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Abstract

Goal, Scope and Background. Although both cost-benefit analy-
sis (CBA) and life cycle assessment (LCA) have developed from
engineering practice, and have the same objective of a holistic
ex-ante assessment of human activities, the techniques have until
recently developed in relative isolation. This has resulted in a
situation where much can be gained from an integration of the
strong aspects of each technique. Such integration is now being
prompted by the more widespread use of both CBA and LCA
on the global arena, where also the issues of social responsibil-
ity are now in focus. Increasing availability of data on both
biophysical and social impacts now allow the development of a
truly holistic, quantitative environmental assessment technique
that integrates economic, biophysical and social impact path-
ways in a structured and consistent way. The concept of impact
pathways, linking biophysical and economic inventory results
via midpoint impact indicators to final damage indicators, is
well described in the LCA and CBA literature. Therefore, this
paper places specific emphasis on how social aspects can be in-
tegrated in LCA.

Methods and Results. With a starting point in the conceptual
structure and approach of life cycle impact assessment (LCIA),
as developed by Helias Udo de Haes and the SETAC/UNEP Life
Cycle Initiative, the paper identifies six damage categories un-
der the general heading of human life and well-being. The pa-
per proposes a comprehensive set of indicators, with units of
measurement, and a first estimate of global normalisation val-
ues, based on incidence or prevalence data from statistical sources
and severity scores from health state analogues. Examples are
provided of impact chains linking social inventory indicators to
impacts on both human well-being and productivity.
Recommendation and Perspective. It is suggested that human
well-being measured in QALYs (Quality Adjusted Life Years)
may provide an attractive single-score alternative to direct mone-
tarisation.

Keywords: Areas of protection; child labour; cost-benefit analy-
sis (CBA); human well-being; impact pathways; monetarisation;
quality adjusted life years (QALY); single score; sustainability;
well-being gap

1 Common Roots of CBA and LCA

Cost-benefit analysis (CBA) and life cycle assessment (LCA)
share the objective to provide holistic, ex-ante assessments
of human activities, and both techniques have developed
from engineering practice. The origins of CBA is often as-
cribed to the U.S. Army Corps of Engineers, in response to
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the 1936 Flood Control Act, which contained the wording,
"the Federal Government should improve or participate in
the improvement of navigable waters or their tributaries,
including watersheds thereof, for flood-control purposes if
the benefits to whomsoever they may accrue are in excess of
the estimated costs." The ad hoc methods developed by the
U.S. Army Corps of Engineers were discovered by academic
economists in the 1950's and improved into a rigorous sys-
tem for the economic analysis of public investments (Watkins,
s.a.). Early CBA was mainly concerned with the direct and
indirect economic costs and benefits to different actors, and
less with environmental externalities. It was not until the
1960's and early 1970's, with the background of rising en-
vironmental awareness, that the valuation of nature became
an important issue in CBA (Krutilla 1967). At approximately
the same time, the LCA technique was developed from en-
ergy analysis.

In spite of this common objective and the common roots,
CBA and LCA have developed in relative isolation, inde-
pendently adopting important contributions from economic
science. The CBA technique has been improved by adopting
advances in welfare theory and choice modelling (Bennet &
Blamey 2001, Hanley et al. 2001), while the LCA technique
has been adopting aspects of market theory (Weidema 2003)
and the use of input-output matrices (Heijungs & Suh 2002).

This has resulted in a situation where much can be gained
from an integration of the strong features of each technique.
Such integration is now being prompted by the more wide-
spread use of both CBA and LCA on the global arena, where
also the issues of social responsibility are now in focus. Thus,
it is time to sketch a common frame of understanding of
environmental externalities. Such a common frame is pro-
vided by the conceptual structure of life cycle impact as-
sessment (LCIA) developed by SETAC (Udo de Haes &
Lindeijer 2002) and the SETAC/UNEP Life Cycle Initiative
(Jolliet et al. 2004).

