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1. INTRODUCTION
Background and motivation

 Globally, environmental sustainability  has become a major issue of concern to 
governments, organizations, policy-makers and sustainability advocates (IPCC, 2007). 

 Much emphasis has been placed on the agricultural sector due to the association 
between production and consumption of agricultural food products and the effects of 
these activities on water resources and the atmosphere (IPCC, 2007).

 In South Africa, the agricultural sector uses about 64 % of the available water. About 
40 % of the exploitable runoff is used in irrigated agriculture (Backeberg and 
Reinders, 2009).

 In terms of carbon emissions, the agricultural sector in general accounts for about 30-
35% of the global greenhouse gas emissions (Foley et al., 2011).  

 Hence, there is intense pressure on stakeholders regarding how to sustain the 
environment by changing production and consumption patterns toward a more 
sustainable one.



Problem Statement
 Researchers and agribusinesses are interested in knowing how environmentally 

sustainable attributes and information will change consumers and producers 
sustainability behavior (Grebitus et al., 2015). 

 An understanding of consumers behaviour towards environmental sustainability
attributes provides vital information for formulating sustainability strategies and
creating awareness about unsustainable practices (Grebitus et al., 2015; Hoekstra et al.,
2011).

 Furthermore, an understanding of consumers’ sustainability behaviour helps in 
identifying possible markets for sustainable food products (Hoekstra et al., 2011). 

 Despite the relevance of understanding consumers’ sustainability preferences, and 
willingness to pay, little or no know study has examined South African consumers’ 
preferences and willingness to pay for environmentally sustainable products. 

 Therefore, current knowledge is insufficient to understand how South African 
consumers will react to changes in water and carbon sustainability attributes and policy 
changes. 



Objectives of the study
 The present paper contributes to filling this gap in knowledge by assessing 

consumers’ preferences and willingness to pay for water and carbon footprint 
sustainability attributes in South Africa.

 Secondly,  the paper identified factors that influence consumers preferences and 
willingness to pay for water and carbon footprint sustainability attributes.

 We believe that assessment of consumers’ preferences and willingness to pay will 
guide policy-makers to understand whether, how and why consumers might shift 
to more a sustainable and economically efficient consumption patterns.



2. METHODOLOGY
Conceptual Framework

 The theory of how respondents choose between different discrete choice sets is modelled under 
the random utility theory, which assumes respondents to be rational and have a preference for 
products that give them the highest utility (Hensher and Greene, 2003). 

 The underlying assumption of the random utility is that consumers have in recent years tended to 
have heterogeneous preferences for sustainable product attributes. Hence, the latent class model 
is adopted to account for unobserved heterogeneity among different consumer segments.

 Under the latent class modelling approach, consumers are assumed to be organised implicitly into 
a set of classes. Consumers within each class are presumed to be homogeneous, but vary across 
different classes (Hensher and Greene, 2003). 

 The number of classes in the sampled respondents is determined by the data. Belonging to a 
specific latent class hinges on the consumer’s observed personal, social, economic, perceptive, 
attitudinal and behavioural factors.

 Assuming that a rational consumer i belonging to class l obtain utility U from product option k, 
the random utility is specified as: 

(1)                                                                 
U Zik l l ik ik l 



 where  denotes class specific vector of coefficient,  represents a vector of characteristics 
allied with each product option and the error term of each class is denoted by . 

 The likelihood that product option k is chosen by consumer i in l class is specified as: 
(2)

 The probability that consumer i belongs to a particular class is denoted by  and defined by a 
probability function G. The likelihood that consumer i belongs to class l is represented by the 
function   , where Xi denotes a vector of consumers’ personal, social, economic and 
other relevant factors and  represents the error term. 

 The likelihood of consumer i belonging to class l is then specified as: 
(3)

 The combined possibility that consumer i belongs to class l and selects product option k is 
represented by:   


(4)

 Once the utility estimates for consumer are estimated, their willingness to pay estimates can be 
computed as: 

(5)       sustainability attributes
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Data Description
 The data used in the study was obtained from two well-known supermarkets in South Africa, 

namely the Woolworths Food Market and Checkers Supermarket, between August 2015 and 
October 2016.

 These markets were purposively contacted and selected for the survey. These supermarkets were 
selected because they are already involved in environmental sustainability awareness and 
promotional campaigns, particularly in respect of carbon and water footprints. 

 Woolworths Food was purposively selected to target high-income consumer classes, while 
Checkers was selected to purposively capture consumers in the low and middle-income classes.

 We focused on beef consumers because existing statistics show that the volumetric water 
footprint indicator of beef in South Africa is higher (17 387 l/kg), compared with the global 
average (5 414l/kg ) (Mekonnen and Hoekstra, 2010). The surveyed sample consisted of 402 
respondents. Out these, 150 respondents were sampled from Woolworths Food and 252 from 
Checkers.

