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SUMMARY
Complex decisions call for a wide set of decision-support 

tools. Risk-benefit assessment (RBAs) is an emerging topic 
in the area of food safety as decision makers begin to realize 
that a unilateral focus on risks might be insufficient to make 
effective decisions in real-world situations. However, exist-
ing RBA approaches focus only on the adverse or beneficial 
health impacts of changes in policies and interventions and 
lack a more comprehensive and pragmatic evaluation of 
other criteria, beyond public health, that might influence 
the risk manager’s decision. Multi-criteria decision analysis 
(MCDA) methods are a promising alternative for handling 
complex decisions that need to account for multiple, di-
verse, and potentially conflicting criteria. In the past decade, 
MCDA has been used to explicitly balance the risks and 
benefits associated with drugs and medical devices, as well 
as with certain environmental decisions, but it has not yet 
been used in the area of food safety. Therefore, this paper 
presents an MCDA approach, illustrated by a hypothetical 
case study, that could be used to assess the risk and benefits 
of selected food safety interventions.  

OVERVIEW 
Risk-benefit assessment (RBA) is an emerging topic in 

the area of food safety. Food safety authorities, industry, 
producers, and consumers are realizing that a unilateral 
focus on only the risks or benefits associated with policy 
changes selection of control measures to improve food 
safety, consumption of food products and dietary choices, 
is insufficient when making decisions. According to the 
European Food Safety Authority (EFSA), risk-benefit 
assessment (or benefit-risk assessment) is “the weighting of 
probability of an adverse health effect against the proba-
bility of benefit as a consequence of exposure, if both are 
known to be present” (10).  RBA is interdisciplinary by 
nature, requiring a multi-disciplinary approach, and the 
engagement of a diverse range of experts such as nutrition-
ists, epidemiologists, modelers, toxicologists and microbiol-
ogists to be conducted. 

In recent years, frameworks such as the ones described 
in EFSA’s Guidance on human health risk-benefit assess-
ment of foods (10), the Benefit–Risk Analysis for Foods 
(BRAFO) (3, 21), and tools such as Quality of Life — 
Integrated Benefit and Risk Analysis (QALIBRA) (20) have 
been developed to facilitate the evaluation of the risks and 
benefits associated with consumption of certain foods. The 
EFSA and BRAFO frameworks use a stepwise approach that 
increases, as needed, in complexity and utilizes single health 
metrics such as disability adjusted life year (DALY) or 
quality adjusted life years (QALYs) to aggregate and balance 
opposing health impacts; these well designed frameworks 
have been applied to address several risk management 
questions (2, 22, 36, 42, 43, 45). QALIBRA is a tool that 
complements BRAFO, facilitates the calculation of DALYs 
and QALYs , and allows for the incorporation of uncertainty 
and variability in estimates; the tool is user-friendly and can 
be downloaded free of charge at http://www.qalibra.eu/ 
(18). Other approaches have also been described in the lit-
erature to balance risks and benefits in the area of nutrition 
and food safety (12, 14, 15, 29, 32, 33), although their focus 
has been solely on health impacts. 

In reality, decisions and policy considerations need to 
account for several factors beyond the net benefit to public 
health. Consider, for instance, the selection of food safety 
interventions. A risk manager will consider how efficient 
different intervention options are in reducing contamina-
tion but also might contemplate how consumers will accept 
the different options, their associated cost(s), and if there 
are any potential trade impacts that might result from the 
adoption of one intervention option versus another. 