2 The SETAC/UNEP LCIA Framework

The framework of the SETAC/UNEP LCIA Definition study
(Jolliet et al. 2004) was developed from the conceptual struc-
ture suggested in Udo de Haes & Lindeijer (2002), which
resulted from a broad discussion in the SETAC Working
Group on Life Cycle Impact Assessment, under the leader-
ship of Helias Udo de Haes, as documented in 'the Areas of
Protection debate' by Klopffer (2002).
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Table 1: Areas of protection in the SETAC/UNEP LCIA framework (slightly modified from Jolliet et al. 2004)

Objects considered: Humans

Endpoint value

Biotic environment (natural
and man-made)

Abiotic environment (natural
and man-made)

Intrinsic Human health (and well-being) Biodiversity (and well-being of Natural and cultural heritage
animals in human care)
Instrumental Human productivity Ecosystem productivity Natural resources and

man-made capital

The advantage of the SETAC/UNEP LCIA framework is that
it provides a comprehensive classification for environmen-
tal externalities. It subdivides the environment in three com-
partments ('Humans', 'Non-human, biotic' and 'Non-human,
a-biotic'), thus together covering the entire world. Part of these
environmental compartments may then be designated as 'safe-
guard subjects', i.e. the things that we value and wish to safe-
guard within each environmental compartment. Safeguard
subjects can be of both intrinsic and instrumental value (the
latter called functional in Jolliet et al. 2004) so we obtain in
total 6 overall 'areas of protection' (Table 1).

Jolliet et al. (2004) mention some examples of intrinsic val-
ues: Human health; Biodiversity for the non-human, biotic
environment; Heritage values in the abiotic environment.
The instrumental values have to do with things that give us
the ability to obtain the intrinsic values, i.e. mainly issues
regarding our productive capabilities. Human productivity
is also affected by e.g. health impacts, which therefore have
a value beyond the intrinsic loss of well-being. Similarly, we
also value nature for its productive capacity, and the abiotic
environment serves as capital stock (both man-made and
natural resources). To complete the listing of Jolliet et al.
(2004), well-being of humans and animals in human care
have been added in Table 1.

It is interesting to note that the 6 areas of protection can be
related to the three areas of the sustainability concept (Peo-
ple, Planet, Profit or Social, Biophysical and Economic sus-
tainability). The resource and productivity aspects clearly
relate to economic sustainability, while biophysical sustain-
ability (often named ecological or even misnamed environ-
mental sustainability) relates to the non-human, intrinsic
areas of protection. Social sustainability obviously relates
to the human, intrinsic area of protection.

3 Biophysical, Social and Economic Inventory Results

When investigating a human activity, be it a project (as typi-
cal for CBA), a single process, e.g. a factory site or an enter-
prise, or a product system (as in LCA), the exchanges be-
tween the human activity and its environment are recorded
in what has become known in LCA as the 'inventory re-
sults'. In the same way as for the areas of protection, the
inventory results may be related to the three areas of
sustainability. The biophysical inventory results, which are
the ones traditionally covered most comprehensively by LCA,
are the emissions to air, water, soil, as well as energy emis-
sions, biophysical aspects of occupational health, food con-
tamination and physical disruption, e.g. from land use or
release of alien species. The social inventory results cover a
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long list of indicators, which I shall return to in more detail
in the following sections. The economic inventory results,
which are traditionally covered by CBA, are the economic
costs and benefits to different agents, as well as changes in
capital stocks. Other issues that are sometimes included in
CBA, but often neglected, are the influence of the activity
on education and skills (the fact that we upgrade — or down-
grade — our capabilities while we perform an activity), dis-
tributional issues, as well as influences on our time usage,
e.g. the amount of time we spend commuting or on differ-
ent household activities. Although belonging to the economic
sphere, these issues are often covered by social impact as-
sessment (van Schooten et al. 2003).

4 Integrating Social Aspects in Life Cycle Assessment

The concept of impact chains, linking biophysical and eco-
nomic inventory results via midpoint impact indicators to fi-
nal damage indicators, is well described in the LCA and CBA
literature. In social impact assessment, the concept has only
recently been introduced, and even when attempting to sepa-
rate inventory results, midpoint indicators, and damage indi-
cators, these are often confused (van Schooten et al. 2003).
Therefore, in this paper, less emphasis is placed on describing
biophysical and economic impact pathways, and more em-
phasis on how social aspects can be integrated in LCA.

When integrating into LCA all the different social aspects
that are treated in the different basic texts on social impact
assessment (as reviewed by e.g. van Schooten et al. 2003) it
is essential to treat each aspect according its position on the
impact pathways or in the different damage categories:

e Some aspects are inventory items (e.g. hours of child la-
bour)

e Some aspects are midpoint indicators (e.g. the resulting
lost education),

e Some aspects are damages to instrumental values (e.g.
lost income),

e Some aspects are damages to intrinsic values, either to
human health and well-being (e.g. autonomy infringe-
ments) or to objects with heritage value (e.g. language).

