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Abstract 
In the context of a rapidly warming planet, it is imperative that consumers 
shift their diets away from food products with high greenhouse gas 
emissions. One possible method of encouraging this shift is eco-labeling 
of products in grocery stores. Here, I explore the consumer impacts of eco-
labels, specifically focusing on college students because of their 
impressionable age, to better understand the extent to which eco-labels 
affect college students' purchasing and diet choices. This study uses 
locality and food miles as an indicator to consumers of a food's 
sustainability. Select products in a sustainable foods grocery store near the 
UC Berkeley campus were labeled as “Green” (local), “Yellow” (semi-
local), or “Red” (foreign) based on product origin. Difference in difference 
calculations compared the change in sales volume of labeled products (the 
treatment group) to the change in sales volume of unlabeled products (the 
control group, estimated using the other products available in the store). 
The analysis found statistically significant decreases in sales of all labeled 
products. The conclusion is that students tend to purchase fewer products 
when those products are labeled by a tiered system of environmental 
impact. One potential reason for this shift is aversion to sustainability 
information, a consequence of the plethora of different labeling and 
certification systems that crowd product packaging in stores. These 
findings have implications for ongoing and future efforts to communicate 
product sustainability information to consumers in order to effect change 
in diets. 
 
Introduction 
Globally, food production and transport is the consumption category that 
contributes most to global greenhouse gas emissions (Hertwich & Peters, 
2009). Of the different consumption sectors, agriculture accounts for about 
15% of total global anthropogenic emissions, mainly composed of 
methane and nitrous oxide (Popp, Lotze-Campen, & Bodirsky, 2010). Of 
the greenhouse gas (GHG) emissions from agriculture, 35% comes from 
livestock production (McMichael et al., 2007). Consequently, shifting 
diets away from livestock products can lead to a meaningful decrease in 
GHG emissions (Garnett 2009, Hertwich and Peters 2009, McMichael et 
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al. 2007, and Popp, Lotze-Campen, & Bodirsky, 2010). Other sources of 
emissions from agriculture are less significant; in fact, despite the 
popularity of the “local food” movement, food miles are a relatively poor 
indicator of the environmental impacts of food production (Edwards-Jones 
et al., 2008). Locality can indicate length of transport, but it does not 
distinguish between types of transport (e.g. by air, land, or water), which 
vary widely in per-mile ecological footprint.  
 

 
 
   FIGURE 1. Global CO2 and non-CO2 greenhouse gas footprint for 
  different consumption categories and users (Hertwich & Peters, 2009). 
 
 
Replacing Livestock Foods in the Diet 
Demand for meat and milk is set to double by 2050 (Fig. 2). While 
technological innovations are vital for increasing livestock production 
efficiency (Garnett 2009), substantial reductions in animal product 
consumption are needed to achieve the necessary emission cuts 
(McMichael et al., 2007). Lifecycle assessments have shown that GHG 
emissions arising from plant-based foods tend to be lower (Garnett, 2009), 
making the shift to a plant-based diet a favorable goal. Although animal 
products are important sources of protein and other essential nutrients, 
vegetarian meals offer the same nutrition as those based on animal 
products but at considerably less GHG expense (Garnett, 2009). In 
addition, feeding a population on a diet of animal protein requires an order 
of magnitude more farmland than does a diet of plant protein (McMichael 
et al., 2007). To prevent increased (or encourage decreased) GHG 
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emissions from the livestock production sector, average worldwide 
consumption levels of animal products must be reduced (McMichael et al., 
2007). Thus, it is important that consumers shift their diets away from 
high-emission foods, including meat and dairy. 
 

 
 
  FIGURE 2. Projected trends in per capita consumption of meat and milk    
  products to 2050 (kg/person/yr) (Garnett 2009). 
 