To address in a systematic and transparent manner those 
complex decisions that involve value trade-offs and in which 
a single best course of action may not exist, there are a suite 
of methods under the umbrella of multi-criteria decision 
analysis (MCDA). MCDA methods have been utilized to 
support a range of multifaceted decision problems in several 
areas, from emerging technologies (1) to the selection of 
contaminated waste management and treatment facilities 
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(27). In food safety, MCDA has been used to prioritize 
foodborne hazards (35, 40), to prioritize low-moisture 
foods (13), in the inspection of egg farms for monitoring 
compliance (41), and to guide the selection of food safety 
interventions (11). MCDA is able to aggregate heteroge-
neous data (i.e., qualitative, semi-quantitative and quanti-
tative) to produce a single metric that can be used to rank 
the options available given a set of criteria and preferences, 
making it a useful method of balancing risks and benefits. 
While MCDA has been used to conduct RBA in other 
fields (24, 38, 39), its application has been limited in the 
food safety arena. The goal of this paper is to illustrate how 
MCDA could be applied to conduct RBA in the context of 
food safety. To demonstrate its applicability, a hypothetical 
case study is presented. 

MCDA FRAMEWORK FOR FOOD SAFETY RBA
MCDA aims to quantitatively assess complex decisions 

where there are competing interests and no clear best 
option. This is often the case in food safety problems, where 
preventing and eliminating product contamination often 
must be balanced against other individual and societal risks 
and benefits. MCDA, which is best suited to help select one 
out of a set of possible actions, commonly involves breaking 
down a complex scenario into variables that can be inde-
pendently assessed and evaluated, and then synthesizing the 
information to help in selecting the best option(s). Typical 
MCDA steps include: (1) defining the decision problem 
and the set of alternatives; (2) identifying the evaluation 
criteria (i.e., the risks and benefits criteria of interest that 
the alternative actions will be measured against; (3) collect-
ing data and evaluating alternatives’ performance against 
each criterion; (4) defining the weight of each criterion; 
(5) analyzing and synthesizing the alternatives’ per-
formance based on steps 3 and 4; and 6) reporting and
visualizing results. This section describes, in the context
of a hypothetical decision on food safety interventions,
methodological options for each step. The steps illustrated
here are adapted from MCDA and RBA methods previously
described in the literature (11, 21, 24, 26, 28, 37). 

Step 1: Define the decision problem and the set 
of alternatives

As with a risk assessment or an RBA that focuses only on 
health impacts, the definition of the decision problem is a 
crucial step of the process. The basic principles for this step 
are well described by others (3, 10, 21, 27). In brief, deci-
sion makers and risk managers work with the risk-benefit 
assessors and other relevant experts to identify and define 
the issue(s) of concern, and what is being considered for the 
decision (e.g., selection of interventions, new policy evalua-
tion). It is also important to consider the types of scenarios or 
alternatives that will be evaluated, and the target population. 

To demonstrate this, a hypothetical case study will be 
used (Table 1). In this case study, risk-benefit assessors need 
to choose the best chemical intervention strategy to control 
pathogen A in food B, out of five potential alternatives. In 
this first step, alternatives need to be well characterized so 
they can be evaluated in later steps. For example, the spe-
cific concentrations of the chemicals and mode of applica-
tion/use for each of the chemical interventions need to be 
carefully described, so that during data collection it is clear 
what type of intervention needs to be measured.

Step 2: Identify the evaluation criteria 
In this step, risk managers and decision makers need to 

identify the relevant criteria or factors against which each 
alternative (i.e., intervention) will be evaluated. Criteria 
represent an adverse (risk) or a beneficial (benefit) out-
come. The adverse outcomes could be financial, psycholog-
ical, social, environmental, and/or linked to the harmful 
health effects caused by or related to the alternatives. 
Beneficial outcomes, on the other hand, could be related to 
positive gains that are associated with the adoption of the 
alternatives, such as prevention of foodborne illness and 
increased consumer confidence. For example, a proposed 
intervention could lead to reduced pathogen concentration 
and/or improved shelf life for the food. 

