
 

 

Bachelor thesis in Economics, 15 hp 

Economics C100:2 

Autumn 2018   
 

 

 

 

 

 

 

 

ENVIRONMENTAL TAX ON 
FOOD IN SWEDEN 

How can taxation affect emissions from 

protein consumption? 

Author: Philip Dahlqvist-Sjöberg 

 

  



  



Abstract 

This study investigates how policy reform can reduce emissions from the consumption of 

protein goods in Sweden. The data material used is time-series aggregated sales and price 

indexes on an annual basis of goods: beef, pork, poultry, fish, and egg, together with 

respective mean kilograms of emissions. To calculate the tax, elasticities have been estimated 

using the LA/AIDS model to find the theoretical appropriate excise tax of approximately 1.70 

SEK per kilograms of emissions. This tax yields a reduction in emissions of ten percent based 

on the results from the model.  

 

The study also provides the insight that public data within the field of the environmental food 

industry is limited but would, if available, provide useful analysis to decelerate global 

warming. The estimations in the study lack significance but is in linear with previous studies 

and with enough data, the results would give a more accurate course of action to follow.  
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1. Introduction 

Food is the third largest industry in Sweden (Livsmedelsföretagen, 2017). This has inflicted 

that the industry puts constraints on the environment and contribute to global warming, 

especially the livestock industry (Säll, 2016). Since all citizens in a modern society consume 

commercialized food products, this gives the incentive to investigate how policy reforms could 

provide a reduction of emissions in a fair manner when all consumers will be affected equally.    

 

Emissions of GHG is a source of air pollution, which influences both a local and global scale. 

In order to decrease emissions, it needs to happen on a global scale (Jordbruksverket, 2013). 

GHG has, from Anthropogenic warming (Carlsson-Kanyama & González, 2009),  created a 

hole in the stratospheric ozone layer in the Antarctic (Houghton, 2005)(Outlook, n.d.) and 

impose dangers to both humans in the north and the crops there.  

 

In attempts to slow down and eventually stop global warming, organizations, governments and 

other stakeholders have found it very hard trying to collaborate on this global problem 

(Simonis, 2013). In our modern society with monetary aspects as fundamental importance, 

everyone is reluctant to give up economic growth for more environmentally friendly production 

(Simonis, 2013). Evidence shows that at least in the early stages of economic growth, the 

environment will take damage in the process (Developmenr, 1992). For developing countries, 

this becomes an issue when the tradeoff between growth and preserving the environment might 

be crucial. At the same time, it is the poorer people that suffer the most from global warming 

(Outlook, n.d.), hence has the most incentive to leave poverty by any means possible. 

 

The United Nations (2015) formed an agreement during a convention in Paris to slow down 

global warming. The basic long-term goal is to keep the increasing average global temperature 

to below 2 degrees Celsius with control level from pre-industrialization.  Countries all around 

the world participated in this agreement but it has proven the complexity of a global problem 

in pleasing all parties.  

 

Since 2005, all member states of the EU and four more countries have been bound by the 

Emission Trading System (ETS), which is a cap system for emissions of GHG (Commission, 

2016). The EU ETS is an attempt to restrict pollution by implementing a trading scheme for 

emission rights and penalties for exceeding the amounts allowed (Commission, 2016). Their 
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target is to reduce the amount of GHG emitted in the trading sector with 20 percent till 2020 

and at least 40 percent till 2030.  

 

Sweden has imposed additional actions to reduce emissions with a CO2 tax created in 1990 

(Martinsson & Fridahl, 2018). This tax will punish on emitting and not directly on consumption 

and has its pros and cons, with the pros is a percentage cost for the production of more 

environmentally hazardous goods reducing these types of productions (Martinsson & Fridahl, 

2018). Further, it is socially effective with a tax on production when the incentive for less 

energy demanding methods become more economically justified by the corporations. Cons are 

that there is production leakage, where the cost of production goes up in Sweden and foreign 

competitiveness increase (Carlin & Soskice, 2006). The excise tax is registered at 1.15 SEK on 

every kilogram of CO2 emitted (Martinsson & Fridahl, 2018).  

 

Anthropogenic GHG emissions is a combination of CO2, N2O, and Methane (CH4) (Carlsson-

Kanyama & González, 2009) which together is the emissions imposed by humans. The latter 

two gases are more common in the production of food (Carlsson-Kanyama & González, 2009). 

When the large focus is directed on CO2 with the EU ETS and CO2 tax in Sweden, the CH4 is 

what is increasing. Report from the Food and Agriculture Organization (FAO) (2003) indicates 

that emissions from CO2 are expected to stabilize or decline till 2030, while CH4 will increase 

from livestock by approximately 60 percent.  

 

Steinfeld, Gerber, Revolu-, & Revolution (2010) reports that meat is one of the food groups 

that is increasing all around the world and has a huge impact on the environment. Even with 

restrictions on domestic production in Sweden, imported meat and cattle food implies a 

constraint on the environment but is still economically justified due to the benefits of trading. 

In 2009 Sweden imported of the total consumption 53% beef, 35% pork, and 30% poultry 

(Röös, 2014), which has besides the production emissions also the pollution from 

transportation and sometimes repackaging.   

 

However, Röös (2014) reports that most of the pollution from livestock is not a consequence 

of machines, but a sequence from the animals processing cattle food. Enteric fermentation is 

the process that takes place inside the animal bowels when carbohydrates are broken down into 

molecules and emit CH4 and N2O. She further explains the complexity in restricting the 

emissions from agricultural industries. Companies can easily change for more energy-efficient 
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processes and reduce CO2 emissions, but the emissions from the enteric fermentation is a 

natural process that cannot be changed. The only way of reducing these substances is simply 

by reducing the production altogether.  

 

In Mat-Klimat-Listan, Röös (2014) lists food groups and their respective emissions from CO2e. 

From the subgroup protein, she lists the products in Table 1. This group of commodities is of 

interest to observe when reducing emissions from protein production in Sweden.  

Table 1. Protein goods, with respective emissions. 