We can define indicators and units of measurement for each
of these aspects, thus allowing quantification. A requirement
for a good indicator is that it allows quantification of the
extent (incidence or prevalence), the duration and the sever-
ity of the considered aspect. As examples of this, the dam-
age categories under the general heading of human life and
well-being are described below, with proposals for indica-
tors, units of measurement, and a first estimate of global
normalisation values. The damage categories are identified
as the different aspects of human life that has intrinsic value:
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Life and longevity

Health

Autonomy

Safety, security and tranquillity
Equal opportunities
Participation and influence

Life and longevity are intimately connected, since all hu-
mans die once — and only once - in a lifetime, so that the
damage to life is in fact not additional deaths, but a change
in the timing of deaths, i.e. loss of live-years through prema-
ture deaths.

Changes in the expected length of life are measured by the
damage indicator Years of Life Lost (YLL). The current av-
erage life expectancy may be compared to the maximum life
expectancy, to obtain a normalisation reference for the cur-
rent total loss of life-years. Obviously, the maximum life
expectancy is a somewhat disputed issue, which may vary
among populations, depending mainly on genetic factors.
The Global Burden of Disease study (Murray & Lopez 1996)
suggested using the life expectancy of the population that
currently have the largest longevity, namely the Japanese
with life expectancies at birth fixed at 82.5 years for women
and 80 years for men. It may be argued that it should be
82.5 years also for men, since the reason for the difference
between the sexes are probably not genetic but rather based
on the larger risks of male life-style.

The total amount of YLL for a population can be illustrated
graphically in the form of the mortality gap, which is the
area between the survivorship curve (Fig. 1) and the ideal
situation where the entire population lives to the maximum
life expectancy, i.e. area A in Fig. 1. The survivorship curve
can be interpreted for a population as the proportion of the
cohort that is still alive for each age along the x-axis. It may
also be interpreted at the level of the individual, as the ex-
pectancy of being alive at different ages.

Non-fatal impacts on human health are measured in terms
of the type of disability (disease or injury) and the duration
of the condition. The unit of the damage indicator is there-
fore disability-years. To each form of disability, a severity
may be assigned on a scale between 0 and 1, where 0 is

equal to death. The resulting damage indicator is called
healthy Years Lost due to Disability (YLD), and can be ag-
gregated to the years of life lost (YLL), using the common
unit of DALY (Disability Adjusted Life Years). For exam-
ple, a disease with a disability weight of 0.5 and a duration
of 1 year for 1 person will be recorded as a damage of 0.5
DALY, thus equal to 0.5 YLL, i.e. a reduction of life expect-
ancy of 0.5 years for 1 person.

There are several ways of measuring severity weights (also
known as disability weights), and improved severity weights
are likely to appear over time (Murrey et al. 2002, Chapter 9).
For example, rather than weighting each disability sepa-
rately, it may be preferable to link disability states to more
generic health states (expressed in terms of levels of mutu-
ally independent health attributes such as vision, hearing,
speech, mobility, manual dexterity, anxiety/depression, cog-
nition, and pain) and then weighting these attribute levels
(Feeney 2002).

The advantage of expressing health states by such generic
attributes is that when designed to be independent, the pref-
erence-weighted scores are additive. As we shall see, such
attributes can also be used to measure, and thus assign
weights to, autonomy infringements, and eventually to all
aspects of well-being.

The total value of YLD for a population can be illustrated
in Fig. 2 by the area B, delineated by the lower curve which
shows the health expectancy and the upper curve, which is
the survivorship curve (compare to Fig. 1). The sum of A+B
is known as the health gap. A similar curve could be drawn
for an individual. The health expectancy is the sum of the
years lived at full health (health state = 1) and the years
lived with a health state lower than 1 (as expressed by the
severity weights).

In analogy to the health impacts, other impacts on well-
being (autonomy, safety, security and tranquillity, equal op-
portunities and participation and influence) require meas-
ures of incidence (number of persons affected) and duration
of the impacts. As for health impacts, these other well-being
impacts may be assigned a severity (‘well-being weight') on
a scale between 0 and 1, where 0 is equal to death. The

Survival
100% 4
A
50%
0% > Age
5 25 35 45 55 65 75 82

Health state

100% 4

50%

o Age
0% 5 25 35 45 55 65 75 82

Fig. 1: The survivorship curve and the mortality gap (A). Shape of curve is
for illustration only and does not refer to actual data

Int J LCA 11 e Special Issue 1 (2006)

Fig. 2: The health gap (A+B). Shape of curves is for illustration only and
does not refer to actual data
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Table 2: A first estimate of the global burden of well-being impacts,

Fig. 3: The well-being gap (A+B+C). Shape of curves is for illustration
only and does not refer to actual data

resulting damage indicator is Years of Well-being Loss (YWL)
and is comparable to Years Lost due to Disability (YLD)
and years of life lost (YLL), using the common unit of QALY
(Quality Adjusted Life Years), where a well-being impact
with a severity weight of 0.5 and a duration of 1 year for 1
person will be recorded as a damage of 0.5 QALY, thus equal
to 0.5 YLL, i.e. a reduction of life expectancy of 0.5 years
for 1 person.

