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Abstract
Purpose The purposes of this commentary are to further an
on-going debate concerning the appropriate form of land use
baseline for attributional life cycle assessment (LCA) and to
respond to a number of arguments advanced by Soimakallio
(Int J Life Cycle Assess 20:1364–1375, 2016). The commen-
tary also seeks to clarify the conceptual nature of attributional
LCA.
Methods The overarching approach for resolving the question
of the appropriate form of land use baseline for attributional
LCA is to clarify what attributional LCA is seeking to repre-
sent, i.e. methodological questions can only be resolved if it is
clear what the method is seeking to do. An illustrative exam-
ple is used to explore the different results produced by ‘natural
regeneration’ and ‘natural’ baselines.
Results and discussion It is proposed that attributional LCA
should be conceptualised as an inventory of anthropogenic
impacts, conceptually akin to other forms of environmental
inventory, such as national GHG inventories. The use of nat-
ural regeneration baselines is not consistent with this concep-
tualisation of attributional LCA, and such baselines necessi-
tate further ad hoc or arbitrary adjustments, such as arbitrary
temporal windows or the inconsistent treatment of natural
emissions.
Conclusions The use of natural regeneration baselines may be
motivated by the impulse to make attributional LCA both an

inventory-type method and an assessment of system-wide
change. Pulling attributional LCA in two different directions
at once results in a conceptually and methodologically inco-
herent method. The solution is to recognise attributional LCA
as an inventory-type method, which therefore has distinct but
complementary uses to consequential LCA, which is an as-
sessment of system-wide change.

Keywords Attributional life cycle assessment . Baselines .

Consequential life cycle assessment . Decision-making .

National greenhouse gas inventories . Sequestration

1 Introduction

This article is the fourth in an exchange of views (the previous
being Soimakallio et al. (2015), Brander (2015a), and
Soimakallio et al. (2016)), which ostensibly concerns the ap-
propriate type of land use baseline for attributional life cycle
assessment (LCA), but at a deeper level concerns the concep-
tualisation of attributional LCA. These two issues are inextri-
cably linked as the conceptualisation of the method, i.e. what
it seeks to represent and what it should be used for, will de-
termine subsequent methodological choices, such as the ap-
propriate form of land use baseline.

This principle of matching methods to purposes is widely
recognised in terms of selecting the appropriate method for a
given purpose (Zamagni et al. 2012), but it applies equally to
developing methods so that they fulfil their intended purpose.
It is only by resolving what attributional LCA is for that it is
then also possible to resolve methodological issues such as the
appropriate form of land use baseline. This approach stands
somewhat in contrast to that in Soimakallio et al. (2016),
which attempts to resolve a methodological debate while ex-
plicitly avoiding the purpose of the method:
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We would like to emphasize that our paper did not aim
to engage in the debate on the choice between ALCA
and CLCA. Thus, we merely mention that there are
arguments for (e.g. Ekvall et al. 2005) and against (e.g.
Plevin et al. 2014) the appropriateness of ALCA to sup-
port decision-making. We urge researchers to consider
which approach best meets the purpose of their study.
On the appropriateness of natural regeneration as a land-
use baseline in ALCA, we respond to each of Brander’s
criticism in turn, in order to consolidate our arguments
on the issue. (2016, p.1607).

Although the recommendation that researchers should
‘consider which approach meets the purpose of their study’
is entirely correct, it is also essential to recognise that re-
searchers should consider the intended purpose when devel-
oping methods. The present paper proceeds on the basis that
methodological questions can only be resolved if it is clear
what the method is seeking to do.

To this end, a conceptualisation of attributional LCA is
proposed (Section 2); following this, an illustrative example
is used to analyse the different information provided by ‘nat-
ural regeneration’ and ‘natural’ baselines, and a critique of a
number of the arguments in Soimakallio et al. (2016) is pro-
vided (Section 3); reaching the conclusion that a natural base-
line should be used if attributional LCA is to provide a true
inventory of anthropogenic impacts.

2 Conceptualising attributional LCA

This section proposes how attributional LCA should be
conceptualised, i.e. what it seeks to represent and what it
should be used for. Much of this interpretation is present,
though dispersed, in Brander (2015a), and it is therefore worth
gathering the key points to provide a consolidated account.

