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Abstract

Risk is defined as a situation involving exposure to danger. Risk assessment by nature characterises the probability of a negative
event occurring and quantifies the consequences of such an event. Risk assessment is increasingly being used in the field of animal
welfare as a means of drawing comparisons between multiple welfare problems within and between species and identifying those
that should be prioritised by policy-makers, either because they affect a large proportion of the population or because they have
particularly severe consequences for those affected. The assessment of risk is typically based on three fundamental factors:
intensity of consequences, duration affected by consequences and prevalence. However, it has been recognised that these factors
alone do not give a complete picture of a hazard and its associated consequences. Rather, to get a complete picture, it is
important to also consider information about the hazard itself: probability of exposure to the hazard and duration of exposure to
the hazard. The method has been applied to a variety of farmed species (eg poultry, dairy cows, farmed fish), investigating
housing, husbandry and slaughter procedures, as well as companion animals, where it has been used to compare inherited defects
in pedigree dogs and horses. To what extent can we trust current risk assessment methods to get the priorities straight? How
should we interpret the results produced by such assessments? Here, the potential difficulties and pitfalls of the welfare risk assess-
ment method will be discussed: (i) the assumption that welfare hazards are independent; (ii) the problem of quantifying the model
parameters; and (iii) assessing and incorporating variability and uncertainty into welfare risk assessments.
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Introduction
Risk is defined by the Oxford English Dictionary (OED

2010) as: 
Exposure to) the possibility of loss, injury, or other

adverse or unwelcome circumstance; a chance or situa-

tion involving such a possibility.

Risk assessment characterises the probability of a

negative event occurring and quantifies the consequences

of such an event. The use of risk assessment methods is

becoming increasingly common in the field of animal

welfare. Ultimately, they provide a way of comparing the

impact of very different welfare problems both at the indi-

vidual and population level, within and between species,

based on a number of key factors (EFSA 2008, 2009,

2010a,b; Collins et al 2010).

In risk assessment terminology, welfare problems are

caused by a series of ‘hazards’. By example, a brachy-

cephalic head shape in dogs may be considered a

potential welfare hazard with possible consequences,

such as brachycephalic airway obstruction syndrome and

a reduced ability to exercise (Asher et al 2009).

Characterising a hazard, as the first step in the risk

assessment process, is perhaps one of the most critical.

The three most basic factors used to calculate risk are

intensity of consequences, duration of effect of conse-

quences (either as an absolute value if comparing within

a breed or species, or as a proportion of lifetime if

comparing between breeds or species, see Collins et al
[2011], for an example) and prevalence (the proportion

of affected individuals at any one time). These three

factors allow a comparison of consequences and their

impact on the animals experiencing them. However, in

this basic form of risk assessment, specific details of the

hazards are not considered.

To get a more complete picture of hazards and their conse-

quences, and thus a more accurate risk estimate, it is

important to consider information about the hazard itself in

the calculation, for example by estimating the duration and

probability of exposure to the hazard. In providing a quan-

titative, or even qualitative, value for each of these factors,

the aim is to produce an objective estimate of risk for a

series of potential welfare hazards.
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Three key current pitfalls of welfare risk
assessment procedures

The assumption of independence
The assumption of independence is repeatedly made

throughout risk assessment processes. First, there is the

assumption that a hazard and its associated consequences

are independent of other hazards and their associated conse-

quences. Second is the assumption that intensity of conse-

quences, duration of consequences and prevalence are

independent. Third, in EO-based risk assessments, that the

opinions of the individual experts are independent.

Whether the assumption that a hazard and its associated

consequences and other hazards and their associated conse-

quences are independent of each other is upheld in practice

may be true for certain combinations of hazards (particu-

larly those that are most dissimilar, with consequences

affecting different, unrelated processes) (Figure 1[a]), but in

many cases, there are varying degrees of overlap in the

kinds of consequences caused by different hazards. In these

cases, it is not always possible to know which of the

potential hazards has led to the presentation of this effect, or

whether the consequence is caused by the simultaneous

actions of the two (or more) hazards (Figure 1[b]). The

combination of different hazards and the effects of multiple

hazards acting simultaneously on a population cannot be

easily quantified. So it becomes even more complicated

when multiple hazards can produce the same consequence,

and that consequence, either independently or in unison

© 2012 Universities Federation for Animal Welfare

Figure 1

Schematic diagram of the possible hazard and consequence associations.  Although risk assessment assumes dependence between a
hazard and its consequences, it assumes independence between hazards and the consequences of different hazards. This figure shows
two hazards (boxes) and two consequences (ovals) and the potential range of associations: (a) an ideal scenario for risk assessment
purposes, where Hazard A is independent of Hazard B and Consequence A is independent of Consequence B; (b) non-independence
of hazards in that Consequence A can be caused by both Hazard A and Hazard B; (c) a hazard can have more than one consequence;
(d) shows non-independence of consequences, further, that a consequence of one hazard (Consequence A) can sometimes be the cause
of a secondary consequence (Consequence B), leading to an indirect link between Hazard A and Consequence B; (e) shows both non-
independence of hazards and non-independence of consequences. Both Hazard A and Hazard B are associated with Consequence B,
although Hazard A is associated indirectly through Consequence A.
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with one of the hazards, leads to an increased likelihood of