 
Mean kg of CO2e emission 

 
Item Mean Variation Amount 

Fish 3 0.7 - 28 /kg fillet 

Beef 26 17 - 40 /kg bonefree meat 

Pork 6 4.0 - 8 /kg bonefree meat 

Poultry 3 1.7 - 4 /kg bonefree meat 

Egg 2 1.4 - 4.6 /kg Egg 

Lamb 21 15 - 33 /kg bonefree meat 

Wild stock 0.5 -- /kg bonefree meat 

Ground beef 16 9.0 - 24 /50% beef, 50% pork 

Charcuterie 7 4.0 - 10 /Falukorv 40% meat 

Shellfish 3 0.7 - 28 /kg shellfish 

Quorn 4 -- /kg Quorn 

Meat substitutes 3 1.0 - 6.0 /kg 

Nuts 1.5 1.0 - 4.0 /kg 

Legumes 0.7 0.2 - 2.0 /kg dried good 

Unit of emission is in a kilogram. Table content is obtained from  

Mat-Klimat-Listan (Röös, 2014) 

 

The purpose of this study is thereby: 

• Can a targeted emission tax reduce pollution from protein consumption in Sweden? 

 

The purpose question can be answered by observing the demand function for different kinds 

of meat within the subgroup protein. With estimated elasticities, we can calculate and impose 

a policy reform on emissions for these goods based on their respective emissions. This would 

change consumer behavior (H. Stock & W. Watson, 2015) to advocate more environmentally 

friendly protein sources. 
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To calculate the elasticities, aggregated time-series data on sales and prices from both Statistics 

Sweden and Jordbruksverket has been used covering the period, 1980-2006. The food items 

chosen for this study is based on Röös (2014) list for some of the goods and their respective 

emissions: Fish, beef, pork, poultry, egg, legumes, nuts, and lamb. These will intuitively 

represent the subgroup protein for Swedish consumers as a generalized assumption.    

 

Previous studies revolving the subject is discussed in chapter two followed by a chapter on the 

theory in use, namely Almost Ideal Demand System. The process of empirical testing is 

presented in chapter four, with a closer look at the data in chapter five. In chapter six and seven, 

the result and discussion are introduced together with potential problems with the model and 

data used.  

 

2. Literature review 

A Swedish study by Jordbruksverket (2009a) has investigated the changes in consumption on 

the Swedish market from changes in food prices. It observes the time period from 1960-2006 

and uses the LA/AIDS model to estimate price and income elasticities for many different food 

groups. One that has had extra focus is the subgroup protein. They conclude that protein has 

one of the biggest substitution effects and poultry is the one item that has had the largest effect 

from price increases on beef. Further, the study also shows that the income effect is positive 

on meat, meaning when peoples expenditure functions increase, they seem to consume more 

of these goods. They also discuss briefly how exogenous factors affect our consumption, one 

of them is social structures and advertisement.  

 

In their analysis, Jordbruksverket (2009a) comes with the insight that there is a trend of 

increasing elasticities within the food industry, except for the subgroup vegetable where 

demand seems to be relatively unaffected by changes on price. Protein has an estimated 

elasticity below negative one, hence, will reduce more in consumption than the price increase. 

They also observe that: meat, fish, and bread are luxurious goods, vegetable, fruit, dairy, and 

egg are normal goods, and potato is an inferior good.  

 

Another study by Jordbruksverket (2013) discusses the effect on climate change from meat 

consumption in Sweden. They explain how we need to substitute at least some types of meat 
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for more environmentally friendly alternatives, such as vegetation-based products. They further 

discuss how reaching climate goals will not be fulfilled by voluntary changes, but by 

implementing environment taxation and regulations. Alternatives on taxation on livestock 

emissions are brought up as a possible solution to many problems, but also the complexity of 

how one would be conducted. By introducing a tax on several animals, spill-over effects will 

punish the domestic market. Further, calculating accurate estimations on the damage the 

industry is responsible for on an ad-hoc basis, is basically impossible. The alternative they 

bring up is an excise tax put on consumers based on an aggregated estimation of emissions for 

different animals. This would be possible to calculate and perform under restrictions set out by 

the government and resulting in a reduction of emissions. 

 

Säll (2016) reports the environmental and health benefits of reducing consumption of mainly 

meat and dairy. Livestock production is responsible for approximately 18 percent of the total 

anthropogenic GHG and is the effect of increased consumption of livestock. The article focuses 

on different aspects of the environmental issues caused by both cattle and the circumstances 

with the harvesting of large areas to handle livestock.  

 

Further Säll (2016) summarizes four papers concerning implementing taxation on emissions to 

reduce the consumption of livestock products. A key realization is a complexity of measuring 

elasticities on consumption when adjusted to all external factors, but the first paper tries to 

handle the problem by using the AIDS model.  

 

The first paper is from Säll & Gren (2015) where they investigate a Pigouvian tax on beef, 

pork, chicken, milk, fermented products, cheese, and cream to reduce emissions in Sweden 

from GHG, nitrogen, ammonia, and phosphorus. The article reports an increase in price on the 

different goods to vary between 1.8 and 32.5 SEK per kilogram of product. The own price 

elasticities were relatively low and income elasticities relatively high for all goods. Dairy 

products were reported to be less price sensitive then meat, but a reduction of 12.1 percent in 

the livestock industry is achievable with an increase of 1.8 SEK per kilogram in CO2e from 

taxation.  

 

Röös (2014) has written a paper with the latest update 1.1 discussing how the food has a huge 

environmental footprint. However, with more energy efficient production and changes in 

consumer preferences, we can have radicle improvement for the environment. She discusses 
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the difficulties of measuring emissions when the chain of production is long and complex but 

provides a detailed and valid list of emissions and impacts from many different goods within 

subgroups of food.  

 

Food consumption is estimated to be liable for approximately 25 percent of the average 

Swedish citizens' emissions. In previous studies of environmental impact from food 

consumption, larger groups of good have been estimated such as bread, milk, and beef, but she 

argues that we need to look in more detail to investigate the possible changes that can be made 

to mitigate emissions from the food industry. Her study is based on the environmental goals 

set out by the Swedish government where the complexity is large in distinguishing what to goal 

to target, but a synergetic effect is involved when focusing on one of the 15 environmental 

goals. Within the calculations of emissions, Röös has considered the production, transportation, 

preparation of food, and waste to give the most accurate estimation of mean emissions.  

