder is a database of over 26,000 species of 

mammals, birds, amphibians, and reptiles globally (WildFinder). TNC released the 

Atlas of Global Conservation this year.  This set of numerous maps include land-

use, biodiversity, deforestation, and undeveloped areas of the globe with arable 

land suitable for agriculture at the eco-regional level (Global Atlas of 

Conservation).   

 Imbedded in these two resources is data from the International Union for 

Conservation of Nature which monitors endangered and threatened species and 

conduct thousands of field projects around the globe (IUCN).  This data along with 

spatial data on agricultural systems allows for opportunity to develop agricultural 

http://gis.wwfus.org/wildfinder/
http://www.nature.org/tncscience/maps/
http://www.nature.org/tncscience/maps/
http://iucn.org/
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risk to biodiversity hotspot regions and identification of “no-go” areas at an 

ecoregional scale. 

 There are many indicators of biodiversity and land-use and their use is 

dependent on the question being asked.  Trends in species populations can be 

useful and often the extent of habitat or ecosystem type is used as a proxy.  It is 

assumed that if adequate habitat exists than the species that live in those habitats 

are present.  Though many times this is the case, it is an assumption worth 

verifying.  There has been a global effort since 2008 to reduce the rate of 

biodiversity loss by 2010 and the Convention for Biological Diversity (CBD) 

published a GIS framework by which to measure biodiversity and assessed the GIS 

indicators degree of readiness for use toward this goal (Table 2). Through this 

framework they have developed 17 biodiversity indicators for 7 regions through 

the Biodiversity Indicator Partnership.  Though developed to be used globally, 

many can be disaggregated into regional, national and sub-national scales.   

 

  

http://www.twentyten.net/indicators
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Table 2.  Indicators for assessing progress toward decreasing rate of biodiversity 

loss.  Indicators ready for immediate use (green), indicators requiring further 

testing (red), and those where remote sensing can make an important 

contribution (star). Adapted from Convention for Biological Diversity Technical 

Series 32. 

 

http://www.cbd.int/ts/
http://www.cbd.int/ts/
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Merging Remote Sensing and LCA  

 There has been recent work to merge GIS, biodiversity, land-use, and LCA 

(Geyer et al. 2010ab).  As mentioned prior, current LCIA methodologies are static 

and are based on past averages with no geospatial linkages.  A new method 

incorporates regional GIS data on land cover with four indicators of biodiversity-

naturalness of habitat (no direct measure of species), species richness, species 

richness and abundance, and species richness and evenness (Figure 3).  This 

technique used a matrix to estimate the number of species out of 443 terrestrial 

vertebrates native to the study are that were suitable to or could be found in each 

of the 29 habitats they analyzed.  They ran different scenarios of land-use change 

with increasing demand for ethanol feedstocks.  They compared the four 

indicators of biodiversity and found that those indicators that used species-

habitat information outperformed the indicator that used habitat alone.  Yet, the 

three indicators using species-habitat information differently led to different 

results on impacts to biodiversity.  This method merits further exploration for our 

purposes. 
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Figure 3. Flowchart of LCA model and GIS coupling, bold arrows indicate linkages 

between LCA and GIS. 

Farm or Local Scale Metrics 

 Local scale metrics are desired but often hard to achieve without extensive 

data collection efforts.  Data availability on biodiversity is detailed for some 

regions and virtually non-existent for others.  Privacy issues are of concern and 

can be viewed as obstructing transparency efforts.  On the flip side, efforts at 

transparency may have negative consequences for some growers being evaluated 

for sustainability.  Using single flora or fauna groups (e.g. native/non-native 

vegetation, birds, butterflies) as surrogates or proxies for biodiversity is not ideal.  

It has been repeatedly shown that one group is not indicative of another 

unrelated group’s biodiversity.  The same common measures of biodiversity 
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(richness, density, evenness, etc.) are used at this level and countless studies exist 

in the literature.  In the U.S., states have different variations of a Natural Heritage 

program that is responsible for point locations of plants and animals.  This data is 

often rolled into the data-base NaturServe.  Land- use efficiency measures crop 

yield per area of land and is a well-used metric in agricultural settings. In 

developing nations land conversion rates at the farm level are useful.  Further 

development of appropriate land-use metrics that account for land context would 

ideally be GIS based.  