developing a second type of consequence (Figure 1[e]). For

instance, in the commercial broiler chicken example given

in Figure 2, the consequence ‘increased time spent in

contact with the litter’ is associated with two hazards:

reduced mobility, and fast growth rate. Are the two hazards

acting together equally to give rise to the observed conse-

quence, does one have a stronger association than the other,

and can we consider the two hazards as independent when

one is indirectly associated with the other (as fast growth rate

is associated with skeletal disorders, high body mass and

muscle disorders, all of which can lead to reduced mobility)?

The implications of this in terms of the results of the risk

assessment are considerable. For those hazards that act in a

non-independent manner with other hazards and conse-

quences, the risk score may be substantially over- or under-

estimated, as the calculated scores in welfare risk

assessments do not take into account second, or higher order

consequences (ie consequences of consequences), and do

not quantify the proportion of attributable risk associated

with consequences caused by multiple hazards. In these

cases, the prevalence data in particular are likely to be over-

estimates for each individual hazard as where reliable

prevalence estimates have been found, they are unlikely to

be known in sufficient detail to partition the risk appropri-

ately between co-occurring hazards. This could ultimately

alter the relative rank of the hazard risk scores. However, on

the contrary, non-independence of hazards and conse-

quences will not affect the scoring of the individual-focused

factors of intensity of suffering and duration of suffering.

Although the number of different consequences for any

single hazard may not affect the final aggregated scores of

magnitude, welfare impact and risk score if the aggregated

scores are standardised for the number of consequences, one

might argue that if the actions of a hazard lead to multiple

types of consequences, then standardising will mean that the

risk outcomes for this hazard could be underestimated.

Non-independence is not an insurmountable issue, however,

and in other areas of risk assessment, where the methods

have been utilised for many years (such as engineering,
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Figure 2

The non-independence of hazards and consequences, using fast growth rate in commercial broilers as an example. Fast growth rate is
shown to be linked both directly and indirectly to other hazards, which are considered as independent factors. Black boxes are hazards.
Grey boxes are consequences. White boxes explain the relationship between hazards where necessary. Arrows show the direction of
causality. Note that this image does not contain all the possible consequences of all the hazards shown. Figure adapted from Collins (2005).
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financial markets and health and safety), associations

between variables are incorporated into complex, multi-

layer models predicting outcomes and optimising decisions

based on quantified estimates of risk (Aven 2011). These

can be developed using standard risk analysis packages

such as @RISK (Palisade Corporation 2011), but do require

estimates of at least some of the interaction outcomes so

that likelihood distributions can be created. In those cases

where this has been done, this has relied on large banks of

data detailing previous co-occurrences of hazards with an

outcome consequence (eg Anderson et al 2011; Qu et al
2011; Zabeo et al 2011).

Intensity and duration of consequences are considered and

scored as independent factors in the risk assessment

process. However, the assumption of independence here

may once again be flawed as an individual’s level of

suffering is likely to be a function not only of the current

intensity, but also how long it has been attempting to cope

with the hazard it is experiencing, whether this has impacted

on body condition and to what extent this has affected

immune, endocrine and nervous-sensory systems (Broom &

Johnson 1993). Our current understanding of how intensity

changes over time in response to acute and continued

exposure to a hazard, or multiple hazards is improving, as

more studies aim to quantify both the short- and long-term

effects of different treatments on animal welfare (eg Willner

et al 1992; Willner 2005; Jarvis et al 2006; Rutherford et al
2009; Jones et al 2010), although we could also turn to

human medicine for models of pain intensity distributions

over time (eg Menegazzi 1996).

Quantifying model parameters
Aven (2011) defines Quantitative Risk Assessment (QRA)

as a process that:
systemises the present state of knowledge including the

uncertainties about the phenomena, processes, activities

and systems being analysed. It identifies possible haz-

ards/threats..., analyses their causes and consequences,

and describes risk. A QRA provides a basis for charac-

terising the likely impacts of the activity studied, for

evaluating whether risk is tolerable or acceptable and

for choosing the most effective and efficient risk policy,

for example with respect to risk-reducing measures. 

