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Abstract 
 

Background and objective: Researchers have been looking for a way to predict future emission 

rates, and come up with explanations on how to tackle the issue of global warming through 

changes in individual behavior for decades. The focus of these studies have, on the other hand, 

focused more on nutritional bases rather than cultural. This study’s objective is to provide a 

method, as a useful tool in further analysis on GHG-emission based on cultural behavioral factors 

such as socio-economic status as well as age, sex, etc. with diet as emission prediction factor. This 

could be a stepping stone toward future research on Co2e related to e.g. physiological factors such 

as BMI, blood pressure and diseases.  

Method: With the use of data obtained from the FFQ questionnaire within the VIP-program, 

combined with estimates of greenhouse gas-emission (Co2e) attributed to specific diets obtained 

from Röös, estimations of individual Co2e emission-levels were calculated using the software “R”. 

The dataset contained 159 687 observations and 152 different variables. The data was obtained 

from the Department of Public Health and Clinical Medicine at Umeå University. Portions sizes 

were mainly collected from the Swedish Food Composition Database. Box-plots and regression 

analysis were made to illustrate the main findings.  

Result: The result was a new dataset that could be applied to any population to estimate Co2e-

emission on individual level based on an FFQ, given that the FFQ have the same structure as the 

one in the VIP. The variables that contributed to the highest amount of Co2e were animal products 

i.e. butter, milk and meat. Chicken, pork and fish were not nearly as Co2e heavy as the meat 

products containing beef such as “steak”, “minced meat” and “hamburgers”. The regression 

analysis showed that higher age had a positive effect on reducing emission, as well as being a 

woman. Education showed an increase in Co2e for higher education. There were some small 

differences among municipalities. Marital status gave a slight decrease in the regression, meaning 

married couples emits more than singles. Exercise showed an increase in Co2e for active 

individuals in the regression analysis. However, the most noticeable result were sex, yielding a 

relatively big decrease in Co2e-emission for women compared to men.  

Conclusion: People at younger ages, within the observed age groups 40-60, seemed to reduce 

their carbon footprint more in relation to the higher age groups over the last 20 years. Overall, the 

general diet-based carbon footprint in Västerbotten seems to have increased slightly during the 

last 17 years. A remarkable dip were noticed in 2003, however this might not have been due to any 

behavioral changes, since the trend broke in 2006 and instantly receded back to the normal levels. 

This study confirms the fact that meat and dairy products are responsible for a significant amount 

of the diet-based emission. This topic needs to be studied more, and with this method of applying 

GHG-emission measures to individual diet-based data, a gate has been opened for a new field of 

research. 

  



3 

 

Table of content 

 

Abstract 2 

Introduction 4 

Background 4 

Aim 5 

Research questions 5 

Terminology 5 

Materials and methods 6 

Summary 6 

Data management 6 

Transformation of frequency into units 6 

Estimation of portion sizes 7 

Standardizing portion sizes: 7 

Estimating Carbon footprint: 8 

Result 10 

Discussion 16 

Socio-economic analysis 16 

Age 16 

Sex 17 

Education 17 

Regression analysis 17 

Geographic location 18 

Diet 18 

Regarding hamburger 19 

Regarding bacon 19 

Regarding vegetarians 19 

Limitations 20 

Conclusion 20 

Method 20 

Results 21 

Bibliography 22 

Appendix 24 

Calculations 24 

FFQ table 24 

Graphs 29 

Tables 31 



4 

 

Introduction 
 

Estimations of greenhouse gas (GHG)-emission based on diets have been done before. 

Researchers have been looking for a way to predict future emission rates, and come up with 

explanations on how to tackle the issue of global warming through changes in individual behavior 

for decades. The focus of these studies have often focused more on nutritional bases rather than 

cultural. This study’s aim is to provide a method, as a useful tool in further analysis on GHG-

emission based on cultural behavioral factors such as socio-economic status as well as age, sex, 

etc. with diet as emission prediction factor. This could be a stepping stone toward future research 

on Co2e related to e.g. physiological factors such as BMI, blood pressure and diseases. The method 

used and applied in this study can, by all means, be used for the stated purposes to further 

investigate reasons, patterns, and causalities regarding mitigation-factors of greenhouse gases on 

individual level related to the co-benefit of mitigation on improving health. 

Background 

In the 1970s reports stated that the prevalence of cardiovascular diseases (CVD) in Västerbotten, 

Sweden, was one of the highest in the world among men and highest in the country for both sexes. 

In 1985, politicians in collaboration with health care providers decided to launch an intervention 

program in a small municipality called Norsjö. The program was later extended to cover the whole 

county of Västerbotten and given the name Västerbotten Intervention Program (VIP) (Norberg et 

al., 2010). The health care staff annually invites everyone in the ages 40, 50 and 60 to participate 

in screening and counseling. The 

VIP consist of a vast number of 

measurements e.g. BMI, 

Glucose tolerance, blood 

pressure, physical activity, 

dietary behavior and socio-

economic factors. In total, over 

150 000 observations have been 

collected in the time-span 1990-

2014 which makes the data set 

uniquely extensive and very 

useful for health-related 

research on individual level 

(Norberg et al., 2010). A map of 

Västerbotten with colored areas 

representing the fifteen 

municipalities are illustrated in 

Graph 1. 

 

Graph 1. An illustration of the county of Västerbotten, Sweden. The colored areas 
represents the municipalities. 
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Studies have shown that an individual’s GHG-footprint are largely affected by her diet. The fact 

that production-processes of food have an impact on climate change is well established. For 

example, one unit of “food” has a life-cycle of emission, from the moment a seed is planted, to the 

time that the tomato is eaten. This cycle includes e.g. fertilizing, land usage, watering and 

transporting, until it is finally consumed. This life-cycle have been studied and researched widely 

and resulted in different measurements of GHG-emission-estimates for a number of different 

products. One way to calculate GHG-emission for food is by using the Life-cycle-assessment 

(LCA)(Guinée, 2002).  

Aim 

The aim of this study is to find appropriate measures of GHG-emission for diet and integrate them 

with cross-sectional data from the VIP-program to investigate the association between greenhouse 

gas-emission and food consumption behavior on individual level. 

Research questions 
 

- Based on the VIP-data, are there any associations between dietary patterns and GHG-

emission?  

o What food-items are responsible for the most/least amount of GHG-emission?  

 

- What impact on diet-based GHG-mitigation do socio-economic factors have? 

 

Terminology 
 

In this section acronyms and definitions of terms being used in this paper are explained. 

Note: when referring to persons, respondents or individuals in this paper, the female-gendered 

words “she” or “her” are used. 