In essence, attributional LCA is an assessment or inventory
of anthropogenic impacts associated with the processes used
in the life cycle of a product. The normative rules for deter-
mining the inventory boundary are typically based on the
physical processes used in producing, consuming and dispos-
ing of the product. Attributional LCA can be considered con-
ceptually equivalent to other forms of environmental invento-
ry, such as national greenhouse gas inventories (IPCC 2006),
which count the anthropogenic emissions/removals that occur
within a normatively defined boundary, in this case, the geo-
graphical boundary of a country.1 Attributional LCA operates
in largely the sameway, but instead of counting anthropogenic

impacts for a country, it counts the anthropogenic impacts for
a product. The same conceptual model applies to community
greenhouse gas inventories (Schultz et al. 2014; British
Standards Institute 2013) and corporate greenhouse gas inven-
tories (WBCSD/WRI 2004; ISO 2006b). All these methods
count impacts within a normatively defined inventory bound-
ary, and they are just doing so for different levels of entity, i.e.
they are simply setting the inventory boundary in different
ways (Brander 2015b).

Now, given this conceptualisation of what attributional
LCA is, it is also possible to state what it can be appropriately
used for. Firstly, as previously described in Brander (2015a), it
can be used for assigning unique responsibility or ownership
for the management of a set of impacts, as is the case, for
example, with national inventories under the UNFCCC
(United Nations 1992). Similarly, consumers can take owner-
ship of the attributionally defined life cycle impacts of the
products they consume, as is the case with consumption-
based carbon accounting (Barrett et al. 2013). Secondly, and
relatedly, attributional LCA can be used to set reduction tar-
gets, e.g. if a company knows that the life cycle emissions of
its product are 2 kg CO2e/unit, then it can specify a reduction
target, e.g. to achieve 1 kg CO2 e/unit by a specified date.
Thirdly, attributional LCA can be used to allocate environ-
mental impact budgets (e.g. personal carbon allowances
(Carbon Trust 2012)) to ensure that total impacts do not ex-
ceed an aggregate threshold level. It is worth noting that this
use of attributional LCA requires adherence to the additivity
principle whereby ‘LCA results of all the products in the
world should add up to the total environmental impact in the
world’ (Tillman 2000, p.117), not only within a specific tem-
poral window but also over time.

As well as this positive account of what attributional is and
what it can be used for, it is also useful to provide a negative
account of what it is not, and what it cannot be used for.
Attributional LCA does not provide information on the total
change in environmental impacts caused by a specified deci-
sion, i.e. the normative boundary-setting rules in attributional
LCA do not necessarily capture or reflect all the processes that
will change (Plevin et al. 2014). If we accept that good
decision-making should be informed by consideration of the
consequences of the decision, then it follows that attributional
LCA is not sufficient for informing decision-making, as, con-
ceptually and methodologically, it does not provide such
information.

Proponents of attributional LCA for decision-making need
to challenge either or both of the premises above: (a) attribu-
tional LCA does not provide information on the total change
in environmental impacts caused by a decision, and (b) deci-
sions should be informed by consideration of all the conse-
quences caused. It may be suggested that attributional LCA
can, on occasion, provide a reasonable proxy for total change
in impacts (Lundie et al. 2007; Yang and Church 2016), but

1 Though as noted in Brander (2015a), national inventories do not cur-
rently include foregone sequestration, despite this being an anthropogenic
impact, and the methodological advancements proposed within the life
cycle assessment literature could usefully be transposed to national in-
ventory accounting.
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the counter argument is that unless we use an alternative meth-
od to check this approximation, we will not know if the attri-
butional method has omitted important impacts, in which case
it would bemore efficient to only use the alternative method in
the first place (Zamagni et al. 2012). Alternatively, it may be
argued that attributional LCA can be used for decision-mak-
ing, if the decision-making relates to purposes such as
assigning unique responsibility for a set of impacts, etc.
Here it is important to clarify that attributional LCA is not
sufficient for decision-making regarding mitigation actions,
including the archetypal LCA decision scenario of choosing
between alternative products (ISO 2006a). However, attribu-
tional LCA can be used for making other kinds of decisions,
related to assigning responsibility etc., which are not mitiga-
tion actions in themselves, i.e. they do not directly reduce
environmental impacts.

