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Abstract 

Foods high in fats, sugar and salt (HFSS) have huge impact on public health, climate health, 

and the economy. As such, it is critical to ascertain how pricing policies could help reduce their 

consumption in Scotland. This study analysed a secondary data of 3,260 households from 

Kantar Worldpanel which comprised of eighteen food categories consumed in Scotland. The 

primary objective is to simulate the implications of an excise tax imposed on HFSS on food 

purchases, climate health and consumer welfare using uncompensated own and cross price 

elasticities estimated from the Exact Affine Stone Index demand model. Two policy scenarios 

were considered: taxing all HFSS whilst the prices of the remaining foods remained unchanged; 

and taxing HFSS whilst subsidizing fruit and vegetables with the revenue generated.  Results 

from the study indicate that imposing taxes on HFSS would reduce their consumption due to 

price effects. Also, a 10 percent tax on HFSS food groups while subsidising fruits and 

vegetables with the tax revenues simultaneously brought about a 5-9 percent decline in the 

consumption of HFFS and an 11 percent and 7 percent rise in vegetables and fruits 

consumption, respectively. Weekly per capita greenhouse gas emission could increase by 2 

percent when fruits and vegetables are subsidised with the tax revenues rather than decrease by 

3 percent when only HFSS food groups are taxed. Taxing HFSS without any subsidy policy in 

place was more regressive on consumers than when fruits and vegetables are subsidized. In 

conclusion, imposing a revenue-neutral HFSS tax policy would result in a trade-off between 

dietary, welfare and environmental goals. The policy scenario adopted by government would 

depend on the national goal being pursued.  

 

Keywords: Foods high in fats, sugar and salt (HFSS), EASI demand, Scotland, CO2-eq 

emission, Revenue-neutral tax 

1. Introduction 

The consumption of foods high in fat, sugar, and salt (HFSS) is one of the leading causes of 

non-communicable diseases (NCDs) such as ischaemic heart disease (IHD), stroke, some 

cancers, and type 2 diabetes (Rayner, 2005). Hypertension, a risk factor for cardiovascular 

disease, is caused by high intake of salt (Strazzullo, et al., 2009). Similarly, excess sugar intake, 

a major cause of overweight is a significant risk factor for diabetes and many cancers (Lauby-

Secretan et al., 2016; Te Morenga, Mallard and Mann, 2012). High-fat diets are reported to 

increase oxidative stress in a variety of tissues. According to Hu et al. (2001) coronary heart 

disease risk can be best reduced by replacing saturated fats with unsaturated fats other than 

cutting down the total dietary fat. 

 

The high consumption of HFSS has put a strain on economic activities, population health, and 

living standards of the world population. Statistically, one out of 5 deaths are attributed to the 

intake of energy-dense foods (Abajobir et al., 2017). In addition, Encarnação et al., (2016) 

estimated that obesity, one of the major risk factors for non-communicable diseases (NCDs) in 

Europe accounted for 40% of deaths, which is approximately 17 million deaths in 2012. In 

Scotland, 65% of adults and 28% of children are living with obesity and related conditions like 

type 2 diabetes, various cancer types and heart diseases (Butland et al., 2020). In addition, 

decreased consumption of fruits and vegetables, fibre and oil rich foods among the Scottish 
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population predispose consumers to health problems. Diet is the main contributory factor to 

6,697 deaths from coronary heart diseases in 2016, 2,181 deaths from stroke in 2016, 31 per 

cent of dental decay among children in 2016 and 29 per cent of adult ling with high blood 

pressure in 2015.  

The increasing statistics of ill-health population in the UK (Scotland) and its impact on the 

country’s economy is a major concern for the government and stakeholders.  For instance, in 

2014/15 the National Health Service (NHS) spent £6.1 billion on treating obesity-related ill 

health. According to Public Health England, this figure is expected to increase to £9.7 billion 

per year by the end of 2050 (Holmes, 2021).  

The impact of lifestyle choices does not only affect personal health but climate health and 

goals. According to Hadjikakou (2017) foods high in fat, sugar and salts (discretionary foods) 

accounts for 33-39 per cent of food-related footprints in Australia. In addition, Hendrie et al. 

found significantly contribution of discretionary foods to GHGe in the average diet compared 

to recommended diets in Australia. Although, no empirical estimates have been made for 

Scotland, it is believed that the figure won’t be different from that of Australia.  Shifts in dietary 

patterns can therefore potentially provide benefits for both the environment and health. As a 

result, the United Nations’ sustainable development goals (SDGs) highlight the need for a 

multifaceted, coordinated effort to limit global temperature rise to 1.5–2 degrees Celsius and 

prevent the catastrophic effects of climate change (An Action Agenda for Sustainable 

Development, 2015). This presents opportunities for current food policies to be broadened to 

include HFSS which contributes to the national agricultural greenhouse gas emission. 