 

Röös is a well-sited researcher from SLU at Uppsala University, however, Mat-Klimat-Listan 

is not a peer-reviewed article. This provides uncertainty about the respective emissions 

presented from this source, but as she as well as Säll (2016) discusses, the level of emissions 

from different goods is almost impossible to calculate and generalize. This is due to a large 

amount of imported meat where regulations on production differ amongst countries and 

businesses. Hence, Mat-Klimat-Listan provides a well-estimated generalization on the Swedish 

consumer market to use as a benchmark for this study.    

 

Martinsson & Fridahl (2018) writes about the highest and oldest environmental tax in the 

world, the CO2 tax in Sweden. They discuss how the tax is said out to be in theory a very 

technical neutral and cost minimization tax, but how it works differently in practice. The tax 

does not cover all sectors in Sweden and is not completely homogenous in the once covered. 

Different sectors are being treated differently with subsidies for some energy-consuming 

industries, while others are being punished harder. This has resulted in skewness in the tax and 

the actually paid tax is approximately 54 percent below the expected value. This is also based 

on the struggle of calculating the emissions from the different uses of energy. This leads to 

imbalances on the market for emission taxation.  
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To conclude, the authors have seen a trend in tax reductions in sectors who are threatened by 

leakages in production, for example, agriculture, transportation, and production industry when 

the tax is put on the producer. 

 

In order to examine the demand on food, Tiffin, Balcombe, Salois & Kehlbacher (2011) 

provides the insight that the Almost Ideal Demand System (AIDS), alongside the Rotterdam 

model, has been proven to be statistically significant good methods. They both rely on 

theoretical restrictions to be tested statistically, that other methods don’t fulfill. Further, they 

provide evidence for multiple studies in Europe to use the AIDS model when estimating 

elasticities on food.  

 

Deaton & Muellbauer (1980) developed the ADIS model to estimate elasticities based on 

previous models, such as the Rotterdam model, to simplify the estimations. It is a first-order 

approximation usable for any demand system, possible to aggregate over all consumers. Their 

study shows that food has a positive own-price elasticity, however, it is not significant, and the 

parameter estimation indicates food to be a necessity good while for example tobacco is a 

luxury good, using British data from 1954-1974.  

 

3. Theory 

In this study Deaton and Muellbauer’s (1980) demand system, Almost Ideal Demand System 

(AIDS), has been used to investigate the own price elasticity as well as cross-price elasticity. 

One assumption that has been made is based on the neoclassic demand theory how normal 

goods react from substitution and income effect, where one will consume less if the relative 

price goes up (Gravelle & Rees, 2004).  

 

Further, they provide an extension to the original model, namely Linear Almost Ideal Demand 

System (LA/AIDS). This model is calculated with Stone Price Index to allow linear 

approximated parameters and is preferred when analyzing microdata based on the possibility 

to measure response error using Instrumental Variable methods and smooth over problems 

arising when using relatively many variables and large sample.  (Pashardes, 1993).  
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3.1 Weak Separability and Multi-step Budgeting 

Weak separability implies that the preferences, hence, the marginal rate of substitution of 

consumption is independent between groups of goods. The full expenditure function of a 

consumer is based on many different goods. The AIDS model is based on weak separability 

where the function splits into smaller sections of consumption (A Deaton & Muellbauer, 1980). 

The total consumption at a specific time is everything that the population consumes, and food 

is an important share of consumption in modern society for survival. Within food, there are 

many subgroups such as protein, vegetables, drinks etcetera that together covers all food items 

available for consumption. In this study, the utility of the subgroup protein is of interest and 

has been categorized as mentions earlier into eight items.  

 

𝑈 = 𝑢(𝑥1, 𝑥2, 𝑥3, 𝑥4, 𝑥5, 𝑥6, 𝑥7 … , 𝑥𝑛) = 𝑓[𝑢1(𝑥1, 𝑥2, 𝑥3)𝑢2(𝑥4, 𝑥5, 𝑥6)𝑢3(𝑥7, … )𝑢𝑛(𝑥𝑛)      (1) 

 

Equation (1) illustrates separability and how utility from consuming all goods on the market 

can be transformed into a function of the separated utilities of different subgroups. With the 

assumption of weak separability, the preference of consumption between u1 and u2 are 

independent of each other. This allows for empirical simplifications such as ignoring patterns 

between goods of consumption and allocations between different periods of consumption.   

 

Deaton and Muellbauer (1980) explain another assumption in AIDS modeling to be the 

distinction of budgeting. As mentioned, the model works from a selected commodity group 

where the different shares on goods within the group are being observed and estimated. 

Jordbruksverket (2009a) has estimated the first step of budgeting, food, to cover in 2006 on 

average 13% of consumers total purchasing power. Further, the second step of budgeting is 

food separated into seven groups, where meat is approximately 35% of the total consumption 

of food. This is the commodity group observed in this thesis and this is an important assumption 

for the model.  

 

The assumption of weak separability and multi-step budgeting allows for a change within the 

observed group to not have a spill-over effect on other groups (A Deaton & Muellbauer, 1980). 

This assumption is predicted to be good in the short-run but may have some flaws in the long-

run. Consumer behaviors will most certainly change over time and new goods may fit the 

commodity group today but not in the future, implying an actual spill-over effect from changes 
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within the group. The use of econometrics is to simplify reality (H. Stock & W. Watson, 2015) 

and this assumption is no difference. Within all groups, there are smaller subgroups which can 

be separated into many different ways, but these simplifications are necessary for analysis (A 

Deaton & Muellbauer, 1980).  

3.2 Theoretical model: An Almost Ideal Demand System 

The AIDS model has become relatively popular for estimating demands, not only in general 

household demand but also in a vast majority of fields such as emissions (Henningsen, 2011). 

Within the model, we use a Stone Price Index to create linear predictions about the elasticity 

(A Deaton & Muellbauer, 1980) which is found in (10).  