A multidisciplinary team of risk assessors, nutritionists, 
economists, epidemiologists, food and social scientists, 
microbiologists, toxicologists, and decisions makers should 

TABLE 1. Decision problem and alternatives for the hypothetical case study

Background Recent multi-state outbreak of pathogen A in food B has raised concerns among consumer and public 
health agencies. Industry needs to choose a new or different intervention strategy for processing of food B 

Decision problem Industry needs to select one chemical intervention to reduce contamination with pathogen A of food B 
during processing

Alternatives The evaluation of five different chemical interventions to reduce the level of pathogen A in food B

Target population General population consuming food B
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be engaged to identify the potential risks and benefits 
associated with each alternative. The composition of the 
team will vary with the decision at hand; for example, 
economists and social scientists will be needed if trade im-
pact and public acceptance are part of the relevant criteria 
being considered. In addition to input from experts, it is 
crucial to review peer-reviewed and grey literature (and 
potentially social media as well) to identify the potential 
adverse and beneficial effects. It might also be important 
to engage different stakeholder groups in order to under-
stand and address their concerns. 

In this step, it may be helpful to develop a risk-benefit 
tree to comprehensively and systematically identify the 
potential risks and benefits. In the hypothetical case study, 
a list of criteria was developed based on feedback from 
a multidisciplinary team, and a risk and benefit tree was 
developed to transparently reflect the main adverse and 
beneficial effects associated with each of the five options to 
control pathogen A in food B (Fig. 1). 

In this step, it is also important to identify the boundaries 
of the decision problem to clearly delineate which factors 
or categories of factors will be included in the analysis (in 
terms of both benefits and risks). For instance, in addition 
to public health and business viability factors, risk and ben-
efit variables may include energy inputs, a range of environ-
mental impacts, food production/security, and consumer 
and community behavior change, but not all of those would 
be relevant to the decision maker. As discussed in the next 
step, this is not meant to be the final list of criteria that 
will be included in an analysis; the criteria will be further 

evaluated based on several factors, such as their relevance 
to the decision makers, the availability of data to quantify 
each of the effects, level of evidence for the association, and 
resources available to conduct the RBA. 

Step 3: Collecting data and evaluating alternatives’ 
performance against each criteria 

At this stage, analysts will need to consider how to mea-
sure each of the alternatives against the criteria identified 
in the risk and benefit tree and build a performance matrix 
(Table 2). MCDA methods have the ability to handle a 
variety of heterogeneous qualitative and quantitative data, 
giving a wide range of possibilities for criteria metrics. 
The metric used to measure the criteria and how it will 
be expressed will depend on the type of the alternatives 
being considered, criteria selected to evaluate the alter-
natives, and availability and quality of data. The sources 
of data can also be diverse, ranging from quantitative risk 
assessments, surveillance reports, and meta-analysis to 
results from focus groups. 

Once the data have been collected, data gaps are ex-
pected. Expert elicitation can be used to fill data gaps, and 
several recognized methods can be used to formally elicit 
expert opinion (4, 5, 6, 19, 23). These range from individ-
ual interviews or online surveys to face-to-face meetings. 
Some methods aim to arrive at a general consensus among 
experts, while other methods handle diverging opinions 
among experts. However, there are limitations to using 
expert elicitation, as it does not provide empirical data, 
and results can be biased by a number of factors such as the 

Figure 1: Risk and benefit tree for the hypothetical case study 
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background and scientific expertise of the experts (30) or 
“loudest voice in the room.” For those reasons, the expert 
elicitation process should be designed and conducted using 
best practices.

In the hypothetical case study, metrics need to be select-
ed for each of the identified criteria.  Since the interventions 
under consideration are used for processing and certain 
countries may not allow or be comfortable with a novel 
intervention technologies used on foods, the possibility of 
food B being rejected by importing countries was selected 
as the metric. Therefore, the trade impact for each inter-
vention could be qualitatively measured using a “yes or no” 
scale (e.g., yes there is a chance it will be rejected; no there 
is not a chance it would be rejected) using information from 
previous trade incidents and the input from economists and 
trade experts. Alternatively, a semi-quantitative scale (such 
as an ordinal scale from 1 to 5 representing very likely, like-
ly, neutral, unlikely, very unlikely) could be used to measure 
the criterion. In contrast to this, the criterion for reducing 
the concentration of pathogen A in food B could be mea-
sured as the average log reduction achieved in randomized 
field trials; peer-reviewed papers, systematic reviews and/
or meta-analysis could be used as data sources. Overall, it 
is important to clearly document the assumptions behind 
each metric and be aware of the limitations of using qualita-
tive and semi-quantitative scales (6, 7).

