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ABSTRACT Two kinds of initiatives exist to ensure
welfare in broiler production: welfare legislation, where
all broiler production in a country or region must comply
with legally defined welfare standards; and market
driven initiatives, where part of the production must
meet specific welfare standards and is sold with a partic-
ular label, typically at a price premium, or as part of min-
imum welfare standards defined by a retailer, a fast-food
chain or the like. While the effects of national legislation
may be undermined by price competition from lower wel-
fare imported products, the effects of market driven ini-
tiatives may be limited by lack of willingness from
consumers to pay the extra cost. To investigate how this
works out in practice, we compared broiler welfare
requirements in 5 European countries, Denmark, Ger-
many, United Kingdom, the Netherlands, and Sweden,
in 2018, by means of the Benchmark method. A number
of welfare dimensions, covering the input features typi-
cally modified in broiler welfare initiatives, were defined.
A total of 27 academic welfare experts (response rate
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75%) valued the different levels within each dimension
on a 0 to 10 scale, and then weighted the relative contri-
bution of each dimension to overall welfare on a 1 to 5
scale. By combining these values and weights with an
inventory of existing welfare initiatives, the additional
welfare generated by each initiative was calculated.
Together with information on national coverage of each
initiative, the Benchmark score for each country’s pro-
duction and consumption of chicken meat was calcu-
lated. Sweden achieved a much higher Benchmark for
national production due to higher legal standards than
any of the four other countries. The Netherlands, on the
other hand, achieved a Benchmark for national con-
sumption of chicken at the same level as that found in
Sweden, because market driven initiatives complemented
more welfare-limited Dutch legislation. So, despite some
uncertainties in the Benchmark method, it appears that
market driven initiatives can have a strong impact on
improving broiler welfare, building on those standards
achieved by animal welfare legislation.
Key words: broiler welfare, market driven animal welfare, animal welfare legislation, benchmark
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INTRODUCTION

Two kinds of initiatives exist to counteract animal
welfare problems in broiler production. One establishes
animal welfare legislation, where all broiler production
in the relevant country or region must comply with
legally defined welfare standards. The other consists of
market driven initiatives, where part of the production
must meet specific welfare standards, typically based on
resource-based indicators. These products may subse-
quently be sold with a particular label, typically at a
price premium, or they may be part of minimum welfare
standards defined by a retailer, a fast-food chain or the
like. However, little is known about the effectiveness, rel-
ative and absolute, of such initiatives.
Initiatives to protect the welfare of agricultural ani-

mals go back more than 50 yr in Western Europe. Some
countries established national welfare legislation, and to
avoid unfair price competition the European Community
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(later the European Union, EU) from the 1990s
embarked on the development of minimum requirements
for animal welfare standards for some of the animal spe-
cies most commonly farmed in Europe. However, seg-
ments of the European consumer market were still
dissatisfied with the minimal requirements defined by
animal welfare legislation (Eurobarometer 2007, 2016).
Labels on eggs, dairy products and meat that promised
welfare provisions going beyond the legally required min-
ima began to emerge in the 1980s. Since then, there has
been considerable growth in the market for such products
across the Western world (for an overview of this devel-
opment see Sandøe and Christensen, 2019).

Broilers are the latecomers in this development. Only
a few European countries around the turn of this cen-
tury had national legislation with specific rules regard-
ing broilers, and EU regulation in the form of a directive
was agreed in 2007 (European Union, 2007). One of the
things regulated is stocking density − the basic allowed
stocking density is 33 kg/m2, which can be increased up
to 42 kg/m2 under improved management conditions.
The directive also, among other things, sets require-
ments for light intensity, for the duration of periods
with darkness, for maximum level of ammonia, and for
litter, feeding, and ventilation. These are minimum
requirements with which national animal welfare regula-
tion must comply, but individual member countries can
set up regulations that go further.

Most EU countries currently regulate broiler produc-
tion in ways identical with or close to the EU Broiler
Directive. However, there are some notable exceptions
such as Sweden, where requirements go much further,
and where, apparently as a consequence, there is low
national broiler production and high imports of broiler
meat (Lichter and Kleibrink, 2015).

To enable the improvement of welfare standards with-
out giving those farmers who improve the welfare of
their animals a competitive disadvantage, market driven
animal welfare has increasingly been viewed as a solu-
tion by key stakeholders, including the European Com-
mission (Commission of the European Communities,
2009). This also makes it possible to bring in welfare
parameters that have so far not been regulated, such as
the genetically determined growth rate (EFSA Panel on
Animal Health and Welfare, 2010; de Jong, 2020).

One example of such a market driven initiative can be
found in the Netherlands. Here, until around 2012, most
broiler production involved fast growing birds and
requirements for housing and care that were more or less
equivalent to the minimum requirements in the EU
directive. Then some of the main retailers changed their
supply to sell only fresh meat from broilers that grew
slower than the fast growing birds that were reared at a
lower stocking density, that were provided with environ-
mental enrichment, and that had a longer uninterrupted
dark period (Saatkamp et al., 2019). Within a few years,
meat from different varieties of such “welfare” broilers
took over the entire market for fresh chicken in the
Netherlands, while products from conventional and fast
growing birds today still dominate the market for food
service, frozen products, and export (Saatkamp et al.,
2019).
What is special about the Dutch situation is that con-

sumers are not given a choice when it comes to fresh
broiler meat − only meat based on a production with
enhanced welfare is at offer in supermarkets. In other
countries, such as Germany, Denmark, and the United
Kingdom, welfare labeled meat will often lie next to
unlabeled “standard” meat on the cool counter, giving
consumers a real choice between welfare chicken with a
price premium and standard chicken sold at lower price.
Here price competition can still be a big issue.
So, we have seen 2 parallel mechanisms for improving

broiler welfare beyond the EU minimal standards:
national legislation that goes well beyond it, as in Swe-
den and to a more limited extent also in other countries,
and various market driven animal welfare initiatives
that complement the national legislation. To be able to
compare the relative effects of these mechanisms, we will
apply the so-called Benchmark method (Sandøe et al.,
2020).
The key elements of this method are that: 1) it is