Over the years, there’s been political interest in adopting fiscal policies as a strategy to reduce 

the consumption of health damaging and carbon intensive foods. For instance, Ludbrook 

(2019) suggests that taxes, food campaigns and pledges, and subsidy interventions could be an 

economic voyage in promoting healthy food consumption across the globe. More importantly, 

taxes have been described as the most efficient tool that could be used to achieve minimal 

consumption of HFSS foods such as sugar-sweetened beverages (SSBs), confectionery, cakes, 

biscuits etc. (Hagenaars et al., 2017). As a result, countries such as USA, Denmark, Mexico, 

France, South Africa, Hungary, United Kingdom etc has imposed taxes on different kinds of 

HFSS. Empirical studies assessing the effectiveness of taxes on HFSS to reduce the 

consumption of SSBs, fat products, and salty confectionaries has been carried out in these 

countries to highlight the environmental, economic, and health benefits. For instance, In 

January 2012, France implemented a soda tax, which saw a price increase on drinks with added 

sugar or sweetener, and a consequent drop in sales. Smed et al. (2016) assessed the effect of 

the saturated fat tax on food and nutrient intake in Denmark and found a 4 per cent decrease in 

saturated fat purchase. (Bødker et al., 2015) concluded that total sale of foodstuffs decreased 

by 0.9 per cent. In Mexico, Barrientos-Gutierrez et al. (2017) found that the sweetened 

beverage tax resulted in an average BMI reduction of 0.15 kg/m2 per person, which translates 

into a 2.54% reduction in obesity prevalence. 

The impact of HFSS taxes on climate health to the best of our knowledge is under study. 

Modelling studies by Grout et al., (2022) in New Zealand concluded that taxing junk foods and 
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sugar-sweetened beverage could improve climate health. Scotland has set an ambitious target 

to achieve a net zero emission on all greenhouse gas (Climate policy, 2019). This means that 

all avenues to reduce greenhouse gas emissions must be considered to meet the target. To 

achieve this goal, the study first estimated elasticities for 18 foods and a numeraire consumed 

in Scotland using an Exact Affine Stone Index (EASI) demand model. The own and cross-price 

elasticities were used to simulate the effect of a 10 percent increase in the price of HFSS in our 

data. The changes in quantities were converted into changes in weekly CO2-equivalent 

emissions. Two tax policy scenarios were considered: 1) all HFSS were taxed whilst the 

remaining food groups were untaxed; and 2) all HFSS were taxed, and the revenue generated 

were used to subsidise fruits and vegetables by 15% consumed in our data. 

 

2. Methods 

Data 

The data for this study was from KWP which was collected across 3,260 households in 

Scotland from January to December 2017 and 2018. Household purchase data of 18 food 

aggregates (which are prices and quantities of purchases) were collected over a 52-week period. 

The analysis involves only the sample that remained for a minimum of 40 weeks during the 

data collection period. Per capita weekly averages were used for the estimation. Factors such 

as household size, were considered during the selection of household samples as well as socio-

demographic characteristics like the number of children and adults, age, sex, marital status, and 

total expenditure per capita. 

 

Eighteen food categories were included in the analysis and a column for all other expenditures. 

These food categories were sectioned into discretionary and non-discretionary foods. 

Discretionary foods in the data include take home confectionery, biscuits, take home savouries, 

cakes pastries and sugar morning goods, total puddings, and desserts, take home sugary drinks, 

edible ices and ice cream. Dairy products, meat and fish, fats and eggs, fruit, vegetables, grains, 

prepared ready-to-eat foods, sugar and preserves, condiments and sauces, low-calorie soft 

drinks and juices, and alcoholic beverages represent the non-discretionary foods, and a single 

category representing all other food and non-food products. All quantities of the food and food 

products were weighted/represented in kilograms and prices in pounds to ensure homogeneity 

or uniformity. 

 

Descriptive statistics 

 Table 1 shows a list of food categories purchased by the average household and their mean 

budget shares and mean prices.  

The total mean budget share for discretionary foods is 16% while that of non-discretionary 

foods summed up to 70% with all other expenditures representing 14% of the mean budget 

share. This seems like consumers in Scotland spent more on healthy foods in 2018 even when 

their prices are approximately 3 times higher than the discretionary food groups. 
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In view of this, take-home confectionery had the highest budget share of about 4% among 

discretionary foods, while total puddings and desserts, and edible ices and ice cream stood at 

about 1%. Among the non-discretionary foods, sugar and preserves had the lowest budget share 

of 1% while meat and fish, and all other expenditure had the highest budget share of 14%. 

All other expenditures category has the highest mean price of £13.44 with a close range with 

most of non-discretionary foods while take home sugary drinks has the lowest mean prices of 

£1.18. This shows that healthy foods are generally more expensive than their counterparts. 

  

Table 1.0 Descriptive statistics (means of budget share, log prices) of each of the food 

categories. 

Food categories Mean budget shares (%)      Mean prices (£) 

 Take home confectionery 0.04 3.40 

Biscuits   0.03 5.84 

Take home savouries 0.02 8.06 

Cakes pastries and sugar morning 0.03 1.43 

Total puddings and desserts 0.01 5.87 

Take home sugary drinks 0.02 1.18 

Edible ices and ice cream 0.01 3.72 

Dairy products  0.08 3.77 

Meat and fish 0.14 8.26 

Fats and eggs 0.03 3.12 

Fruit   0.06 4.10 

Vegetables   0.06 2.65 

Grains   0.05 2.91 

Prepared ready to eat foods 0.11 5.92 

Sugar and preserves 0.01 6.19 

Condiments and sauces 0.02 10.61 

Low calorie soft drinks and juices 0.05 8.30 

Alcoholic beverages  0.09 10.65 

All other expenditures 0.14 13.44 

Source: Author’s own computation based on KWP dataset 

  