 
Using Labels to Influence Diets 
One effective method of impacting diets is labeling food products, because 
consumer purchases can be heavily influenced by product label messages 
(Roe & Teisl, 2007). While product assessment requires considerable 
effort on the consumer’s part – including collection, comprehension, and 
computation of information – labels can simplify the process for shoppers 
by making certain information more readily available, thereby increasing 
consumer knowledge of product characteristics (Russo et al., 1986). 
However, not all labels adequately serve this purpose. To make choices, 
“consumers require accurate, standardized, and comprehensible 
information” (World, 2004, p.7). In general, short and succinct label 
claims are preferred to long and complex claims (Bushman, 1998). 
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Consequently, many labeling programs utilize a symbol or system of 
symbols to communicate information to consumers. For example, the 
FishWise labels at Whole Foods Market (which assess seafood 
sustainability) display the fish type and description, the price, and a 
colored logo representing the product's sustainability grade (Fig. 3). 
 

 
  FIGURE 3. Example of an eco-label used at Whole Foods Market to      
  measure seafood sustainability. (Taken at the Yulupa Avenue Whole Foods  
  in Santa Rosa, CA on May 7th, 2013.) 
 
 

When assessing consumer responses to eco-labels, it is more 
important to effectively communicate label information than to ensure that 
the label information is precise. Vanclay et al. (2010) conducted a study 
on consumer response to eco-labels using green, yellow, and black labels 
to relay information on carbon emission levels of food products, but 
purposefully overlooked complicated variables (like carbon offset 
arrangements) when assigning colors; the labels were “fit-for-purpose to 
monitor consumer response,” as the study focused on consumer response 
rather than the precision of GHG calculations and labels (Vanclay et al., 
2010). Effectively testing the effects of labels on purchasing does not 
necessarily require excessive attention to the accuracy of eco-labels, as 
consumer responses are the primary effect being measured. 
 
 
College Students as a Target Consumer Group 
In order to create large-scale, impactful, and long-term diet shifts, an 
impressionable consumer population is key. Of particular interest are 
college student consumers, because eating habits established during 
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college-age years are difficult to break later in life (Levi, Chan, & Pence, 
2010). Therefore, if college students can be influenced to shift their diets, 
this shift can create lasting ecological benefits. Additionally, students rely 
heavily on detailed product labels in making purchasing decisions 
(D'Souza et al., 2006), so they are likely to use eco-labels because they are 
searching for more product information. College students are easily 
influenced, are at a pivotal age, and rely on product labels, thus making 
them the ideal targets for eco-labels that aim to shift diets. 
 
 
Research Question 
This study aimed to test the responsiveness of college students to eco-
labels. Prior studies suggested that effective labeling systems are succinct 
and informative; this study aimed to use that existing research to 
implement a successful labeling system that would gauge the effectiveness 
of using eco-labels to alter college students' diets, and to assess their 
willingness to change consumption. (Effecting change towards plant-based 
diets is of particular interest for future application.) The main research 
questions considered here are: 

• Do eco-labels influence purchasing choices of college students? 
• Do diets appear to shift away from or towards unsustainable 

products? 
• What are the magnitudes and direction of change, if any? 

 
 
Expected Findings 
Two pre-existing studies on eco-labeling of food products find little to no 
effect of eco-labels on sales (Vanclay et al., 2010 and Villas-Boas & 
Hallstein, 2013). Both studies used a three-tiered colored label: one study 
focused on products’ carbon emissions levels, and the other focused on 
seafood sustainability (Vanclay et al., 2010 and Villas-Boas & Hallstein, 
2013). Both found no significant changes in sales of green- and red-
labeled products. One study found significant decreases in sales of yellow-
labeled products (Villas-Boas & Hallstein, 2013).  

