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Abstract

Farm animal welfare (FAW) concerns have prompted scientific research, development
and standard setting (especially in the EU and USA) having ethical, production, econ-
omic, social, cultural and trade implications. We meta-analyse the literature on con-
sumer willingness to pay (WTP) for FAW, examining 24 studies reporting 106
estimates of consumer FAW values. Meta-regressions indicate that respondent
income and age significantly affect WTP, substantial geographical disparities are
unsupported, information provision about farm animal living conditions significantly
alters WTP estimates and suggestions that FAW be legislatively required significantly
reduce WTP. We conclude that the public good aspect of FAW merits further
investigation.
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1. Introduction

Since the mid-1990s, economists have been seeking to quantify farm animal
welfare (FAW) in economic terms to provide inputs for analysing the impli-
cations of animal production systems for resource use and food cost.

Quantifying animal welfare in economic terms is challenging and ulti-
mately depends on ethical assumptions concerning the value of animal lives
and conditions. Anthropocentric welfarism, i.e. the belief that only human
utility or wellbeing count and that animal welfare is a subset of human
welfare, has been the standard welfare economics assumption in much of
the literature in the field to date (McInerney, 1993). In line with such prefer-
ences, people might be willing to pay directly to improve animal welfare qual-
ities to the extent that their own utility is directly affected by such
improvements, or indirectly (i.e. instrumentally) out of altruistic concern for
other people’s behaviour or opportunities, and in consideration of animal
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conditions. Recent results, however, suggest that people’s animal welfare pre-
ferences would be more consistent with consequentialistic, or utilitarian,
ethics (Johansson-Stenman, 2006). Such a view broadens the scope of intrinsic
animal welfare externalities related to animal product production and con-
sumption, as the consequences for the animal per se will account for an expli-
cit, weighted part of the utility derived from such activities.

In Europe, legislation has historically been the main vehicle by which FAW
has been protected and improved (Bennett, 1997). Animal protection laws are
issued by national governments and may exceed the minimum standards set
by corresponding EU Directives. Existing European directives specify
welfare provisions for each major farm animal species and a specific directive
currently covers each farm animal species during rearing and slaughter [see
Veissier et al. (2008) for an overview of European animal welfare regulatory
work]. Bock and Van Huik (2007) found that the UK, Sweden and Norway
have imposed stricter FAW measures in their national laws, and noted a
remarkable similarity in welfare requirements at the level of minimum stan-
dards in other European countries.

Paralleling European legislation has been an increasing emphasis on integrat-
ing FAW measures into industry-based quality assurance schemes (QAS) or
certification schemes, and the increasing use of these by retailers for quality
‘gate keeping’. The use of such QAS covering animal welfare is often
related to a production differentiation strategy (Manning et al., 2006). The ten-
dency of such schemes also to include animal-focused welfare outcomes and
indicators is pronounced (Veissier et al., 2008). This line of development is
consistent with a utilitarian view of animal welfare. Consumers need, and gen-
erally favour, information or assurances on which they can base purchasing
decisions to satisfy their animal welfare preferences (Mayfield et al., 2007).

The present paper conducts a meta-analysis of studies examining values of
consumer willingness to pay (WTP) for FAW and determines the effects of the
characteristics of the studied consumers, methods of value elicitation and the
FAW attributes on valuation estimates. The goal is to generate a set of findings
about consumer WTP that are not conditional on the particulars of a single
study, and to provide researchers and policy makers with a concise synthesis
of the research results. This line of work should be relevant to the recent Euro-
pean Commission (EC) initiative to develop a labelling scheme concerning
animal welfare conditions (EC, 2006). We note that FAW is a contentious
issue in US animal husbandry as well (Norwood and Lusk, 2009b). Because
of the multidimensional character of animal welfare and its assessment, and
the increasing amount of research in the area of FAW economics, we do
not claim to provide a comprehensive review of the FAW valuation literature.
However, we have collected a reasonably large and representative sample of
such studies for analysis. The data set comprises 24 separate studies that col-
lectively provide 106 estimates of consumer FAW values.

In the next section, we discuss our method of selecting studies for analysis
and whether and to what extent publication bias is of concern in our sample;
we also describe the data collected. Detailed results of a meta-regression
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analysis are then presented. The final section offers concluding remarks, sug-
gestions for future research and policy implications based on the meta-analysis.

2. Methods

Meta-analytic studies pool information from existing studies, comparing
methods and weighting information in the literature data set according to
certain quality criteria (e.g. Stanley, 2001).

Our first step was to define the boundaries of the literature to be meta-analysed
with respect to the included animal species and welfare items. First, we included
six farm animal categories, i.e. beef cattle, veal, dairy cows, hogs, broiler chick-
ens and laying hens. Second, as the literature on animal welfare assessment uses
a range of indicators or schemes that are typically animal centred, to facilitate
interpreting the empirical results in the literature, we used the main criteria
from Botreau et al. (2007), who developed a set of four criteria (i.e. good
feeding, good housing, good health and appropriate behaviour). However, if
consequentialist ethics underlies people’s FAW perceptions, such an animal-
focused scheme will likely provide an insufficient set of welfare items for con-
sidering human–animal welfare assessment. We therefore also included GM
feed, hormone treatment, antibiotic use, use of biotechnology in animal pro-
duction practices and transport of live animals to slaughter as additional FAW
classifying criteria. Each criterion could be expected to identify potential
animal production externalities. In addition, we further differentiated the criteria
from Botreau et al. (2007) by using a set of general animal husbandry criteria
that in principle apply to all farm animal species (Grauvogl et al., 1997).