This makes it possible to illustrate the total value of non-
health related well-being for a population by the area C in
Fig. 3, delineated by the lower curve which shows the well-
being expectancy and the middle curve, which is the health
expectancy (compare to Fig. 2). The sum of A+B+C we may
call the well-being gap. The well-being expectancy is the
sum of the years lived with full autonomy (well-being state
= 1) and the years lived with a well-being state lower than 1
(as expressed by the severity weights). This concept is equiva-
lent to the concept of 'Happy Life Expectancy' suggested by
Kunst et al. (1990) and Veenhoven (1996).

Ideally, the same methods should be applied for soliciting
disability weights and well-being weights. However, non-
health impacts have not been as popular a subject of com-
parison and quantification as have disabilities. Until an ad-
equate number of such studies are available, initial assess-
ments will therefore have to rely on more rough assess-
ments based on analogies to conditions with known sever-
ity weights, i.e. disability weights. This would imply that
infringements on autonomous expressions (e.g. physical con-
finement and mental torture) be assessed in terms of the
degree of deviation from autonomous (voluntary) behav-
iour, and compared to the restrictions caused by physical
and mental disabilities.

A first attempt at measuring the global burden of well-being
in this way can be found in Table 2.

I am aware of the hesitation to make e.g. human rights vio-
lations relative through quantification, since any violation
is in principle unacceptable. However, since these violations
do occur, and arguably are of different severity, the only
thing we obtain by refraining from quantification is that we
limit our ability to prioritise our resources in the battle against
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year 2002
Impact Total damage % of full
[E+6 QALY] wellbeing
Value of full well-being before impacts 6230 100%
Mortality® -1700 —27%
Non-lethal health impacts? -960 -15%
Autonomy infringements® -930 -15%
Anxiety® -300 —5%
Unegqual opportunities® -160 -3%
Participation restrictions® -380 -6%
Current level of well-being 1800 29%

@ WHO publish data on the health gap with their annual World Health
Reports. In 2002, the health gap, without age weighting and dis-
counting, was 2660 E+06 DALY, out of which approx. 2/3 was due to
mortality. If age weighting and discounting is applied, mortality
receives relatively less weight.

® See Table 3.

¢ See Table 4.

9 Estimated that the most disadvantaged % of the global population
(1.6 E+9 people) is affected at 0.1 QALY per person. It should be
noted that it is only to a lesser extent that unequal opportunities has
a direct influence on well-being, which is measured by this value.
The main impact is in the damage category of human productivity.

¢ Estimated from a severity weight of 0.1 QALY per person affected,
and a prevalence of 54% of the adult population (which is 72% of the
total population), i.e. 2.4 E+9 people, derived as a scaled population
weighted average of the Freedom House index on political rights
(Piano & Puddington 2004), plus a severity weight of 0.05 for union
rights applied to a prevalence of 2.7 E+9 adults affected, derived as
a population weighted average of the rescaled inverse Kucera index
of trade union rights (Kucera 2004).

these violations. What is not measured is often placed at zero
value, even by people that recognize that this should not be
so. I therefore suggest that we have much to gain, and little to
loose, by seeking to quantify these social impacts.

Autonomy comes from being in control of one-self and one's
resources (beyond health). In fact, health impacts may be
seen as just one specific kind of impact on autonomy, i.e.
reducing the victim's ability to control the different aspects
of autonomous behaviour.

As autonomy comes from being in control, impacts on this
damage category are infringements on this self-control. These
infringements may be both passive (restrictions on autono-
mous behaviour) and active (forced behaviour).