based on a number of dimensions that influence the wel-
fare of the farm animals in question, in this case broilers;
2) different welfare initiatives − for example a set of
legal requirements or requirements for a labeled product
− are mapped on to different gradings within these wel-
fare dimensions; 3) expert opinion is used to value and
weigh the effect of specific gradings within each dimen-
sion of the welfare of the animals; 4) for each welfare ini-
tiative Benchmark scores are calculated on a scale from
0 to 100 that indicate the animal welfare provisions of
the initiative (where 0 is the lowest and 100 is the high-
est theoretically conceivable welfare level); and finally 5)
by combining information about the Benchmark scores
for all initiatives in a country with information about
what proportion of the nation’s production or consump-
tion falls under each initiative, the Benchmark score for
each country’s production and consumption of broiler
meat is calculated on a scale from 0 to 100.
The Benchmark method rests on a number of assump-

tions, some of which can be challenged. For example, the
method takes for granted that the relevant form of ani-
mal production complies with the national legislation
and the requirements of the various other welfare initia-
tives in place, which is not always the case (e.g., EUWel-
Net 2014). Also, some of the information used, notably
about imports and exports of broiler meat, can be uncer-
tain. However, while we stress these limitations, we still
think the method provides a reasonable approximation
to an assessment of welfare provisions that, as we will
argue in the discussion, can supplement other currently
available methods that either face greater limitations or
are less feasible.
The Benchmark method has previously been applied

to pig production and pig consumption in the same 5
countries as studied here (Sandøe et al., 2020). There it
was found that Sweden, which has a level of animal wel-
fare legislation that goes well beyond the minimal EU
requirements for pig welfare, could maintain welfare
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requirements for the pork consumed that was better
than for pork consumed in the other European countres
studied. This is despite the fact that Sweden imports a
significant amount of pork from countries with lower lev-
els of welfare than in Swedish production. In the present
study, we wanted to find out whether that pattern
repeats itself in the case of broilers, or whether the rela-
tive effects on national welfare provisions of legislation
versus market driven initiatives differ in the case of
broiler production.

So, the aim of the present study was, by means of the
Benchmark method, to measure how the 2 main mecha-
nisms for improving broiler welfare, legislative and mar-
ket driven, compared in terms of securing welfare
provisions of broilers produced and consumed in differ-
ent countries where these 2 strategies have been pursued
to different degrees. Thus, to be able to consider the
effect of imports, we not only compared the levels of wel-
fare provisions achieved by different countries in terms
of their national production, but also the levels achieved
for the broiler chickens consumed in these countries.
The main part of the study focused on the situation in
1 yr, 2018, but we also used the method to document
developments in broiler welfare over a 12-yr period in
the Netherlands to better understand what has hap-
pened there in terms of market-driven animal welfare.
Finally, we present data relevant to assess the validity
of the applied Benchmark measure, and to document
the consistency of expert evaluations.
MATERIALS AND METHODS

Selection of Countries

Five Western European countries were selected for
this Benchmark study: Denmark, Germany, the Nether-
lands, Sweden, and the United Kingdom. Details about
their production, consumption, import and export of
broiler chicken meat, and self-sufficiency rate (produc-
tion/ consumption) are shown in Supplementary Table
S1. Netherlands is the largest net exporter of chicken
meat, Germany and Denmark have large exports as well
as imports, while broiler production in the UK and Swe-
den mainly serves their respective home markets, and
the 2 countries are net importers of broiler meat.

Asmembers of the EU in the year studied (2018), all coun-
tries had to comply with the minimum animal welfare
requirement regarding broiler production defined by the EU
(European Union 2007). In addition, one of the countries,
Denmark, had legislation that went somewhat further, while
a fifth, Sweden, had legislation thatwentmuch further.
Identification of Country Specific Welfare
Initiatives

Based on information derived from retailers, producer
organizations, public webpages, and other literature in
the field, as well as personal contacts with researchers
and stakeholders in the respective countries, we created
an overview for each country of initiatives with a reason-
able market share that aimed to raise broiler chicken
welfare provisions to the level required by the EU. For
each country, we included initiatives in the form of
national legislative requirements and the main market
driven welfare initiatives, including organic production,
where we could locate data on required welfare criteria.
Smaller initiatives where a few farmers produce chicken
with higher welfare were not included in the analysis,
because we found that there is a real trade-off between
the use of resources to identify and classify all initiatives
in a country and the benefits in terms of obtaining a
more complete picture of the chicken welfare in the
countries. The vast majority of chickens produced
according to the experts we consulted are represented in
the main 3 to 5 initiatives in a country. The market
driven initiatives included both state supported animal
welfare labels, and private animal welfare labels, that is,
labels managed by companies involved in broiler chicken
production, by retailers, by animal welfare NGOs, or
through collaboration between some of these. A list of
the welfare initiatives for the 5 countries, their market
shares, as well as the import and export data used in the
analysis can be seen in Supplementary Table S2.
Definition of Welfare Dimensions

To be able to compare the different initiatives we
defined a number of welfare-dimensions, for example,
stocking density, growth rate and light programes, most
of which were input variables. For each of these we pre-
sented different possible gradings. For example, stocking
density can range from above 42 kg per m2, which does
not meet EU requirements, to below 20 kg per m2 as
found in some organic production systems. The dimen-
sions were chosen to cover the most important kinds of
welfare requirements adopted by the different broiler
chicken welfare initiatives. The starting point for each
dimension was the minimum grading (in terms of welfare
provisions) of the most common production systems to
be found internationally. The other gradings reflected
what was typically found in the mentioned welfare ini-
tiatives, including the EU minimal requirements, with
the highest grading reflecting the current top grade
based on the authors’ knowledge of broiler chicken pro-
duction systems in different countries. The aim was to
ensure that each broiler chicken welfare initiative could
be defined in terms of a combination of grades within
the defined welfare-dimensions. In total, 14 dimensions,
each with between 2 and 7 gradings, relating to the keep-
ing of broiler chickens, were defined (Table 1).
Calculation of Animal Welfare Score Based
on Expert Assessments

In order to estimate an animal welfare score for each
welfare initiative we used expert assessments. Alto-
gether, 36 recognized European university experts
recruited from the network of the researchers involved



Table 1. Overview of welfare dimensions and gradings defined in relation to housing and management of broilers.