To search for FAW studies in English that treated FAW willingness-to-pay
estimates, we used electronic databases (i.e. the ISC Web of Knowledge, Amer-
ican Economic Association EconLit and AgEcon Search) and reference lists
from identified studies. We also sought unpublished literature using a Google
search of key researchers’ websites, since publication bias could skew the
results of our meta-regression (Stanley, 2005). The literature search used the
following keywords, individually and in combination: farm, animal, welfare,
economic, valuation, WTP and consumer. Several studies had to be disregarded
because: (i) their data sets were identical to those used in other studies; (ii) they
presented aggregated WTP estimates for FAW as an overall concept, but so as
to preclude referring to our FAW categorisation results; (iii) no explicit WTP
estimate was presented, although consumer responses to FAW improvements
were investigated and (iv) they met all our selection criteria but missing obser-
vations were noted (predominantly for socio-economic variables). The remain-
ing 24 studies provided 106 individual WTP estimates. The included studies
and their main characteristics are presented in Table A1. Literature that we
might have missed by this procedure includes (i) confidential reports, for
example, conducted by multinationals in the food processing industry and (ii)
research reports and scientific publications not published in English or not
listed in one of the databases mentioned above. With regard to conducting a
meaningful meta-analysis, overlooked literature could be crucial, since

Consumer willingness to pay for farm animal welfare 57

 at Serial R
ecord on M

ay 10, 2016
http://erae.oxfordjournals.org/

D
ow

nloaded from
 

http://erae.oxfordjournals.org/


omission of certain areas of the literature might bias our findings in a manner
similar to publication bias. The latter has long been of concern among
meta-analysts, and many economic studies have found evidence of publication
bias in certain strands of the economic literature (e.g. Stanley, 2005; Rosenber-
ger and Johnston, 2009). At the end of the next section, we explain how we
tested for publication bias in our literature sample.

3. Specification of the meta-analysis function
and variables used

The meta-analysis function has a panel structure, as some original studies
report multiple WTP estimates related to animal welfare attributes and an
unbalanced structure exists as the number of reported estimates differs
between studies. Following Stanley (2001), let the explicit specification of
the meta-regression be

WTPmn = a+
∑k

k=1

bkxk,mn + em + un, (1)

where m denotes the candidate study from which the WTP estimate comes (i.e.
m ¼ 1, . . ., M) and n denotes the WTP estimate reported in the study (i.e. n ¼
1, . . ., Nm). In the case in which each study (m) provides a single estimate (n),
then Nm ¼ 1 and em collapse into un. When each study provides one or more
estimates, then we must account for the common error across estimates (un)
and the group-specific or panel error in a study (em). The total number of esti-
mates is N ¼

∑M
m=1Nm. The variations in WTPmn are explained by the scope

of a vector of explanatory variables, i.e. k ¼ 1, . . ., K, denoted xk,mn. The esti-
mates within a study may partly or completely share several explanatory vari-
ables, whereas the estimates across studies may differ in many of those
exogenous variables. A nested error structure will exist, as the estimates
might not be independent in a given study. The decomposed error variance
at the study level, em, and error at the estimation level, un, are assumed to
be normally distributed with zero mean and constant variances, s2

e and s2
u,

respectively (Bijmolt and Pieters, 2001). In equation (1), a is the intercept
term and bk is a vector of slope parameters to be estimated.

Several retrieved studies present multiple WTP estimates or WTP for
animal welfare as an aggregate product/production process characteristic
and in so doing do not associate the welfare measure with a specific animal
type. Multiple estimates are typically available when results are presented
for (i) different subgroups of the sample population, (ii) different model spe-
cifications and/or (iii) different levels of the FAW attribute in question.
Meta-regression can handle these issues if one accounts for heterogeneous
variances and correlation among the error terms. Following Van Houtven
(2008), non-overlapping subsample estimates were included when they
could be accounted for by citing explanatory variables.
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The vector xk,mn contains (i) variables capturing the type of FAW change,
(ii) socio-economic variables about respondents’ characteristics and (iii) the
categorical and methodological characteristics of each study (descriptive stat-
istics are available on request). Furthermore, the WTP assessments typically
refer to changes in the living conditions of farm animals relative to a given
reference scenario or status quo. The reference cases reflect conditions
under which a certain type of farm animal is kept in a given country the
year the corresponding study was conducted. Each study m then confronts
survey respondents with n ≥ 1 suggested changes in FAW, which must be
viewed as occurring relative to a reference scenario. This implies that the mag-
nitude of these m,n changes can be measured if the base levels to which con-
sumers respond are known. In the following, we refer to each of these m,n
FAW changes as ‘experiments’. In the meta-data set, therefore, experiments
were expressed relative to the following base levels: reductions in stocking
density were measured as changes in kg/m2, while changes in other determin-
ants of animal living conditions were expressed in terms of days, hours, etc.,
and when this was impossible, we used a dummy approach instead. For this
purpose, average animal weights and size requirements were obtained from
animal science and agronomy sources (e.g. Grauvogl et al., 1997). In the
case of hens in battery cages, changes were expressed relative to the
minimum stipulated cage size given country and year; for indoor pork and
poultry production systems, stocking densities were obtained from providers
of animal production equipment and genetics.

All WTP values were expressed relative to the base price relative to which
respondents made their statements. Thus, the dependent variable of our analy-
sis is price premium, defined as the per cent payment increase over some base
price attributable to respondent WTP for a given attribute level.

Income values were adjusted for inflation using the consumer price index.
In addition to the inflationary adjustments in the WTP values reported in the
international studies, purchasing power parity (PPP) indices were used to
adjust the values for intercomparability (OECD, 2009).