More systematically, autonomy infringements may be grouped
according to the nature of the infringement:

e Infringements that completely dominate voluntary be-
haviour, such as slavery (forced labour), arrest and im-
prisonment, and working hours so excessive that little
or no free time is left for voluntary behaviour. Child la-
bour also falls in this category when it limits the ability
of the child to follow school and other activities neces-
sary for full physical and mental development.

e Infringements of bodily or mental integrity, such as tor-
ture, mutilations, cruel, inhuman or degrading treatment
or punishment, restrictions on personal sexuality and
fertility (including planning the timing and number of
births). These infringements have important health as-
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Table 3: A first estimate of the global burden of autonomy infringements

Infringement Capita affected | Shortterm | Longterm Average Total short | Total long Total
annually, E+6 damage, damage, age of term term damage,
annual, annual, victim damage, damage, E+6 QALY
QALY per | QALY per E+6 QALY | E+6 QALY
capita capita
affected affected
A B (o D? E=A*B F? E+F
Bonded labour ° 20 0.4 0.15 30 8 7 15
Child labour ° 180 0.4 0.15 12 72 162 234
Trafficking ° 3.7 0.8 0.15 21 3 14 17
Incarceration ¢ 9 0.8 0 n.r. 7 0 7
Excessive work © 1,000 0.2 0 n.r. 200 0 200
Torture ' 0.1 1.4 0.15 21 3 14 17
Genital mutilations, female ¢ 2 0.3 0.2 12 1 14 15
Genital mutilations, male ¢ 13 0.3 0 n.r. 4 0 4
Interpersonal or communal violence " 26 0.2 0 n.r. 5 0 5
10% of which 0.2 0.15 20 1 11 11
Crime victim compensation n 4 -0.1 0 n.r. -0.4 0 -0.4
No access to contraceptives ' 200 (women) 0.1 0 n.r. 20 0 20
Unwanted pregnancies ' 60 0.2 0.1 24 12 90 102
Refugees or internally displaced i 37 0.3 0 n.r. 11 0 11
Warehoused refugees 8 1.5 0.2 20 12 35 47
(> 5 years) '
Infringement of freedom of expression 2,400 0.1 0 n.r. 240 0 240
Sum 596 334 929

a

Average age of victim (column D) is only relevant for the calculation of long-term damage, which does not apply to all types of infringements. F is
calculated as A/t*C*(47-t-D), i.e. by multiplying the prevalence (A/t), the severity (C) and the remaining lifetime (47-t-D). The duration (t) of the
incidences is measured in years and generally set to 1, but for bonded labour, child labour and warehousing, a duration of 5 years per incidence is
assumed, the prevalence therefore being 5 times lower than number of persons affected annually. The assumed average life expectancy of victims

is 47 years, as already reduced due to the separately measured general health impacts (the health gap in Fig. 2).

o o

(UNFPA 2000).

1,000 million people have excessive work hours <www.ilo.org>.

Source: <www.antislavery.org>. The value covers only the worst forms of child labour.
700,000 people annually are trafficked across national borders (USDJ 2004), and an additional 3 million women annually are trafficked internally

9 million people are in prison (Walmsley 2003). As for the other items, this is a neutral observation, and no moral judgement is implied.

100,000 people are received annually by torture rehabilitation centres <www.hiltonfoundation.org>

<www.noharmm.org/HGMstats.htm>

Sa - o a

Author's estimate of violence victims, based on Krug et al. (2002). Only 4 million out of these victims of violence have access to a crime

compensation programme (Calculated from combining the national assault statistics with data from the International Crime Victim Compensation

Program Directory <www.ojp.usdoj.gov/ovc/intdir/>).
Vlassoff et al. (2004)
<www.refugees.org>

= -

only to the adult 72% of the population.

The global population weighted prevalence of infringements of freedom of expression is 53% (calculated from Karlekar 2004), assumed to relate

pects, but have additional components of defamation,
which are not covered by the health impacts alone.

e Infringements related to specific aspects of voluntary
behaviour, such as settlement and migration (within na-
tional borders, leaving and returning to one's native coun-
try, deportation), choice of life companion (forced mar-
riages), freedom of personal opinion (speech and publi-
cation), freedom to express personal religion, moral rules,
rituals, language and dress.

A first attempt at measuring the global burden of autonomy
infringements can found in Table 3. The intention has not
been to describe and discuss each data source in detail, but
rather to demonstrate the feasibility of the procedure. Im-
provements in statistics should be made in the years to come.

The tentative severity weights in Table 3 have been derived
by estimating the short-term and long-term damage caused
by the respective infringements in terms of their health state
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equivalents, scored on the EuroQol scale! and translated into
QALYs by using the N3 tariff of Dolan et al. (1995). All
short-term effects have been estimated to have a duration of
1 year, except refugee warehousing, which has a duration of
5 years. Only some of the infringements are estimated to
have long-term effects, but overall these effects nevertheless
add up to more than half of the overall short-term effects.