 

- VIP: Västerbotten Intervention Program 

- GHG: Greenhouse gases, includes emission of GHG from carbon dioxide, methane, 

sulphuric hexafluoride, nitrogen dioxide, HFC (compounds of hydrogen, fluorine and 

carbon) and perfluorocarbonates 

- Co2e: Carbon dioxide equivalents, a measurement where all GHG’s are standardized to the 

units of Carbon dioxide 

- FFQ: Food Frequency Questionnaire, a part of the VIP, where people are asked how often 

they consume 66 different food-items 

- NFA: National Food Agency in Sweden 

- LCA: Life Cycle assessment, a tool to evaluate the environmental load of products 

- NA: missing data in “R”-language 
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Materials and methods 
 

Summary 

With the use of data obtained from the FFQ questionnaire within the VIP-program, combined with 

estimates of GHG-emission (Co2e) attributed to specific diets obtained from Röös, estimations of 

individual Co2e emission-levels were calculated using the software “R”. From the VIP-data, only 

a number of chosen variable were of interest for this analysis. The dataset contained 159 687 

observations and 152 different variables. The data was obtained from the Department of Public 

Health and Clinical Medicine at Umea University. The file, in the format of SPSS (.SAV) was 

reformatted as a CSV-file and analyzed in the software “R”. Portion sizes were mainly collected 

from the Swedish Food Composition Database to represent the setting of the studied population. 

Additional measures were gathered from other sources. The results were plotted in different 

graphs to illustrate patterns over time, and a regression analysis were done for the socio-economic 

and demographic variables.  

Data management 

Within the VIP data-set, around 17 000, or 10% of the observations, in each of the FFQ-variables 

were “missing data” (NA) with two exceptions. The variable “Low-Fat fish (bass, codfish)”, with 

45 000 NA’s, which is close to 30%, and “Water” with 27 000 NA’s equal to 17%. The analyses 

were made by comparing tables for the different 66 variables. Regarding the variable “age”, the 

group “age30” were only invited to the VIP until 1995 when the VIP-program were rearranged, 

why data from the last 20 years would have been incomparable for that age group. The number of 

observations in “age30” were, in total, less than 7000 compared to around 45 000 for each of the 

other age groups. This also affected the variable “year” why the additional exclusion criteria were 

set. To conclude, the age group “age30” were dropped as well as all observations before the year 

1997. The reason for the latter were, because of an obvious trend shift affecting the data 

substantially, plausibly due to the restructuring of the VIP-program in 1995 (Norberg et al., 2010).  

Furthermore, the year 2015 was also excluded because the data for that year included only 103 

observations so far. 

Transformation of frequency into units 

The first obstacle encountered in this stage of the process was within the structure of the FFQ data. 

The answers given by the respondents were in frequency i.e. time intervals, and not in units of 

food consumed. In addition to this, the intervals were not equally divided so that each answer 

yielded comparable units e.g. if a person answers “Never”, that answer yields a value of 0. If she 

answers “A few times per year” the value attained is 1, and for “4 or more times per day” the 

respective value is 8. In order to create measureable units in gram, the frequencies 0-8 were 

therefore transformed into nine tempo-wise equally distributed columns. The transformed values 

are shown in Table 1. The calculations are specified in Appendix under Calculations. 
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Table 1.  Transformation of the FFQ-values into corresponding units of times per year. 

Coded 
number 

0 1 2 3 4 5 6 7 8 

Original 

FFQ 

Never  

 

Few 

times per 
year  

 

1-3 times 

per 
month  

 

Once a 

week 
 

2-3 times  

per week  
 

4-6 times  

per week  
 

Once  

a day  
 

2-3/ times  

per day  
 

4 or more 

times  
per day  

 

FFQ per 
year 

0 times 
per 
year 

5 times 
per year 

24 times 
per year 

52 times 
per year 

130 times per 
year 

260 times per 
year 

365 
times per 
year 

912 times per 
year 

1460 times 
per year at 
least 

 

The new codes (0-8) were inserted into the dataset replacing the frequencies with units of “times 

per year”. These units were used as estimates of number of portions eaten per year, while the 

average portion sizes in grams were obtained from the National Food Agency in Sweden’s (NFA) 

database Swedish Food Composition Database (“Swedish Food Composition Database,”). A full 

Table of portion sizes with short descriptions and more is found in FFQ-table in Appendix.  

 

Estimation of portion sizes 
-references are found in the FFQ-table in Appendix- 

For some of the FFQ-variables, NFA did not provide any estimated portion sizes. Instead other 

sources were used to gather that information, as well as derived approximations. For example, the 

same portion size for “butter” was used for the three variables 1, 2 and 6 (they all describe the 

usage of butter). The portion sizes for butter were estimated to be 10g, i.e. the volume of a small 

packet commonly found at restaurants. For some of the other variables, the same estimation-

method were used; cheese, bread, sour milk, beer etc. For Crème Fraiche/sour cream the portion 

size was estimated to half the volume of a small packet the Swedish producer Arla’s Crème Fraiche, 

and for Bacon, Chocolate and Chips the portions sizes were given by each respective Swedish 

manufacturing companies: Scan, Snickers and OLW. For Hard liquor, spirits and Wine a diner’s 

recommendations for servings were used as portion-equivalents. 

 

Standardizing portion sizes: 

One section in the VIP-questionnaire asks the participants to estimate their average portion size 

for a normal meal. The respondent marks one out of four options (different portion sizes) for three 

different food groups. The food groups are “Potato, rice macaroni”, “Meat, fish”, and “vegetables”. 

A visualization of how much food each option represents are included in the questionnaire. For 

the three different food groups the options allowed are 1, 2, 3 and 4, where 1 represent the least 

amount of food, and 4 the most. In the pictures given to the participants, in order to correctly 

identify their portion size, the amount of food between each option 1-4 seems to increase by ¼. 

Since this section of the questionnaire implies that some persons eat more than other, and this 

will have an effect on the volume consumed for some of the food-items in the FFQ, a 

standardization was needed. 
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In this study, to better match the individual differences in amount of digestion with regard to 

portion sizes, all variables that were included in any of the above mentioned food groups were 

adjusted by a multiplier corresponding to respective portion size. Because this part of the 

questionnaire asks the respondent to pick one out of four alternatives that best describes their 

normal portion size only by looking at four different illustrations, the result could have been biased 

in a number of ways e.g. one respondent might have picked illustration 1 believing it most 

accurately described her average portion size, while another respondent picked illustration 4 for 

the same reason, however there is no way to know if their answers were actually true. Another 

issue was that the amount of food in each illustration could only be estimated by viewing the 

illustrations. However, in this study it was decided that the portion sizes would increase by 0,5 to 

1,5 of the original values. After counting the total answers for each of the four alternatives, the 

result showed a fairly similar distribution of 2’s and 3’s in all the three food groups. Because of 

this, it was decided that both the portions sizes 2 and 3 would represent the base value. The 

standardization process is described in Table 2. 

Table 2. Standardization of portion sizes for the three food groups included in the questionnaire. x represent the values for 
each observation, and depending on corresponding portion size, those values are multiplied with either 0.5, 1, or 1.5. 