 

Following is a close derivation of the model that Deaton and Muellbauer (1980) provide in 

their paper, which is the source if none else is presented.  

 

The basis of AIDS is a preference system called PIGLOG. This system is used to create the 

market demand of all rational consumers aggregated demand represented as a single 

maximizing consumer. When aggregating the consumer demand problems arise due to 

macroeconomics does not necessarily work like microeconomic, which can provide problems 

to fulfill conditions of symmetry and separability. PIGLOG assumes that all consumers face 

equal pricing on goods and the only factor differentiating the consumers is their respective 

expenditure levels. Their respective expenditure levels are hence aggregated forming a single 

utility function.  

 

The utility function is cost minimized to fulfill the condition of utility maximization, and 

defines as:  

 

ln 𝑐(𝑢, 𝑝) = (1 − 𝑢) ln[𝑎(𝑝)] + 𝑢 𝑙𝑛[𝑏(𝑝)] 0 ≤ 𝑢 ≤ 1  (2) 

 

Where 𝑐(𝑢, 𝑝) is defined as the cost for the utility u in relation to price vector p. As shown in 

the right-hand side of the equation, the utility is presented within an interval of zero and one 

where a higher value represents higher wealth. Further 𝑙𝑛 [𝑎(𝑝)] and 𝑙𝑛 [𝑏(𝑝)] can be derived 

as follows:  
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ln[𝑎(𝑝)] =∝0+ ∑ ∝𝑖𝑖 𝑙𝑛𝑝𝑖 +
1

2
∑ ∑ 𝛾𝑖𝑗

∗
𝑗𝑖 𝑙𝑛𝑝𝑖  𝑙𝑛𝑝𝑗   (3) 

 

ln[𝑏(𝑝)] = 𝑙𝑛𝑎(𝑝) + 𝛽0 ∏ 𝑝𝑖
𝛽𝑖

𝑖     (4) 

 

If we substitute (3) and (4) into the utility function, we get: 

 

ln 𝑐(𝑢, 𝑝) = ln[𝑎(𝑝)] = (1 − u)[∝0+ ∑ ∝𝑖𝑖 𝑙𝑛𝑝𝑖 +
1

2
∑ ∑ 𝛾𝑖𝑗

∗
𝑗𝑖 𝑙𝑛𝑝𝑖  𝑙𝑛𝑝𝑗] +

𝑢[𝑙𝑛𝑎(𝑝)𝛽0 ∏ 𝑝𝑖
𝛽𝑖

]𝑖      (5) 

 

∝, 𝛽, and 𝛾 are parameters that is estimate in the AIDS model to calculate the elasticities. With 

(5), we can use Shephard’s lemma to derive the budget share w of the observed good, based on 

the total amount consumed from that good x.  

 

𝜕 ln 𝑐(𝑢,𝑝)

𝜕 ln 𝑝𝑖
=

𝑝𝑖𝑥𝑖

𝑐(𝑢,𝑝)
= 𝑤𝑖     (6) 

 

Following, (5) provides the budget share dependent on utility and price.  

 

𝑤𝑖 =∝𝑖+ ∑ 𝛾𝑖𝑗𝑙𝑛𝑝𝑗 + 𝛽𝑖𝑢𝛽0 ∏ 𝑝𝑖
𝛽𝑖

𝑖𝑖𝑗     (7) 

Where 

 𝛾𝑖𝑗 =
1

2
(𝛾𝑖𝑗

∗ + 𝛾𝑖𝑗
∗ ) 

 

If we invert (5) so it depends on price and total costs, 𝑢(𝑝, 𝑚), and substitute (7) into (5) we 

get the AIDS demand function in budget shares: 

 

𝑤𝑖 =∝𝑖+ ∑ 𝛾𝑖𝑗𝑙𝑛𝑝𝑗 + 𝛽𝑖ln 
𝑥

𝑝𝑖𝑗     (8) 

 

Where p is a price index defined as:  

 

ln 𝑝 =∝0+ ∑ ∝𝑖 𝑙𝑛𝑝𝑖 +
1

2
∑ ∑ 𝛾𝑖𝑗𝑙𝑛𝑝𝑖𝑙𝑛𝑝𝑗𝑖𝑗𝑖    (9) 
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Here, we implement the Stone’s price index to estimate the parameters linear, which is used in 

the LA/AIDS model and is what we want.  

 

𝑙𝑛𝑝∗ = ∑ 𝑤𝑖𝑙𝑛𝑝𝑖𝑖      (10) 

 

The stone price index provides the linearity from using linear budget shares from (8), compared 

to the exact budget shares in the original AIDS model.  

 

The AIDS model has assumptions that must be fulfilled for (8): 

 

Adding-up 

∑ ∝𝑖𝑖 = 1  ∑ 𝛾𝑖𝑗𝑖 = 0  ∑ 𝛽𝑖𝑖 = 0  (11) 

 

The adding-up assumption is automatically fulfilled since the budget shares are calculated 

using the full expenditure function for the subgroup. This assumption is, however, important 

to accurately shift consumption within the chosen subgroup. Changes in consumption must 

follow a constant marginal rate of substitution function for the AIDS model to work correctly.  

 

Homogeneity 

∑ 𝛾𝑖𝑗𝑗 = 0      (12) 

 

The homogeneity assumption is necessary for the model. This implies that if the budget 

restriction is dependent on income and prices and both these factor changes equally; the 

consumption will not be affected. One example would be if a new currency is implemented, 

both income and prices will change equally and their relationship will be constant, fulfilling 

the assumption.  

 

Symmetry 

𝛾𝑖𝑗 = 𝛾𝑗𝑖       (13) 

 

The symmetry assumption assumes that the Slutsky matrix is symmetrical. This implies that if 

a good becomes nominally cheaper, the substitution effect in the Slutsky equation will move 

consumption symmetrically to the cheaper good from the now relatively more expensive good. 
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The homogeneity and symmetry conditions can be imposed by parameter restrictions but are 

still important to allow maximization on continuous demand in terms of budget and prices. 