Table 2 represents the percentage of Scottish households who did not purchase the food 

aggregates in the data. Alcoholic beverages seem to be the least consumed foods since it has 

the highest percentage of about 9.29%. Grains, and all other expenditures represent the most 

purchased products (0%) which is followed by prepared ready-to-eat foods and low-calorie soft 

drinks and juices at 2%. This shows that the foods with the least non-consuming percentages 

are mostly essential foods and nutrients that households use regularly and are also easily 

assessed. Most of the foods with higher percentages are discretionary foods while non-

discretionary foods bear the least percentages. 
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Table 2.0 The Percentage of non-consuming food households  

Food Categories Percentage of non-consuming 

household 

Take home confectionery 0.43% 

Biscuits   0.37% 

Take home savouries 1.35% 

Cakes pastries and sugar morning 0.09% 

Total puddings and desserts 2.67% 

Take home sugary drinks 2.82% 

Edible ices and ice cream 8.47% 

Dairy products  0.09% 

Meat and fish 0.28% 

Fats and eggs 0.15% 

Fruit   0.52% 

Vegetables   0.09% 

Grains   0.00% 

Prepared ready to eat foods 0.06% 

Sugar and preserves 1.07% 

Condiments and sauces 0.15% 

Low calorie soft drinks and juices 0.06% 

Alcoholic beverages  9.29% 

All other expenditures 0.00% 

Source: Author’s own computation based on KWP dataset 

  

The mean value, standard deviation, and percentages of the socio-demographic components 

(age, number of children, number of adults, total expenditure per capita, marital status of the 

household heads, and sex) are represented in Table 3. The mean value depicts the average 

number of household samples. As shown, age has a mean value of 49.80 and a standard 

deviation of 12.98. Similarly, number of children in the household sample has a mean of 0.54 

while 0.90 is the standard deviation. Number of adults stood at 2.09 mean value with a standard 

deviation of 2.38. The average total expenditure per capita which demonstrate the average of 

the total expenditure of households over a 52-week period was 27.96 while the deviation from 

the sample mean is 15.00. These values will also be adopted in analysing the EASI demand 

model. 

 

Table 3.0 Mean values and Standard deviations of socio-demographic characteristics of 

households (%) 

Variables Mean Standard deviation 

Age 49.80 12.98 

Total expenditure per capita 27.96 15.00 

Number of children 0.54 0.90 

Number of adults 2.09 2.38 

Source: Author’s own computation based on KWP dataset 
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CO2 equivalent emission estimation 

The emission estimates for this research study were obtained from the SHARP indicator 

Database (SHARP-ID). This is to calculate the environmental impact of the observed 18 food 

categories in Scotland and the methodology was based on the Life Cycle Analysis principle on 

current production practices (De Valk et al., 2016). The construction of the SHARP ID was 

based on a total of 182 primary products from four European countries, using various publicly 

accessible data sources such as Agri-footprint, Europe (BV, 2015); Coinvent, Global Swiss 

Confederation (Weidema et al., 2013); and primary production reports (Kool, Marinussen, and 

Blonk, 2012) combined with European production, trade and transport data (Fausto, BACI 

World Trade Database, and GTAP).  

Figure 5 presents the average CO2-eq estimates for the food groups considered. Among the 

discretionary food groups, cakes pastries and sugar morning have the highest average CO2 

equivalent emission per kg of food (6.70) with take home sugary drinks emitting the lowest 

CO2 equivalent in the category. Overall, meat and fish in the non-discretionary category has 

the highest level of average CO2 (16.02) and take-home sugary drinks (0.51) averaging the 

lowest CO2 equivalent emission estimate. Clune et al., (2016) found similar results when 

conducting a meta-analysis on red meat. The average estimate shows that dairy products, fats 

and eggs, and prepared ready-to-eat foods categories are in the medium range of average CO2 

equivalent emissions. Other remaining food categories were found to contribute less than 5 g 

of CO2 equivalent emission per kg of food. 

Figure 5.0 Average CO2-e (kg) per kg of food. Source: Author’s own computation 
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Empirical analysis 

The study used the Exact Affine Stone Index (EASI) demand model comprising of real total 

expenditures, demographic characteristics, and budget shares to estimate price and expenditure 

elasticities. The own price elasticities and cross-price elasticities were subsequently used to 

simulate the impact of a value added taxes (VAT) on HFSS on food purchases and greenhouse 

gas emissions. 

EASI demand model 

In much verifiable research, the Almost Ideal Demand System (AIDS) and its variants are 

extensively used because they are utility-based and can have approximate versions estimated 

through linear regression (Deaton and Muellbauer, 1980). Researchers have demonstrated that 

the AIDS model has outstanding properties and can estimate the specific preferences of 

consumers (Lee, Brown and Seale, 1994). There are, however, some limitations to the Almost 

Ideal Demand System. The Engel curves of the AIDS model, for instance, are linear in real 

expenditures (Zhen et al., 2013) unlike the EASI demand model which can have any shape 

over real expenditures (Lewbel and Pendakur, 2009) 

There are several advantages to the Exact Affine Stone Index (EASI) demand model, in 

addition to the fact that it possesses all the superior properties of AIDS. EASI budget share 

error terms, unlike AIDS model can be interpreted as unobserved heterogeneity or random 

utility parameters. EASI demand functions can be estimated using nonlinear three-stage least 

squares (3LS) and Generalised Method of Moments (GMM) (Lars, 1982). Lewbel and 

Pendakur (2009), concluded that the best demand model for demand analysis is the EASI 

demand model due to its varied commendable properties. 

Literature shows that the linear approximation of the EASI demand model produces similar 

price elasticities as the full model (Lewbel & Pendakur, 2009). 