Not all the risks and benefits identified in step 2 will 
be included in the final assessment and need to be care-
fully evaluated. It is possible that there are either no data 
available or the quality of the data is too poor to support 
the inclusion of the criterion. Boobis et al. (2013) (3) dis-
cussed the challenges in evaluating the level of evidence for 

health risks and benefits in the same manner. According to 
the authors, only health effects with convincing or at least 
probable effects (as defined by existing guidelines, such as 
WHO, 2003 (44)) should be included in the assessment. 
However, effects with lower levels of evidence but with po-
tential significant impact might need to be included as well. 
Whether a criterion is included or excluded, it is important 
to clearly define and document those parameters so that it 
is defensible and reproducible. For example, in the cur-
rent case study, there may be conflicting information and 
evidence regarding how the different interventions impact 
antimicrobial resistance. In this case, analysts and decision 
makers may exclude this criterion from the analysis for the 
time being. The performance matrix described in Table 2 
shows the final list of criteria and how they were measured 
for the hypothetical case study.

Step 4: Defining the weights of the criteria
Another advantage of MCDA methods is that it al-

lows users to assign criteria weights to reflect the relative 
importance or stakeholder preferences for each criterion. 
This is because different stakeholders often have different 
value judgments or preferences, which can be captured by 
preferentially assigning different weights to the criteria. For 
example, consumer advocates may consider certain criteria 
to be more important in terms of ensuring a safe food 
supply, while other stakeholder groups, such as industry, 
may feel that other criteria are more important. Stakeholder 
preferences may be particularly important for a given deci-
sion context, and there are various approaches to assigning 
preference weights. On one end of the spectrum, a decision 
maker, risk assessor, or researcher conducting the MCDA 

TABLE 2. Hypothetical performance matrix for the hypothetical case study

Criterion
Food Safety Interventionsa Scenariosb

1 2 3 4 5 A B C

Risks
Trade impact yes no no yes no 0 30 20
Public acceptance yes yes no no yes 20 30 20
Effect on workers likely unlikely unlikely unlikely likely 30 5 20

Benefits

Reduction 
in pathogen 
concentration

4 1.5 0.5 2 3 50 30 20

Increase in shelf 
life (days) 3.8 0 0 2.3 1.5 0 5 20

aEach cell represents how each intervention option performed when evaluated against each criterion. Different criteria may have 
different evaluation scales and can be qualitative, semi-quantitative or quantitative. 
bEach scenario represents a different weighting scheme assigned to the criteria, such that the sum of weights equals 100.  
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can select criteria weights based on their own preferences 
or assumptions. On the other end of the spectrum, there 
are more formalized methods and approaches to determin-
ing and assigning criteria weights, including quantitative 
methods (8), semi-quantitative approaches such as swing 
weighting (25), or other methods that rely on resource al-
locations to determine weights (34). While there are many 
different proposed approaches to determining the criteria 
weights in the literature, it is generally recommended that 
the method selected be simple, intuitive, and robust (17). 

In order to evaluate how these criteria weights may im-
pact the overall risk ranking results, scenario analyses can be 
performed whereby the criteria weights can be adjusted and 
the resulting rankings compared. In our example, we con-
sider three scenarios (A, B, and C) to represent the different 
criteria weighing schemes from three different stakeholder 
groups (see last three columns in the performance matrix) 
(Table 2), where values represent the relative weights as-
signed to each criterion, totaling 100. 