 

Monotonicity 

𝑥𝑖𝑡(𝑝𝑡 , 𝑚𝑡) =
𝑚𝑡

𝑝𝑖𝑡
[∝𝑖+ ∑ 𝛾𝑖𝑗𝑙𝑛𝑝𝑗𝑡 + 𝛽𝑖ln (𝑚𝑡 𝑃𝑡)]⁄𝑗 > 0  (14) 

𝑤𝑖𝑡(𝑝𝑡 , 𝑚𝑡) =∝𝑖+ ∑ 𝛾𝑖𝑗𝑙𝑛𝑝𝑗𝑡 + 𝛽𝑖ln (𝑚𝑡 𝑃𝑡)⁄𝑗 > 0   (15) 

 

The monotonicity assumption implies that indifferent curves further out of each other always 

provide higher utility and that the slope is negative.  

 

Concavity 

𝜕𝑒(𝑝𝑡,𝑈𝑡)2

𝜕𝑝𝑖𝑡𝜕𝑝𝑗𝑡
=

𝑚𝑡

𝑝𝑖𝑡𝑝𝑗𝑡
𝑐𝑖𝑗𝑡     (16) 

 

The concavity assumption proves that the expenditure function is concave and there is a unique 

solution to the utility maximization problem.  

3.3 Elasticity  

Shukur (2002) explains in one of his papers in the journal Applied Economics, about how price 

elasticity is used in the AIDS model. The simple explanation of how the elasticity works is that 

it estimates the demand parameter change, most frequently presented in percentage, from a 

change in price on that good. In the case of one observed good, the own-price elasticity is 

according with (17) (H. Stock & W. Watson, 2015). 

 

𝑒 =
Δln𝑥

Δln𝑝
      (17) 

 

However, in the AIDS model, one must calculate the cross-price elasticity simultaneously in 

order to capture the full effect from a percentage change in the price of one good (H. Stock & 

W. Watson, 2015), these steps have been covered in section 3.2. If the cross-price elasticity is 

positive, the goods are a relative substitute to each other and if negative seen as complementary 

good (Jordbruksverket, 2009a).  
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4. Method 

Throughout this study, the statistical tool R (Ihaka & Gentleman, 1993) has been used for all 

statistical analysis if nothing else is mentioned. Further excel has been used to elaborate 

datasets and simple calculations and will be mentioned further on.  

 

All tests in R has R scripts that can be observed at a request for validating of the tests carried 

out. This is possible since the statistical tool is open source.  

4.1 Linear Approximation Almost Ideal Demand System (LA-AIDS) 

To test that Stone price index is used to expand the AIDS model to be linear, five regressions 

with the price for good i as the response and the other goods prices as the independent variables 

were examined for collinearity. The index is usable if the tests provide adjusted r-squared close 

to one (Schalkwyk, 2004). The regressions show value close to one, hence the linear model is 

possible. Since this study uses microdata and previous studies most frequently use the 

LA/AIDS model, the linear model has been used for this study.     

 

To calculate an LA/AIDS model, R has a package that covers these tests in a very user-friendly 

way which is easy to set up, called micEconAids. The package and its steps towards an analysis 

is explained by Henningsen’s (2011) article and has guided the process in R within this thesis 

and is referred to in this section if else not mentioned.   

 

The command aidsEst calculates estimations for the parameter’s ∝, 𝛽, and 𝛾 for the respective 

food item. ∝ represents the intercept of the demand function, 𝛽 is the parameter of the price 

index which indicates a normal good if negative value but a luxury good if positive (A Deaton 

& Muellbauer, 1980). 𝛾 is the parameter of share changes from a price change in any of the 

observed goods (A Deaton & Muellbauer, 1980).  

 

Within the package micEconAids, there is a built-in assumption test. Command aidsConsist 

checks Adding-up, Homogeneity, Symmetry and Monotonicity assumption if the index is set 

to Stone Price Index, and command adisConcav checks Concavity.  
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4.2 Economic policies to use the model 

Naturvårdsverket (2018) has published the framework from the Swedish government showing 

the environmental long-term goals in Sweden and its industries. As explained in the 

introduction, most of the power strokes for environmental improvement is regulated through 

the EU ETS, however, the Swedish government has also introduced their own goals covering 

the non-trading sector. This goal is, as mentioned in section 1, to reduce emissions by 40 

percent since the base-year 1990. During the period 1990-2017 the emissions has been reduced 

by 30 percent and has yet to decrease 10 percent. This last step to reach the set-out goal will 

serve as the benchmark for how much this CO2e tax should reduce the emissions from 

consumption within the protein subgroup. To estimate a ten percent change of emissions, the 

sales of all goods have been transformed into their respective emissions based on the mean 

pollution from Röös (2014) paper. This way, we have a real price on emissions to consumers 

and can find the appropriate tax to reach a reduction of emissions by ten percent.  

 

An excise tax on emissions is the most appropriate tax to use, equivalently to the CO2 tax 

(Martinsson & Fridahl, 2018). To find the exact value of the excise tax, (19) has been used to 

find the value where the change in emissions is ten percent.  

 

∆𝐶 = ∑ 𝐶𝑖(
𝑝𝑖+𝑡∗𝑐𝑖

𝑝𝑖
∗ 𝑒𝑖𝑗)𝑖𝑗      (19) 

 

The left-hand side represents the total percental change in emissions which is known and will 

help estimate the unknown parameter. The right-hand side with known parameters: Ci as the 

emissions form good i in the year 2006, ci as the emissions from one kilogram of good i, pi as 

the price year 2006 for good i and eij as the elasticity for good i and j is the goods price that 

changes. If 𝑖 = 𝑗 then own-price elasticity is used and if 𝑖 ≠ 𝑗 the cross-price elasticity is used. 

Unknown parameter in righthand-side, t as the excise tax. With (19), we can set the desired 

change in emission to a reduction of ten percent and calculate t.  