To test for publication bias, we follow Stanley (2005) and regress tmn ¼ b0 +
b1(1/Standard Errormn) + 1, with tmn referring to the t-values of the reported
WTP changes (as calculated from the available information). In addition, fol-
lowing the discussion in Rosenberger and Johnston (2009: 419ff.), we
include in this regression alternative fixed effects for (i) first author, (ii) each
publication and (iii) whether or not the study was conducted under peer
review. For this auxiliary regression without fixed effects, we fail to reject
H0: b0 ¼ 0 and reject H0: b1 ¼ 0, both at a 99 per cent significance level
(implying that we reject publication bias through this test and fail to reject
the existence of a genuine empirical effect). For the alternative auxiliary
regression with fixed effects, we find a significant coefficient only for one
author and one publication, respectively; however, we find a highly significant
coefficient for the dummy of whether or not a study has been conducted under
peer review. We therefore do not investigate further sources of potential publi-
cation bias and instead include this dummy in our set of explanatory variables.
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4. Meta-data set and estimation procedure

We used initial regressions based on the non-parametric Epanechnikov kernel
regression estimator (Hayfield and Racine, 2008) to test for appropriate func-
tional relationships between the dependent variable and our set of explanatory
variables. Results revealed no evidence that would lead us to reject a linear
regression model due to severe misspecification of the functional relation-
ships. Therefore, we followed Stanley (2001) and employed a parametric
meta-regression model using the empirical specifications described here.

We included fixed effects for the location of each study, year of data collec-
tion and farm animal type. Although we included socio-economic variables,
fixed effects are important because they may reflect local or national prefer-
ences, rare events such as food scandals, or latent species-specific preferences.
However, the fixed effects for time of study were rejected due to severe col-
linearity with most other explanatory variables. It should be noted that the
strong collinear dependence in the meta-data set is only partly due to the rela-
tively small number of studies included; it is also a consequence of the
thorough data collection process that a priori aimed to incorporate as much
information as possible about the literature sample.

Initially, we considered all elements obtained from our data retrieval process
as elements of xk,mn, implying that all elements of xk,mn may be of explanatory
relevance in the meta-regression. However, regarding the vector of methodo-
logical variables, we knew a priori that certain combinations of explanatory
variables were especially common in the literature data set. Therefore, we
grouped eight categorical variables into three broader groups to minimise
potential collinearity due to publication-specific effects, as follows:

Group 1 ‘Context’: context of the experiment, for example, type of question
or sample;
Group 2 ‘Payment’: type of payment vehicle, opt-out used or not;
Group 3 ‘Methodology’: type of valuation method, type of elicitation
format, random utility model, cheap talk script used or not.

This led to an alternative vector of explanatory variables x
pre-grouped
k,mn .

Furthermore, we weighted all variables in our meta-regression model by the
inverse of the standard error of the dependent variable to ensure that poten-
tially more reliable estimates were not confounded by observations subject
to a larger standard error.

Finally, we did not assume a separate random effect for study-level effects,
due to the small number of studies in the literature data set. Instead, we sought
to stabilise data set variance through the weighting procedure. Beyond that,
we pre-grouped the data set to test for remaining heteroskedasticity and cor-
relation between the residuals of each study, using ‘school of authors’ or ‘year
of data collection’ as pre-defined grouping variables. Our meta-regression
model is therefore, following Stanley (2001), a weighted OLS model. The
explanatory variables for this model were selected according to the following
procedure.
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4.1 Meta-regression model selection process

The model selection process was divided into two parts, the first based on the
full vector, xk,mn, and the second on the pre-grouped vector. As long as we are
willing to accept that the pre-grouping of variables does not confound the fun-
damental idea of a meta-analysis, this leads to two alternative regression
models. The model selection process based on xk,mn then proceeds as
follows (the process analogous to x

pre-grouped
k,mn ):

1. All explanatory variables, xk,mn, are included in an initial regression model,
with price premium as the dependent variable and 1/(Standard Error of
price premium) as the weighting factor.

2. Several variables are immediately dropped due to perfect collinearity. The
resulting model is estimated and variance inflation factors (VIFs) are cal-
culated. The VIF of variable j is defined as VIF(j) ¼ 1/(1 – R(j)2), where
R(j)2 is the multiple coefficient of correlation between variable j and the
other independent variables.

3. The variable with the highest VIF is eliminated from the model and the
model is re-estimated. This is repeated until all VIFs are significantly
below 10 (Kutner et al., 2005). If the VIF of several variables remains
close to 10, these variables are also dropped until no VIF exceeds 8.

4. The resulting model, Model (0), includes as many elements from our set of
explanatory variables as possible, given the constraint that the VIF of each
variable must remain significantly below 10.

5. Testing for heteroskedasticity in this model gives the following results:
Studentised Breusch–Pagan (BP) test ¼ 56.9502, df ¼ 47, p-value ¼
0.1517; Goldfeld–Quandt (GQ) test ¼ 0.8829, df1 ¼ 5, df2 ¼ 5,
p-value ¼ 0.5527; and Harrison–McCabe (HMC) test (Harrison and
McCabe, 1979) ¼ 0.5803, p-value ¼ 0.895. Thus, we have no indication
that would force us to reject the assumption of homoskedasticity for this
(weighted) Model (0). For the alternative model based on x

pre-grouped
k,mn with

pre-grouped categories [Model (0)pre-grouped], the test statistics are as
follows: BP ¼ 68.2662, df ¼ 48, p-value ¼ 0.02878; GQ ¼ 3.7722,
df1 ¼ 4, df2 ¼ 4, p-value ¼ 0.1133; and HMC ¼ 0.2973, p-value ¼ 0.001.

For Model (0)pre-grouped, we thus fail to reject H0 for homoskedasticity accord-
ing to the GQ test, but reject it according to the BP and HMC tests. The BP test
investigates the potential dependence of the estimated variance of the
residuals on the set of independent variables. The GQ test, in contrast, splits
the sample and tests for equal variances in both subsamples.