There are a number of positive implications from the con-
ceptualisation of attributional LCA presented above. It offers a
resolution to the long-running debate over the appropriate use
of attributional and consequential LCA (Weidema 2003;
Plevin et al. 2014). Attributional LCA is appropriate for
assigning responsibility for a set of impacts, setting reduction
targets, or allocating impact budgets, and none of these func-
tions can be fulfilled by a consequential LCA. For instance,
consequential LCA cannot be used to assign responsibility for
managing a set of impacts, as the number of decisions an
entity makes is practically intractable, and the system-wide
impacts from those decisions are dispersed and overlap with
the impacts caused by other entities’ decisions. This largely
answers the contention that there is no purpose for which
consequential LCA would not be more appropriate (Wenzel
1998). Consequential LCA, which does aim to provide infor-
mation on total impacts caused by decisions, can be seen as
complementary to attributional LCA, by informing decisions
aimed at reducing impacts within an attributionally assigned
sphere of responsibility or decisions aimed at achieving
attributionally defined reduction targets.

It is highly important to recognise these two fundamentally
distinct forms of environmental assessment: inventories of
anthropogenic impacts on the one hand and assessments of
system-wide change on the other. They are two distinct types
of method, with different but complementary uses. The reason
for emphasising this point is that much of the debate and
confusion over the nature and use of attributional LCA ap-
pears to arise because the method is expected to fulfil both
these distinct functions at once. Something of this nature may
underlie the motivation for using natural regeneration base-
lines in attributional LCA, and this point is revisited in the
concluding section.

With the suggested conceptualisation of attributional LCA
in place, it is now possible to address the methodological issue
of the appropriate form of land use baseline for attributional
LCA.

3 The appropriate form of natural baseline
for attributional LCA

There is apparent agreement that a land use baseline is neces-
sary in order to identify anthropogenic impacts, but disagree-
ment arises over whether a natural regeneration baseline, ad-
vocated by Soimakallio et al. (2015; 2016), or a natural base-
line, advocated by Brander (2015a), is the most appropriate
for attributional LCA. These two baseline options can be de-
scribed as follows:

1. A natural regeneration baseline represents the amount of
sequestration that would occur if anthropogenic land oc-
cupation ceased, e.g. through the abandonment of agricul-
tural land.

2. A natural baseline represents the amount of sequestration
that would occur if there had been no anthropogenic ac-
tivities at all.

The difference in the results produced by these two alter-
native options can be explored using the following illustrative
example, developed from the example in Brander (2015a): (1)
At some point in the past, terrestrial carbon stocks accumulat-
ed as the ecosystem sequestered CO2 from the atmosphere,
with the annual on-going rate of sequestration stabilising at
1 tCO2/ha year, i.e. the ecosystem would continue sequester-
ing carbon indefinitely at a rate of 1 tCO2/ha year (see for
example Luyssaert et al. (2008)). (2) However, at a certain
point, anthropogenic land use change occurred, e.g. forest
land was converted to agricultural use, emitting 100 tCO2.
(3) The continued cultivation of the land means that it does
not revert to a natural state, and the on-going rate of seques-
tration is zero. (4) If natural regeneration were to occur, it
would re-sequester the 100 tCO2 over a 20-year period, after
which the rate of on-going sequestration would also continue
at 1 tCO2/ha year. Figure 1 provides a graphical representation
of this illustrative example.

It is now possible to analyse the different results for fore-
gone sequestration from these two different baseline options
(with foregone sequestration calculated by subtracting the lev-
el of sequestration in the baseline from the amount of seques-
tration in the ‘with product’ scenario). For the natural regen-
eration baseline, assuming a 20-year assessment period, the
amount of foregone sequestration would be −100 tCO2 (0–
100 tCO2).

2 For the natural baseline, the amount of foregone
sequestration would be −20 tCO2 (0tCO2–20 years * 1 tCO2/
ha year). Clearly, the two forms of baseline produce different
results and represent different aspects of environmental impact

2 Sequestration is represented as a positive number, and so foregone se-
questration is represented by a negative number, i.e. −100 tCO2 means
there is a loss of sequestration. This also entails that the amount of CO2 in
the atmosphere is 100 tCO2 more than it otherwise would have been.
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or change, which in turn affects what the results can be used
for.