Food group FFQ variables Multipliers 

Potato, rice, macaroni 30-33, 35 1 = x ∗ 0,5  | 2&3 = x ∗ 1 | 4 = x ∗ 1,5 

Meat, fish 37-41, 43-47 1 = x ∗ 0,5  | 2&3 = x ∗ 1 | 4 = x ∗ 1,5 

Vegetables 27-29, 34 1 = x ∗ 0,5  | 2&3 = x ∗ 1 | 4 = x ∗ 1,5 

 

To exemplify: if a person answers 4 on “mat40m” (food-item 40 in the FFQ i.e. pork), that would 

mean she eats an average of 130 portions (see Table 1) of pork/year, but with a volume 50% greater 

than the average portion size. 130 is thereby multiplied by 1,5 giving a weighed new portion size 

of 195.  

Estimating Carbon footprint: 

The carbon footprint were measured in Co2e for each FFQ-variable, and the estimates were 

gathered, mainly, from a report by Elin Röös at the Swedish University of Agricultural Sciences, 

Department of Energy and Technology (Röös, 2014). The report summarizes Co2e measures for 

each food-item using LCA-analysis which takes into account, among other things, the country 

where the food is to be consumed, which in this case is Sweden. The summary gives a mean value 

as well as a lower and a higher limit of confidence. The values are based on scientific findings from 

a number of published reports and articles (Fredén, 2010; González et al., 2011; Henriksson et al., 

2011; Lagerberg Fogelberg, 2013), all of which uses LCA to calculate the Co2e. 

The Co2e values from Röös’s report were used for a number of reasons e.g. they were all calculated 

using similar methods of LCA giving Co2e-values including not only Co2 but other GHG’s 

converted into Co2e, they were based on a Swedish setting, and they are all thoroughly explained 

in the report. However, the report did not give Co2e for all variables in the FFQ. Therefore, the 

remaining Co2e-values had to be found elsewhere or estimated using a different procedure. The 

Co2e-values that were not included in Röös’s report were: “Hard bread”, “Biscuits, buns”, “fruit-
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soup”, “Müsli”, “Corn-flakes”, “Berries”, “Pancakes”, “Pizza”, “Meat stews”, “Hamburgers”, 

“Cookies”, “water” and any of the alcoholic beverages. 

- For Minced meat, calculations were made based to the content of the most commonly used 

minced meat in Sweden “Blandfärs” which contains 80% beef and 20% pork. This estimate 

were used because it better represents the content of northern Swedish minced meat rather 

than, as Röös decided to do, 50% beef and 50% pork, which better represent southern 

Swedish minced meat (“Spisa”). 

- Meat stew were estimated to contain 60% beef, and since one portion of stew is considered 

to be 250g according to NFA, Meat stew were given the meat content of 60% of the variable 

“whole meat”. The rest of the stew-content were in this case estimated to be water. The 

decision to choose 60% as an estimate were based on a Stroganoff-recipe from a Swedish 

cook-book (“Krämig biff”). 

- Hamburgers were estimated based on a study where LCA were used to fully capture the 

GHG emission of a hamburger (“Carbon footprint of a burger,”). 

- The different beer-types were regarded as equal when it came to Co2e. The Co2e estimates 

were collected from a report on how beer brewery production can be environmentally 

sustainable including bottling/canning (Seth Lalonde et. al, 2013). 

- The Co2e-values for wine were collected from an LCA-publication on wine from Italy. It 

was decided to use this measure even though transportation to Sweden were not included 

in their calculations. 

- The variable “water” was estimated to zero since most water consumed in northern Sweden 

is tap-water which mainly originates from fresh water sources with very low or Co2e impact 

(Stockholm, 2004). Even though bottled water consumption is increasing steadily, the 

carbon-footprint would still be little to nothing if that were to be taken into account.  

- The remaining variables: “Hard bread”, “Biscuits, buns”, “fruit-soup”, “Muesli”, “Corn-

flakes”, “Berries”, “Pancakes”, “Pizza” and “Cookies”, were left blank mainly for three 

reasons: the Co2e-values were not available for their product, the portion sizes were not 

available or hard to estimate, or because the cooking/baking-ingredients for the product 

might vary too much to estimate trustworthy values. 

The Co2e-values for each variable were measured in units of “kg Co2e/kg”. To get this 

measurement aligned with the respondents’ answers in the FFQ each variable’s portion size 

(measured in gram) were transformed into units of kilo (kg), and thereafter multiplied by its 

corresponding Co2e. In mathematical terms it looked like this:  

𝑝𝑒𝑟 𝑝𝑜𝑟𝑡𝑖𝑜𝑛 𝐶𝑜2𝑒(𝑥𝑖) =
𝑝𝑜𝑟𝑡𝑖𝑜𝑛 𝑠𝑖𝑧𝑒𝑥𝑖(𝑔𝑟𝑎𝑚)

1000
∗ 𝐶𝑜2𝑒𝑥𝑖

 

This process were run separately for the mean value, lower limit and higher limit, yielding three 

different measures of Co2e for each variable. The new dataset, with the three measures of Co2e 

were then added to the FFQ data-set yielding 66*3 new variables with unique Co2e-estimates for 

each observation.  

A PDF-markdown-file is attached to this study, giving the full script for “R” on the procedure.   
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Result 
The graphs illustrates the result of average Co2e per capita per year from the VIP-data over the 

last 17 years. Each box-plot represent the distribution of observations with a central horizontal 

line as a measure of the median value each year. Graph 2 illustrates a slight increase in diet-based 

Co2e-emission from 1997-2014, with the exception of the years 2003-2005 as well as 2012-2014.  

 

Graph 2. Average values of diet-based Co2e-emission per capita in the age groups 40, 50 and 60 over the years 1997 to 2014 
in Västerbotten, Sweden. 
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Graph 3 illustrates the same result as in Graph 2, however separate for each age group. It shows 

that the years around the turn of the century were characterized by higher levels of Co2e for the 

younger age groups. A transient change were observed 2005 that resulted in a narrowing of the 

gap between age groups and Co2e emission, gradually levelling the differences. Besides the overall 

increase in emission, it seems as if the age differences over time remained quite static. The most 

obvious trend-break however, was the massive decline in Co2e from 2002-2005 for all age groups. 

An immense drop in three years, followed by a quick return in 2006.  

The difference in age groups were not enormous, but nevertheless clear enough to see that the 

oldest age group “Age60” contributed with the least amount of diet-based Co2e compared to the 

other age groups. 