 

The tax will imply a price increase on the goods in relation to its mean emissions, which will 

by the magnitude of the elasticities change demand for the goods. The change in demand will 

impose a change in emissions when consumers preferences change within the subgroup of 

protein. Using (19) we can derive how big the excise tax needs to be for achieving a certain 

level of reduction.  
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To simplify the calculations of the results, some assumptions have been made in the analysis 

of the elasticities regarding the policy. In section 3.2 it was shown that separability and multi-

budgeting will provides us with the assumption that total consumption within the subgroup will 

not change despite changes in prices and shares within the group. Another problem we might 

be facing is the fact that elasticities might change once changes on the prices start to happen. 

This is discarded as a problem, but if the price changes are relatively high it can become a 

problem (Cornelsen et al., 2015). Further, we use an LA/AIDS model, which is a linear 

prediction which also can imply some complications since we assume the elasticities to be 

constantly changing upon prices increases.  

 

The purpose of the policy is to reduce emissions from the consumption of protein goods to 

reach the desired goal for 2020 set out by the government, with respect to the level of 

improvement already made in 2017.  

  

5. Data 

The data used in this study is time-series of Swedish annual sales on food gathered form 

Jordbruksverket. The series covers sales from 1980-2006 in thousands of tons. In order to use 

the LA/AIDS model, both a general consumer price indexes (CPI) from Statistics Sweden 

(SCB) and CPI for each specific food item from Jordbruksverket have been collected.  

 

5.1 Data, CPI 

SCB (2018) presents a general CPI for the non-durable industry. This indexic sums all food 

prices together and works as an indicator of how prices evolve over time in general for food in 

Sweden. All prices are in relation to the base year 1980, which is set to 100 SEK, to give a 

relative change in prices.  

 

In order to do the analysis, real CPI has been calculated in excel following (20) (Carlin & 

Soskice, 2006) where CPIi is price index for good i and CPI is the general price index. 

 

𝑅𝑒𝑎𝑙 𝐶𝑃𝐼𝑖 =
𝐶𝑃𝐼𝑖

𝐶𝑃𝐼
∗ 100      (20) 
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Jordbruksverket (2009) provide CPI for different subgroups. This data is, as the general CPI, 

presented with the base year 1980 which is set to 100 SEK to give relative changes of the 

specific prices on food groups. It is important for the analysis that both the general and specific 

CPI both are with the same base year to give an accurate estimation of how prices change.  

 

Unfortunately, this type of data is limited as publicly available and has contributed to 

complications to this study. Available CPI for this time period only covers fish, beef, pork, 

poultry, and egg. However, the decision to continue the analysis has been made because enough 

data is available, and that the available data is the most relevant for estimating the substitution 

effect of beef.  

 

When observing the real prices of the goods in Figure 1 for the entire time period, we can 

extract valuable information. 

 

 

Figure 1. Real prices over the time period 1980-2006 

 

We can see that all land-based meat’s real price has decreased, but fish has had a rather stable 

or increasing price change. This might be one of the reasons why the consumption of meat has 

had such an increase in the last years. Fish has a relatively low constraint on the environment, 

and with the perspective of emissions should have a lower price then for example beef who has 

uncontestably the highest emissions.  

5.2 Data, Sales-statistics 

Data on annual sales of food in Sweden is well gathered and public information. Before the 

21st century, it was Jordbruksverket that handled all the statistical gathering about sales on food 



 
17 

but after the century shift now SCB handles this task. However, full dataset is available in 

Jordbruksverkets database (Jordbruksverket, 2016) but problems may occur due to the lack of 

information about data collecting. 

 

The data is presented in subgroups that covers all consumption on the non-durable goods such 

as meat, vegetable, fish, drinks, alcohol and confectionary items. For this study, data on sales 

has been gathered for all items with available CPI. Observations for fish only covered 1980-

1999 and a prediction of that data has been made to complete the dataset till 2006. A simple 

linear model has with R, estimated predictions of the sales for fish based on the observed sales 

on all other independent sales variables (James, Witten, Hastie, & Tibshirani, 2013).  

 

 

Figure 2. Budget shares observed food items. 

 

The budget shares within the subgroup protein are shown in Figure 2 over all the entire time-

period. We can see an increasing trend of beef and pork, while egg and fish seem to be reducing 

over time. This is exactly the opposite of the intuitive solution mentioned in section 1, where 

beef and pork have the highest impact on the environment, and egg, fish and poultry have the 

least impact.   

 

6.  Results 

In this section of the paper, the tests are presented from the demand system. Further, the 

estimated parameters are presented which is followed by the calculated elasticities based on 

these estimations. Lastly, the results are used to investigate the proposed implementation of a 

policy reform presented in section 4.2.  
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6.1 Model validity 

The conditions shown in section 3.2 has been checked for with the method described in sections 

4.1. Within the package micEconAids, two commands have been used in R. The output with 

the result of these tests are illustrated in Table 2 from the appendix, where we can see that all 

conditions are fulfilled.  

6.2 Estimations from the LA/AIDS model 

In Table 3 the parameters from the LA/AIDS test is presented. The ∝ parameter represents the 

intercept of the slope for the different food items. The 𝛽 column indicates what type of good 

the item is based on demand theory. A positive estimated parameter represents a luxurious 

good and a negative value represents a normal good (Angus Deaton & Muellbauer, 1980). The 

𝛾 parameter is used to estimate the elasticities, which will be presented in the next section 6.3. 

From table 3, we can also observe that all goods are luxurious except for the egg. This result is 

intuitively accurate based on the relatively high prices on the category that represents protein 

in Sweden (Jordbruksverket, 2009a).  

 

Table 3. Regression analysis from the LA/AIDS model. 

Item α β γ Fish γ Beef γ Pork γPoultry γ Egg 

 
 

 

Fish 0.0121 0.0244 0.0280 0.1081*** -0.0564' 0.0059 -0.0856*** 0.6737 

Beef -0.1256 0.0447 0.1081*** 0.1044* -0.0828' -0.0304 -0.0993*** 0.9835 

Pork 0.1450 0.0297 -0.0564' -0.0828' 0.0881 0.0257 0.0255 0.9600 

Poultry -0.2699 0.0656 0.0059 -0.0304 0.0257 -0.0204 0.0193 0.9341 

Egg 1.2384*** -0.1644*** -0.0856*** -0.0993*** 0.0255 0.0193 0.1401*** 0.5828 

Estimated parameters from LA/AIDS model (uncompensated), significance code: 0.001***, 0.01**, 0.05*. 0.1’. 