 The respondents were randomly selected from a database provided by the selected markets. The 
questionnaire consisted of both closed and open-ended questions, as well as Likert scale-type 
questions.

 Respondents’ subjective knowledge regarding environmental sustainability was assessed using a 
five-point Likert scale ranging from “no knowledge-1” to “very knowledgeable-5”.

 Objective knowledge on environmental sustainability was also assessed on a five-point Likert
scale ranging from “strongly disagree-1” to “strongly agree-5”.





Choice Experimental Design
 An attribute-based choice experimental design was employed. The choice experiment 

allows respondents to choose from a set of product alternatives, with different attribute 
combinations.

 The choices made by respondents aid in revealing their preferences, without subjectively 
asking them to value the product attributes. 

 This method minimises social desirability bias (Norwood and Lusk, 2011). The choice 
experiment consisted of different combinations of water usage (water footprint), carbon 
emissions (carbon footprint) and prices. The attribute and their levels are presented in Table 
1.

Attribute Beef rump steak Categorical level 
1. Water footprint 1. 15415 l/kg

2. 17300 l/kg
3. 17387 l/kg

Low
Medium 
High  

1. Carbon footprint 1. 22.90 kgCO2e
2. 26.37 kgCO2e
3. 27.50 kgCO2e

Low
Medium 
High  

3.  Price 1. ZAR 159.99/ kg 
2. ZAR 179.99/ kg 
3. ZAR 185.00/ kg

Low
Medium 
High  

Table 1. Attributes and their level in the choice experiment



3. RESULTS
3.1. Descriptive characteristics of respondents

TABLE 2 Descriptive statistics of respondents’ socioeconomic characteristics 

Source: Author’s calculations

Variable Description Mean (SD)
Age Years 35.08(11.51)
Education Years of formal education 15.08(2.31)
Income Monthly income in ZAR 10132.24(43.98)
Subjective knowledge index 
(SUBKI)

Subjective knowledge about environmental sustainability
3.41(1.00)

Objective knowledge index 
(OBJKI)

Objective knowledge about environmental sustainability
2.68(1.10)

Variable Description Percentage 
Female 1 if female, 0 otherwise 67.70
Awareness 1 if respondents is aware of the department of water and 

sanitations campaign on water scarcity, 0 otherwise 53.50
Trust 1 if respondent trust in food labelling regulatory bodies, 0

otherwise 73.44



Latent class estimates 
TABLE 3 Latent class results for beef consumers

Source: author’s calculations

Attributes Class 1 Class 2 Class 3
Water footprint
Low 2.55***(0.65) 2.07***(0.43) -0.63**(0.30)
Medium -0.75***(0.23) -0.50(0.36) 0.44**(0.19)
High -1.56**(0.71) -0.46*(0.24) 0.54**(0.22)
Carbon footprint
Low 1.57***(0.41) 1.25***(0.33) -0.42***(0.13)
Medium -0.69(0.40) 1.16(0.81) 1.02(0.73)
High -1.36***(0.42) -1.08**(0.48) 0.54*(0.3)
None -3.11*** (0.66) 1.23***(0.69) 0.74**(0.30)
Price -0.35***(0.11) -0.37*** (0.07) -0.18***(0.05)
Class share 46% 35.10% 18.90%
Class membership estimates
Constant -1.66***(0.24) -2.43***(0.39)
Age -0.57**(0.2) 0.33**(0.12)
Female -0.34(0.24) 0.27**(0.11)
Education 0.72**(0.22) 0.23(0.19)
Income 0.62**(0.31) -0.32**(0.12)
Awareness 0.46**(0.22) 0.55(0.41)
Trust 0.41** (0.20) -0.39**(0.19)
SUBKI 0.27** (0.11) -0.16*(0.09)
OBJKI 0.21**(0.09) -0.13*(0.07)
Diagnostic statistics LL= -514.80; AIC=1051; BIC=1251.98; 

McFadden’s ( ) =0.212



Willingness to pay estimates for water and carbon footprint sustainability 
attributes

TABLE 4 Class specific willingness to pay estimates and 95% confidence intervals
Class 1 (ZAR) Class 2 (ZAR) Class 3 (ZAR)