Dimension Range of welfare gradings

Stocking density Four gradings, FROM stocking density above 42 kg per m2 (does not meet EU requirements) TO stock-
ing density below 20 kg per m2

Foot pad dermatitis initiatives Two gradings, FROM the official veterinarian evaluates and identifies indications of poor welfare condi-
tions such as abnormal gradings of foot pad dermatitis during postmortem inspections (meets EU
requirements), leading to severe foot pad dermatitis in about 40% of broiler chickens in 50% of the
flocks; TO monitoring postmortem inspections at slaughter, with interventions in cases of high grad-
ings of foot pad dermatitis, leading to severe foot pad dermatitis in about 40% of broiler chickens in
10% of the flocks

Outdoor access Six gradings, FROM kept indoors with no outdoor access (meets EU requirements); TO access to a
veranda and an outside area with vegetation

Maximum flock size in broiler house Four gradings, FROM no requirement (as per EU standards); TO 1,000 chickens per broiler house

Use of roughage or whole kernels Three gradings, FROM no roughage provided (compatible with EU standards); TO roughage (e.g.,
wheat, maize, other roughage) is provided daily

Indoor air quality Three gradings, FROM no requirements (does not meet EU standards); TO a limit of under 20 ppm NH3
and/or 3,000 ppm CO2

Light programmes (hours of light and
darkness)

Four gradings, FROM no requirements regarding the light programme (does not meet EU standards);
TO 8 hours of continuous darkness per 24 h

Light intensity Three gradings, FROM light intensity below 20 lux (does not meet EU standards); TO light intensity
above 50 lux covering a minimum of 80% of the area during the photoperiod

The presence of natural sunlight Two gradings, FROM no sunlight in the broiler house (compatible with EU standards); TO sunlight
required in the broiler house

Slaughter ages, taking into account whether
the chickens are fast- or slow-growing

Four gradings, FROM use of fast-growing genotypes that are typically slaughtered at 40 d of age (aver-
age daily growth rate 60 grams or higher) (as per EU standards); TO use of slow-growing genotypes
that are typically slaughtered at an age above 70 d (daily growth rate of 40 grams or less)

Pecking and resting enrichment Four gradings, FROM no pecking and resting enrichment (compatible with EU standards); TO bales or
other pecking enrichment (e.g., pecking stones) required and requirements regarding resting enrich-
ment (perches or platforms)

Thinning (when part of the flock is removed
from the broiler house)

Two gradings, FROM thinning is used (meets EU requirements); TO thinning is not used

Catching and loading when all birds are
removed from the broiler house

Five gradings, FROM no requirements regarding the catching and loading method (does not meet EU
requirements); TO mechanical catching and loading with specifications concerning speed and maxi-
mum fall distance and physical requirements

Transportation to slaughter Seven gradings, FROM the broiler chickens are transported for 24 h without a break, and after 24 h, the
broiler chickens have a break of 24 h with food and water, and are transported for a further 24 h (does
not meet EU requirements); TO the broiler chickens are not transported to slaughter (mobile slaugh-
tering units are used)
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in this study were invited to fill out a questionnaire
accessible via a link in an invitation mail. The invited
experts came from Austria, Belgium, Denmark,
Germany, Finland, France, Italy, the Netherlands,
Norway, Spain, Sweden, Switzerland, and the United
Kingdom. The first invitation was sent to the experts by
email from the first author of the paper on November
12, 2020 and a reminder was sent on November 23, 2020.
The questionnaire was closed and the data was har-
vested on November 30, 2020.

On the first page of the survey the respondents were
given the following information: “The aim of the survey
is to evaluate the animal welfare effects of various initia-
tives for broiler production in comparison to the EU
standards. The findings based on the responses given by
you and a number of other experts will feed into an effort
to benchmark broiler chicken welfare across 5countries.
It will take 15 to 20 min to complete the questionnaire.
By taking part in this survey you consent that the data
from this survey will be used in our studies, and you
understand that all analysis and presentation of data
from this survey will be anonymous and in no way
tracked back to you personally.” After that they were
asked: “Do you consent with these conditions?” − and
only if they chose the option “I consent”, were they
allowed to continue the survey. The list of the names
and email addresses of the invited experts is kept on a
password-protected, loggable drive. Only anonymized
responses, with no identifying information regarding the
experts apart from saying that they are academic
experts working the field of animal welfare, are shared
with third parties. The ethical standards of the survey
study were assessed and approved by the Research
Ethics Committee for the Health and Sciences Faculties
at the University of Copenhagen, permission number
504-0243/21-5000.
In the questionnaire, the experts were asked, for each

dimension, to evaluate the welfare consequence of each
grading one by one, on a scale from 0 to 10, while they
were told to think of the other welfare dimensions as
those of standard production.
The experts were told that the scale should be used as

follows:

- 0 represents minimal welfare for the birds in a com-
mercial production system.

- 10 represent the best possible welfare for the birds in
a commercial production system.
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After that, the experts were asked to assess, on a scale
from 1 to 5, for each of the 14 welfare dimensions, what
weight it should have when compared to other changes
in production that might affect animal welfare. (The
text of the questionnaire can be found in Supplementary
Table S3). The choice of scales is of course important, in
order to strike a balance between being easy to under-
stand and likely to be used in the same way by different
respondents and being nuanced enough to capture dif-
ferences in values/opinions. We chose the 0 to 10 point
scale as it is an often used pain-scale whereas the 1 to 5
scale, ranging from 1-not important to 5-very important,
is inspired by the Likert scale often used in sociological
and psychological research.

Using the answers from the experts, values for the wel-
fare score of each grade within each welfare dimension,
and how much each dimension should contribute to
total welfare, were calculated as a weighted sum and
rescaled to 0 to 100.