It should be noted that the effects assessed in Table 3 are in
addition to any health effects that may accompany the au-

' The EuroQol scale has five health attributes (mobility, self-care, usual ac-
tivities, pain/discomfort, anxiety/depression) and scores of 1, 2 or 3 for
each attribute. As an example, the severity weight of 0.4 for bonded la-
bour has been derived from a EuroQol score of 2-0-2-2-2, signifying a
moderate severity (2) on four out of the five attributes. Each of these scores
of 2 is translated into a severity weight between 0 and 1 (the additive
severity weights for the four attributes are 0.069, 0.036, 0.123, and 0.071,
respectively, using the N3 tariff of Dolan et al. 1995). Adding a constant
severity weight of 0.081 for any impact at all, these severity weights add
up to the total of 0.069+0.036+0.123+0.071+0.081=0.38 (rounded to 0.4).
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Table 4: A first estimate of the global burden of non-clinical anxiety

Impact Capita affected Damage, Total damage,
annually, QALY per capita E+6 QALY
E+6 affected ?

Inadequate access to health care b 1,600 0.09 140
Inadequate access to pensions or social security ° 680 0.09 61
Threats of violence or other contact crimes ¢ 130 0.09 12
Burglary or attempted burglary © 220 0.09 20
Threatening or traumatic traffic situations 140 0.09 13
Stressful working conditions ¢ 600 0.09 54

Sum 300

 Each of the mentioned conditions is assumed to be an independent cause of an anxiety rated at 0.1 QALY. To account for anxiety already covered

as a health issue, 10% of the value has been subtracted.

e According to WHO Gilobal Atlas of the Health Workforce <www.who.int/GlobalAtlas/home.asp>, 2600E+6 people live in countries with less than 1

physician per 1,000 people. The value of 1600E+6 is obtained by weighting the population of each of these countries with the relative availability of
physicians (where 1 = 1 per 1,000). This value does not give a measure of the access to treatment for specific groups within each country, i.e. some
groups in countries with more than 1 physician per 1,000 people may still have limited access. However, the national averages can be seen as the
currently best available estimate of the share of the global population that has inadequate access to health care.

¢ Calculated as the number of people living in countries without recorded programmes for old age pension, sickness benefits and unemployment
benefits according to the Social Security Administration’s assessment 'Social Security Programmes Throughout the World' <ssa.gov/policy/docs/
progdesc/ssptw/>, but divided by 3, so that a person that lacks access to all three types of programmes is counted only once.

9 Per incidence of violence (see Table 3), 5 times as many are assumed to be exposed to threats of violence or other contact crimes.

¢ Rough estimate based on the UN International Crime Victims Survey.

' Per incidence of road traffic injuries, 5 times as many are assumed to experience threatening or traumatic traffic situations.
9 20% of the global labour force, based on the UK estimate of Smith et al. (2000).

tonomy infringements, since these health effects are already
accounted for in the health gap.

The damage categories Safety (freedom from threats to per-
sonal health), Security (freedom from threats to personal prop-
erty) and Tranquillity (freedom from excessive stress) cover
the psychological feeling of being unsafe, insecure and/or
stressed. Besides this direct anxiety, it may also involve changes
in behaviour, restricting ones freedom, such as refraining from
participating in certain activities, from going to certain places,
or from leaving one's property. Lack of safety and security
may also involve less efficient preventive behaviour, such as
having more children to ensure survival of some to care for
the family later. There exist two mainstream models, which
link workplace stress to conditions of high demands in combi-
nation with either low autonomy (Karasek & Theorell 1990)
or threats to, or violations of, legitimate rewards (Siegrist 1996).
The autonomy and reward paradigms may possibly be seen
as complementary explanations. Both models can be ex-
tended to cover situations outside the workplace (Knesebeck
& Siegrist 2003, Siegrist et al. 2004).

While the actual anxiety or change in behaviour would pro-
vide the most direct measure of impact on the three damage
categories, there exist few epidemiological studies of anxi-
ety. Anxiety as a disease (general anxiety disorder) has a
prevalence of 3.4% in the USA, workplace stress as a dis-
ease has a prevalence of 1.3% in the UK workforce (Jones
etal. 2003), while 20% of the workforce is exposed to stress-
ful conditions (Smith et al. 2000).

Lacking more comprehensive studies, we may apply a model
that predicts the prevalence of anxiety from the combina-
tion of, on the one hand, exposure to threats to health, prop-
erty and workplace autonomy, and on the other hand, inad-
equate access to care systems that can prevent, remedy or
compensate the potential impacts.