Water footprint
Low 7.29 (5.22 to 9.57) 5.59 (3.55 to 7.99) -3.50 (-6.30 to -2.05)
Medium -2.14 (-4.33 to -1.85) NS 2.44 (1.90 to 4.45)
High -4.46 (-7.75 to -3.15) -1.24 (-4.44 to -0.99) 3.00 (2.22 to 5.11)
Carbon footprint
Low 4.49 (2.45 to 8.10) 3.38 (2.33 to 5.80) -2.33(-5.13 to -1.99)
Medium NS NS NS
High -3.89 (-6.42 to -3.05) -2.84 (-4.12 to -2.05) 3.00 (2.53 to 5.15)
None -8.89 (-10.06 to -5.50) 3.32 (2.69 to 5.45) 4.11 (3.24 to 6.90)

NS: Not significant: All values are in South African Rand (ZAR)
Values in parentheses are confidence intervals at 95%.
Authors’ calculations



Main Findings
 The results reveal the respondents to be heterogeneous in their preferences for water usage, 

carbon emission, and price. This is indicated by the differences in magnitude, direction and 
significance of the utility function estimates.

 Three distinct consumer classes were found. Price is significantly negative in all the classes as 
expected, and in accordance with economic theory. 

 Members of class 1 prefer beef products with low water and carbon footprints. This class 
accounts for 46% of the sampled respondents. 

 Having high levels of formal education and income, as well as subjective and objective 
knowledge of environmental sustainability, increases the likelihood of a particular respondent 
belonging to class one, relative to class three. 

 Members of class one are likely to be aware of threats posed by climate change and have trust 
food labelling regulatory bodies in South Africa. Members of this class are likely to be younger 
individuals

 Members of class 2 also prefer beef products with low water and carbon footprints. This class 
accounts for 35.10% of the sampled respondents. However, this class members also prefer beef 
products without water and carbon footprint sustainability information.

 Respondents in class 2 are likely to be older females with low income, relative to class three 
members. Respondents in this class are less likely to trust food labelling regulatory bodies. They 
also have low subjective and objective knowledge of environmental sustainability, compared 
with class three members. 



Main Findings Cont’d
 For class three, members do not prefer beef products with low water and carbon footprints, relative to 

the other two classes. Class three accounts for 18.90% of the respondents.

 Medium and high levels of water usage are preferred by this segment of respondents, as indicated by 
the significantly positive coefficient estimates. 

 Respondents in class three prefer products without water and carbon footprint sustainability 
information and sensitive to price. 

 The findings indicate that respondents in class one and class two are willing to pay ZAR 7.29 and 
ZAR 5.59 premiums, respectively for low water footprint level.

 In terms of carbon emissions, respondents in classes one and two are willing to pay ZAR 4.49 and 
ZAR 3.38 premiums, respectively for low carbon emission levels. 

 Class three members are willing to accept a compensation to choose beef products with low water 
usage and carbon emissions.

 For both classes one and two, willingness to pay estimates for low water usage is greater than for low 
carbon emissions. This implies that the preference for a low water footprint is higher than the 
preference for a low carbon footprint. 



4. CONCLUSIONS

 We conclude that there is considerable preference heterogeneity at segment level for 
water and carbon sustainability attributes of beef products. Three distinct consumer 
segments were identified, with each class exhibiting different preference attitudes for 
the same set of water usage and carbon emission levels. .

 The profound heterogeneity in preferences is explained by socioeconomic factors such 
as age, gender, education and income of respondents. 

 Besides socioeconomic factors, public awareness creation and campaigns on threats 
associated with climate change, as well as trust in regulatory bodies in charge of food 
labelling, including environmental sustainability labelling, play significant role in 
influencing consumers’ preferences for environmentally sustainable products.

 Additionally, respondents’ subjective and objective knowledge levels in terms of 
environmental sustainability significantly impact on their choices of environmentally 
sustainable product.

 Willingness to pay for different levels of water usage and carbon emissions varies 
across the identified classes. We conclude that preferences for a low water footprint 
are higher than for a low carbon footprint. . 



5. RECOMMENDATIONS
 Therefore, we recommend that demographic targeting of consumer segments, 

awareness creation and segment-specific educational campaigns aimed at 
enhancing subjective and objective knowledge of environmental sustainability are 
important tools for governments, food companies and agribusinesses when it 
comes to promoting and marketing environmentally sustainable food products. 

 Given the diversified segments of consumers, it will be efficient for food 
producers, communal and municipal policymakers to design different 
environmental sustainability policies and marketing strategies for different 
consumer segments.

 To effectively communicate potential benefits and costs of water and carbon 
footprints, policy-makers and interest groups should find it helpful to identify 
heterogeneous  consumer segments, and assess potentially simpler or more direct 
label statement methods that signal ecological sustainability as a new awareness 
creation strategy.

 The findings generally provide vital information for private food companies and 
agribusinesses to take action based on the identified segments of consumers who 
prefer environmentally sustainable food products and their segment 
characteristics. This will help in creating niche market for environmentally 
sustainable products. 
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