I expected Food Collective sales to experience no overall change 
across all colors, and predicted that consumers might shift preferences 
between colors but would not buy different food products to avoid the 
colored labels. The Food Collective is small, with a limited product 
selection, so customers have fewer product alternatives to switch to. 
However, I hypothesized that diets would shift away from unsustainable 
products (at least temporarily, while labels were present) because the 
average customer at the Food Collective is highly concerned by ecological 
impact. I expected green (sustainable) product sales to increase slightly 
and red (unsustainable) product sales to decrease slightly as compared to 
the control (Fig. 4). I expected that yellow-labeled products would not 
change significantly. I didn't expect any of these changes to be very large, 
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as college students have strict budgets and therefore relatively elastic 
demands. 

 

              

              
FIGURE 4. Sample of expected findings. Here, red and green sales for Week 8 (the 
fictitious treatment period) are significantly different from the control. 
 
 
Methods 
Site Description 
This study was conducted at the Berkeley Student Food Collective during 
the Spring 2014 semester. The Food Collective is a non-profit, student-run 
grocery store located across the street from the University of California, 
Berkeley campus (Fig. 5) where students and community members can 
buy to-go items as well as weekly groceries. Because of the proximity to 
campus, the majority of customers are campus affiliates and so Food 
Collective sales closely follow the trend of school breaks, midterms, 
move-outs, etc. The store is 600 square feet and only carries food that 
meet local, fair trade, ecologically sound, and humane standards. Because 
of the strict purchasing guidelines, the Berkeley Student Food Collective 
does not carry very many products that contain meat ingredients. Thus, the 
study was done using another well-understood indicator of sustainability 
that was easier to implement: food miles. As previously explained, the 
effect of eco-labels is the relevant measurement in this case rather than the 
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indicator(s) used. Although this study could be more accurate if actual 
GHG emissions per product was used to index, the aim is to understand 
the effects of tri-colored labeling on purchasing decision making, so the 
communication process was more important than the accuracy of the 
labels. Findings from this study can be applied to eco-labeling that uses 
other measures of sustainability. 
 

 
  FIGURE 5. The Berkeley Student Food Collective is conveniently located on    
  the south side of UC Berkeley campus (from maps.google.com). 
 
Color Index and Label Design 
The first step was to design the product labels and create a color index. 
Products were designated as “red”, “yellow”, or “green” based on how far 
they traveled in food miles – i.e. local products were green, semi-local 
products (mixed sourcing from USA and abroad) were yellow, and foreign 
products were red. . The design of the labels was simple, with large color 
blocks and succinct descriptions to make them easy to read (Fig. 6). An 
explanatory sheet, including instructions for opting out, was posted in the 
middle of the bulk section at eye level. 
 

 
  FIGURE 6. Tri-colored labels designed to communicate the varying    
  sustainability of bulk products at the Food Collective. 
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Data Collection 
I chose to use the 39 food products in the bulk section of the store as my 
treatment products for the labels (Fig. 7). The main reasons for this 
methodology were that with this approach: (1) the product assortment 
remained relatively constant; (2) the inventory remained almost fully 
stocked; and (3) the bins in which the food was stored provided a surface 
to clearly and noticeably display labels. Not all products in the store 
fulfilled these criteria, and all other products (non-bulk) were used as the 
control group. I collected data during the entire Spring 2014 semester, 
which was 15 weeks long (Fig. 8). January 20 through April 6 were the 
pre-treatment weeks, and April 7 through May 4 were the treatment weeks. 
To filter for college students from all the Food Collective customers, I 
asked the IT Coordinator to set up an automated question at checkout so 
that cashiers would ask customers about their student status and the 
answer would get recorded in the Point of Sales (POS) system. That 
process assigned the “student” label to relevant transactions. 
 

 
FIGURE 7. All products in the bulk section were labeled with the tricolor 
scheme, while other products in the store were not. (Taken at the Berkeley 
Student Food Collective on April 6th, 2014.) 
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  FIGURE 8. This timeline depicts the Spring 2014 semester, numbered by  
  weeks. Weeks 1-11 were the pre-treatment period when no labels were up,  
  and weeks 12-15 were the treatment period when all bulk products were  
  labeled. Week 9 was Spring Break, when students leave the University and  
  all sales drop drastically. 
 