As recommended for meta-analysis (Stanley, 2001), we suspect heteroske-
dasticity because, by definition, we are pooling observations from various
studies; in contrast, weighting the dependent variable, according to the test
results for Model (0), seems to remedy the most obvious sources of
heteroskedasticity.

To investigate the structure of potential heteroskedasticity still further, we
employ the HMC test. This test allows us to order the data set according to

Consumer willingness to pay for farm animal welfare 61

 at Serial R
ecord on M

ay 10, 2016
http://erae.oxfordjournals.org/

D
ow

nloaded from
 

http://erae.oxfordjournals.org/


selected explanatory variables (i.e. year of data collection, income/month in
USD 2005 equivalents, publication ID and observation ID). After ordering,
the variances of the residuals on both sides of a sample split (in our case
0.5 of the ordering variable) are tested against H0 for homoskedasticity.

According to the HMC test, we fail to reject homoskedasticity only for
monthly income of respondents. This variable, however, is highly correlated
with many other explanatory variables. We therefore conclude that mild het-
eroskedasticity is potentially present in the data set even after weighting, and
that this heteroskedasticity has an unknown structure. Since our model selec-
tion process, based on the stepwise elimination of insignificant variables,
could be sensitive to even small changes in p-values, we fit two alternative
models: Model (1), weighted least squares (WLS) without robust standard
errors, and Model (2), the same WLS but with robust standard errors specified
by closely approximating the Jackknife procedure suggested by Davidson and
MacKinnon (2004).1 As is common in the literature, we label these robust
standard errors HC3. The model selection then proceeds as follows:

1. Stepwise elimination of explanatory variables according to the highest
p-value, with a cut-off point at p ¼ 0.1.

2. We test for correlation between the residuals by regressing the residuals on
the following categorical variable alternatives: ‘publication ID’, ‘school of
authors’ and ‘year of data collection’. ‘School of authors’ indicates the
same category for two publications if these publications share one or
more co-authors. Alternately, another major source of potential correlation
between the residuals could be unobserved exogenous influences, such as
the BSE crisis. We therefore also test for correlation between residuals
with fixed effects for the years of data collection.

3. No significant relationship was detected between the explanatory variables
in these auxiliary regressions, so, according to adjusted R2, these regressions
have no explanatory power. We therefore conclude that the weighted
regressions do not indicate correlation between the residuals according to
any typical sources of heterogeneity frequently observed in meta-analysis.

We then replace the explanatory variables in vector xk,mn with the correspond-
ing variables for the pre-grouping (groups 1–3). The model selection process
is then repeated until we reach the unrestricted Model (0)pre-grouped with VIF
,10 and stepwise eliminate the insignificant explanatory variables as
described above. The reduced regressions based on this procedure are pre-
sented in Table 1. In this respect, Model (3) is obtained without robust stan-
dard errors. Model (4), in contrast, is derived under robust standard errors
(HC3), according to Davidson and MacKinnon (2004).

We perform the J-test of Davidson and MacKinnon (1981) to determine
whether the fitted values from any of Models (1)–(4) possess additional
explanatory power. If this is the case, we cannot conclude that the model

1 For this HC3 implementation, we use the software developed by Cottrell and Lucchetti (2008).

Most of our other computations are executed in R (R Development Core Team, 2009).
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Table 1. Meta-regression estimates with/without grouped methodological variables and with/without heteroskedasticity consistent standard errors

(HC3)

Model (1): ungrouped, no HC3a Model (2): ungrouped, HC3a Model (3): grouped, no HC3a Model (4): grouped, HC3a

Coefficient

Standard

error p-Value Coefficient

Standard

error p-Value Coefficient

Standard

error p-Value Coefficient

Standard

error p-Value

Constant 1.589 0.774 0.043** 1.036 0.176

0.000***

1.368 0.826 0.101 0.543 1.071 0.614

Indoor light

change (h)

–0.224 0.038 0.000*** –0.224 0.039

0.000***

Amenity change

(days)

0.002 0.000 0.000***

Fixation change (h) –0.002 0.001 0.039**

Isolation removed?

D ¼ 1 if yes

0.946 0.308

0.003***

0.509 0.144

0.001***

0.687 0.272 0.013**

Amenities

mentioned, but

no improvement,

D ¼ 1 if yes

–0.776 0.261

0.004***

–0.747 0.090

0.000***

–0.862 0.258 0.001***

Amenities

mentioned and

improved, D ¼ 1

if yes

1.684 0.195 0.000*** 0.864 0.232

0.000***

(continued )
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Table 1. (continued)

Model (1): ungrouped, no HC3a Model (2): ungrouped, HC3a Model (3): grouped, no HC3a Model (4): grouped, HC3a

Coefficient

Standard

error p-Value Coefficient

Standard

error p-Value Coefficient

Standard

error p-Value Coefficient

Standard

error p-Value

Rest areas

mentioned and

improved, D ¼ 1

if yes

1.350 0.572 0.020**

Ground texture

mentioned but

not improved,

D ¼ 1 if yes

–0.315 0.097 0.002*** –0.292 0.098

0.004***

Animal type: hens 0.297 0.099 0.003*** 0.970 0.315

0.003***

0.686 0.105

0.000***

0.845 0.260 0.002***

Animal type: hogs 0.244 0.127 0.057*

Age of respondents –0.034 0.015 0.026** –0.045 0.016

0.007***

–0.036 0.017 0.043**

Income/month

(USD 2005

equivalent)

0.209 0.025 0.000*** 0.346 0.042

0.000***

0.390 0.055 0.000***

Location: Denmark –0.517 0.134 0.000***

Location: France 0.950 0.195

0.000***

1.612 0.193 0.000***

Location: Germany 0.979 0.233 0.000***
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‘FAW changes to

be implemented

by law?’ D ¼ 1 if

yes

–0.412 0.150 0.007*** –0.478 0.124

0.000***

–0.556 0.158

0.001***

–0.586 0.155 0.000***

‘Product labelling

for FAW

changes?’ D ¼ 1

if yes

–0.491 0.205

0.018**

–0.529 0.205 0.012**

Valuation method

double-bounded

dichotomous,

D ¼ 1 if yes

–0.836 0.193

0.000***

Payment product

price and no

opt-out, D ¼ 1 if

yes

0.408 0.108

0.000***

0.415 0.155 0.009***

Cheap talk used,

D ¼ 1 if yes

–0.543 0.251

0.033**

Peer-reviewed

publication?