Step 5: Analyzing and synthesizing the alternatives’ 
performance 

As mentioned, a suite of MCDA methods is available 
(e.g., outranking, multi-attribute utility theory, linear addi-
tives models, analytical hierarchy process) that can be used 
to synthesize all risks and benefits and produce a single 
metric that can be used to rank the considered food safety 
interventions in order of overall performance (16). For the 
case study we chose to use the outranking method, which 
is robust and available online (31). Data from the perfor-
mance matrix was entered into the software, which summa-
rizes the risks and benefits of the interventions into a single 
score, the net flow (Φ); the higher the net flow, the better 
the alternative’s overall performance. The PROMETHEE 
algorithm and more details about the method can be found 
in Fazil et al. (2008) and PROMETHEE-GAIA (11, 31). 

As one can expect, these complex models may contain 
a great deal of variability and/or uncertainty which can 
potentially result in significant variations in the outputs. 
Several methods have been developed to formally describe 
and account for uncertainty in MCDA models, e.g., using 
full probability distributions, summary risk measures such 
as ranges and quantiles, and scenarios (9). In our case 
study, we did not account for uncertainty or variability, but 
those could have been addressed in a deterministic fashion 
through the development of more scenarios with different 
input variables.

Step 6: Reporting results
The aggregated measure (net flow) is the output from 

MCDA that gives analysts and decision makers the rank-
ing of the alternatives being considered. Results can be 
visualized in tables and several types of graphs for one or 
all of the scenarios being evaluated. A narrative should 

follow the tabular and graph results, stating clearly the 
assumptions, limitations, uncertainties and variability 
associated with analysis. 

In our example, PROMETHEE provides a series of 
graphic results and comparisons that can be used to discuss 
findings with the decision makers and assessors. Results can 
be presented in bar graphs (Fig. 2), tables (not shown) and 
GAIA webs (not shown). Decision makers can quickly visu-
alize how the five interventions compare with each other in 
a specific scenario (Fig. 2) and/or evaluate the impact of the 
different scenarios in the final ranking (i.e., different value 
judgments from stakeholders) (Fig. 3). 

In our case study, interventions 1 or 5 seem to have the 
best ratio of risk and benefits and are the top two choices 
for the three scenarios evaluated. They are followed by 
intervention 2 that, independently of the value judgement 
from stakeholders, is consistently in third place. Interven-
tions 3 and 4 seem to perform much worse than any of the 
other three, regardless of the scenario considered. These 
types of outputs can be extremely valuable when discussing 
the potential options with the different stakeholders. For 
instance, in this hypothetical example the top 3 and the 
bottom 2 interventions are consistent across the different 
scenarios, demonstrating that there is some overall agree-
ment between the values and weights of the three stake-
holder groups.

FINAL CONSIDERATIONS
RBA is an emerging topic in the area of food safety. The 

goal of this paper was to first illustrate how one RBA approach 
using MCDA could be applied to systematically identify and 
evaluate a wide range of risks and benefits in the context of 
food safety. In order to demonstrate its applicability, a hypo-
thetical case study that focuses on different types of interven-
tions to control pathogen A in food B was presented. Three 
criteria related to risk and two criteria related to benefits were 
identified. These criteria were used to evaluate five hypothet-
ical intervention strategies using the PROMETHEE method 
and online software MCDA tool. Two of the five interventions 
provide the best balance for minimizing risks and maximizing 
benefits. This hypothetical case study demonstrated the po-
tential utility of RBA and MCDA for decision-making in food 
safety. The same approach can be applied to a similar decision 
context using real data, evaluation criteria, and stakeholder 
preferences as reflected in criteria weights. 

MCDA is equipped to address a larger set of criteria that are 
often not formally included in RBA, which traditionally focus-
es only on public health effects. The set of criteria (i.e., risks 
and benefits) is flexible and can be customized to the needs of 
specific decision makers and stakeholders, if necessary. MCDA 
could be seen as a more comprehensive and transparent assess-
ment of the risks and benefits associated with a specific risk 
management decision with broader boundaries of the study 
system and a broader set of analytical tools to choose from. 
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Figure 2: Bar graph for Scenario B of the hypothetical case study

Figure 3: Scenario comparison of the hypothetical case study
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