Based on these inputs, we calculated the contribution
of each welfare initiative to our broiler chicken welfare
Benchmark. This was done on a scale from 0 (= minimal
welfare for the birds in a commercial production system)
to 100 (= the best possible welfare achievable within com-
mercial broiler chicken production). It should be noted
that both the maximum and the minimum are theoretical
entities. Depending on how experts use the valuation
scale for each welfare dimension the possible scores to be
achieved will fall within a narrower range. Only if all
experts agree that the best grading in all dimensions
deserve a score of 10, and they rate all dimensions to be
very important for chicken welfare when compared with
other changes in production that might affect welfare, is
a score of 100 possible; and only if all the experts agree
that the worst in all dimensions deserve a score of 0, is a
score of 0 possible. (For further details on these calcula-
tions, see Supplementary Table S4).
Benchmarking Production and Consumption

To be able to calculate a Benchmark score for the
broiler chicken production found within a country, we
considered how large a share of the production was cov-
ered by each initiative in the country. We measured this
relative to amount (in metric tons) produced.

Furthermore, we estimated scores for the hypothetical
situation that all production in a country is carried out in
accordance with either EU minimal requirements or in
accordance with national animal welfare legislation, and
we assessed the extra Benchmark outcomes in national
production created by market driven initiatives.

Besides estimating the Benchmark score for the
broiler meat production in a country we also estimated
the Benchmark score for broiler meat consumption in a
country. These 2 values can differ considerably. For
example, a lower score for consumption than for produc-
tion may occur if a country has high legislated welfare
standards for broiler meat production but at the same
time imports large amounts of broiler meat produced
under poorer welfare conditions. Conversely, a higher
score for consumption than for production may occur if
a country is a net exporter of broiler meat, typically
with minimal welfare, but at the same time produces sig-
nificant amounts of welfare labeled broiler meat for the
domestic market.
Finally, for the Netherlands, we calculated how the

Benchmark score for production and different segments
of consumption developed over the period 2007 to 2019.
Data for production, import and export of broiler meat

in a country was extracted from the UN databases, FAO-
STAT (FAO, 2021), COMTRADE (UN Comtrade,
2021), and from the EUROSTAT (2021) database.
When necessary − for example, due to delayed statistics,
or due to statistics at too aggregated a level from interna-
tional databases − data was supplemented with informa-
tion based on national market observations.
Adjustments to FAOSTAT have been made for

import and export values for Denmark and the Nether-
lands as both countries have a significant amount of
imports followed by re-exports. The adjustments were
made in order to obtain import and export figures that
are linked more directly to the part of production that is
exported and to the part of consumption that is
imported, rather than being a measure of the amount of
chicken meat crossing borders.
Based on consulting Danish experts, we propose that

45% of Danish consumption in 2018 was imported (see
Supplementary Table S2) rather than using figures from
FAOSTAT on imported quantity divided by consumed
quantity which resulted in an estimated import share of
consumption of 91% (see Supplementary Table S1).
And more importantly, rather than using figures from
FAOSTAT to estimate Dutch import share of consump-
tion as 250% (see Supplementary Table S1), a Dutch
expert suggested that more likely 28% of Dutch con-
sumption is imported (see Supplementary Table S2).
Furthermore, for Denmark, we propose that instead of
91% of production being exported as can be estimated
from the FAOSTAT (see Supplementary Table S1), we
have estimated the export value to be 45% of production
(see Supplementary Table S2) after consulting Danish
experts. Similarly, for the Netherlands, instead of 132%
of production being exported as can be estimated from
the FAOSTAT (see Supplementary Table S1), we have
used a Dutch expert to estimate that more likely 50% of
production is exported (see Supplementary Table S2).
The large import and export shares for Denmark and
the Netherlands as estimated using FAOSTAT are
caused by considerable amounts of chicken meat being
re-exported which skewed the picture of the net import
and export shares that we focus on here.
Data on market shares of different labels and forms of

products in the 5 countries was gathered via contacts
with academic experts, civil servants and representatives
of slaughterhouses, producer organizations, and retailers
in the different countries. Particularly in the case of the
market shares of various private welfare labels, accurate
information can be difficult to get, but the best possible
estimates are presented in Supplementary Table S2.
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Statistical Comparison of Production and
Consumption Benchmark Scores

The Benchmark scores for “Production” and “Con-
sumption” between countries were compared using gen-
eralized linear models with the lmer-function in the
lme4-package (Bates et al., 2015) in R (R Core
Team, 2021). One model included “Production” as the
outcome and the other model “Consumption" as the out-
come. In both models, “Country” was included as a fixed
effect, and “Expert” was included as a random effect, to
take into account the score for all countries calculated
based on each of the responses of each expert. The differ-
ence between countries was compared using the
emmeans-package (Lenth, 2020), while these pairwise
comparisons were adjusted for multiple comparisons
using the Tukey posthoc test. An adjusted P-value of
0.05 was considered statistically significant. The fit of
the model was checked by assessing if the standardized
residuals were independent, identically distributed Nor-
mal (0, s2).
Assessing the Validity of the Benchmark
Method

To be able to assess the validity of the Benchmark
method, we compared an existing hierarchy of welfare
levels in broiler meat welfare initiatives in Denmark, to
see whether these matched the welfare provisions actu-
ally measured by the Benchmark approach. One of the
Danish initiatives was a governmental animal welfare
label, introduced by the Danish Ministry for Food, Agri-
culture and Fisheries, for broiler meat and broiler meat
products in 2018 (Fødevarestyrelsen (No date)). This
label has 3 levels, with what is considered to be ascend-
ing animal welfare requirements. Another related but
slightly different 4-level label, covering broiler meat and
broiler meat products, was set up by one of the largest
Danish retailers, COOP (No date). By comparing the
Benchmark values achieved by the respective levels of
these labels, including the organic label, which is widely
assumed to have a high level of broiler welfare, the crite-
rion validity of the Benchmark could be estimated, that
is, to what extent the sizes the Benchmark values corre-
sponded to the expected relative level of welfare in the
labels the Benchmark measured. Also, the Benchmark
scores for the governmental label and the retail label
were compared with the Benchmark value for Danish
standard broiler chicken.
Figure 1. Mean Benchmark scores (on a scale from 0 to 100) for
broiler production in Denmark (DK), Germany (D), the Netherlands
(NL), Sweden (S), and the United Kingdom (UK). No significant pair-
wise differences were observed between the Benchmark values of UK,
NL, and DK, whereas all other pairwise values were different. The data
on which this is based are to be found in Supplementary Tables S1, S2,
and S4.
Assessing the Experts’ Use of the Scale and
Their Consistency in Terms of Ranking of
Welfare Provisions