The linear approximate EASI demand system relates the budget shares 𝑤𝑗, to real food 

expenditure 𝑦𝑟, demographic characteristics z, and food prices p: 

  

 𝑤𝑗  =  ∑ᵣ𝑅 = ₀𝑏ᵣ𝑦𝑟  + 𝐶𝑧 + ∑𝑗ₖ₌₁ 𝐴𝑝 + 𝜖        (1) 

where 𝑏𝑟, is a vector of parameters (r= 0,1,2,3,..,5) that control the shape of the Engel curve. 

𝑦 is the real expenditure deflated by the Stone index: 𝑦 =  𝑙𝑜𝑔 (𝑥)  − (𝑝)𝑤′ and 𝑥 is nominal 

quarterly household weekly per capita expenditure, 𝑤 represents the vector of mean budget 

shares. Matrices of parameters to be estimated are A, C, and 𝑏ᵣ.  𝜖 is the vector of error terms, 

which accounts for unobserved preference heterogeneity, this is important when performing 

welfare analysis. Table 2 shows that non-consuming households in the data range from 0 to 

9.5%. Due to the low number of non-consuming households, I used the approach proposed by 

Zhen et al. (2013) by estimating a Tobit form of the EASI demand model where the latent 

budget share 𝑊∗ₕ is related to observed budget share 𝑤𝑗according to 𝑤𝑗 ≡  𝑚𝑎𝑥 (0, 𝑤𝑗∗
) .  

The final model was estimated using iterative 3SLS with all the conditions of symmetry, adding 
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up and homogeneity imposed on the demand model. To correct the expenditure endogeneity in 

our model, Pendakur and Lewbel (2009) proposed instrumenting for the real food expenditure 

(𝑦) using ȳ defined as ȳ =  𝑙𝑜𝑔(𝑥) − 𝑙𝑜𝑔(𝑝)𝜛′. 

Elasticities 

Expenditure elasticities, Hicksian and Marshallian price elasticities were derived from (1) 

following Castellón, Boonsaeng, and Carpio, (2015) and Lewbel and Pendakur (2009). The 

compensated Hicksian price elasticity of demand for good k with respect to the price of the 

good j was derived by 

                                  𝜖 = 𝜛−1(𝐵) + 𝛺𝜛 − 𝐼                                                (2) 

where 𝜖 is an n x n matrix of compensated demand elasticities, 𝜛 is an identity matrix where 

the ones have been replaced by the group budget shares, Ω is an n x n matrix of ones and I is 

an identity matrix. 

The vector of expenditure elasticities  𝜗 were subsequently derived by 

           𝜗 = (𝜛)−1(1 + 𝐴𝑝′)−1𝐴 + 1ₙ                                                             (3) 

where 𝜗is the J X 1 vector of estimated expenditure elasticities, A is the expenditure semi-

elasticity coefficients which is 𝛴5ᵣ₌₀𝐴ᵣ𝑦𝑟 , p is a vector of mean prices and 1j is a J × 1 vector 

of ones. 

The matrix of uncompensated Marshallian elasticities, were derived from the Slutsky equation 

given by 𝜀 = 𝜖 − 𝜛𝜗 

Simulation 

The goal of the present study is to estimate the impact of a 10 percent price increase on the 

purchases of HFSS considering both own and cross price elasticities. The changes in purchases 

were subsequently used to estimate the effect of the policy on average weekly per capita 

greenhouse gas emissions. Two policy scenarios were considered: 1) imposing a 10 percent 

VAT on all HFSS whilst the prices of the remaining food categories were unchanged; and 2) 

imposing the 10 percent VAT on all HFSS but subsidised the purchases of fruits and vegetables 

using the revenue generated from HFSS taxes. 
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Table 4.0 Simulation scenarios Source: Author’s own computation  

Food groups CO2-eq Tax 

on all HFSS 

CO2-eq Tax on all HFSS plus 

subsidy on fruit and vegetables 

Take home confectionery  T T 

Biscuits    T T 

Take home savouries  T T 

Cakes pastries and sugar morning  T T 

Total puddings and desserts T T 

Take home sugary drinks T T 

Edible ices and ice cream  T T 

Dairy products     

Meat and fish    

Fats and eggs    

Fruit     S 

Vegetables     S 

Grains      

Prepared ready to eat foods    

Sugar and preserves    

Condiments and sauces    

Low calorie soft drinks and juices   

Alcoholic beverages     

T = 10% VAT; S = Subsidy 

 

3. Results And Discussions 

Price and expenditure elasticities 

Appendix A presents the own price- and cross-price elasticities of the food categories. All own 

price elasticities were found to be negative and significant at 5 per cent level. The own price 

elasticities indicate that increasing the price of the product, holding all other factors constant, 

would decrease quantity demanded. Three of the 18 food categories were found to be elastic; 

take home confectionery, take home savouries, and low-calorie soft drinks and juices. This 

means that a unit change in price for these food products would lead to more than proportionate 

change in the quantity demanded.  

The remaining 15 food categories were found to be inelastic since their absolute values are less 

than unity. The implication is that fiscal policies aimed at decreasing or increasing consumption 

needs to be relatively high to achieve an appreciable level of impact. Like our results, Tiffin, 

Balcombe, Salois and Kehlbacher (2011) also found vegetables and fruits to be inelastic, 

although fruits were more responsive to price changes than vegetables.  This further buttress 

the need to impose excise taxes on HFSS food groups and use the revenue realised to subsidise 

healthy food groups like fruits and vegetables.  