 

The R2 value presented in Table 3 represents how much the model explains reality. All values 

are relatively high, indicating that the model is a good fit for the data and none of the items 

should be removed.  

6.3 Price elasticities 

In Table 4 the calculated Marshallian price elasticities are presented, based on the estimated 

parameters from Table 3. The bold numbers in the diagonal are own-price elasticities, and the 

others are cross-price elasticities. On the right-hand side of the table, the income elasticity is 

presented.  

𝑹𝟐 
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We observe that all own-price elasticities are negative, indicating that a price increase on any 

good will reduce the consumption on that specific good. Elasticities that are between -1 and 1 

are what we call inelastic (H. Stock & W. Watson, 2015). We observe that all items are 

inelastic, except poultry which has an elasticity of negative 1.2326 percent. Hence, poultry’s 

consumption would be most affected by a change on its own price. Out of the inelastic items, 

fish has the largest effect from a price change, with its own-price elasticity of negative 0.8483 

percent. The least sensitive item is egg with an elasticity of negative 0.2747.  

 

Table 4. Estimated elasticities. 

  
             Price elasticities 

   
Item Fish Beef Pork Poultry Egg Income 

Fish -0.8483 0.6526 -0.4018 0.0168 -0.5729 1.1536 

Beef 0.6304 -0.3980 -0.6030 -0.2272 -0.6821 1.2799 

Pork -0.1959 -0.2823 -0.7470 0.0696 0.0605 1.0951 

Poultry -0.0375 -0.3378 0.0453 -1.2326 0.0382 1.5244 

Egg -0.2427 -0.2854 0.3106 0.1689 -0.2747 0.3234 

Elasticities calculated from estimated parameters in LA/AIDS model. 

 

When observing the cross-price elasticities we can conclude that many of the items are 

correlating. If we increase the price of beef with one percent, we see that all items will reduce 

consumption except fish. Beef will reduce with 0.398 percent and fish will increase with 0.6526 

percent. Hence, fish is a substitute for beef and the other items are not substitutes, however, the 

own-price elasticity of beef is larger than cross-price for pork, poultry, and egg.  

 

The income elasticity represents how the consumption will be affected if (2), increases. We see 

that all larger than 1 are luxury goods, but egg has a smaller value and hence, are a normal 

good. The same result was captured in observing the estimated parameters in section 6.2.  

6.4 Policy reform 

With the estimated elasticities and (19) from section 4.3, the most suitable level of excise tax 

has been calculated to be approximately 1.70 (1.68655) SEK for every kilogram of CO2e 

emissions, shown in Appendix Table 5.  
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Table 6. Changes in consumption. 

Change in 

Excise 

tax: 
 

Budget 

shares* Budget 

consumption 1.68655 
 

2006 shares* 

Fish 10% Increasing 0.10 0.12 

Beef -12% Decreasing 0.19 0.18 

Pork -9% Decreasing 0.26 0.26 

Poultry -12% Decreasing 0.27 0.26 

Egg -5% Decreasing 0.18 0.19 

Total -27% Decreasing 1 1 

Calculated changes in consumption based on the estimations made in Table 5. 

Budget shares have been rounded but do add up to 1. 

 

In Table 6 we see the changes made on consumption with the tax-reform. We can see that fish 

has a positive change. This is because fish has low emissions and hence, has the second smallest 

price change. Also, it has a positive cross-elasticity from beef and poultry, where beef has the 

largest price increase. Beef and poultry have the largest reduction in consumption. This is 

because beef has by far the largest emissions and only negative elasticities, except cross-price 

from fish which does not have a big price increase. Poultry shows the largest own-price 

elasticity and hence, will decrease a lot from its own price increase. Further, in Table 6 we can 

observe that shares of consumption have moved from beef and poultry to fish and egg, but pork 

remains approximately the same.  

 

From Table 5 in the appendix, we obtain that beef has together with the tax, a price increase of 

approximately 20 percent, pork and poultry approximately a four percent increase alongside 

fish and egg with an increase of approximately one and a half percent. All price changes are 

calculated from the year 2006 to give the percentage change with the excise tax.  

 

7. Discussion 

The purpose of this thesis is to investigate if a targeted emission tax on protein consumption 

can reduce emissions. This section will discuss the calculated elasticities used in this study, 

followed by a discussion of the proposed tax-reform and finish off with an overall discussion 

of the study. Problem with publicly available data for food consumption and CPIs for the 

respective food items will be the foundation for continued studies in the subject matter and how 

it has affected these results. Hence, suggestions for continued studies will be presented.  
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The elasticities in this thesis have been calculated with the LA/AIDS model parameters, which 

is in line with Tiffin et al. (2011) a good choice of model to use when estimating elasticities on 

demand for food. By using this model, it has given some benchmarks to rely on when 

comparing the results with previous studies. This model is widely used to estimate elasticities 

however, there are few studies made that investigate this deep into detail for what goods to 

observe. Most frequently scholars are more interested in estimating elasticities between 

different subgroups within the section of food to investigate the changes happening in the 

market overall, but this study has done a deeper analysis to see the changes within one of the 

subgroups.  

 

The estimated elasticities presented in Table 4 shows similar characteristics with 

Jordbruksverket (2009a) estimations. The income elasticities are of similar representation in 

both their study and this one. Further similarities are found in the own-price and cross-price 

elasticities. In Jordbruksverkets (2009a) study, they have used different goods in the LA/AIDS 

model to estimate the elasticities for the subgroup meat. They use beef, pork, poultry, 

charcuterie, and others. This is one of the reasons why the estimated parameters are somewhat 

different.  

 

Since the two studies have used different goods in the LA/AIDS model, we can instead examine 

the aggregated elasticity presented in Jordbruksverkets study. This thesis presents an estimated 

own-price elasticity on fish, beef, pork, and poultry of a range from approximately negative 

0.4 to negative 1.2. Jordbruksverkets study test for aggregated values of meat with an observed 

own-price elasticity of negative 1.12 in the year 2006. Looking at Figure 2 in this thesis, we 

can see that poultry is by far the largest budget share in meat consumption which own-price 

elasticity is roughly negative 1.2. In conclusion, the aggregated elasticity in this study would 

be closer to the estimated own-price elasticity of previous studies for the same time-period. 