To assess the consistency of the experts we carried out
2 kinds of comparisons. First, we compared differences
in how the experts used the scale, measured by what,
based on their values and weights, would be the mini-
mum and maximum Benchmark that could be achieved,
given their different gradings within the 14 welfare
dimensions. Second, we compared the degree to which
the experts agreed in their ranking of the 5 countries.
RESULTS

Expert Responses

Of the 36 academic experts in broiler welfare whom we
asked to contribute to this assessment, 27 had filled out
the questionnaire for assigning values and weights when
we closed it, after one reminder. This gave a response
rate of 75%.
A table with all the expert responses is found as Sup-

plementary Table S4. The variation between experts is
further analyzed below.
Benchmark Across Five European Countries

The Benchmark scores for production in the 5 coun-
tries (Figure 1), the Benchmark scores for minimum
legal requirements in each country (Figure 2), the addi-
tional Benchmark scores for market-driven initiatives in
each country (Figure 3) and the Benchmark scores for
production vs. consumption in each country (Figure 4)
are presented below.
The five countries separated into 3 groups based on the

following model: Group I consisted exclusively of Ger-
many, as the Benchmark score for German production
(37.5, 95% confidence interval [CI]: 31.1−44.0) was signif-
icantly lower than the benchmark scores for all other
countries using pairwise comparisons (P < 0.0001). The
middle group (group II) consisted of the Netherlands,
Denmark, and the United Kingdom as a pairwise compar-
ison of Benchmark scores for these 3 countries were not
significantly different from each other but the Benchmark
scores differed significantly (P < 0.0001) from the Bench-
mark scores for Germany and Sweden, respectively. The
production Benchmark scores for group II countries were:
the Netherlands (39.6; 95% CI: 33.2−46.1), Denmark
(40.0; 95% CI: 33.6−46.4), and the United Kingdom



Figure 2. Comparison of hypothetical broiler production Bench-
mark scores (on a scale from 0 to 100) as they would have been if all
broiler production followed the EU’s minimal requirements (the EU col-
umn) or in accordance with national regulation (including customary
standards) (the other columns) in Denmark (DK), Germany (D), the
Netherlands (NL), Sweden (S), and the United Kingdom (UK). The
data on which this is based are to be found in Supplementary Table S4.

Figure 3. The actual broiler production Benchmark scores (on a
scale from 0 to 100) including scores from production following legal
minimums (blue part) and market driven initiatives (red part) in Den-
mark (DK), Germany (D), the Netherlands (NL), Sweden (S), and the
United Kingdom (UK). The data on which this is based are to be found
in Supplementary Tables S1, S2, and S4.

Figure 4. Comparison of mean Benchmark scores (on a scale from
0 to 100) for broiler production as well as for consumption of chicken
meat in Denmark (DK), Germany (D), the Netherlands (NL), Sweden
(S), and the United Kingdom (UK). For the consumption Benchmark,
no significant pairwise differences were observed between the Bench-
mark scores of DK and UK and no significant pairwise differences
between Benchmark scores of NL and S, whereas all other pairwise
comparisons of Benchmark scores for consumption were statistically
different. Country-wise, the comparison between Benchmark scores for
production and consumption showed significant difference for Ger-
many, Sweden, and the Netherlands but not for Denmark and the
United Kingdom. The data on which this is based are to be found in
Supplementary Tables S1, S2, and S4.
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(40.2; 95% CI: 33.7−46.6). Finally, group III consisted of
Sweden which had a significantly (P < 0.0001) higher
Benchmark score for production than the other countries
46.2 (95% CI: 39.8−52.6). The different expert scores are
found in Supplementary Table S5.

The differences between the countries may be due to
either differences in legislation or differences in market
driven initiatives. To see the effect of legislation, Figure 2
illustrates what the national production Benchmark
scores in the five countries would have been if all broiler
production had followed national regulations (including
customary standards). For comparison, we have also
added a measure of what the national production Bench-
mark scores would have been, had all broiler production
followed the EU’s minimal requirements.

As can be seen when comparing the Benchmark scores
for production as shown in Figure 1 with the Benchmark
score for the EU minimum requirements (European
Union, 2007) as shown in Figure 2, all 5 countries
achieved a Benchmark score in their broiler production
that was between 4.4 and 13.1 Benchmark points higher
than the EU minimum requirements. At the same time
there were clear differences between the five countries as
regards legislation. Two of the countries, Germany and
the United Kingdom, had legislation that went no fur-
ther than EU minimum requirements.
The Netherlands, Sweden, and Denmark went further

than the EU demands by requiring that foot pad derma-
titis was monitored, and that actions were taken if prob-
lems beyond a certain level were found. Denmark also,
in line with Sweden, differed from the others by having a
customary standard that broiler chickens were not
transported for more than 8 h, where the EU allows
transport up to 12 h before a mandatory break (after
which the transport may continue). Furthermore, the
Swedish and Danish chicken farmers had a customary
standard regarding acceptable depopulation methods
that goes beyond EU requirements. In addition, Sweden
had stricter requirements than the other countries in 3
respects: First, a lower stocking density was required,
that is, a maximum limit of 36 kg per m2 as compared to
42 kg/m2 required by the EU. Second, the Swedish legis-
lation had stricter requirements for indoor air quality in
terms of accepted levels of ammonia and carbon dioxide
in the barns in comparison to EU requirements. Third,
in terms of lighting programes, Sweden required 6 hours
of continuous darkness, while the EU, even though it
required a total of 6 h of darkness, only required there to
be four hours of continuous darkness.
So, the high Swedish Benchmark score for production

reflects a higher level of legal requirements compared to
that found in the other four countries. Denmark had
higher legal requirements than Germany, the Nether-
lands, and the United Kingdom. However, both the
Netherlands and the United Kingdom reach the same
Benchmark level as Denmark in their respective broiler
production due to larger contributions from market ini-
tiatives. This can be seen in Figure 3.