A first rough estimate of the number of people affected by
anxiety is provided in Table 4.
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5 Impact Pathways for Social Inventory Indicators

Having listed and quantified the damage categories, the next
challenge is to model the social impact pathways from the
social inventory results to the damage indicators. Although
many relationships are still only scarcely researched, there
is a growing body of knowledge that seeks to explain the
causal links of social sustainability, and it is therefore my
suggestion that such a quantitative modelling — at least at a
very rough level — is already possible based on existing re-
search and data.

As with the biophysical environment, the modelling can be
done both from bottom-up, i.e. from inventory results to
damage indicators, or from top-down, i.e. starting from the
damage categories. I would suggest that modelling from the
top-down is more efficient, since once we have identified
the main causes for health problems, autonomy violations,
unsafe and insecure conditions, inequality and exclusion,
then we can concentrate on these most important impact
pathways, thus avoiding spending disproportionate efforts
on impact pathways of minor importance.

Some impact pathways are quite straightforward, such as
the relationship between the inventory indicator 'hours of
child labour' and the impact indicator 'autonomy infringe-
ments' measured in QALY. Assuming that the inventory in-
dicator includes only serious forms of child labour, which
limits the child's ability to follow normal school and other
activities necessary for full physical and mental development,
itis reasonable to assume a linear relationship between hours
of child work and the impact in QALY (1.3 QALY per year
of child labour, including the long-term impacts; see Table
3, which translates to 6.5 E-4 QALY per hour of child la-
bour, if a working year is set to 2000 hours). Besides this
direct impact on autonomy, child labour also affects human
productivity negatively, since the lack of education (and
possible other abuse) leads to lower productivity of the af-
fected individual. Based on OECD (2004) and Fields et al.
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(1998), a rough estimate of the size of this impact is that per
year of lost education, the victim's production is reduced by
10% of the average wage in the country of incidence. Since
this applies to the rest of the victim's productive life (esti-
mated at 30 years, cf. Table 3, note [a]), this translates to a
loss for each hour of child labour of 3 times the average
hourly wage of the country, i.e. a significant loss both for
the victim and for the society in which he/she lives.

Other impact pathways are more complex, such as those
related to trade union rights. Kucera (2004) lists 37 types of
violations of trade union rights, with severity weights be-
tween 1 and 2. Each violation contributes to a national score,
which is distributed on a scale spanned by the countries with
fewest and most violations. Some of the 37 types of violations
relate to legislation and the behaviour of authorities, while others
could serve as indicators of the behaviour of individual employ-
ers. This applies at least to the two indicators with largest oc-
currence: dismissal due to union activities and prevention of the
right to strike. Kucera recorded 1351 violations in 169 coun-
tries over a 5-year period. In Table 2, note [e], this is translated
to a prevalence of violations of union rights for 2.7 E+9 people,
i.e. 2 E+6 people per incidence. The justification for using
Kucera's index as a damage indicator for the general preva-
lence of violations of human rights is that one incidence of vio-
lation may in itself have far-reaching effects for the general
strength of unions, while also being an indication of other un-
registered incidents. This implies that if violations are recorded
systematically in an enterprise, each recorded incidence should
be regarded as having a much larger effect than only on the
workers of that particular enterprise. However, it is obvious
that a more systematic recording of incidences may also reveal
more incidences than recorded by Kucera, therefore implying
that a lower prevalence should be estimated per incidence.
Also, better modelling of the actual consequences of different
violations would be welcomed, seeing the overall importance
of this damage category. The recommendations of the Na-
tional Research Council (2004) may be helpful in this respect.

Fortunately, many of the social inventory indicators are of the
kind where the impact pathway is relatively straightforward:

e Occupational health and safety is mainly recorded in
terms of diseases and injuries per working hour, which
translate straight into health damages. Stress measure-
ments can easily be converted to damages in terms of
anxiety and disease.

e The educational value of an employment or other activity
can be measured as the resulting lifetime increases in in-
come for the labourer relative to the average lifetime wage,
and thus summed as a human productivity impact.

e Forced labour and incarceration follows the same logic
as child labour described above.

e Unemployment has well-documented health impacts and
impacts on human productivity, which both can be re-
lated to the hours of unemployment.