The results from the natural baseline represent the total
amount of sequestration foregone, during the 20-year as-
sessment period, due to anthropogenic activities, i.e. rela-
tive to what would have happened in the absence of all
human activity. Another way of thinking about this is to
imagine a simplified world in which the only human ac-
tivities are the land use change and the on-going cultiva-
tion of the land in the illustrative example: if we consider
the 20-year period following the land use change, the total
anthropogenic impact is 120 tCO2 (100 tCO2 emissions
from the land use change + 20 tCO2 from foregone se-
questration), i.e. the total amount of greenhouse gases in
the atmosphere would be 120 tCO2 less in the absence of
human influence. This information can be used for allo-
cating environmental budgets which restrict total cumula-
tive impacts below a specified aggregate level.

Turning to the natural regeneration baseline, the results
represent the amount of foregone sequestration relative to
what would have happened if humans stopped cultivating
the land. Considering our simplified world again, and the
same 20-year period, the 100 tCO2 figure for foregone seques-
tration cannot be aggregated with the 100 tCO2 figure for land
use change emissions to represent total cumulative anthropo-
genic impacts. This also means that the results cannot be used
for purposes such as allocating environmental budgets which
restrict total impacts below a specified aggregate level, and the
use of a natural regeneration baseline is not consistent with the
conceptualisation of attributional LCA outlined earlier.

Clearly, if an alternative conceptualisation of attributional
LCA is offered then the ‘natural regeneration’ baseline may be
appropriate, but in order to make this argument, a clear state-
ment is needed onwhat that alternative conceptualisation is. In

addition to demonstrating the consistency of natural baselines
with the suggested conceptualisation of attributional LCA, the
illustrative example above is also useful for analysing a num-
ber of the arguments in Soimakallio et al. (2016).

Firstly, Soimakallio et al. suggest that a ‘natural or quasi-
natural steady state can be used as the baseline when the stud-
ied land use starts from the initial LUC [land use change]’ but
that ‘if the historic LUC has been attributed to previous land
use and not to the studied land use…the link between the
studied land use and the earlier natural state is lost, which
makes the application of natural state as land-use baseline
incoherent’ (2016, p.449). However, it appears to be wholly
irrelevant whether the studied land use starts from the initial
LUC or not. In order to estimate the level of foregone seques-
tration, the researcher needs to calculate the difference be-
tween the baseline and the ‘with product level’ of sequestra-
tion, and the timing or presence of any preceding LUC does
not enter into the calculation. Calculating and allocating any
LUC emissions is an entirely separate exercise.

Secondly, in order to address the way in which natural
regeneration baselines double-count the same foregone se-
questration in perpetuity (as the same potential for regenera-
tion will be applied to successive product systems using the
land), Soimakallio et al. suggest that if we interpret attribu-
tional LCA as ‘requiring additivity only within the given tem-
poral window, then the fact that LCA results are not additive
across temporal windows is not an inconsistency’ (2016,
p.449). However, this appears to concede a major limitation
in the potential use of attributional LCA. Many environmental
impacts, not least greenhouse gas emissions, are cumulative
over long periods of time, and temporal additivity is therefore
important, e.g. attributional LCA could not be used for allo-
cating carbon budgets if temporal additivity is conceded.
Moreover, the introduction of ‘temporal windows’ introduces

Emissions and 
carbon stocks 

(tCO2)

Carbon 
stocks

Emissions 
from land 

use 
change 

(100 tCO2)

Sequestra�on in ‘natural’ 
baseline

Sequestra�on in ‘natural 
regenera�on’ baseline 

Sequestra�on 
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On-going 
sequestra�on in ‘with 
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Fig. 1 Illustrative example
comparing natural regeneration
and natural baselines
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an unnecessarily arbitrary element into the method, i.e. how
long should the temporal window be before we double-count
the same quantity of foregone sequestration again?

Soimakallio et al. (2016) suggest that temporal additivity
could be maintained by ‘considering the full life-cycle inter-
ventions related to land use, i.e. from the beginning of land
occupation until the point when land has been fully returned to
its natural state after land occupation…the carbon flows bal-
ance (i.e. net carbon emissions between the studied land use
and its baseline) is zero, given there is no net loss or gain in C
stocks’ (p.449). It would be useful to see greater detail for how
this proposal would work; however, there are a number of
apparently problematic issues: (a) it requires retrospectively
estimating what might be highly historic LUC emissions and
any intervening forgone sequestration and the equivalent ex-
ercise prospectively to the point when land returns to a natural
state, whereas the use of a natural baseline will avoid double-
counting of foregone sequestration simply by using the natural
baseline for the period of time that the studied product oc-
cupies the land; (b) the carbon flows may never balance, i.e.
if there is on-going natural sequestration, as in the illustrative
example, the ‘with product’ carbon stocks will always lag
behind, even after the land is returned to a natural state; and
(c) it is not clear how this approach would cope with cases in
which the land is never returned to a natural state.