This information interprets that even though some elasticities are not the same as in the 

previous study, there are still similarities that give validation to the results made with the model.  

 

The result Säll (2016) provides from one of the papers (Säll & Gren, 2015), an increase of 

CO2e tax with 1.80 SEK per kilogram would yield a reduction of up to 12.1% from only 

livestock. This thesis shows similar results (1.70 SEK) as their previous study which also 

provides validation and legitimation of this analysis.  
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From Table 3 we observe that many of the parameters are insignificant. This incents us to 

believe there are strong uncertainties when calculating the elasticities and we cannot determine 

the correct direction of the parameters. Within this field of study, there are limitations in public 

data. Most of the data from acknowledged sources are such as aggregated sales on year basis 

and short time-periods. In order to use the LA/AIDS model efficient, one must use many data 

points to calculate accurate point-estimations which can be achieved by for example using 

monthly data for a longer time period.  

 

This study has only observed the reduction of CO2e emissions, but for many of the goods, there 

are other bad externalities that do occur. One of them is over-fishing, which impose the risk of 

endangering species and damaging the oceans. Fish increases in consumption, which is good 

based on the reduction of emissions, but the mentioned externalities are not taken into 

consideration in the study.  

 

If egg consumption increases, another externality is the unethical treatment of hens when mass-

producing commercial eggs. This externality is neither taken into consideration when the excise 

tax is imposed. However, the tax is useful to investigate the effect it may have on emissions 

and provides theoretically the appropriate results if implemented.  

 

The reduction of emissions goal used in this model is well recognized by the Swedish 

government, but the time reference is not equivalent. The data used in the study is time-series 

for the year 1980-2006 when the goal is based on a reduction from the year 2017-2020. Hence, 

the emissions used to calculate the change is based on the year 2006 but is not accurate to the 

emissions emitted in the year 2017. However, the elasticities are estimated for a different year, 

but the change is still representable as a benchmark to aim for. Any goal could be applicable 

to the model in order to investigate the expected outcome.  

 

As Jordbruksverkets (2013) article discusses, climate change questions cannot rely on 

voluntary progress and need pressure from higher instances such as government taxations. 

They argue that the most suitable way of restricting emissions on food is by punishing 

consumption and steer it to more environmentally friendly goods. However, these price 

increases will strictly lead to punishing consumers, hence, consumers may show strong 

resistance towards the excise tax which could have other consequences except a reduction in 
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emissions. A similar situation is in this moment happening in Paris where, amongst many 

reasons, the public are violently protesting rising fuel prices. Since most of the meat goods are 

luxurious, this would punish the lower percentiles of household income more than the higher 

percentile household.   

 

Further on consumers reaction, tax price increases may not have such a large impact if more 

recent data would be used. The emissions from production are relatively constant over units of 

cattle, but with inflation and increasing expenditure functions, the calculated excise tax might 

not be as effective since the elasticities only change constantly from a percental price change. 

This problem would be solved temporarily if the analysis used more recent data to estimate 

elasticities to give a more representable presentation of change from the tax. However, this 

study proves the effectiveness of such as excise tax on emission and provides one possible act 

in saving the environment.  

 

Beef is calculated as an average consumption and prices for all goods from cows in Sweden. 

However, within this good, there are many different commercial goods that are consumed, and 

problems are inflicted when imposing an overall tax on this raw product. Beef products come 

in shapes from cheap intestines and ground beef to the fillet. These different goods are from 

the same animal but varies largely in price per kilogram. An approximately 44 SEK price 

increase on all these goods per kilogram, would lead to very different percental price changes 

and hence, have different changes from the same elasticity. With the same increase in SEK, 

more expensive products from beef would be relatively cheaper compared to the cheaper parts 

of a cow and seen only to this subgroup may increase in consumption when the expenditure 

function increases on this luxurious good.  

 

The assumption in the LA/AIDS model that we only shift shares of consumption within the 

group have some problems. If substitution options change over time, the group of goods needs 

to be updated. The subgroup protein has not always been the same. Legumes and soy are 

examples of more recent trending options in western society when concerning about the 

environment and animal rights. This would lead to leakage of consumption outside of the model 

if these substitutional goods are not used in the calculations.  

 

This thesis has proven that a targeted tax on protein consumption will yield a reduction of CO2e 

emissions from this subgroup. This is reached by a shift in consumption from beef and poultry 
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to fish and egg which has lower rates of emissions. Important to note is that the effect from this 

excise tax and its value is not statistically significant, nor has all possible complications from 

consumption been taken into consideration but the emissions.  

 

What this study has brought is not a revolutionized curse of action on how to save the world 

from global warming. What has been superficially touched, is the possibility to steer consumer 

behavior in acting more environmentally friendly to in tandem work for a brighter future. With 

more detailed data for longer time-periods, more accurate calculations can provide profitable 

results in achieving goals set out by organizations, countries, and people all around the world. 

Further studies within this field can be made if more public data would be released to enhance 

the validity to implement actions.   
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9.  Appendix 

Table 2. Model conditions. 

 

R output from checking model conditions. All are fulfilled, monotonicity should be 100% and concavity at 0% 

for data to work in the model.  

 

Table 5. Estimation of tax on emissions. 

1.6865500 Prices 
     

Old 329 213 236 129 230 
 

New 334 257 246 134 234 
 

Emissions Fish Beef Pork Poultry Egg Total 

2006 151 2410 782 403 181 3926 

New 165 2128 712 356 172 3533 

Reduced Emissions 
     

10% 
      

 The row 2006 is the emissions for the year 2006 in 1000 of tons, calculated with the amount consumed multiplied 

with the mean emissions for the different goods. With the excise tax of 1.68655 SEK for every kilogram of CO2e 

emissions has resulted in a total reduction of 10 percent. In row New under prices, the new price for the goods is 

displayed with the tax for consumers per kilo off good.   