  

Graph 3. Average values of diet-based Co2e-emission per capita each age group 40, 50 and 60 separately over the years  
1997 to 2014 in Västerbotten, Sweden 
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Graph 4 illustrates the difference between ages, sexes, and education level. The age group- 

differences in Graph 4 are average values for all years, in contrast to Graph 3. These result indicate 

a negative association between higher age and Co2e-emission. The same goes for sex, were women 

(Female) show substantially lower levels of Co2e than men (Male). Education levels demonstrates 

an opposite effect compared to sex and age. The higher the education level, the higher the Co2e-

emission. The difference between men and women did not vary remarkably over time, however 

between different education-levels there were a clear pattern. The group with highest education 

(3) seemed to have stayed on the same average level of emission during the whole studied time, 

whereas the middle-group (2) and especially the group with lowest education (1) contributed with 

an overall increase from 1997-2014. For additional graphs, see Graphs in Appendix. 

  

Graph 4. Average values of diet-based Co2e-emission per 
capita and year separated by Age groups, Sex, and Education 
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The geographical differences in emission are illustrated in Graph 5. The fifteen colors represent 

the municipalities in Västerbotten. The map, to visualize their geo-position is given in Graph 1 in 

the introduction-section. In short, the municipalities that contribute to the least Co2e per capita 

were Norsjö followed by Malå and Sorsele. The highest contributors were Bjurholm, Nordmaling 

and Robertsfors. The number of observations were between 1000-6000 for all municipalities with 

the exception of Skellefteå with ca 33 000, and Umeå with ca 46 000. The reason for that is 

because those two cities are by far the most populated in the county.  

  

Graph 5. Average values of diet-based Co2e-emission per capita per year separate for each municipality in Västerbotten, 
Sweden 
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Graph 6 illustrates the average Co2e-emission per person and year for each of the 66 FFQ-

variables separately. Each FFQ-variable is a food-item labeled “mat01m” to “mat66m”. The 

variables that contributes to the highest levels of Co2e are animal products i.e. butter, milk and 

meat. Chicken, pork and fish were not nearly as Co2e heavy as the meat products containing beef 

such as “steak”, “minced meat” and “hamburgers”. When drawing conclusions based on this graph 

one has got to be careful not to misinterpret. The values shown are a combination of “portion per 

year” and “Co2e per portion” so if a food-item yield a high result in the graph it could be because 

people eat it frequently, because its Co2e-intensive, or both. 

 

Graph 6. Mean values of average Co2e per capita per year for each 66 food-item. 

A linear regression for mean Co2e on were made using the socio-economic variables: age, sex, 

education, marital status, year, municipality, and exercise as independent variables. The 

regression analysis is illustrated in Table 3. The result give coefficients for each variable and sub-

variables as well as 95% confidence interval in order to assess the degree of significance. A positive 

beta-coefficient implies that this variable increases the Co2e-emission compared to the baseline-

variable. Consequently, a negative value indicates a decrease in Co2e-emission compared to the 

baseline-variable. Note that the intercept in this regression is more than 1000 Co2e. If a single 

variable increases the Co2e by 10, that would only transcribe into a one percent increase in total 

emission. 
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Based on these variables, the baseline Co2e coefficient were 1205kg Co2e kg / person-year.  

Age gave a positive effect on reducing emission, especially for the age group 60. Education, on the 

other hand, gave a small significant decrease in Co2e-emission. Marital status gave a slight 

decrease, meaning singles emits less than married couples. Furthermore, there were an increase 

in emission for all municipalities compared to Umeå except Norsjö. This result aligns with the 

boxplots in Graph 5, however Malå and Sorsele, both lower than Umeå in the graph, did not come 

Variables beta CI 95%

Lower Upper

Intercept 1205 1191 1219

Age groups (baseline = 40)

50 -39 -47 -31

60 -117 -126 -108

Sex (baseline = Male)

Female -125 -132 -119

Education level (baseline = Low education)

Middle education 0 -10 10

High education 19 8 31

Marital status (baseline = Married)

Single -60 -69 -52

Year (numeric variable)

Year 9 8 9

Municipality (baseline = Umeå)

Åsele 39 9 69

Bjurholm 95 60 129

Dorotea 58 28 88

Lycksele 4 -12 20

Mala -12 -36 12

Nordmaling 79 54 103

Norsjo -33 -59 -6

Robertsfors 59 38 81

Skelleftea 14 5 22

Sorsele 15 -21 50

Storuman 10 -10 30

Vannas 27 8 47

Vilhelmina 54 33 75

Vindeln 24 -1 49

Exersice (baseline = Never)

Now and then 26 17 35

1 time/week 22 12 33

2-3 times/week 11 1 21

>3 times/week 46 32 60

Table 3. Regression on Mean Co2e with the independent variables Age, Sex, Education level, Marital status, Year, Municipality 
and Exercise. The table shows the regression coefficients (beta) with corresponding 95% confidence interval (CI 95%) 
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out as significant in reducing Co2e-emission in this regression. Bjurholm, Robertsfors and 

Nordmaling did all three stand out as the highest emitters in this regression as well as in the box-

plot. Exercise showed an increase in Co2e-emission for all four frequencies.  

Discussion 
There have been a number of studies on average GHG-emission per capita for different countries 

stating that Sweden, together with most of the developed countries, are contributing to global 

warming in unsustainable manners. Today, the average Swede is responsible for 7,9 tonnes of 

Co2e per year, of which 1,1 tonne can be accredited to food (Wallén et al., 2004). The average Co2e 

values per year were basically the same as have been found in other research of diet-based per 

capita emission (Hjelm-Wallén and Larsson, 2001). From these results, it is clear that any policies 

or public attempts to come to terms with the Swedish population’s carbon footprint the last 20 

years have been insufficient, when it comes to diet. At least, this goes for the population of 

Västerbotten aged 40 and over. The current Co2e/capita emission in Sweden corresponds to a 

magnitude four times higher than the GHG-space that would be sustainable (Carlsson-Kanyama, 

1998; Nino).  

Socio-economic analysis 

The most remarkable irregularity were the dip that occurred in 2002-2005. This decline were 

observed for all given variables, which indicates that there might be other factors unaccounted for 

in this analysis, or some bias in the data collection process. This cannot be explained by any of the 

variables analyzed in this study and would need a different type of analysis. This, however, needs 

to be further investigated. 

Age 

In Graph 2 one can see that the Co2e levels are on a plateau of ominously high emission levels. 

The levels increased quite steadily for the first decade, so perhaps it could be regarded positive to 

see a slight decline during the last few years, however the levels are still too high. This is indeed 

troublesome, and as recommended by a number of experts, dietary changes is key for stopping 

climate change (Carlsson-Kanyama, 1998; Lagerberg Fogelberg, 2013; Röös, 2014; Stehfest et al., 

2009; Wallén et al., 2004). One perspective of a possibly positive character from the result is 

shown in Graph 3. Even though overall emission levels looks intact, the variation between age 

groups indicates that there might be a generation shift toward less GHG-intense diet. The “age40”-

group begins with high emission rates in the 1990’s, and seen as they get older, ten years later the 

same individuals would end up in age group “Age50”. It is reasonable to assume that, if not the 

exact same individuals, at least their common “generation”-group ends up as “Age50” in 2007, 

and transcending to “Age60” after the year 2010 sometime. This theory fits, to some extent, with 

the data, which could mean that the reason for the shift in emission per age group is actually a 

result of the same generation of individuals entering older age groups. If this is true it would mean 

that, the younger the person, the more climate-friendly their diet will be. This generation-theory 

seems to collapse during the last three years of the study period, this however might change back 

again in the coming years. Time will tell. 
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Sex 

Regarding the variable “sex”, it is hard to draw any conclusions from the results besides that, based 

on their diet, women are lower GHG-emitters than men. This could as likely be due to the fact that 

women consumes less food in total compared to men, than to the assumption that women choose 

to eat more eco-friendly.  