 

Cross-price elasticities are off-diagonal estimates which reflect how changes in the price of one 

food group affects demand in other food groups (Andreyeva, Long and Brownell, 2010). 
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Relationship between two products can be substitutionary or complementary. In our result, 200 

complementarities and 142 substitutions were observed among the food categories. 

Complimentary commodities are purchased and consumed together while substitutes goods 

can be replaced easily by other goods with same or similar utility. All compliments have 

negative cross price elasticities while the positive cross price elasticities are the substitutes. 

Appendix A shows that cross-price elasticities could be elastic, inelastic, and unit elastic 

depending on how consumer react to price changes.  

 

For example, total puddings and desserts, take home sugary drinks, vegetables, prepared ready 

to eat foods, sugar and preserves, and condiments and sauces were found to be substitutes to 

fruits whilst the rest were complements. This is reasonable because meat and fish are 

complements to fruit. Also, grains are complements to fruits indicating that consumers buy 

these categories together. Therefore, an increase in the price of fruit could lead to a reduction 

in the purchases of grains, meat and fish etc. 

       

All expenditure elasticities were found to be positive and significant at the one per cent level. 

Expenditure elasticities measure the degree of responsiveness of consumers to expenditure 

changes. Expenditure elasticities serve as a tool to classify foods or goods as necessity or luxury 

in demand analysis (Pawlowski and Breuer, 2013).  Appendix A shows the expenditure 

elasticities of all the 18 food categories and a numeraire estimated at the variable means. The 

study found all the HFSS foods to elastic indicating that they are luxury goods in the 

consumers’ budget. This shows that Scottish households do not consider these foods are vital 

for their wellbeing. It could also be assumed that households in Scotland consume them on 

special occasions as observed in Ethiopia by Magrini et al. (2015). All non-discretionary food 

groups are inelastic in demand except low calorie soft drinks and juices (1.010). The reason 

could be that most of the foods in the non-discretionary categories are considered as staple 

foods necessary to keep body and soul together. Therefore, household budgets are perhaps 

spent on those food groups. However, it’s interesting to note that Scottish households consider 

fruits (0.919), and vegetables (0.935) as necessities in the food basket, although it’s almost 

likened to be unit elastic and as such subsidies on such healthy food groups would encourage 

healthy diets in Scottish households. These findings are like that of Ecker and Qaim (2008) 

who found fruits (0.424) and other vegetables (0.432) to be normal goods.  Overall, take home 

sugary drinks (1.221) would react most to food expenditure changes while alcoholic beverages 

(0.883) are less likely to be responsive to food expenditure changes.  

 

 

Impact of HFSS excise tax on food purchases 

 

The increasing effect of HFSS consumption has prompted policymakers and researchers to 

explore policy instruments to encourage healthy diets. This could be achieved by increasing 

the prices of HFSS foods through excise taxes and applying subsidies on healthy foods.  Figure 

6 shows the impact of the fiscal policy on the 18 food categories. First, taxes were imposed on 

all HFSS whilst prices of non-taxed foods remained the same. From the graph, it can be 
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observed that a 10% excise tax on HFSS food groups result in the reduction of HFSS 

consumption in households in Scotland. HFSS reduced by 6 - 10 percent after taxes; edible ices 

and ice cream had the lowest reduction whilst total puddings and desserts and take-home sugary 

drinks had the highest reduction. The policy had unintended effects on non-taxed foods. For 

instance, the consumption of fruits and vegetables were reduced by 2 and 5 percent 

respectively. On the other hand, demand for dairy products and grains increased by 2 percent. 

Reductions in the remaining food groups is between 0 - 5 percent.  

 

However, the second policy scenario shows that taxing HFSS whilst subsidising the prices of 

fruits and vegetables by the revenue generated led to a significant impact on the consumption 

of both HFSS and non-discretionary foods. Again, Figure 6 shows a decline in the consumption 

of HFSS by 5 - 9 percent after subsidies were imposed. A 15 percent subsidy on fruits and 

vegetables resulted to increase in the quantities demanded by 11 percent and 7 percent, 

respectively. Although, dairy products, meat and fish, grains, fats and eggs, alcoholic beverages 

experienced higher demand, there was an insignificant change in the consumption rate of 

condiments and sauces, and sugar and preserves after imposing HFSS taxes and subsidies.  

 

 
Figure 6.0 Impact of fiscal policy on food purchases. Source: Author’s own computation  
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Impact on CO₂ Equivalent emission (CO₂-Eq) Tax on Food Demand 

 

This section assesses the change in CO₂ equivalent emission after the tax imposition. Figure 7 

shows that this study simulated 2 different policy scenarios - the impact of the policy on weekly 

per capita greenhouse gas emissions when all HFSS are taxed versus when all HFSS are taxed 

while fruits and vegetables subsidised.  

From the analysis, it can be deduced that a food policy where all HFSS food groups are taxed 

would be more effective in cutting down CO2 equivalent emission from household food 

sources. The graph represents the average percentage change in weekly emissions in Scottish 

households across a 52-week period. 

On average, government could reduce emissions by about 3 percent when all HFSS are taxed 

and the prices of the remaining food categories unchanged. However, government policy that 

seeks to increase the price of HFSS through taxes while subsidising fruits and vegetables would 

increase overall weekly per capita emissions by approximately 2 percent. This implies that to 

achieve a better climate health, there would be a trade-off resulting in less consumption of fruits 

and vegetables – negative impact on nutrition. It is therefore important for government and 

stakeholders to consider which of these goals are pressing and pursue their policy goals wisely.  