 Existing certifications have varying levels of sophistication in their local 

scale metrics.  SAI platform has conducted a benchmark evaluation of global 

certification schemes and ranked these schemes according to 1) governance and 

regulation and 2) systems enhancement (SAI Benchmark Study).  Additional 

ranking was done to indicate if the scheme required elements that meet SAI 

Platform Principles.  The more rigorous schemes may have elements that would 

be useful for development of Sustainability Performance Drivers for our purposes. 

 Online tools such as Field to Market’s Fieldprint Calculator is a useful tool 

for assessing field level environmental impacts based on a variety of inputs that 

can be selected (Fieldprint Calculator ).  A proof of concept biodiversity tool based 

on a “sweep” hypothesis by Warman et al. (2004) would allow the assessment of 

the biodiversity associated with managing for a familiar target species (e.g. wild 

turkey).  This tool has many implications for reporting sustainability measures. 

 Ultimately, combining metrics to get a measure of overall ecosystem 

function is useful for analyzing the larger processes rather than specific outcomes 

(e.g. biodiversity loss, water contamination, land degradation).  Evaluating the 

http://www.natureserve.org/index.jsp
http://www.saiplatform.org/uploads/Library/Benchmarking%20Report%20-%20TEASER.pdf
http://www.fieldtomarket.org/fieldprint-calculator/
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aspects of the supply chain that affect ecosystem services and working on those 

issues at the local/ farm scale will allow for risk minimization and interconnected 

benefits to species, water quality, air quality, soil etc.  (WRI Ecosystem Services 

Review). 

 

http://www.wri.org/project/ecosystem-services-review
http://www.wri.org/project/ecosystem-services-review
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Moving Forward:  Food for Thought and Discussion 

 

1.  LCA- based approaches:  LCIA metrics occur at such a coarse level that it is 

difficult to say how the damage categories impact decision making at the local 

level. For the two conjoined issues in question, biodiversity and land-use, 

improvement of the LCIA metrics for land-use impacts to include other 

geographies could be very useful.  In order to improve product sustainability, 

certification procedures are likely better for identification and regulation of local 

impacts to biodiversity from land-use as well as toxicity, eutrophication and other 

impacts since these local or time dependent flows are not trackable in LCA (Udo 

de Haes 2006).  Many of these drivers or indicators likely exist in the different 

certification schemes as well as local ecological studies. To take an attributional 

approach, we could pursue identifying and organizing the relevant requirements 

of certifications along with local ecological studies, as sustainability performance 

drivers and indicators.  The sustainable product attributes along the production 

chain can be identified and qualitatively measured to assess and improve 

sustainability along the chain.  Further, review of GIS and LCA research which links 

local biodiversity and land-use data with agriculture production may be useful for 

long-term improvement of impact assessment and this tool development may 

have application for TSC. 

 

2.  Eco-regional scale:  Using existing data and maps, we may be able to prioritize 

ecoregions most at risk for land conversion and biodiversity loss due to major 

agricultural crops and encroaching development.  For example, the places where 
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threatened species/ habitats, agriculture and human development intersect 

would be identified and suggested as targets for immediate attention from 

companies sourcing from these regions. 

3.  Local Scale:  The U.S has the Fieldprint calculator but we must identify local 

tools for the world’s top commodities in the places most at risk.  Again, look to 

existing certification requirements first to determine low hanging fruit for 

developing sustainable performance drivers.  In the longer term, local scale 

indicators could be evaluated with an ecosystem services lens rather than a suite 

of disparate metrics. 
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Appendix A.   Basic Terminology 

It is important to define the commonly used but easily confused measures and 

terms used to describe biodiversity and land-use.   

Species Diversity: number of species 

Species Richness: number of species per number of individuals  

Species Density: number of species in a defined area 

Species Evenness:  proportion of individuals of each species 

Land- Use Efficiency: crop yield per area of land. 

Land-Use and Land- Cover Change (LULCC): human alteration of land 

surface for agriculture, industry, residential, recreational or other purposes.   

Land-Use Conversion: Often depicted as a rate, area converted over time. 

Land Regeneration Time:  the time it takes for converted land to revert 

back to a natural state similar to its original state.  This is not always 

possible. 

  

 

 

 