Education 

An interesting finding was the diversity between education level and Co2e. One would expect that 

higher education leads to greater awareness and thus lower GHG-levels. The result showed 

something completely different. The group with lowest education had the lowest Co2e, and the 

groups with the highest education had the highest Co2e levels. Solely based on this result, that 

would mean that it is better to remain uneducated than highly educated in order to maintain a 

sustainable diet. Off course this result in itself cannot prove anything, other factors have to be 

taken into consideration as well, such as e.g. employment and geographical position. Low 

education could, for example, indicate lower income and hence affect dietary choices. Another 

underlying factor could be the vast expansion of universities and colleges in the early 90’s where 

politicians decided to make higher education available even in the rural and remote areas in order 

to reach the traditional working class. This transition could be an explanation to some of the 

irregularities. Another explanation could be that parts of the data from individuals in the higher 

age groups were collected in the 90’s. This means that they grew up in a time when education were 

limited to certain groups, which might have had an impact on the data. 

Regression analysis 

The regression analysis performed in this study can be questioned from a number of perspectives. 

The outcome resulted in coefficients for the different variables, in most part, align with that of the 

box-plots. Even though the measures are not the same for the box-plots and in the regression 

analysis, the result point into the same direction. The box-plots illustrates medians, while the 

regression calculates mean-values. In the regression, each coefficient represents the difference 

between itself and its respective base-value e.g. “age50” and “age60” decreases by 39 and 117 units 

of Co2e, compared to “age40”. Another finding was that “high education” and “middle education” 

had a relatively small impact on Co2e in the regression compared to “low education”, whereas 

Graph 4 shows a substantial increase in Co2e for the two groups compared to “low education. 

Finally, in order to assess the quality of this linear regression, some residual plots were made. The 

result yielded fairly good result, with little signs of irregularities, with one exception. The plot that 

illustrates normality distribution among the residuals, does not satisfy the normality assumption 

(Minitab). A test-regression were run to see if a log-transformation of the Co2e-variable would 

change the pattern, however the result remained similar. This does not imply that the result 

yielded insignificant or worthless results, however it cannot, in itself, provide any proof of 

causality. The reason for including the regression in this study were mainly to illustrate the 

usefulness of the material, and what it can be used for. In order to find causalities between these 

variables and reach vital conclusions on how to live climate-friendly more research are needed on 

this. The residual-plots are illustrated in Table 5 and Table 6 in Appendix. 
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Geographic location 

Even though the number of observations were scares among some of the smaller municipalities 

compared to the bigger, the data could be regarded substantial enough to draw some conclusions. 

The diversities among the municipalities might be explained by e.g. education level; Umeå and 

Skellefteå have universities i.e. higher education, cultural factors; hunting, tradition, access to 

certain food in stores etc. There was one obvious pattern that emerged between the highest 

emitting respectively lowest emitting municipalities; the geographic location. The three highest 

Co2e-mitgigating municipalities were Robertsfors, Nordmaling and Bjurholm. Nordmaling and 

Robertsfors are both located along the coast, and Bjurholm lies adjacent and north-west to 

Nordmaling. Bjurholm is by the way Sweden’s smallest municipality population-wise. One 

hypothesis could be that being close to the coast affects diet-based Co2e-emission, another 

explanation could be that neighboring municipalities to “the big cities” i.e. Umeå and Skellefteå 

impacts the outcome. Regarding the three Co2e-intense municipalities, a similar hypothesis to the 

latter would be that these three areas are located adjacent to each other, in the most northern part 

of Västerbotten county, remote from the big cities and far from any coast. If these are the reasons 

for low diet-base Co2e-emission or not is hard to tell. Nevertheless, this could be investigated 

further. One would suspect that neighboring municipalities should follow similar patterns with 

regard to the cultural aspect. An interesting aspect to take into consideration, and that should be 

interesting to study is the impact of the hunting game and the LCA of wild animals. Graph 1 

illustrates the county of Västerbotten with all its municipalities and in corresponding colors to 

Graph 5. Furthermore, a test was performed were the Food-item Coffee got multiplied by 20 in 

order to see how it affected the result, based on the assumption that heavy coffee-drinkers are 

associated with big cities. However the test yielded completely opposite results dragging Umeå 

and Skellefteå down in emission, making them the lowest Co2e-emitters. An illustration of this is 

given in the Graph-section in Appendix.  

Diet 

Graph 6 clearly shows how the population in Västerbotten contributes to GHG-emission through 

their dietary choices. The mean Co2e for all food-variables are around 1100 per person-year, which 

is perfectly in line with other records (Wallén et al., 2004). The highest mitigating diet would be 

persons that consumes heavy amounts of animal products, especially beef-based.  

Most of the variables in the FFQ were given Co2e-values from one source of information in order 

to be consistent. The rest of the variables that were given Co2e-values got their numbers from 

separate sources that seemed fit and reliable. The same procedure was taken collecting 

information on portion-sizes since the main source did not supply enough information to cover all 

food-variables. For a few variables no information were gathered rendering those variables 

unaccounted for. Approximations were made for some of the variables based on other variable’s 

content e.g. minced meat, meat stew. That technique could likewise have been used for some of 

the products that were left out e.g. pancakes, buns, and pizza. The decision not to include the last 

mentioned variables was because it would be hard to motivate sizes and measures for their 

product-content. For hamburgers, another measure were used. 
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Regarding hamburger 

After a quick search using Google, it became clear that quite a number of studies had already 

estimated the LCA of hamburgers. This did not come as a shock since hamburgers are often used 

for different types of comparisons e.g. Big-max index (“The Big Mac index,”). Even though the 

source used for hamburgers were not a peer-reviewed scientific study, it aligned with other studies 

giving similar result. The explanation of the method used and every step of the LCA seemed as 

good as any published article on the topic. For future research, this variable might have to be 

validated and adjusted, not because it gave a crude estimate, but because the method might have 

been slightly different from the LCA of the other food-variables. 