Figure 5. Yearly Benchmark scores (on a scale from 0 to 100) in
the Netherlands for broiler production, overall consumption of chicken
meat and consumption of fresh chicken meat from supermarkets
(“Retail”) over the period 2007−2019. Calculations by Peter van Horne
from Wageningen Economic Research based on Stichtung Avined
(2020). Details also provided in S2.
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As can be seen from Figure 3, an increase, between 4
and 7 Benchmark points, was generated by market
driven animal welfare in the three countries with the
lowest legal standards of broiler welfare, Germany, the
Netherlands, and the United Kingdom, whereas in the 2
countries with the highest legal standards, Sweden and
Denmark, the contribution from market driven animal
welfare was minimal.

Another important aspect to consider when compar-
ing Benchmark scores between countries concerns con-
sumption within each country. Again, in terms of
differences in Benchmark scores for consumption, the
countries’ Benchmark scores formed 3 groups: i) Ger-
many with a consumption Benchmark score of 36.9
(95% CI: 30.6−43.3) had a Benchmark score that was
statistically lower than the consumption Benchmark
scores for the other countries (P < 0.0001); ii) the Bench-
mark scores for United Kingdom with 39.4 (95% CI: 33.0
−45.8) and Denmark with 39.6 (95% CI: 33.2−46.0)
were not statistically different from each other but dif-
fered statistically significantly (P < 0.0001) from the
Benchmarks of the other 3 countries, and finally iii) the
Benchmark scores for Sweden with 43.1 (95% CI: 36.7
−49.4), and the Netherlands with 44.0 (95% CI: 37.6
−50.3) were not statistically different from each other
but were statistically higher than the Benchmark scores
for the other countries (P < 0.0001). For a full list of the
expert scores see Supplementary Table S5.

The results of the comparison between the Benchmark
scores based on production and consumption for the
individual countries are depicted in Figure 4. There was
a significant difference between the Benchmark scores
for production and consumption for Germany: �0.6
(95% CI: �1.0; �0.2; P = 0.003), Sweden: �2.5 (95%
CI: �3.1; �2.0; P < 0.0001), and the Netherlands: 4.9
(95% CI: 4.4; 5.5; P < 0.0001), but not for Denmark
(0.2, 95% CI: �0.4; 0.8; P < 0.48) and the United King-
dom (�0.2, 95% CI: �0.7; 0.4; P < 0.56).

These differences indicate that high local legal require-
ments for broiler production may be counteracted by
imports. The Netherlands is, as mentioned, a country
with a large and very competitive export of broiler meat.
Despite this, the Netherlands also had a local, market-
driven initiative for chicken meat with higher required
animal welfare provisions for broilers (including a slower
growth rate than for standard broilers). As a result, a rel-
atively large Benchmark value, 3.9 Benchmark points
higher than that found in Dutch broiler production and
7.9 Benchmark points higher than that required by
Dutch legislation, was found for Dutch broiler consump-
tion. The Benchmark level achieved was at the same level
as that achieved for broiler consumption in Sweden.
Mapping of Benchmark Scores Over a
Number of Years in One Country

We wanted to better understand what has happened
in the Netherlands in terms of market-driven animal
welfare. So, in Figure 5, we have mapped Dutch Bench-
mark scores over a 12-yr period.
From Figure 5 it can be seen that since 2012, there has

been a steady increase in the broiler Benchmark for both
production, overall consumption and consumption of
fresh chicken meat sold from supermarkets, which seems
to plateau around 2018. It also appears that what has
driven the development has been a constantly growing
national supermarket sale of fresh broiler meat with
higher welfare standards. The consumption of frozen
and processed chicken products and consumption in the
food service sector has been affected very little and was
by the end of the period still mainly based on standard
broilers; and there was also a significant export market
mainly of standard broilers.
Validity of Broiler Benchmark Scores and
Consistency of Expert R improving Levels of
Welfare Responses

To assess the criterion validity of the expert opinions,
we compared the different forms of Danish broiler pro-
duction falling under the 2 animal welfare labels as well
as organic production applied to chicken meat. These
labels are commonly believed to provide increasing levels
of welfare compared to standard broiler production
undertaken in accordance with Danish legislation,
through requiring higher welfare provisions. The results
of this comparison are presented in Figure 6.
Both of the main labels, the one defined by the Minis-

try of Food, Agriculture and Fisheries of Denmark,
“Bedre Dyrevelfærd”, used by a range of supermarkets,
and the private label defined and used by the supermar-
ket chain COOP, have been designed, based on expert
consultations, to have ascending levels of animal welfare.
Thus, the first level, which is based on a form of
improved indoor production, is supposed to reflect bet-
ter welfare than the standard production, and for each
further level there is supposed to be further improved
welfare. The highest level on the state label “Bedre



Figure 6. The calculated Benchmark-scores (on a scale from 0 to 100) of the different Danish animal welfare initiatives relating to broilers:
“Standard” covers unlabelled broiler products produced according to Danish legislation. One to 3 hearts are three levels of the official welfare label
“Bedre Dyrevelfærd” (“Better Animal Welfare”), Coop 1-4 are four levels of the retail welfare label “Dyrevelfærdshjertet”, “Organic” represents
organic broiler products. The data on which this is based are to be found in Supplementary Tables S2 and S4.

Figure 7. The range of scores across welfare dimensions based on
responses from the 27 experts. Also the average maximum scores and
the average minimum scores are calculated and depicted as horizontal
lines. The data on which this is based are to be found in Supplementary
Table S4.
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Dyrevelfærd” requires outdoor access. The first level in
the COOP label requires improved indoor conditions
while the remaining three levels of the COOP label
require outdoor access. The highest level in the COOP
label requires organic production and some extra initia-
tives beyond that. (The criteria for the labels can be
seen in Supplementary Table S4.) Comparing the
Benchmark scores with what could be expected, there
are only some very small deviations. Such minor differ-
ences may be due to differences in how the requirements
are specified. However, overall there seems to be a very
good correspondence between the Benchmark scores and
what would be expected from the way the labels have
been defined.

Another way to approach the validity of the Bench-
mark score is by looking at the diversity of responses
among the experts involved. First, in Figure 7, we look
at the way the experts used the scale in that, for each
expert, we calculate their range of possible Benchmark
scores given the gradings presented within the different
welfare dimensions.