More complex impact pathways relate to:

e Lacking access to social security, which, besides its im-
mediate impact on the damage category security, has a
long-term distributional effect (especially affecting the
poor and keeping them in poverty). The distributional
effects on human health, well-being and productivity is
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one of the more complex (and controversial) impact
pathways.

e Use of indigenous resources, another distributional issue
where it is relatively complex to model the impact of
deviations between the market value of the resources and
the value actually paid.

e Equal opportunities, where the challenge is also to esti-
mate the income foregone and model the impacts of the
resulting distributional bias.

e Restrictions on participation and influence, another area
where we have very little guidance for modelling the im-
pacts of specific restrictions.

e Migration (both permanent, daily, weekly, seasonal as
well as tourism), another issue with complex impact path-
ways, sometimes also affecting the impact category of
cultural heritage.

In spite of the difficulties for some impact pathways, it is
obvious that with the current state of knowledge we can do
much better than to set these impacts to zero.

As can be seen from the above list, one of the key difficulties
for a complete impact modelling is the distributional issue,
i.e. that impacts do not affect all groups in society equally,
and especially that disadvantaged groups may be affected
disproportionately. In CBA, the issue has largely been ig-
nored, partly because the analysis is often carried out from
a specific point of view, where the target population of con-
cern, the 'agents with standing', is defined at the outset of
the analysis, partly because of the widespread acceptance of
the Kaldor-Hicks criterion that an activity is beneficial as
long as those who loose from it could be compensated, i.e.
not requiring that they actually are compensated. In a simi-
lar vein, CBAs are often been carried out with a national
viewpoint, thus ignoring impacts abroad.

In contrast, LCA has nearly always had a global scope, which
is also more defendable when used in a sustainability context.
However, a global scope does not preclude that the assess-
ment results can be sub-divided to yield information on the
share of the impact that falls on different agents, be it nations,
regions, income strata, or specific disadvantaged groups. The
difficulty pointed to above is rather to carry such results fur-
ther in terms of what uncompensated inequality in impacts
means in the longer term for human well-being. It is well known
that an income increase in low-income strata yields more well-
being than a similar income increase in high-income strata. A
simple assessment of this, which is sometimes used in CBA, is
to weight income changes to a group with the inverse of its
income level relative to the societal average. A more ad-
vanced modelling, in line with the concepts of choice mod-
elling used to solicit severity weights, would require that a
relationship between income and well-being be established,
thus providing a true social welfare function.

6 Assessment Results in Environmental Impacts,
Well-being or Money?

One of the main historical differences between CBA and LCA
is that CBA requires that all impacts can be monetarised (trans-
lated into money terms) while LCA has typically refrained
from arriving at a single score, but has rather delivered results
'at midpoint', i.e. in terms of environmental damages such as
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global warming, recorded in physical units such as CO,-equiva-
lents. The more recent development in LCA, envisaged in
Udo de Haes et al. (2002) and Jolliet et al. (2004) has been
to extend the impact modelling to 'endpoints' or damage
categories, such as those listed in Table 1.

The six damage categories in Table 1 can be seen as a first
step towards a single-score indicator for LCA. This lies im-
plicitly in the acceptance of choice modelling approaches in
the weighting of disabilities, as in the WHO Global Burden
of Disease approach, which is now applied both in the
Ecoindicator 99 and the IMPACT2002+ methodologies
(Goedkoop & Spriensma 1999, Jolliet et al. 2003), and which
has been extended to cover general well-being in the ap-
proach to social impacts outlined above. When choice mod-
elling can be applied to trade-offs between mortality, differ-
ent diseases and autonomy infringements, it is natural to
propose that also the impacts on the biophysical damage
categories (biodiversity, animals in human care, natural and
cultural heritage) could be measured in terms of their im-
portance to human well-being, and by the same procedure.
This is also facilitated by the more detailed data now avail-
able for biophysical impacts, e.g. from the Millenium Eco-
system Assessment (http://www.MAweb.org). The three in-
strumental damage categories (human and ecosystem
productivity, natural resources and man-made capital) are —
by definition - already midpoints relative to the intrinsic
values, and although complex, the final modelling from pro-
ductivity to well-being should not be controversial.

This procedure, which converts all impacts into the QALY
measure of well-being, provides an attractive alternative to
direct monetarisation, since money is only an instrumental
value, while QALY is a measure of the ultimate intrinsic value.
With this development, we avoid the doubtful monetarisations
of impacts on the biophysical damage categories, while still
maintaining the option of expressing impacts in monetary terms
(since the LCA single-score in QALY's and the CBA single-
score in monetary units in principle measure the same thing, it
is straightforward to establish a 'conversion rate' between them,
by applying the overall budget constraint to both measures).
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