Regarding bacon 

Bacon were the only variable in this study that only contained pork. Pork, beef and chicken are 

usually the meat-products of interest when discussing GHG-mitigation and food, however in this 

study there were no measure of pork other than bacon. Minced meat was estimated using 20% 

pork, 80% beef, so that could not count as a representative measure of pork. The issue with bacon 

as variable are many; bacon is processed, smoked, cut and packaged, which surely is more GHG-

intensive than raw pork. This would make bacon, as a Co2e variable, underestimate the emission 

that it’s given since it probably is higher than pork. On the other hand, the average portion size of 

bacon is not easy to estimate. The value given to bacon were estimated using half a packet of Scan’s 

bacon, a Swedish meat-company. If this value underestimates or overestimates the true value, 

which in this case is “what any respondent would think it is”, is impossible to tell. Perhaps bacon 

should have been excluded from this study for the above mentioned reasons, but that would 

decrease the value of this study since pork is regarded a high-mitigating food-item. 

Regarding vegetarians 

There seem to be a clear relationship between meat-consumers and GHG-emission based on the 

result in this study. Furthermore there seem to be a discrepancy between vegans and vegetarians 

as well. Milk, and butter were both variables that stood out as high-Co2e emitters. In the VIP-

questionnaire, one of the questions asked about this, but in a quite confusing way. In Table 4 that 

specific VIP-question is restated. 

Table 4. The question regarding vegan, vegetarian, or normal diet.  
The question is taken from the VIP-questionnaire, and the numbers are calculated in “R”. 

Which of the following alternatives is the most applicable for you? 
(only mark one alternative) 

Answers 
(number of persons) 

I have a normal diet (meat, fish etc.) 112338 

I have a vegan diet (no food that’s based on animals) 1475 

I am a lacto-vegetarian (with milk-cheese) 852 

Wrongly imputed data 58 

Didn’t answer 44974 

 

There is nothing wrong with the question in itself, however the answers are not as clear. First of 

all, is it really good to imply that eating fish and meat is “normal”? Ok, it might be that it is the 

most common diet, but writing it like that might lead to misinterpretations. This way of writing 
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also manifests a norm that people should eat meat and fish. Furthermore, couldn’t the concept 

“lacto-vegetarian” possibly be too complex for some people to understand?  

Based on this these questions the answers were, not surprisingly, mainly allocated to “normal 

diet”. The interesting part in all this is that almost twice as many marked “vegan” as alternative 

compared to “lacto-vegetarian”. This does not seem to represent the average Swedish population 

where 6% are vegetarians and 4% are vegans (“Djurens Rätt”). One reason might be because of the 

northern Swedes general aversion to different fad-diets, especially prominent in the rural regions 

and amongst men. Another explanation could be that the participants are all above 40 years of 

age, which makes them less likely to change behavior. A final argument could be that labeling one 

selves as anything else than “normal” is commonly frowned upon and regarded socially 

inacceptable. This last argument might seem unlikely, but should not be dismissed too easily since 

the institution of Jantelagen have rooted itself quite deep in some cultural settings in the northern 

part of Sweden (“Jantelag.se”).  

Limitations 

The measurement of Co2e obtained by average values of per capita consumption collected from 

Röös’s report, must be understood as estimates and not true values. Furthermore, the 

transformation of the FFQ from frequencies into units of gram could have been avoided by using 

already validated calculations accessible by the “Nutrition department” at Umeå University, 

however there were not enough time to get permission to use that part of the data for this study. 

For further research, this would be a recommended procedure. Another limitation is that the VIP 

is a self-administrated questionnaire, which means that the interpretation for each question may 

vary depending on the individual i.e. systematic bias. Since the dataset is large, this might not be 

an issue, however it makes it difficult to estimate what an average person would regard as “a few 

times per year” when it comes to food frequencies. This could have been a bias when converting 

frequencies into units. 

Conclusion 
Method 

The method of analyzing carbon footprint on individual level applied on such a vast dataset is quite 

unique. This is, to our understanding, the first attempt to analyze GHG-emission on individual 

level in Västerbotten. There are different methods used to estimate the GHG-emission for food, 

and they all differ depending on location, transportation, fertilization etc. The measurements that 

the VIP’s FFQ provides includes 66 food-items, but since the data has mainly been used, and were 

designed to be used for nutritional, and medical research, there are certain limitations implied. 

For example, there are no questions regarding if the food-items were eco-marked, locally produced 

etc. This definitely have an impact on the emission-status of a food-item as well as its nutritional 

value. In order to increase the validity for future research on carbon footprint, additional questions 

in the VIP of this sort would be welcomed. However, the GHG-estimates for each food-item were 

collected from reliable sources, average for Sweden, and a standardization process of portion-sizes 

were made to create better Co2e-estimates for each individual. This resulted in a new dataset that 

can be applied to any population, however better if limited to Sweden, to estimate Co2e-emission 
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on individual level based on an FFQ, given that the FFQ have the same structure as the one in VIP.  

After running the dataset on the >150 000 individuals, it was discovered that the average Co2e-

emission per capita and year, aligned with other research. This result confirms that this method, 

when applied, gives good estimates of carbon footprint. Further analysis, using this method could 

help policy makers, health professionals and other important societal agents to come up with 

solutions on how to push people’s dietary behavior in a better direction, for the climate and for 

public health. 

Results 

People at younger ages, within the observed age groups 40-60, seemed to have reduced the 

increase in their carbon footprint more in relation to the higher age groups over the last 20 years. 

The general differences between diet-based Co2e-emission seems to have evened out, starting with 

great differences between ages in the 90’s, to quite small diversities in the 2010’s. Overall, the 

carbon footprint studied here reported an increase in emission-level over the year i.e. the 

populations of Västerbotten’s diet contributes to more GHG-emission today than in the 1990’s.  

A remarkable dip were noticed in 2003, when the Co2e levels plummeted prominently, however 

this might not have been due to any behavioral changes, since the trend broke in 2006 and 

instantly receded back to the “normal” levels. This mystery remains unexplained in this study.  

 

This result confirms the fact that meat and dairy products are responsible for a significant amount 

of the diet-based emission. Even though the studied population are fairly old, and may not be 

interested in changing dietary behavior in order to help the environment, at least we can use this 

method to motivate social behavior, policy makers and other stakeholder to alter society into a 

more environmentally friendly fashion.  
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Appendix 
 

Calculations 

𝐶𝑜𝑑𝑒 0: 𝑧𝑒𝑟𝑜 𝑡𝑖𝑚𝑒𝑠 𝑝𝑒𝑟 𝑦𝑒𝑎𝑟 = 0 

𝐶𝑜𝑑𝑒 1: 𝑒𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑑 𝑡𝑜 5 𝑡𝑖𝑚𝑒𝑠 𝑝𝑒𝑟 𝑦𝑒𝑎𝑟 = 5 