As can be seen from Figure 7 there are major differen-
ces between the experts, both in terms of how large a
part of the scale they were using when valuing the vari-
ous gradings within the welfare dimensions and in terms
of where on the scale their answers were placed. This has
consequences for the possible range of scores an initiative
can achieve. Thus, with the current gradings and the
current experts the highest Benchmark value achievable
is 72.9 and lowest possible value is 21.4. The difference
between 72.9 and the theoretical maximum of 100 repre-
sents the difference between what it is currently possible
to achieve in terms of broiler welfare according to the
experts and what, according to the experts, can be con-
sidered as ideal broiler welfare.

Even though the experts are using the scales differ-
ently, they can still be consistent in the way that, based
on their evaluations, they rank different animal welfare
initiatives. As can be seen from Supplementary Table
S5, Sweden is ranked best among all 27 experts. Also, it
can be seen that the differences among D, DK, NL, and
UK are minimal. These results have been illustrated in
Figures 8A and 8B.
As can be seen, although the experts varied hugely in

their range of Benchmark scores, the resulting Bench-
mark scores were still very consistent when comparing
countries, illustrated by the almost perfect correlation
between the Benchmark scores in the pairwise compari-
son of countries.
DISCUSSION

The results presented in this paper concern 5 Euro-
pean countries that, in 2018, were all subject to the



Figure 8. (A) Comparing Benchmark scores for broiler produc-
tion by all 27 experts regarding Sweden and Denmark. The red dot
represents the average score among experts. The data on which
this is based is to be found in Supplementary Table S4. (B) Com-
paring Benchmark scores for broiler production by all 27 experts
regarding the Netherlands and Germany. The red dot represents
the average score among experts. The data on which this is based
is to be found in Supplementary Table S4.
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same minimum requirements for animal welfare as
defined by the EU. At the same time, there were major
differences between the levels of broiler welfare require-
ments in these countries, and data presented here
showed that 2 main forces were at play: National legisla-
tion going beyond the minimum EU requirements and
voluntary, market driven initiatives.

We show that animal welfare legislation has a signifi-
cant effect on the Benchmark measure of welfare provi-
sions for broiler chicken produced in all 5 countries and
that the country with the most far reaching legislation
for broiler welfare, Sweden, also reaches a much higher
Benchmark score than the other countries. However, we
also show that market driven initiatives can have a large
effect; this can be seen by comparing Denmark to the
Netherlands and the United Kingdom. Denmark had
higher legally defined welfare standards compared to the
other 2 countries, but ended up with the same Bench-
mark level of welfare provisions in its national produc-
tion as The Netherlands and the United Kingdom
because market driven initiatives have larger impacts in
these countries. Furthermore, market driven initiatives
can have an even larger effect on the Benchmark level of
welfare provisions for broilers consumed in a country.
It is worth discussing whether it is relevant to look at

national consumption as well as production when com-
paring required welfare provisions in different countries
(which brings the Netherlands to the same level as Swe-
den) or whether the focus should only be on national
production (which will give Sweden an advantage over
the Netherlands). We see some value in the first stance.
In doing so, we have been inspired by the seminal 2009
report from the British Farm Animal Welfare Council,
“Farm Animal Welfare in Great Britain: Past, Present,
and Future” (Farm Animal, 2009). This report describes
a development where efforts to improve animal welfare
by means of unilateral national initiatives led to prob-
lems with imports from countries with lower standards,
and it is claimed that “the power of the concerned con-
sumer (through market demand) is mostly unrealized”.
Since then much has happened in terms of market driven
initiatives. However, it has so far been very difficult to
assess whether these initiatives made a real difference in
terms of animal welfare provisions, or whether they
mainly served as window dressing for a system domi-
nated by standard products that reach only a minimal
level of animal welfare. In our study, we have shown
that market driven initiatives most likely can make a
considerable difference.
Of course, it may be argued that the Dutch position −

with high welfare requirements in production aimed at
the domestic market, and a high export of broilers pro-
duced according to the legal requirements for animal
welfare − is a bit hypocritical. However, in our view,
this should also be seen across a longer time perspective.
Market-driven initiatives like those found in the Nether-
lands may spread to other countries, which already seem
to be happening; and this may lead to growing exports
of Dutch welfare chicken.
There are at least 2 other initiatives that make

large scale comparisons of animal welfare provisions,
but neither deliver results with the same focus and
specificity as those we deliver here. One initiative is
The Business Benchmark on Farm Animal Welfare
(Amos et al., 2018) and another is The Animal Pro-
tection Index (World Animal Protection, 2020).
These have been presented and discussed in detail in
Sandøe et al. (2020). Compared to The Business
Benchmark on Farm Animal Welfare, which is
focused on benchmarking food companies, our Bench-
mark enables a comparison of welfare scores across
countries rather than companies, and it measures the
relative contribution of what is done to improve ani-
mal welfare. Compared to The Animal Protection
Index, which is focused on legislation and state pol-
icy, our proposed Benchmark is at the same time
broader, in that it not only includes animal welfare
legislation and other state driven policies but also pri-
vate initiatives, and more focused in that it allows a
comprehensive assessment of a specific field of animal
production and consumption, in this case of broilers.
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Still, it is reasonable to ask whether the method cho-
sen here to assess welfare, based on expert valuations
and weightings, is the best possible.

For instance, a single benchmark score that is based
on the sum of scores of individual parameters builds on
an assumption that bad welfare in one dimension can be
compensated for by good welfare in another dimension.
This could be regarded as problematic. On the other
hand, having a weight for each dimension allowed us to
acknowledge that some dimensions might have a greater
impact on animal welfare than others in this compensa-
tion process.

Assumptions such as this one about welfare compen-
sation are of course debatable (and they may even be
controversial) but, we should note, such assumptions
and comparisons are made all the time − though, in our
view, not as transparently as here.