      

Figure 7.0 Percentage Change in Weekly Emissions. Source: Author’s own computation  

-4% -3% -2% -1% 0% 1% 2% 3%

CO2-eq Tax on all HFSS

CO2-eq Tax on all HFSS plus subsidy on fruit and
vegetables

Percentage change in emissions

P
o

lic
y 

sc
en

ar
io



 

 

14 

Impact of CO2 equivalent Tax on consumer welfare 

Taxation of less healthy foods and subsidisation of fruits and vegetables are seen as a 

multidimensional strategy to improve health outcomes in Scotland and UK at large. However, 

it is critical to ascertain the impact of such policies on consumer welfare considering the current 

economic crisis in Scotland due to Covid-19 and Russia-Ukraine invasion. 

 

Figure 8 shows the impact of the policies on consumer welfare. Consumer welfare was 

estimated using the log of living cost index proposed by Pendakur and Lewbel (2009). The 

figure shows the increase in expenditure required for the consumer to consume the same basket 

of goods prior to the implementation of the fiscal policies. When all HFSS are taxed while 

prices of untaxed foods remain the same, the average consumer would expect about a 16 

percent increase in expenditure to meet his/her previous consumption. This means that taxing 

HFSS impacts the total food expenditure of a household, because a price increase due to taxes 

does not warrant an increase in the household income. However, when HFSS are taxed whilst 

fruits and vegetables are subsidised, consumers would require an additional 6 percent increase 

in expenditure to meet their initial consumption. In summary, consumers are worse off when 

all HFSS are taxed and there are no subsidies. Implementing both tax policies and subsidizing 

consumers with the income from such policies is less regressive public policy (Broeks et al. 

2020). 

 

Figure 8.0 Impact of policies on Consumer Welfare  

Source: Author’s own computation  
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4. Conclusion 

 

This study aims to estimate the impact of foods high in fats, sugar and salt (HFSS) excise tax 

on CO2 -equivalent emission and consumer welfare. The paper applied the Exact Affine Stone 

Index Implicit Marshallian demand system to estimate the demand elasticities for eighteen food 

categories purchased in Scotalnd.  

From the analysis, it is deduced that households in Scotland spend more on healthy foods (80%) 

than HFSS (16%) even when their prices are higher than HFSS food groups. Among the HFSS, 

take home confectionery had the highest share of purchases with total puddings and dessert, 

edible ices and ice cream having the least purchases. For the non-discretionary foods, meat and 

fish (14%) were the most purchased food groups while sugar and preserves had the lowest 

budget share indicating the relevance of meat and fish in the consumer’s budget.  

 

From the simulation analysis, this study calculated the impact of introducing HFSS excise tax 

on the 18 food categories while considering two policy scenarios: a 10% tax on HFSS and zero 

tax on non-discretionary food groups; and a 10% excise tax on HFSS and a revenue-neutral 

subsidy on fruits and vegetables.  

The excise tax (when all HFSS foods were taxed) had an unintended effect on non-taxed foods 

i.e., the consumption of fruits and vegetables reduced by 2% and 5 %, respectively. Meanwhile, 

the second policy scenario did not only reduce HFSS consumption in Scottish households by 

5-9% but resulted in an 11% and 7% increase in the consumption of fruits and vegetables, 

respectively.  

The impact of the excise tax on greenhouse emission could be positive or negative depending 

on the policy scenario adopted by government. Taxing HFSS without any subsidy policy in 

place could reduce CO2-eq emissions by 3%. However, taxing HFSS whilst subsidising fruits 

and vegetables would result in about 2% increase in CO2-eq emissions.  

From the welfare context, consumers would require a 16 percent increase in their food 

expenditure to meet previous household food consumption, when subsidies are not included in 

the excise tax policy. However, households would require about 6% (10 per cent less) increase 

in their initial expenditure when both the excise tax and subsidies are applied. The policy 

adopted by government would imply a trade-off between environmental, dietary and welfare 

goals.  

 

Firstly, this research study agrees with some other research studies and recommends that policy 

makers should consider imposing excise tax alongside subsidies to achieve a better dietary 

outcome. In view of this imposition, a revenue-neutral tax i.e. allocating funds generated from 

the HFSS taxes to subsidise healthy foods such as fruits, and vegetables would be the best 

strategy to ensure sustainability of healthy food consumption. Secondly, the study also 

recommends that policy makers consider the consumer welfare of fiscal policies on consumers 

especially those from the lower income groups as the burden of taxes affects the food 

expenditure most. Finally, the study also recommends that marketing strategies such as 

sensitisation campaigns, healthy advertisements, and cooking shows are adopted to increase 

social awareness on the health benefits of sustainable dietary options. 
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The research study had limitations that should be explored when conducting future research in 

this area. Firstly, individual taxing of HFSS based on their rates of emissions would be useful 

for feasible policy reforms to tax products based on their level of emissions and not using a 

generalised tax across all types of food group, that way specific foods that emits the most 

greenhouse gas can be identified and work towards reducing their emission. Secondly, the 

study assumed that the supply chains of HFSS when imposing excise taxes are unaffected. 