 
Data Analysis 
After the data were collected, I performed difference in difference 
calculations (Fig. 9) to determine if changes in treatment group sales data 
were significantly different from changes in control group sales data. I did 
these calculations for red, yellow, and green labeled products using the 
regression equation: 
 
𝑞!" = 𝛽! + 𝛽!𝑅𝑒𝑑! + 𝛽!𝑌𝑒𝑙𝑙𝑜𝑤! + 𝛽!𝐺𝑟𝑒𝑒𝑛! + 𝛽! + 𝛽!𝑅𝑒𝑑! + 𝛽!𝑌𝑒𝑙𝑙𝑜𝑤! +
𝛽!𝐺𝑟𝑒𝑒𝑛! ∗ 𝑇𝑟𝑒𝑎𝑡! + 𝛼! + 𝛿! + 𝜖!"  
 
where qit is the sales quantity (in dollars) for each product i by week t, 
Redi is a dummy variable for products with red labels, Yellowi is a dummy 
variable for products with yellow labels, Greeni is a dummy variable for 
products with green labels, Treatt is a dummy variable for treat weeks (12 
≥ t ≤ 15), αi is the unobserved time-invariant individual effect, δt is the 
fixed effect variable, and εit is the error term. 
 

 
FIGURE 9. Difference in difference calculations measure the discrepancy 
between changes in the treatment and control groups. For each of the three 
label colors (r,y,g), the effect of the labels = Delta T - Delta C. 
 
 
The resulting statistical analysis depicted which colors and categories 
experienced significant changes. I determined whether the implementation 
of eco-labels correlated with a change in purchasing choices by looking at 
β4, and measured the direction and magnitude of the changes by looking at 
βR, βY, and βG. This system of controlled experimentation allowed me to 
differentiate between regular sales fluctuations (e.g. drops during Spring 

              Treatment  Group:                    Tr,y,g(after  -‐  before)    
            Control  Group:                      C(after  -‐  before)

!Difference  =  Effect              
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Break) and fluctuations in the treatment but not the control groups—the 
latter being the relationship that I was interested in. 
 
 
Results 
Data Collection 
Around 2/3 of all sales transactions at the Food Collective were with 
students, with roughly the same proportion for just bulk products (the 
treatment group). The similar trending of the lines in Figure 10 confirm 
that the control group was a good estimation of the treatment group, 
particularly for the red-labeled products. 
 

 
  FIGURE 10. Summed sales trends of labeled (by color) and unlabeled  
  (black) products by week for the Spring 2014 semester. The labels were  
  implemented at the beginning of week 12. 
 
Data Analysis 
The regression analysis was run in STATA (Appendix A). All relevant 
results were statistically significant at the 5% level (Fig. 11). 
Implementing the labeling system of tri-colored eco-labels had an overall 
effect of decreasing estimated total sales of bulk products by 41.8%, 
which was the opposite direction of change from my expectation. 
Additionally, unlike my prediction, estimated sales of red-labeled, yellow-
labeled, and green-labeled products all decreased by at least 1/3 each. 
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Treatment Regression 
Coefficient Effect p-value 

All labels β4 -41.8% 0.000 

Red labels βR -49.3% 0.000 

Yellow labels βY -33.7% 0.038 

Green labels βG -38.4% 0.003 

  FIGURE 11. Implementing a labeling system decreased estimated total sales.    
  Additionally, estimated sales of each individual color decreased. At the 5%  
  confidence level, all analysis was statistically significant. 
 