D ¼ 1 if yes

–0.266 0.101 0.010*** –0.376 0.152

0.015**

Adjusted R2 0.94 0.91 0.94 0.91

aHC3 applied according to the procedure and the notation given in Davidson and MacKinnon (2004).
***Statistical significance at the 1 per cent confidence level.
**Statistical significance at the 5 per cent confidence level.
*Statistical significance at the 10 per cent confidence level.
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that improves due to the fitted values is necessarily the best possible model.
Table 2 shows the results of the J-test.

Results of the J-test indicate that Model (3) outperforms Model (1). Both
models were selected without robust standard errors. No significantly different
results emerge if Models (2) and (3) are selected based on HC3: each model
improves because the fitted values form the other model and vice versa. Thus,
the J-test does not let us identify models that would perform significantly
better than others. We therefore conclude that there is weak evidence favour-
ing Model (3), though no other model can be completely rejected either.

Finally, outlier tests do not reveal the dominance of any individual obser-
vations, and residuals follow approximately a normal distribution. In this
context, the coefficient of determination indicates that well over 90 per cent
of the total variance in WTP estimates of the 106 observations in the sample
is explainable.

5. Results

Results of Models (1)–(4) are presented in Table 1. Model (0), together with
all explanatory variables and the regressions of potentially correlated categori-
cal variables with the corresponding residuals, is available from the authors on
request.

Several variables were found to be sensitive to the selection process, and
estimates could change if new observations were added to the data set. This
applies especially to variables selected, for example, into only one of the

Table 2. J-test results with fitted values from Model (j) [significance of p-values of the

fitted values from Model (i) in Model (j)]

Model (i) Model (1): no

pre-grouping, no

HC

Model (2): no

pre-grouping,

HC3

Model (3):

pre-grouping,

no HC

Model (4):

pre-grouping,

HC3

Model (1): no

pre-grouping,

no HC

,1 × 10– 5*** 4.85 × 10–

4***

,1 × 10– 5***

Model (2): no

pre-grouping,

HC3

1 × 10– 5*** ,1 × 10– 5*** ,1 × 10– 5***

Model (3):

pre-grouping,

no HC3

5.83 × 10– 1 1 × 10– 5*** ,1 × 10– 5***

Model (4):

pre-grouping,

HC3

4 × 10– 4*** 6.5 × 10– 4*** 6.2 × 10– 4***

Note: Significance implies that Model (i) improved due to fitted values from Model (j) and thus cannot be considered
superior.
***Indicates significance at the 0.01 level.
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four models presented in Table 1, such as fixed effects for the location where a
study has been conducted, or variables that address rather broad categories of
information (e.g. ‘change in amenities’). Caution is therefore warranted in
drawing conclusions regarding the WTP for such variables. Table 1 also
reveals that several variables appear in two or more models and are therefore
more likely to remain if more studies are included in the sample. Changes in
hours of light indoors, removal of isolation, mentioning and/or provision of
amenities to the animal, ground texture issues, respondent age, legal
changes, labelling and peer review are the variables found to exhibit such
persistence.

Interestingly, lower WTP is associated with a study mentioning that certain
amenities are lacking, but where no such amenities were added during the
experiment. This coefficient, however, refers to only three observations, all
from Norwood and Lusk (2009a), which provides more detailed information
to respondents about how animals are kept than does the average sampled
study. In contrast, Norwood and Lusk (2009a) use a novel methodology, so
this effect might also be due to methodological factors we would not have ade-
quately captured otherwise [note that Norwood and Lusk (2009a) contribute
eight observations to the meta-data set].

In contrast, the estimated coefficient is strongly positive if a certain type of
amenity is explicitly mentioned as improved during an experiment, indicating
that provision of additional amenities is highly appreciated by consumers.
Similar results also appear regarding ground texture and removal of isolation.
The change in indoor light hours is relevant to poultry production and refers
to experiments in which respondents are told about shortened periods of continu-
ous light in indoor facilities, allowing the animals longer sleep and rest periods.

In all four models, the estimates related to hens (in cages) are positive and
highly significant. During variable selection, this dummy was subject to col-
linearity with the strongly related percentage change in stocking density
(expressed in kg/m2). The latter variable captures improvements in the
amount of living/moving space per animal. However, although highly signifi-
cant during initial regression runs, that variable was dropped due to higher
VIFs. Banning battery cages is discussed in many studies in the meta-data
set, and our result is consistent with that part of the FAW literature.

Regarding the socio-economic variables, the variable about the proportion
of children in each sample was dropped due to too few observations, while the
variable about the proportions of men and women had to be dropped due to
collinearity with income, age and education. This precluded identifying poten-
tial stereotypes. If such a gender effect should exist, it is at least statistically
severely confounded by related characteristics of the respondents that apply
equally to men.