Although Aven (2011) was describing QRA, this definition

would also apply equally to qualitative, or expert opinion

(EO)-based risk assessment. The differences between the two

approaches lie solely in the source and subsequent handling

of the data (including estimating levels of uncertainty) — the

overall aims and objectives remain the same for both.

Typically, data for welfare risk assessments are collected

on each of the hazard and consequence characteristic

factors, either directly from research published in peer-

reviewed papers (eg Asher et al 2009; Summers et al
2010; Bettley et al 2012) or from experts in the field

(EFSA 2008, 2009, 2010a,b). EO-based risk assessments

have been the most common form of welfare risk assess-

ment produced to-date. In part, this may be because most

risk assessments concern a wide range of hazards with

very large cascades of consequences, where systematic

reviews would be extensive and time-consuming. It is

therefore quicker and simpler to rely on the assimilated

knowledge of a group of independent experts.

In addition, for many animal welfare problems, appropriate

data do not exist, or exist only in part in the peer-reviewed

literature to permit a comprehensive risk assessment. What

effect might the type of data collected, be it qualitative or

quantitative, have on the calculated estimate of risk?

Although it is likely that EO-based and data-based estimates

are similar for those factors that are relatively simple to

quantify (eg duration of effects of consequences, preva-

lence, duration of exposure to hazard, probability of

exposure to hazard), this has not been explicitly tested. In

part, this may be because quantifying these factors is

actually no trivial task and to do so on the large scale often

demanded in risk assessments (across several regions or

countries, each with individual prevalence estimates) would

be potentially complex, requiring either the incorporation of

stochasticity into the assessment, or creating a summary

value that represents the distribution (but which also loses

some of the variability inherent in the population).

However, as mentioned previously, this is relatively simple

compared with the vastly more difficult issue of quantifying

intensity of consequences. This is, in effect, putting an exact

value on the level of suffering caused. To-date, there is no

single universal welfare indicator capable of reliably

gauging welfare both across contexts and species. More

often than not, different indicators point in different direc-

tions, making interpretation difficult (Rushen 1991; Mason

& Mendl 1993; Mendl et al 2009; Nicol et al 2011). In

terms of welfare risk assessment, this makes quantifying

intensity using a single quantitative trait impossible at

present. However, there are alternative means of assessing

intensity that are quantitative. For example, in the Generic

Illness Severity Index for Dogs (GISID) (Asher et al 2009),

a suite of factors are scored to gauge the level of suffering

experienced by the animal. In the GISID, each disorder is

scored on four factors: prognosis, treatment, complications

and behaviour. Each factor is given a score on a scale of

zero to four, where zero is the least severe and four the most

severe departure from a normal, healthy condition. The

maximum possible GISID score of 16 is therefore given

when all four factors have the maximum score of four. In

both cases, this is based on a combination of owner and

veterinary opinion of key behaviours affected, prognosis,

complications and type of medical or surgical intervention

possible. The prognosis score, developed originally to

assess severity of conditions in horses (Bettley et al 2012),

is a less detailed version of the GISID that is more widely

applicable to other species. This version of the score focuses

on just one factor, prognosis, as it was recognised that there

was not enough information in the literature to score the

other factors included in the original GISID. Both indices

are applicable only to health-related welfare issues and are

not suitable for use on the wide variety of hazards that cause

mental suffering without physical signs.

A second question to consider in scoring intensity is how it

changes over the course of a problem: does it increase,
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decrease, stay the same? For example, with some welfare

hazards, such as high stocking density in commercial broiler

houses, intensity would be predicted to increase over time

as the birds grow larger and take up more space. Here, the

consequences of the hazard would be relatively minor until

the final few weeks of the broilers’ lives when they

approach slaughter weight. On the contrary, the intensity of

other consequences may be expected to decrease over time.

For example, a superficial injury such as a paper-cut on the

finger is most painful shortly after it is inflicted, but the

intensity decreases over time as the injury heals. The issue

with changes in intensity and the fact that different individ-

uals will experience different intensities for the same

problem, means that again, as with prevalence, there is no

single appropriate value that can be used to summarise

across all individuals and all experiences. A more realistic

method of incorporating intensity in risk assessments would

be to include a probability distribution of intensity scores.

This would require specific studies to be conducted to

collect this type of data for animal welfare issues.