Therefore, future research should explore fiscal policies affect the entire food supply chain and 

not just consumers. Finally, it is critical that future research is carried out on the impact of 

greenhouse gas emissions on consumer welfare particularly focused on food security and 

nutrition.  
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Appendix A – Price and Expenditure elasticities 

 

 
1 2 3 4 5 6 7 8 9 10 

Take home confectionery (1) -1.022 -0.024 -0.064 0.031 0.056 -0.004 0.028 0.006 -0.023 0.008 

  (0.018) (0.016) (0.018) (0.014) (0.025) (0.024) (0.031) (0.009) (0.009) (0.013) 

Biscuits   (2) -0.021 -0.792 0.071 0.062 -0.101 0.005 -0.055 0.006 0.008 -0.020 

  (0.011) (0.041) (0.035) (0.02) (0.042) (0.026) (0.052) (0.01) (0.009) (0.018) 

Take home savouries (3) -0.042 0.062 -1.081 0.030 0.088 -0.022 0.100 0.047 -0.015 0.014 

  (0.011) (0.03) (0.051) (0.02) (0.043) (0.027) (0.054) (0.01) (0.009) (0.018) 

Cakes pastries and sugar morning (4) 0.022 0.074 0.042 -0.984 -0.039 -0.003 0.023 0.001 -0.014 -0.021 

  (0.011) (0.023) (0.027) (0.025) (0.035) (0.026) (0.044) (0.01) (0.009) (0.016) 

Total puddings and desserts (5) 0.014 -0.042 0.042 -0.015 -0.987 0.026 -0.058 -0.011 0.023 -0.014 

  (0.007) (0.017) (0.02) (0.012) (0.036) (0.017) (0.032) (0.006) (0.006) (0.011) 

Take home sugary drinks (6) -0.003 0.007 -0.017 -0.001 0.050 -0.979 -0.073 0.046 -0.017 0.027 

  (0.013) (0.02) (0.024) (0.017) (0.032) (0.038) (0.04) (0.01) (0.009) (0.016) 

Edible ices and ice cream (7) 0.007 -0.020 0.046 0.008 -0.053 -0.036 -0.577 -0.006 -0.007 -0.024 

  (0.008) (0.02) (0.024) (0.015) (0.03) (0.02) (0.052) (0.007) (0.007) (0.013) 

Dairy products  (8) -0.006 0.013 0.156 -0.008 -0.080 0.164 -0.061 -0.963 0.034 0.022 

  (0.019) (0.029) (0.034) (0.025) (0.046) (0.04) (0.058) (0.021) (0.014) (0.023) 

Meat and fish (9) -0.119 0.025 -0.108 -0.089 0.262 -0.159 -0.142 0.052 -0.745 -0.091 

  (0.03) (0.047) (0.054) (0.04) (0.073) (0.063) (0.092) (0.024) (0.031) (0.036) 

Fats and eggs  (10) -0.002 -0.023 0.014 -0.023 -0.035 0.030 -0.069 0.006 -0.017 -0.789 

  (0.009) (0.018) (0.021) (0.014) (0.027) (0.021) (0.034) (0.008) (0.007) (0.018) 

Fruit   (11) -0.030 -0.039 -0.046 -0.073 0.051 0.027 -0.091 -0.092 -0.023 -0.044 

  (0.021) (0.028) (0.033) (0.025) (0.045) (0.041) (0.056) (0.016) (0.015) (0.023) 

Vegetables   (12) -0.037 -0.154 0.007 -0.056 -0.120 -0.114 -0.021 -0.024 -0.102 -0.004 

  (0.017) (0.03) (0.035) (0.025) (0.047) (0.037) (0.058) (0.014) (0.013) (0.022) 

Grains   (13) -0.002 0.010 0.151 0.044 -0.023 0.096 -0.041 -0.055 -0.057 -0.017 

  (0.013) (0.029) (0.034) (0.021) (0.043) (0.03) (0.054) (0.011) (0.01) (0.019) 

Prepared ready to eat foods (14) -0.059 -0.082 -0.137 -0.007 -0.002 -0.093 -0.168 -0.076 0.087 -0.046 

  (0.029) (0.049) (0.057) (0.041) (0.077) (0.063) (0.096) (0.024) (0.022) (0.038) 

Sugar and preserves (15) 0.007 -0.028 0.009 -0.011 -0.027 0.023 -0.022 0.007 -0.015 0.032 

  (0.006) (0.014) (0.016) (0.01) (0.021) (0.015) (0.026) (0.006) (0.005) (0.009) 

Condiments and sauces (16) -0.025 -0.043 -0.076 -0.008 0.001 -0.036 -0.011 0.041 0.010 0.043 

  (0.007) (0.015) (0.018) (0.012) (0.023) (0.017) (0.029) (0.006) (0.006) (0.011) 

Low calorie soft drinks and juices (17) -0.063 0.028 -0.074 -0.003 -0.018 -0.059 0.009 0.051 -0.007 0.036 

  (0.012) (0.014) (0.016) (0.013) (0.022) (0.022) (0.028) (0.008) (0.008) (0.012) 

Alcoholic beverages  (18) 0.069 -0.024 0.016 -0.001 -0.023 -0.033 0.035 -0.006 -0.011 0.019 

  (0.021) (0.02) (0.022) (0.019) (0.031) (0.033) (0.039) (0.013) (0.012) (0.017) 

others (19) 0.096 0.001 -0.003 -0.017 -0.022 -0.034 0.030 -0.027 -0.050 -0.084 
 

(0.02) (0.023) (0.023) (0.021) (0.014) (0.021) (0.017) (0.032) (0.054) (0.017) 
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Appendix A – Price and Expenditure elasticities cont’d 