𝐶𝑜𝑑𝑒 2:
1 + 3

2
∗ 12 𝑚𝑜𝑛𝑡ℎ𝑠 𝑝𝑒𝑟 𝑦𝑒𝑎𝑟 = 24 

𝐶𝑜𝑑𝑒 3: 1 ∗ 52 𝑤𝑒𝑒𝑘𝑠 𝑝𝑒𝑟 𝑦𝑒𝑎𝑟 = 52 

𝐶𝑜𝑑𝑒 4:
2 + 3

2
∗ 52 𝑤𝑒𝑒𝑘𝑠 𝑝𝑒𝑟 𝑦𝑒𝑎𝑟 = 130 

𝐶𝑜𝑑𝑒 5:
4 + 6

2
∗ 52 𝑤𝑒𝑒𝑘𝑠 𝑝𝑒𝑟 𝑦𝑒𝑎𝑟 = 260 

𝐶𝑜𝑑𝑒 6: 1 ∗ 365 𝑑𝑎𝑦𝑠 𝑝𝑒𝑟 𝑦𝑒𝑎𝑟 = 365 

𝐶𝑜𝑑𝑒 7:
2 + 3

2
∗ 365 𝑑𝑎𝑦𝑠 𝑝𝑒𝑟 𝑦𝑒𝑎𝑟 = 912 

𝐶𝑜𝑑𝑒 8: 4 ∗ 365 𝑑𝑎𝑦𝑠 𝑝𝑒𝑟 𝑦𝑒𝑎𝑟 =  1460 

FFQ table 

FFQ Food 

co2 
SLU 
lower 

co2 
SLU 

average 

co2 
SLU 

higher 
co2 

comments 
Portion 
size (g) 

Portion size 

definition 

L kg 

co2e / 

portion  

A kg 

co2e / 

portion  

H kg 

co2e / 

portion  

Reference to 

portion 

1 
“Bregott” on a 
sandwich 6 8 10 

only one 
value for 
butter 10 

Content of 

a small 

package 0,06 0,08 0,1   

2 
Butter on a 
sandwich 6 8 10   10 

Content of 

a small 

package 0,06 0,08 0,1   

3 

Low fat 
margarine on a 
sandwich 1 2 1,6 

only one 
value for 
margarine 10 

Content of 

a small 

package 0,01 0,015 0,016   

4 
Margarine on a 
sandwich 1 2 1,6   10 

Content of 

a small 

package 0,01 0,015 0,016   

5 
Butter for 
cooking 6 8 10   10 

Content of 

a small 

package 0,06 0,08 0,1   

6 
Margarine for 
cooking 1 2 1,6   10 

Content of 

a small 

package 0,01 0,015 0,016   

7 Oil for cooking 0,5 2 2,5 
only one 
value for oil 10 Estimation 0,005 0,015 0,025   

8 
Salad dressing 
with oil 0,5 2 2,5   10 Estimation 0,005 0,015 0,025   

9 

Cream, cream 
fraiche,sour 

cream 2 4 6 
only cream 
included 10 Estimation 0,02 0,04 0,06 

 (“Crème 

Fraiche,”) 

10 

Hard bread 
(e,g, 
“Husmans”)         24 

Crisp bread 

wholemeal 

rye fibre 

15,5% 

Wasa 

Husman 0 0 0   
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FFQ Food 

co2 
SLU 
lower 

co2 
SLU 

average 

co2 
SLU 

higher 
co2 

comments 
Portion 
size (g) 

Portion size 

definition 

L kg 

co2e / 

portion  

A kg 

co2e / 

portion  

H kg 

co2e / 

portion  

Reference to 

portion 

11 
Whole meal 
bread 0,5 1 1,2 

only one 
value of 
"plain bread" 
included 40 

Bread 

wholemeal 

barley fibre 

c 3% 0,02 0,032 0,048   

12 White bread 0,5 1 1,2   30 

White 

bread fibre 

c 5% e,g, 

Jättefranska 0,015 0,024 0,036   

13 Biscuits, buns         30 
Almond 

bun 0 0 0   

14 

Medium-fat 
Cheese (28% 
fat) 6 8 11 

only one 
value for 
cheese 15 

Hard 

cheese fett 

28%  0,09 0,12 0,165   

15 
Low-fat cheese 
(10-17% fat) 6 8 11   15 

Hard 

cheese fat 

17% 0,09 0,12 0,165   

16 

Sausage or 
pâté on 
sandwich 9 16 24 

only one 
value for 
"cured meat, 
sausage" 15 Estimation 0,135 0,24 0,36   

17 
Meat on 
sandwich 9 16 24   15 Estimation 0,135 0,24 0,36   

18 

Porridge 
(Oatmeal, 
whole wheat, 
rye, or barley) 0,4 1 0,9   175 

Oatmeal 

gruel 0,07 0,105 0,1575   

19 

Rosehip,-or 
other fruit-
soup         200 

Rosehip 

beverage 

fortified 0 0 0   

20 
Yogurt, sour 
milk 0,8 1 2,5 

only one 
value for 
sour milk 200 

Yoghurt 

natural fat 

3%  0,16 0,2 0,5   

21 
Light yogurt, 
light sour milk 0,8 1 2,5   200 

Fruit 

yoghurt fat 

< 0,05% 0,16 0,2 0,5   

22 
Muesli (flake & 
grain)         30 

breakfast 

cereal e,g, 

corn flakes 

fortified 0 0 0   

23 
Corn-flakes, K-
special etc         30 

breakfast 

cereal e,g, 

corn flakes 

fortified 0 0 0   

24 
Berries, fresh 
or frozen         125 Blueberries 0 0 0   

25 

Apples, pears, 
peaches, 
oranges, 
tangerine, 
grape fruit 0,1 1 1,2 

combination 
of citrus and 
apple/pear 125 

Apple w/ 

skin, 

orange 0,0125 0,0625 0,15   

26 Bananas 0,2 1 1,2   105 Banana 0,021 0,063 0,126   

27 
Carrots, root-
crops 0,1 0 0,9   70 Carrot 0,007 0,014 0,063   
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FFQ Food 

co2 
SLU 
lower 

co2 
SLU 

average 

co2 
SLU 

higher 
co2 

comments 
Portion 
size (g) 

Portion size 

definition 

L kg 

co2e / 

portion  

A kg 

co2e / 

portion  

H kg 

co2e / 

portion  

Reference to 

portion 

28 
Tomato, 
cucumber 0,2 1 6,5   50 

Tomato, 

cucumber 0,01 0,06 0,325   

29 

Salad, 
spinach, 
broccoli, 
cabbage 0,1 1 6,5 

combination 
of "cabbage" 
and "green 
sallad" 70 cabbage 0,007 0,084 0,455   

30 
Cooked or 
baked potatoes 0,1 1 1   175 

Potato 

cooked w 

salt 0,0175 0,1925 0,175   

31 
Fried potato, 
french-fries 0,1 1 1   150 

French 

fries 17% 

fat 

restaurant 0,02 0,17 0,15   

32 Rice 1,5 2 3   180 

Rice long 

bioled, rice 

round 

boiled 0,27 0,36 0,54   

33 
Spaghetti, 
macaroni 0,8 1 0,8   175 

cooked 

pasta w salt 0,14 0,14 0,14   

34 

Beans, pea-
soup, other 

beans 0,2 1 1,4   130 

Green 

beans, 

White 

beans dried 

boiled w/ 

salt, Soya 

bean patties 

fried 

(Because of 

different 

portion 

sizes, 

average 

value were 

derived) 0,026 0,091 0,182   

35 

Pancakes, 
waffles, potato 
Dumplings         225 

Pancake 

thick, 

Pancakes 

thin home-

made 0 0 0   

36 Pizza         350 

Pizza 

Capricciosa 

smoked 

ham 

restaurant 0 0 0   

37 

Dishes based 
on Minced 
meat 14 22 34 

80% beef, 
20% porc, 
Co2 is 
calculated 
from Whole 
meat and 
Bacon 150 

Minced 

meat sauce 

home-made 

in cast iron 

pan 2,16 3,3 5,04 

 (“Svenskt kött – 

Nötfärs,”) 