Quantifying and incorporating variability and 
uncertainty into risk assessments
For every value incorporated into a welfare risk assessment,

be it intensity, duration, prevalence, probability of exposure

to a hazard etc, there will be a level of uncertainty associ-

ated with it. As with any other area of scientific enquiry, we

cannot be completely confident that the value we have

measured is totally accurate with absolutely no flaws. Risk

analysts argue that the assessment of risk is tantamount to

the assessment of uncertainty. For example, Aven and Renn

(2009) define risk as: 
uncertainty about and severity of the consequences (or

outcomes) of an activity with respect to something that

humans value. 

However, in animal welfare risk assessments, to-date, there

has been a general lack of second-order probability estima-

tion (estimations of probabilities of probabilities — ie esti-

mating uncertainty in a given value). Incorporating

second-order probabilities into future risk assessment models

could be achieved through a move from frequentist principles

to a Bayesian framework (with the calculation of prior and

updatable, posterior probabilities). The traditional risk assess-

ment procedure, using frequentist principles, is typically

more focused on assessing the chance of occurrence, and in

this respect, uncertainty is incorporated as variation through

the inclusion of a confidence interval for each assigned value.

Variation in the values given by experts in traditional EO-

based risk assessments have been incorporated into some

welfare risk assessments (Asher et al 2009; EFSA

2010a,b; Summers et al 2010), but on the whole this is not

considered. Typically, each expert in a pool scores each

hazard once, and different experts in the same pool will

give different scores for the same factors. There is no

investigation of either inter- or intra-expert scoring. It is

possible that should the same group of experts be asked to

complete the same survey six months into the future, a

slightly different risk assessment would result. Similarly,

a random sample of different experts may give different

values for the same risk assessment. This is one of the key

criticisms of EO-based risk assessment procedures (Vose

2008) and one of the key arguments for moving more to

quantitative, data-based methods. However, although on

the whole, the use of data is preferable, this does not

render EO-based assessments futile. Rather, increasing

the pool of experts so that it is as large as possible without

compromising level of expertise and carefully including

estimates of variation for each of the factors could lead to

the development of powerful assessments.

Discussion
According to Slovic (1999), risk assessment is by its

nature subjective, blending “science and judgement with

psychological, social, cultural, and political factors”. This

may at first appear to be a rather damning statement with

regards the use of risk assessment and its continued appli-

cation to animal welfare problems, with the imperative

requirement of objectivity. However, the extent to which it

is true depends largely on the methods used to conduct the

assessment. For animal welfare risk assessment, which as

a field of research is still very much in its infancy, there

have been a series of developments over recent years to

make the process objective, and to make advances towards

fully quantitative assessments based solely on data

collected in scientific investigations. The major rate-deter-

mining step in this process has been the availability of

accurate, unbiased, relevant data for the problems being

assessed (eg Asher et al 2009; Collins et al 2010, 2011;

Summers et al 2010). However, it is true to say that the

risk assessment process has highlighted where the uncer-

tainties are in our understanding of different animal

systems and the welfare issues that arise from them. Aven

(2011) argues that one of the principle benefits of quanti-

tative risk assessment in general is that this process points

very clearly at where the gaps in our knowledge lie.

Scientific investigations require both reliability and

validity. The tool must be consistent in its measurements

(ie it must be reliable) and it must be measuring what it

purports to be measuring (validity). In this paper, I have

highlighted three key pitfalls of the risk assessment

process as it is currently considered in relation to animal

welfare problems. These issues are ones principally

concerned with reliability, but they are not insurmount-

able. The development of more realistic risk assessment

models may be the next step for animal welfare risk

assessment. Although with increasing realism also comes

greater potential for error as more assumptions are

imposed and more parameters are measured with

increased chance of measurement errors. So what is the

solution? Firstly, to accept that risk assessment is a

modelling process and is flawed in the same ways as any

other model of real-world processes. However, just as with

other models, we take from them what we can, but use

them principally as a guide for further discussion and to

highlight where further experimental work is needed.
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Animal welfare implications
Risk assessment procedures have been used to support

decision-making and prioritisation of welfare problems

within and between species. Consideration of the potential

shortcomings of this approach is therefore critical to more

informed decision-making. Developing models that

overcome these shortcomings will lead to more accurate

assessment of the relative impacts of different problems on

the welfare of animals.

Conclusion 
Risk assessment methods are increasingly being used in

animal welfare to rank different welfare issues relative to

each other for prioritisation. Although these methods have a

great deal of potential, the field is very much in its infancy

and the limitations and pitfalls of current, simplistic models

must be understood if we are to use their outcomes appro-

priately. This paper has discussed the three major issues

with current welfare risk assessment methods that need to

be considered and developed in future models: incorpora-

tion of the lack of independence between hazards and

consequences, between the factors being scored and poten-

tially between individual experts; quantifying the factors for

hazard characterisation; and quantifying and incorporating

the variability and uncertainty in scores into the models.
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