However, we find the interaction effects of these socio-economic variables to
be only partly statistically significant while introducing severe collinearity, and
so have omitted them from the regression. Of the socio-economic variables,
average monthly income exhibited the strongest explanatory power. The
extent to which this indicates that FAW is a luxury good is an open question.
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The estimates suggest that each additional year of average age reduces WTP for
animal welfare by 3–10 per cent. However, we do not know whether older
people generally feel less inclined to pay for FAW, or whether a large proportion
of European studies captures specific experiences of the post-WWII generation
in this respect. In the light of ageing populations in most developed countries,
this aspect deserves further empirical investigation.

Notably, WTP is consistently negatively related to the legal regulation of
FAW measures. The underlying interactive variable is active if the WTP
assessment of a change in farm animal living conditions is accompanied by
a remark such as ‘and this change is banned’. Several interpretations are poss-
ible here. First, respondents could generally express negative preferences for
having FAW changes adopted by legislation, reasons being the net of lost
option values and public cost related to the negative external effects of remov-
ing the attribute under consideration. Then, however, we would expect the
estimated coefficient for ‘labelling on the product’ to be positive if respon-
dents appreciated the opportunity to use labelling to internalise the private dis-
utility of poorer FAW levels. Instead, labelling estimates come out
significantly negative as well, and the interaction effects of these dummies
with each other and with the socio-economic variables were insignificant
throughout, displaying no change in sign that would reverse these findings.
Thus, it is unlikely that this coefficient directly describes the fact that respond-
ents are overall against government action regarding FAW issues.

Second, an alternative explanation might be that hypothetical WTP statements
generally indicate people’s intentions at the moment of being asked, and remarks
such as ‘legally binding’ or ‘labelling’ may induce strategic choice behaviours.
Could this result be linked to the potential public good character of FAW? The
negative coefficient may represent each person’s free-riding incentive, since it
would not make sense to pay more if certain FAW regulations were becoming
binding anyway. This view is indirectly supported by the fact that people from
Sweden do not appear in the sample as having significantly higher WTP,
although Sweden has the longest history of strict legal FAW regulations, includ-
ing a ban on battery cages long before it was a political issue elsewhere.

Variables controlling for methodological differences between studies display
little explanatory power across the meta-regressions, indicating that the
observed heterogeneity in WTP across studies is more attributable to the dis-
persed range of FAW experiments than to the methodological differences.
Comparing Models (1) and (2) with the alternative Models (3) and (4),
which are based on the joint impact of methodological variables that frequently
occur together in studies, demonstrates that, in the latter two models, more
methodological variables appear because of the model selection process. This
grouping was driven by the aim of creating methodological dummies that
would be sufficiently independent from each other. The grouped category
‘payment’ appears in two models, and the estimated coefficients suggest that
results are, all else being equal, higher if respondents react to product price
in combination with the absence of an opt-out option. Cheap-talk scripts and
double-bounded dichotomous choice are seen to reduce stated WTP.
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Furthermore, the dummy variable attributable to peer-review status is signifi-
cant across all four models, with coefficients ranging from –0.26 to –0.37. Thus,
research reports and working papers, possibly not intended for scientific publi-
cation, on average produce higher WTP estimates than do models from scientific
journals. In contrast, following Stanley (2005), we must consider to what extent
publication bias, for example, on the part of referees and editors sceptical about
high WTP for FAW, may favour methods leading, all else being equal, to lower
WTP estimates, or, in turn, whether reports not subject to peer review may over-
state WTP for FAW. Since we have controlled for methodological heterogeneity
between studies in the literature sample, our following finding provides a further
explanation: The model selection process did not retain the peer-review dummy
in those regressions containing pre-grouped methodological variables; in other
words, if the explanatory power of methodological variables that typically occur
together in a study is bundled, the effect of peer review loses explanatory power
relative to these variables in a regression model. This underlines, in turn, that the
relationship between methodological pre-selection and the expected WTP
outcome of a study is not random, and that the effect of peer review seems to
separate those methodological set-ups that lead to rather conservative WTP esti-
mates from those that produce more optimistic outcomes, everything else being
equal.

Furthermore, given that those studies in our literature sample that are
subject to peer review tend to use survey techniques and empirical methods
that have, in different contexts, proved to reduce the hypothetical bias, we
interpret our finding regarding the peer-review dummy as a signal of quality
control rather than as an indication that peer review in the literature sample
might have introduced a publication bias that (e.g. for ideological reasons)
would favour only conservative WTP results concerning FAW.

6. Conclusions and discussion

We reviewed the literature on consumer willingness-to-pay (WTP) values for
FAW to determine the effects of the characteristics of the studied consumers,
methods of value elicitation and FAW attributes on valuation estimates. This
meta-analysis does not, as is usual, appear after the publication of most
empirical studies of a certain research question, but instead should be seen
as an empirical investigation highlighting the need for systematic empirical
research into FAW and the most productive directions for such research.
Our model specification results do not let us conclude that any of the four pro-
posed models is strictly superior to the others. Therefore, we emphasise that
the meta-regressions should be seen as first-order approximations of the
general surface of the meta-data obtained from this literature sample.

The results indicate a positive relationship between WTP and respondent
income as well as a negative relationship with age. In addition, there is
only weak support for cross-country disparities in WTP; in particular, we
find that French and German consumers exhibit larger WTP and Danish con-
sumers lower WTP for FAW than do consumers from the other countries
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represented in the data set. Thus, the WTP for FAW is not generally affected
by local or national preferences that could, for example, result from traditions
or reflect national policy events such as food scandals.

From a methodological perspective, the literature on WTP for FAW has
moved from early contingent valuation studies or conjoint analyses (mostly
choice experiments) to experimental auctions. Methodological developments
to handle choice behaviour and choice heuristics leading to, for example, prob-
lems of hypothetical biases have been introduced and refined in the literature.
Our results suggest that the nature of FAW change experiments causes more
variation in WTP estimates than does the choice of methodology, even
though some methods typically used to alleviate hypothetical bias problems
actually relate to lower WTPs. It might still be too early for a meta-analysis
to distinguish the impact on WTP of the recent use of real choice methods.