38 Meat stews 10 16 24 

1 portion is 
250g and 
includes 150g 
beef = 60% 
beef, so 250 

Beef stew 

Stroganoff 2,55 3,9 6 

 (“Krämig biff 

stroganoff med 

bellaverde,”) 
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FFQ Food 

co2 
SLU 
lower 

co2 
SLU 

average 

co2 
SLU 

higher 
co2 

comments 
Portion 
size (g) 

Portion size 

definition 

L kg 

co2e / 

portion  

A kg 

co2e / 

portion  

H kg 

co2e / 

portion  

Reference to 

portion 

based on 
that 60% of 
co2 from 
Whole meat 

39 
Whole meat 
(steaks, chops) 17 26 40 

values 
originate 
from 
"unprocessed 
beef" 85 

Beef steak 

sirloin fried 1,445 2,21 3,4   

40 Bacon 4 6 8 

values 
originate 
from 
"unprocessed 
pork" 70 

Bacon 1/2 
package 0,28 0,42 0,56 

 (“Bacon från 

grunden,”) 

41 
Sausage as a 
dish 9 16 24   50 

Sausage 

hot dog 

fried 0,45 0,8 1,2   

42 Hamburgers 29 36 45 

To get the 
co2 into kg, 
each 
segment of 
co2 is 
multiplied by 
8 to yield the 
estimated 
numbers 125 

Hamburger 

w bread 

pickled 

cucumber 

cheese 3,6 4,5 5,6 

 (“Carbon footprint 

of a burger,”) 

43 
Chicken, 
poultry 1,7 3 4   125 

Chicken 

boiled 0,2125 0,375 0,5   

44 
Low-Fat fish 
(bass, codfish) 1,5 3 7 

only one 
value of fish 125 

Sea bass 

grilled 0,1875 0,375 0,875   

45 

High fat fish 
(herring, 
salmon) 1,5 3 7   125 

Salmon 

fried 0,1875 0,375 0,875   

46 
Salted fish 
(salted herring) 1,5 3 7   125 

Herring 

salted 

poached 0,1875 0,375 0,875   

47 
Smoked fish, 
smoked meat 1,5 3 7   100 

Smoked 

ham pork 

fat 6%  0,15 0,3 0,7   

48 Ice-cream 2 2 2   75 

Low fat ice 

cream fat c 

5% 0,15 0,15 0,15   

49 

Sweets 
(chocolates, 
candy) 1 2 4   52,7 

Snickers 
bar 0,0527 0,1054 0,2108  (“Snickers®,”) 

50 

Sugar, honey, 
marmalade, 
Jam 0,4 1 0,9   20 

Raspberry 

jam 0,008 0,012 0,018   

51 
Cookies, 
pastries         40 

Pastry w/ 

almond 

dough and 

chocolate 0 0 0   

52 
Chips, 
popcorn,         25 

OLW 
potato 
crisps 0,05 0,05 0,05  (“OLW.se,”) 
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FFQ Food 

co2 
SLU 
lower 

co2 
SLU 

average 

co2 
SLU 

higher 
co2 

comments 
Portion 
size (g) 

Portion size 

definition 

L kg 

co2e / 

portion  

A kg 

co2e / 

portion  

H kg 

co2e / 

portion  

Reference to 

portion 

salted peanuts 
etc, 

53 
Low-fat milk 
(0,5% fat) 0,8 1 5   200 

Milk and 

UHT milk 

fat 3% 0,16 0,2 1   

54 
Medium milk 
(1,5% fat) 0,8 1 5   200 

Milk and 

UHT milk 

fat 3% 0,16 0,2 1   

55 

Standard milk 
(3% fat) “home 
milk" 0,8 1 5   200 

Milk and 

UHT milk 

fat 3% 0,16 0,2 1   

56 

Soft drinks, 
Coca-

Cola,lemonade, 
nectar, juice 0,3 0,3 0,3   200 

Orange 

juice fresh 0,06 0,06 0,06   

57 
Regular coffee 
(filtered coffee) 2 3 10   150 

Coffee 

brewed 0,0165 0,45 1,5   

58 “Boiled” coffee 2 3 10   150 
Coffee 

brewed 0,0165 0,0248 0,0825   

59 Tea 2 3 10   250 Tea brewed 0,004 0,006 0,02   

60        0.0 0.0 0.0  

61 

Light beer < 
2,25 % Alcohol 
by volume 1,4 2 2,6 

same for all 
beer, 
Calculations 
are found in 
XXX 500 

Light beer 
can 0,7 1 1,3  (“Systembolaget,”) 

62 

“Folk” beer 
2,25 - 3,5 % 
Alcohol by 
volume 1,4 2 2,6   500 

Folk beer 
can 0,7 1 1,3   

63 

Strong beer 
>3,5 % Alcohol 
by volume 1,4 2 2,6   330 

strong beer 
can 0,462 0,66 0,858   

64 Wine 1,6125 1,6125 1,6125 

1,29 per 
750g = 
1,6125/kg 120 Wine 0,1935 0,1935 0,1935 

 (“Hur många glas 

ur en flaska?,”) 

65 
Hard liquor, 
spirits         40 hard liquor 0 0 0   

66 Water 0 0 0 estimation 200 

normal tap 
water 0 0 0   
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Graphs 

 

Graph 7. Average diet-based Co2e-emission per capita for the different education-level-groups 1,2,3 over the years 1997-2014 

 

Graph 8. Average diet-based Co2e-emission per capita for men and women over the years 1997-2014 
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Graph 9. Average diet-based Co2e-emission per capita for the 15 different municipalities over the years 1997-2014. Note: this 
is the graph were Coffee were manipulated to weigh 20 times more that in reality in terms of Co2e. 
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Tables 
Table 5. Residual plots for the linear regression including fitted values, predicted values, normality assumption and leverage. 
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Table 6. Residual plots for the linear regression including fitted values, predicted values, normality assumption and leverage. 
The difference between this table and Table 5 is that the dependent variable mean Co2e is log-transformed. 

  

  
 

 