Thirdly, the argument that natural regeneration is the ‘most
natural process taking place if land occupation ceases’
(Soimakallio et al. 2016, p.448) appears to introduce incon-
sistencies with the way other equally natural processes are
treated. For example, the anaerobic decay of organic waste
within a landfill site is an equally natural process, i.e. it is what
would occur if all human activity ceased. Emissions from
waste also mirror the case with natural regeneration, in that
the potential for emissions/removals is entirely created by hu-
man activities (i.e. waste disposal and land use change respec-
tively). If a consistent rationale is applied to both cases, then a
product system which captures the landfill emissions that
would otherwise have been emitted to the atmosphere (i.e.
compared to a natural degeneration baseline) could claim a
credit for reducing natural emissions. It is hard to accept that
the avoidance of landfill waste emissions is an anthropogenic
impact, as landfill waste emissions are not a non-
anthropogenic environmental flow, but if we are to be consis-
tent with the use of natural regeneration baselines, it appears
we must.

One reason why natural regeneration baselines may appear
to be appropriate is due to the ambiguity around the terms
‘natural’ and ‘human-induced impact’. The escape of methane
from a landfill site is natural in the sense that it would occur if
all human activity ceased, and the avoidance of the release of
methane is a human-induced impact in the sense that it re-
quires human involvement. But the escape of methane is not
natural, in the sense that it would not have happened if humans

had not disposed of the waste in the first place. It is this latter
sense that is intended when separating anthropogenic from
non-anthropogenic environmental impacts, and when calcu-
lating true inventories of anthropogenic impacts.

4 Conclusions

Soimakallio et al. conclude that ‘land occupation (i.e. post-
poning natural regeneration) causes environmentally relevant
physical flows, and their impacts need to be considered for
any ALCA in which land use is a resource flow, in order to
avoid misleading results.’ (2016, p.449). The key question
here is ‘Misleading for what?’, i.e. we need to conceptualise
what the results are intended to represent, and what they are
intended to be used for, before we can judge whether they are
misleading or not. The results may be misleading if they are
intended to answer questions such as ‘What are the total im-
pacts from the decision to continue using this land?’, but, as
argued earlier, that is properly a question for consequential
LCA.3 The results will not be misleading if a natural rather
than natural regeneration baseline is used, and the intention is
separate anthropogenic from non-anthropogenic environmen-
tal impacts.

There appears to be a presupposition within Soimakallio
et al.’s concluding argument that attributional LCA should be
relevant for informing mitigation decisions, and the argument
provides a good illustration of the impulse to make attribu-
tional LCA both an inventory-type method and an assessment
of system-wide change caused by a decision. Pulling attribu-
tional LCA in two different directions at once creates a
method that is neither a true inventory of anthropogenic im-
pacts nor a comprehensive assessment of system-wide
change. This conceptual incoherence is like a piece out of
place in a jigsaw puzzle, which then requires numerous ad
hoc or arbitrary adjustments to maintain some semblance of
order, such as arbitrary temporal windows, or the inconsistent
treatment of ‘natural’ emissions.

The solution proposed in this paper is to recognise attribu-
tional LCA as an inventory of anthropogenic impacts, concep-
tually akin to other forms of environmental inventory. If this
conceptualisation is recognised then attributional and conse-
quential LCA can be seen as distinct but wholly complemen-
tary methods, each with their own set of appropriate uses.

3 Soimakallio et al. (2016) make the point that the baseline used in con-
sequential LCA should be the most likely alternative land use, whichmay
not necessarily be natural regeneration. This is entirely correct, but it is
worth clarifying that Brander (2015a) did not suggest otherwise, but
rather made the point that the aim of capturing the consequences of land
occupation belongs to a consequential perspective. Attributional LCA
should be concerned with separating anthropogenic from non-
anthropogenic environmental impacts.
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