From an FAW policy perspective, it is interesting to see that WTP can be
viewed as relatively non-species specific. The major exception relates to
caged hens, for which there is a consistently positive WTP related to
housing conditions. The latter finding suggests that the public regards FAW
more as a general ethical issue (i.e. a public good) than a product attribute,
but that they, as respondents, when provided information on FAW, seem to
form distinct preferences for animal welfare improvement. As consumers in
a real purchase situation typically lack such complete information as is
given in an experimental setting, we interpret this as evidence that a general
FAW coding scheme is potentially capable of condensing the complex set
of information related to species-specific aspects of FAW. This could be
important, because it is questionable whether future consumers would be
willing to digest even more species-specific information about a certain
FAW problem. However, this potential need to condense information about
FAW changes for consumers (and policy makers) has to be distinguished
from the scientific need to increasingly generate objective information regard-
ing those factors that really influence animal wellbeing, as well as to take into
account that the differences among producers in terms of the environment pro-
vided for animals have more impact on FAW than does a single FAW attribute
by itself (e.g. Dawkins et al., 2004). Thus, while the latter type of scientific
knowledge likely has to address issues highly specific to species and pro-
duction systems, our results suggest potential for a consistent condensation
of this information at the point of sale, for example, related to labelling
schemes or legislative standard setting. Such a general coding scheme for
FAW-related issues may be less costly to administer and therefore could be
economically more efficient, as the public does not seem to make very fine
distinctions between individual animals and generally lacks knowledge of
how farm animals are kept.

Moreover, several public policy considerations arise, as follows.

(a) FAW is likely perceived as a credence good to most consumers, and the
public’s lack of knowledge of FAW can by itself generate market failure.
Higher FAW standards risk being under-provided if the information
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provided to consumers does not convincingly present the conditions under
which the animals were raised, because there is little reason for farmers to
assume higher costs and improve standards if consumers, due to any com-
bination of lack of prior knowledge, awareness or label information, do not
change their purchasing decisions in favour of FAW-friendly products.
Mandatory labelling or legislative initiatives as ways to alleviate such pro-
blems may result in welfare losses for consumers, for example, due to
higher prices for FAW-friendly products due to the costs of segregating
such products and to consumer aversion towards non-FAW-friendly pro-
ducts. Labelling does let the consumer internalise the private disutility
derived from consuming non-FAW-friendly products, but the negative
external effect (i.e. the disutility of knowing that others might consume
non-FAW-friendly products) potentially causing the market failure may
still persist, especially if the disutility component is large enough. This
point has, despite early discussions of this distinction by McInerney
(1993) and Bennett (1995), received scant attention. Any public interven-
tion touching on FAW features must thoroughly distinguish between the
values of the private and public aspects of FAW to maximise the welfare
gains achieved by public intervention.

(b) We find a significant relationship between respondent income and WTP for
FAW (e.g. the value of a scarce resource). This finding is relevant in an
analysis of the ability of the market to coordinate itself when FAW is con-
sidered with respect to negative externalities or as a potential market failure.
Any regulation or market solution that stipulates and enforces stricter FAW
standards could generate a loss of choice for certain members of society
(e.g. restricting access to less expensive food) as well as cause social injus-
tice, with wealthier people more likely to have the opportunity to exercise
their FAW preferences, while less wealthy people with equally strong FAW
preferences might be forced to reduce their purchases or substitute away
from the product. Direct referendums regarding FAW legislation/regu-
lations might be more socially acceptable, as they are neutral regarding
the division of consumer surplus changes across consumer segments. It
can also be argued that a direct referendum would efficiently resolve the
market failure originating from the incentives for consumers to free-ride
off other consumers’ purchases of FAW-friendly products. From an inter-
national perspective, direct votes concerning FAW laws would also help
distinguish regional voter preferences regarding FAW measures that gov-
ernments may introduce, for example, for reasons of product discrimination
against imports.

(c) Most studies report WTP for positive changes relative to a base level. It is
known that people are more loss averse than gain averse, and it is far from
certain that FAW measures taken by chain actors are always positive. One
might also argue that improvements of single FAW attributes should not
be seen in isolation from changes at other attribute levels. Focusing on
single measures, such as stocking density, may not improve animal well-
being if other criteria are not simultaneously altered. The existing
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literature has not systematically addressed this; in particular, the design of
choice experiments has not considered interdependencies among
included attributes. One might ask how such considerations could
affect WTP estimates and the need for public intervention.

(d) In a human-centric approach, FAW clearly includes both a human and a
human–animal element. A clearer separation of these elements is
important in work attempting to derive FAW preferences. From which
perspective do we seek values? How do respondents trade off
consequences for themselves versus consequences for the animal? The
answers concern the weights assigned in addressing the social benefits of
policy improvements. They also concern altruism: how much am I
willing to give up to improve FAW conditions, and why? Even though
the meta-data set includes work directed to these questions, there is a sub-
stantial lack of rigour in developing and presenting these aspects in general.

(e) Another aspect concerns preferences and value formation with respect to
FAW: how sensitive are these constructs to the distinction between per-
sonal feelings and rationality, bearing in mind that, while FAW is an
emotional issue for many people, it is simultaneously something ‘forgot-
ten’ when shopping? This is a very obvious aspect of the literature related
to consumer WTP for FAW.