There are 2 weaknesses of the Benchmark method
compared to the protocols for assessing animal welfare
emerging from the EU funded project Welfare Quality
(WQ) which also includes a protocol for assessing broiler
welfare (Welfare Quality, 2009). The Benchmark pri-
marily looks at resource-based measures of animal wel-
fare − “welfare provisions”, what is provided to the
animals in terms of space, enrichment etc. − while WQ
looks at the actual reactions of the animals to the hous-
ing and management they are subjected to, measured in
terms of so-called outcome- or animal-based measures.
It might reasonably be argued that direct welfare meas-
ures of animals’ reactions give a more accurate account
of welfare than more indirect resource-based measures.
However, the difference between these methods is less
than it appears at first sight. In the Benchmark
approach, measures are scored by experts who can trans-
late the resource-based measures to proxy outcomes for
the birds. This means that there will also be a focus on
outcomes in the Benchmark. However, it is still true
that the experts only report about typical welfare out-
comes, not about variations in outcomes across farms or
countries due to differences in the quality of manage-
ment (de Jong and van Riel, 2020), a feature of the WQ
approach. A second disadvantage of the Benchmark
approach is that it uses data from welfare legislation and
market initiatives, and presupposes that farms are com-
plying with these, rather than investigating how far
there is actually compliance on the ground. In practice,
there may be only partial compliance with welfare legis-
lation and market initiatives, and the degree of compli-
ance may also vary between countries (EUWelNet 2014).

Despite this theoretical advantage of the WQ
approach, in practice this ambitious approach has not so
far provided large-scale comparisons. Based on a review
of the literature there seems to be at least 3 reasons why
WQ so far has not succeeded in implementing an alter-
native system for measuring welfare outcomes for
broilers in different countries and in different housing
systems:

First, using the WQ system is time-consuming and
requires expertise on the ground De Jong et al. (2016).
have shown that it may be possible to simplify the proto-
col and thereby make its application less costly. This is
surely a promising strategy, but the authors conclude
that the proposed “simplification strategies should, how-
ever, be validated further, and tested on farms with a
wide distribution across the different welfare categories
of WQ”. And this work has so far not been undertaken.
Second, the aggregation system found in the current

WQ system has, as has been argued by Buijs et al.
(2017), some severe limitations when it comes to assess-
ing broiler welfare. Thus, as they argue, “95% of the
flocks’ overall classification was explained by 2 measures
only (‘drinker space’ and ‘stocking density’)”, both of
which are resource based measures, even though, as
mentioned above, the basic idea of WQ is to rely primar-
ily on outcome based measures of animal welfare. So,
until these problems, and other more general problems
relating to the aggregation system of WQ (Sandøe et al.,
2019) are solved, it seems that the WQ system has some
limitations when it comes to comparing welfare out-
comes of different welfare initiatives.
In the Benchmark system, on the other hand, the com-

plex effects of the WQ aggregation system, including
those described by Buijs et al. (2017) seem to be
avoided. Thus, all inputs from all measures and all
selected criteria contribute to the outcome in an additive
way to create an index according to the weights given by
experts, and no specific measures dominate in the accu-
mulated index.
The third and last reason is, as argued by

Sandøe et al. (2020), that there are currently legal limi-
tations to random sampling of farms to be assessed by
means of the WQ systems. Without such a sampling,
the WQ protocol cannot deliver a representative picture
of the welfare of broilers in a specific country.
Another interesting effort to compare broiler welfare

across four very different countries, and based on out-
come-based measures, is found in Tallentire et al.
(2018). Based on data on stocking density, mortality,
and carcass condemnation rate from conventional
chicken meat production systems, the authors made an
assessment of overall animal welfare impact per kg of
chicken meat produced in four European countries. This
approach, however, had some obvious limitations. First,
due to reasons of confidentiality, the names of the coun-
tries could not be revealed. Second, only “conventional”,
intensive broiler production was assessed and therefore
no comparison with market driven alternatives was pos-
sible. Third, only a few, crude, outcome-based measures
such as mortality and condemnation rate were used.
Finally, the main predictor for welfare level seemed to
be stocking density (which is also included in the Bench-
mark system) whereas in the Benchmark the score is an
additive function of multiple dimensions.
The current application of the Benchmark method to

broiler production also has several advantages over a
previous application of the Benchmark to pig production
(Sandøe et al., 2020). First, more experts were used in
the current study than in previous study. Second, the
method was also used to compare the welfare provisions
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for broilers over time in one country. Third, results
about the maximum and minimum scores achievable
have been included.

Regarding the latter point, a possible concern is that
we could have re-scaled our results, so that 0 equals the
minimum achievable on the current scale (21.4) and 100
equals the maximum achievable on the current scale
(72.9). However, we have chosen not to do so because we
think the current scale gives a fairer picture of the wel-
fare level as viewed by the experts. When the experts do
not use the lowest end of the scale, it seems to reflect
their view that the worst option offered is not the worst
option possible; and when the experts do not use the
highest end of the scale it seems to reflect their view that
even with the best options offered, the resulting welfare
is not ideal. One caveat here is, of course, that when it
comes to the use of the scale the experts vary a lot −
from using 18% to using 87% of the scale.

The large variation in the use of the scale does not
reappear when it comes to the expert ranking of Bench-
mark scores for production at national levels. Here there
is high consistency which means that, to a significant
extent, the experts agree when it comes to the kind of
comparisons for which the Benchmark is being used in
the current study.

Of course, the approach still has its limitations which
have been described above. The main limitation is that
experts only report typical welfare outcomes, not taking
management or compliance with standards into account.
Also, there is some uncertainty about the effects of
imports and exports of broiler meat. Even though we
have tried, on a case-by-case basis, with some help from
local experts, to assess the welfare provisions by which
imported or exported broiler meat is produced, uncer-
tainty remains. For example, some findings indicate
that broiler meat imported from some countries outside
the EU may be produced with reasonably high welfare
standards (Tuyttens et al., 2015; Vissers et al., 2019).

The most important finding of our study is that not
only animal welfare legislation but also market driven ini-
tiatives can have an important impact on broiler welfare
provisions. While stringent national legislation can secure
the highest level of welfare provisions in national broiler
production, market driven initiatives can also have a sig-
nificant positive effect. When it comes to national con-
sumption, market driven initiatives can have an effect
comparable to that of stringent national legislation.
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