 

 

 
11 12 13 14 15 16 17 18 19 Expenditure 

Take home confectionery (1) -0.008 -0.014 0.008 -0.011 0.030 -0.040 -0.045 0.044 0.032 1.218 

  (0.014) (0.011) (0.01) (0.01) (0.018) (0.016) (0.01) (0.009) (0.02) 0.025 

Biscuits   (2) -0.014 -0.067 0.008 -0.017 -0.050 -0.057 0.017 -0.002 -0.001 1.049 

  (0.012) (0.014) (0.016) (0.012) (0.026) (0.022) (0.008) (0.006) (0.023) 0.023 

Take home savouries (3) -0.015 0.004 0.076 -0.026 0.016 -0.092 -0.036 0.009 -0.002 1.060 

  (0.013) (0.014) (0.017) (0.012) (0.026) (0.022) (0.008) (0.006) (0.023) 0.026 

Cakes pastries and sugar morning (4) -0.032 -0.025 0.033 0.003 -0.019 -0.006 0.001 0.007 -0.003 1.121 

  (0.013) (0.013) (0.014) (0.011) (0.023) (0.02) (0.008) (0.007) (0.021) 0.022 

Total puddings and desserts (5) 0.010 -0.022 -0.005 0.000 -0.021 0.002 -0.004 -0.001 -0.003 1.023 

  (0.008) (0.009) (0.01) (0.007) (0.016) (0.014) (0.005) (0.004) (0.014) 0.036 

Take home sugary drinks (6) 0.015 -0.035 0.046 -0.012 0.037 -0.034 -0.022 0.000 -0.003 1.221 

  (0.014) (0.013) (0.013) (0.011) (0.022) (0.019) (0.01) (0.007) (0.021) 0.038 

Edible ices and ice cream (7) -0.013 -0.002 -0.007 -0.013 -0.014 -0.004 0.004 0.007 0.002 1.164 

  (0.01) (0.01) (0.012) (0.009) (0.019) (0.016) (0.006) (0.004) (0.017) 0.045 

Dairy products  (8) -0.115 -0.028 -0.090 -0.052 0.044 0.185 0.086 0.004 -0.023 0.998 

  (0.021) (0.019) (0.019) (0.017) (0.032) (0.028) (0.014) (0.012) (0.032) 0.016 

Meat and fish (9) -0.050 -0.236 -0.166 0.103 -0.160 0.075 -0.032 -0.007 -0.068 0.967 

  (0.034) (0.03) (0.03) (0.028) (0.05) (0.044) (0.023) (0.019) (0.054) 0.015 

Fats and eggs  (10) -0.019 -0.002 -0.010 -0.012 0.063 0.064 0.019 0.008 -0.021 0.947 

  (0.01) (0.01) (0.011) (0.009) (0.018) (0.016) (0.007) (0.005) (0.017) 0.020 

Fruit   (11) -0.714 0.050 -0.047 0.029 0.066 0.026 -0.006 -0.034 -0.016 0.919 

  (0.032) (0.02) (0.019) (0.018) (0.031) (0.028) (0.016) (0.015) (0.034) 0.026 

Vegetables   (12) 0.050 -0.635 -0.044 0.023 0.013 0.204 0.065 -0.006 -0.033 0.935 

  (0.019) (0.025) (0.019) (0.016) (0.031) (0.027) (0.013) (0.011) (0.031) 0.019 

Grains  (13) -0.036 -0.035 -0.754 0.010 0.009 0.042 -0.001 -0.007 -0.017 0.948 

  (0.015) (0.015) (0.024) (0.013) (0.028) (0.023) (0.009) (0.007) (0.025) 0.016 

Prepared ready to eat foods (14) 0.060 0.046 0.026 -0.822 -0.192 -0.322 -0.079 -0.018 -0.048 0.974 

  (0.033) (0.031) (0.031) (0.038) (0.052) (0.045) (0.022) (0.018) (0.055) 0.017 

Sugar and preserves (15) 0.015 0.002 0.002 -0.024 -0.872 0.027 0.027 0.006 -0.008 0.939 

  (0.007) (0.007) (0.008) (0.006) (0.019) (0.012) (0.005) (0.004) (0.012) 0.026 

Condiments and sauces (16) 0.007 0.062 0.015 -0.055 0.035 -0.973 0.006 0.002 -0.007 0.889 

  (0.009) (0.009) (0.009) (0.007) (0.015) (0.018) (0.006) (0.004) (0.014) 0.023 

Low calorie soft drinks and juices (17) -0.001 0.054 0.002 -0.031 0.092 0.019 -1.056 0.019 0.003 1.010 

  (0.013) (0.01) (0.009) (0.009) (0.016) (0.014) (0.013) (0.009) (0.018) 0.021 

Alcoholic beverages  (18) -0.055 -0.016 -0.020 -0.023 0.028 0.006 0.024 -0.904 -0.020 0.883 

  (0.022) (0.016) (0.014) (0.014) (0.023) (0.02) (0.017) (0.036) (0.035) 0.039 

Others (19) -0.011 -0.055 -0.030 -0.042 -0.049 -0.020 0.022 -0.001 -0.861 1.085  
(0.034) (0.031) (0.025) (0.055) (0.012) (0.014) (0.018) (0.035) (0.683) 0.040 