(f) Finally, there is a link between FAW and food safety, from the perspective
of both animals (e.g. antibiotics) and humans (e.g. antibiotics, GM and
growth hormones). For example, antibiotic provision should make the
animal better off, while consumers may want to see antibiotic use in
animal production limited, for example, due to the presence of residues
in food and public health concerns, or because antibiotic use in animal pro-
duction signals poorer FAW causing animal health problems. In this
respect, our meta-model selection process includes none of these variables
in the final regressions, implying that the current literature contains no evi-
dence in this regard statistically strong enough to distinguish respondent
WTP for healthy food for themselves from WTP for animal wellbeing.
For this reason, studies explicitly focusing on this aspect of the human–
animal relationship seem justified; again, meta-analysis would provide a
way to compare these studies empirically and estimate demand systems
across publications.

In closing, we emphasise that the economics literature on WTP for FAW,
according to our literature sample, appears much smaller than public attention
to this topic would suggest.
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Table A1. Summary of FAW studies selected for analysis

Study

Number of

observations

in data set

Year of

data

collection

Location of

study Valuation method

Sample

description

Elicitation

format

Nature of

elicitation

question

Animal

type

Bennett and Larson

(1996) (n ¼ 110)

3 1995 USA Double-bounded

dichotomous choice (DC)

Students In-person

survey

Hypothetical Hens

(laying)

Bennett (1997)

(n ¼ 2,000)

3 1996a UK Double-bounded DC Random

sample

Mail survey Hypothetical Hens

(laying)

Rolfe (1999) (n ¼ 400,

r.r. ¼ 0.26)

1 1996 Queensland,

Australia

Open-ended contingent

valuation (CV)

Random

sample

Mail survey Hypothetical Hens

(laying)

Andersson and

Frykblom (1999)

(n ¼ 294,

r.r. ¼ 0.52)

2 1997 Sweden DC Random

sample

Mail survey Hypothetical Hens

(laying)

Bennett et al. (2002)

(n ¼ 120)

1 1998 UK Open-ended CV Students In-person

survey

Hypothetical Hens

(laying)

Bennett and Blaney

(2002) (n ¼ 164)

1 1999a UK Single-bounded DC Students In-person

interview

Hypothetical Hogs

Lusk et al. (2003)

(n ¼ 1,000–2,500,

r.r. ¼ 0.045–0.23)

8 2000 France, UK,

Germany,

and USA

Choice experiment (CE) Random

sample

Mail survey Hypothetical Cattle

Lusk and Fox (2002)

(n ¼ 2,500,

r.r. ¼ 0.26)

2 2000 USA One-and-one-half-bounded

DC

Random

sample

Mail survey Hypothetical Cattle
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Carlsson et al. (2007a)

(n ¼ 800,

r.r. ¼ 0.58)

2 2002 Sweden CE Random

sample

Mail survey Hypothetical Hens

(laying)

Liljenstolpe (2008)

(n ¼ 3,000,

r.r. ¼ 0.43)

5 2002 Sweden CE Random

sample

Mail survey Hypothetical Hogs

Carlsson et al. (2005a)

(n ¼ 800; 1,600,

r.r. ¼ 0.47–0.52)

18 2003 Sweden CE Random

sample

Mail survey Hypothetical Broilers,

cattle

Carlsson et al. (2005b)

(n ¼ 1,600,

r.r. ¼ 0.47)

7 2003 Sweden CE Random

sample

Mail survey Hypothetical Cattle,

hens

(laying),

hogs

Burgess et al. (2003)

(n ¼ 191)

4 2003 Northern

Ireland

Double-bounded DC Random

sample

In-person

interview

Hypothetical Broilers,

cattle,

hens

(laying),

hogs

Glass et al. (2005)

(n ¼ 1876,

r.r. ¼ NA)

4 2003 Northern

Ireland

Double-bounded DC Random

sample

Mail survey Hypothetical Hogs

Andersson et al. (2004)

(n ¼ 600,

r.r. ¼ 0.52)

3 2004 Locally

Sweden

CE Random

sample

Mail survey Hypothetical Hogs

Carlsson et al. (2007b)

(n ¼ 800,

r.r. ¼ 0.48–0.52)

8 2004 Sweden CE Random

sample

Mail survey Hypothetical Broilers,

cattle
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Table A1. (continued)

Study

Number of

observations

in data set

Year of

data

collection

Location of

study Valuation method

Sample

description

Elicitation

format

Nature of

elicitation

question

Animal

type

Lusk et al. (2006)

(n ¼ 291)

1 2004a Locally USA Conjoint choice Grocery

shoppers

In-person

interview

Experiment Hogs

Carlsson et al. (2007c)

(n ¼ 800,

r.r. ¼ 0.45–0.49)

4 2004 Sweden CE Random

sample

Mail survey Hypothetical Broilers,

cattle

Lagerkvist et al. (2006)

(n ¼ 700,

r.r. ¼ 0.41)

8 2005 Sweden CE Random

sample

Mail survey Hypothetical Hogs

McVittie et al. (2006)

(n ¼ 336)

8 2005 UK CE Random

sample

In-person

interview

Hypothetical Broilers

Moran and McVittie

(2008) (n ¼ 318)

1 2005 UK Double-bounded DC Random

sample

In-person

interview

Hypothetical Broilers

Mørkbak et al. (2009)

(n ¼ 1322,

r.r. ¼ 0.43)

2 2006 Denmark CE Random

sample

Internet

survey

Hypothetical Hogs

Tonsor et al. (2009)

(n ¼ 1000,

r.r. ¼ 0.26)

2 2007 Locally USA CE Random

sample

Mail survey Hypothetical Hogs

Norwood and Lusk

(2009a)

8 2008 USA Calibrated auction –

conjoint

Random

sample

Experiments Hogs, hens

Note: n refers to the sample size; r.r. is response rate.
aSpecific information on the year of data was not provided in the paper but had to be ‘inferred’ from the text.
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