 
Discussion 
The tri-colored eco-labels had a negative impact on store sales. The 
individual impact of each colored label and the general impact of labeling 
were all statistically significant decreases in product sales. Red-labeled 
products decreased the most dramatically (by 49.3%), which was 
consistent with my expectations that sales of products labeled as 
unsustainable would fare the worst. Yellow- and green-labeled products 
also decreased (by 33.7% and 38.4%, respectively), albeit by smaller 
magnitudes than the red-labeled products. The decreased sales across all 
label types could be attributed to many potential causes, but I suspect that 
the overall labeling system discouraged students from purchasing the 
treatment products and shifted buying habits to unlabeled grocery products. 
Because the Food Collective is so small and bulk products are mostly 
snack items, customers could readily switch between products that were in 
bulk bins and labeled, and those that were in other sections and unlabeled. 
For example, if a customer was deterred by an eco-label on the bulk trail 
mix, he or she could buy similar trail mix in prepackaged form from a 
section of the store without eco-labels. Thus, it was easy for someone 
shopping at the Food Collective to avoid the eco-labels, and it seems that 
many students did so. I believe that this kind of avoidance of eco-labels is 
not unique to the Food Collective; if anything, it would likely be more 
prevalent at a “normal” grocery store with less strict purchasing standards. 

In this study, I hypothesize that the largest contributing factor in 
avoidance of treatment products was a skepticism of eco-label accuracy. 
With the current plethora of labeling systems and lack of standards or 
oversight, many consumers are weary of misinformation (Wozniacka 
2012). Rather than commit to understanding a new labeling system and 
buying into its accuracy, customers might choose to purchase alternative 
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products. This type of behavior would be even more likely to occur 
amongst eco-conscious shoppers—like those who shop at the Food 
Collective—because of the heightened awareness for sustainability 
information and concern for intentional purchasing behavior. 

A puzzling result was that green product sales decreased by more than 
yellow product sales. Although not significantly different from each other 
(at a significance level of 0.7766), it provides interesting support for the 
hypothesis that consumers prefer the yellow (or “safe”) products to the 
extremes. 

These findings suggest that students purchase fewer products when 
those products are labeled by a tiered system of environmental impact.  

 
Limitations 

The largest limitation to this study was the inability to use livestock 
product containment as a measure and indicator of sustainability to 
consumers. The Food Collective was very accessible to me and provided a 
unique space for marketing manipulation, so despite its small selection of 
products it was largely an ideal study site. A second limitation was that 
some products exhibited a decrease in sales simply because the inventory 
ran out during the treatment phase. However, assuming this was true 
across all weeks, it was controlled for in the regression by αi. A third 
limitation was that cashiers—oftentimes pressed for time—guessed 
whether or not some customer were students rather than asking, affecting 
the filter for student-only data. But again, if this error was time-invariant, 
then αi controlled for it. The final, major limitation was the use of food 
miles as an indicator of sustainability. Many people, including “foodies” 
(food-conscious students) who shop at the Food Collective, do not believe 
that food miles are an accurate representation of a food product's 
environmental impact. 

One possibility to expand this study would be to find a site system 
(grocery store) with larger sales volumes and a more steady inventory, and 
to assign treatment products such that there was no way to directly 
substitute a labeled product with an unlabeled product. I would also 
choose a different sustainability metric. 
 
Broader Implications and Significance 
Food consumption contributes significantly to GHG emissions (Garnett, 
2009). Consequently, human diet types (on a large scale) have 
considerable environmental implications. If food energy consumption and 
diet preferences remain constant at 1995 levels, global agricultural non-
CO2 emissions will increase significantly until 2055; however, a reduction 
in meat consumption would have the potential to decrease emissions even 
compared to 1995 levels (Popp, Lotze-Campen, & Bodirsky, 2010). This 
study explored the extent to which eco-labels can affect diet shifts in 
college students. This study suggests that favorable diet shifts are possible 
if eco-labels are used effectively (e.g. labeling all unsustainable products). 
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This information could be useful for implementing labeling policies on 
foods consumed by young adults, specifically at grocery stores in college 
towns. If college students' diets can be shifted favorably, the habits are 
likely to extend through their lives (Levi, Chan, & Pence, 2010) and make 
the environmental impact (emissions decreases) long-term. However, the 
findings also warn that any type of eco-label could lower sales of a 
particular product. 
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