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INTRODUCTION

Pursuing an ecological component for
the Effect Factor in LCIA methods

Nuno Cosme! (nmdc@dtu.dk), Anders Bjgrn!, Ralph K. Rosenbaum?

1 Division for Quantitative Sustainability Assessment, Department of Management Engineering, Technical University of Denmark
2 Irstea, National Research Institute of Science and Technology for Environment and Agriculture, Montpellier, France

From SSD to Effect Factor

¢ Ecosystem-related indicators benchmark impacts as Potentially Affected
Fraction of species (PAF) -> the fraction of species in a generic community
expected to be potentially affected above its no-effect level or other predefined
effect level

e PAF approaches are based on Species Sensitivity Distribution (SSD) ->
cumulative statistical distribution useful to extrapolate responses/sensitivity of
individual species to community’s responses/sensitivity

¢ LCIA models the marginal change in PAF and therefore does not account for the
current state of the ecosystem

e PAF can be further modelled to Potentially Disappeared Fraction of species
(PDF) by converting it into damage (* Convp,r_ppr)

e Can it also account for the state of the environment

CF =

! Impact X! (ConVpaeppe)/ h,, = Damage
[PAFm*d/kg]

[PAF-m?3-d] | [m] [PDF-m?-d]
(loss of biodiversity)

Qemitted X
[ke]
How can this coefficient be estimated?

INDICATOR FOR MARINE EUTROPHICATION

Effect Factor (FF) is calculated with
HC50 obtained from SSD methodology:
0.5

Potentially Affected Fraction
of species (%]

EF = [PAF-m3-d] PAF->PDF
& HCso conversion
HGa  imensity of stressor factors
ecotox indicators Conv par->por factor _source

HC50 based on chr EC50 PDF =0.5*PAF 2
HC50 based on NOEC PDF =0.1*PAF 10
effect on reproduction, long term PDF = PAF 1

IMPACT 2002+ (Jolliet et al. 2003)

Eco-indicator 99 (Goedkoop and Spriensma 2000)
Snell and Serra (2000)

HC50 based on LOEL

PDF =? * PAF ? discussed here for marine eutrophication

What do they mean?
Such factors are equal to change
the HCsy by 1 or 0.3 log units
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Ecosystems state is not included.
How much have ‘past impacts”
affected the ecosystem?
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One half, one tenth, or all the species, will not recover from the (toxic) stress and disappear,
when adopting the ‘recovery time approach’, which assumes w:

* Biodiversity linked with water quality (species disappear when stress reaches a certain level,
reappear after pressure drops below that level)

* Equal time for disappearance and recolonisation and equivalent diversity before and after
recolonisation

NEW CONVERSION APPROACHES

The processes

* Excessive increase of primary production in
response to inputs of nutrients and organic
matter accumulation 2!

* Results in excessive oxygen depletion and
impacts on biota, ecosystem and
(socio)economy

Cosme etal. (2013) !

The modelling
CF estimation in Marine Eutrophication 3):

CF[PAF -m3 - yr - kgN~'] = FF[yr] x XF[kgO,/kgN] x EF[PAF -m3 - kg0, "]

Indicator -> Midpoint impact score (IS,,,):

1Sy, [PAF - m3 - yr] = Q[kgN] * CF[PAF -m3 - yr - kgN~']

Indicator -> Damage Score (DS):

DS [PDF -m? - yr - kgN~] = Convpap_ppr[PDF - PAF~] % 1S, [PAF - m? - yr]/hy[m]

(hp, = height of the bottom layer in the marine compartment where hypoxia develops)

In practice, the conversion factor (Convpr_ppr) delivers the fraction of affected species that
do not recover after the pressure is reduced.

CONCLUSION

e PAF is built on biological/physiological endpoints — present conversion factors do
not add any extra layer of information.

¢ Duration and intensity are reflected in the EF, but not the ‘erosion’ of species’
tolerance from ‘past impacts’.

3 possible approaches to include an ecological component:

@ Trait-based approach: Apply percentage of change (1980-2006) of ecological (trophic level, TL)

or biological (maximum length) traits to an initial 0.5 conversion factor. The pressure from ‘past
impacts’ that might have degraded the recovery capacity is reflected in the conversion factor.

LME# _LME name trait 1980 2006 var_Convewsmr_foctor  Example limited to demersal, benthic and
3 California Current e T 313 338 00§ 046 22 penthopelagic fish species resident in the Large
mean max lenght (cm) 458 578 026 037 27 0 (LME) dered
s culfofm mean TL 241 250 004 0s8 21 arine tcosystem considered.
ult of Mexico mean max lenght (cm) 310 337 0.09 046 22 Other taxonomic groups and traits can be
12 CaribbeanSea mean TL 329 314 005 052 19 included. )
mean max lenght (cm) 705 488 031 065 15 Data from seaaroundus.org and fishbase.org .
mean T 337 334 001 050 20
2 Northsea
mean masx lenght (cm) 500 454 009 055 18
2 Balticses mean TL 370 321 013 057 18
mean masx lenght (cm) %1 412 057 079 13
4 NEAustralian Reef ™97 7L 401 38 004 052 19
mean max lenght (cm) 1562 1290 017 059 17
8 YellowSea mean TL 351 344 002 051 20
mean max lenght (cm) 892 782 012 056 18

@ V*R approach: Integrates Vulnerability [ and Resilience 5. V (0-1) proxies for degradation of

the community and propensity to be permanently affected. R uses population’s recovery time,
or doubling time (yr) - capacity to withstand fishing exploitation, proxy for propensity to shift to
an undesired regime.

Climatezone _spp (n) GM Vulnerability GM Resilience  V*R_ConV par-por _factor Example with data from 5 climate zones and a

3 approaches for an ecological component to damage estimation were presented.
Important for environmental relevance and spatial differentiation of the models.
After this exploratory research, new questions arise regarding:

¢ The impact of invasive species?

¢ The weight of keystone species?

* Do different species move in after the disappearance of the ‘endemic’ ones?
How does that affect diversity?

¢ Should the ecosystem’s adaptive capacity be included too?

¢ Should functional diversity (based on biological/ecological traits) be included to
improve the conversion factor?
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