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Implications of increasing fruits and vegetable

consumption in Scotland
Abstract Wisdom Dogbe

The food system is a major cause of global warming contributing between 9 - 29 per cent of
global carbon emissions. In addition, diet is believed to be a major cause of non-communicable
diseases in Scotland, resulting in about 24 per cent of deaths and a reduction in life expectancy
to 62.3 years. There is therefore the need to change consumer behaviour towards more
sustainable lifestyles. The literature argues for diets high in fruit and vegetable but low in red
meat and fat/sugar-based foods. To increase the consumption of fruits and vegetables in the
UK i.e., Scotland, the government launched the “five-a-day” campaign in 2003 to increase fruit
and vegetable consumption to 400 g/day through education and advertisement. However, after
18 years of its implementation, 2020 DEFRA food consumption data shows that Scottish
consumption of fruits and vegetables was 23 per cent below the recommended daily intake.
The goal of the present analysis is to simulate the price change required to increase fruit and
vegetable consumption by 10 per cent in Scotland. The study relied on monthly food purchase
data from 2013 — 2020 collated by Kanter Worldpanel for Scotland. This data was used to
estimate unconditional food demand elasticities using an EASI demand model. The elasticities
were introduced into a model that calculates the shadow prices that must prevail for consumers
to increase their purchase of fruit and vegetables without changing the taste or utility of diets.
Results suggest that, for the average person, a 10 per cent increase in purchases of fruits and
vegetables would require subsidies between 8.36 per cent and 56.35 per cent for Processed fruit
and fruit products and Fresh fruits, respectively. The post-policy diet was higher in the
following food products: non-carcase meat and meat products, Butter, margarine, vegetable
oils, cakes, buns and pastries, and confectionery. Unintended effects of the policy are 1)
increase in average GHGe per person per day, and 3) increase in saturated fats and total fat
purchases. The distributional analysis shows that 1) different income groups respond
differently to subsidies, 2) persons earning above 30 K would reduce their emissions, and 3)
households earning below 30 K would increase their sugar, saturate fat, and total fat purchases.
In summary, though the policy would increase fruits and vegetable consumption, there will be
unintended negative consequences.
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1. Introduction

Diet is believed to be a major cause of non-communicable diseases (NCDs) such as
cardiovascular diseases and diabetes (Anand et al., 2015; Willett, 2012). In Scotland,
noncommunicable diseases contribute to 24 per cent of deaths and have reduced healthy life
expectancy to 62.3 years — the lowest so far in western Europe. In addition, the food system is
a major cause of poor population and environmental health (Clark et al., 2019; Reisch et al.,
2013; Ridoutt et al., 2017). The food system contributes between 19 per cent and 29 per cent
of global carbon emissions (Vermeulen et al., 2012) and about 70 per cent of global freshwater

use (Whitmee et al., 2015). Environmental problems associated with unsustainable diets and



food production include climate change, water pollution, loss of habitats and biodiversity etc.
(Reisch et al., 2013). In addition,

From above, it is clear that individual consumption decisions have major implications for both
climate and human health (Pape et al., 2011). Therefore, there is a need for behavioral change
and nutritional policies towards more sustainable lifestyles (Jackson, 2009). However, efforts
are largely minimal toward integrated sustainable policies that tackle both environmental and
health-related problems (Reisch et al., 2017).

Healthy diets are widely considered as those high in fruit and vegetables (Agudo and F. A.O.
Joint, 2005). These foods are considered essential in dietary guidance because they
concentrated on vitamins, especially vitamins C and A; minerals, and more recently
phytochemicals, especially antioxidants (Slavin and Lloyd, 2012). Antioxidant compounds
have been found to reduce the risk of chronic diseases such as diabetes and cancers (Harasym
and Oledzki, 2014). For instance, an increase in consumption of fruit and vegetables to 400 g
or five portions a day has been advocated by national and international bodies on the
assumption that such a change would reduce the incidence of both cancer and cardiovascular
diseases (James, 1988; Motulsky and Council, 1989; World Health Organization (WHO),
1990). Also, people who eat more servings of fruit each day have lower Body Mass Index
(BMI); as higher BMI is associated with certain cardiovascular diseases and diabetes (Lin and
Morrison, 2002).

Despite the substantial evidence that diets rich in fruit and vegetables could reduce the
incidence of cardiovascular diseases (CVD) and cancers of the upper gastrointestinal tract
(IARC, 2003; Block et al., 1992; Key, 2011; Ness and Powles, 1997), fruit and vegetable
intakes in Scotland remain below-recommended levels. The latest data by DEFRA suggest that
between 2001 and 2019, the highest consumption of fruits and vegetables was 309 g per person
per day (Department for Environment, Food & Rural Affairs (DEFRA), 2020). This makes
Scotland’s average intakes no more than three servings a day (Gregory et al., 1990). Also,
according to the 2018 Scottish Health Survey, only 22 per cent of adults met the five a day
recommendation of fruit and vegetables (Cheong et al., 2020). National and international
agencies such as Health Education Board for Scotland and World Health Organization have
therefore promoted the “five-a-day” message as a means for helping to reduce those diseases
(World Health Organization (WHO), 1991). Empirical studies by Capacci and Mazzochi



showed that the “five-a-day” campaign message was able to increase fruits and vegetables
consumption by 0.3 portions between 2003 and 2006 (Capacci and Mazzocchi, 2011).
However, this has been unsustainable due to the continuous rise in the prices of fruit and
vegetables in the UK.

Food consumption does not only reflect nutritional needs but also preferences for taste, odour,
and texture as well as culture and ethics. According to Carlsson-Kanyama sustainable dietary
goals should not only be considered from the context of environmental degradation, but also
for all their immaterial qualities as well as their cultural acceptance (Carlsson-Kanyama, 1998),

a term described as “taste of change” (Irz et al., 2015).

A major impediment to dietary change is related to “taste of change”, which is described as the
utility forgone as a result of the dietary change to induce long term health goals and short-term
pleasure and hedonistic rewards (Irz et al., 2015). This suggests that consumers are unable to
comply with national and regional dietary goals because these recommendations impose
changes in the palatability of diets.

A substantial body of research shows that diets high in fruit and vegetables are protective of
health and have a relatively low environmental impact (Clark et al., 2019). According to
Capacci & Mazzocchi, fruits and vegetable consumption increased by 8.2 per cent between
2002 and 2006 as a result of the government’s “five-a-day” campaign (Capacci and Mazzocchi,
2011). However, regional studies targeted at Scottish consumers is yet to be undertaken. Family
and Food data by DEFRA in 2020 shows that fruit and vegetable consumption in Scotland has
been below the five-a-day recommendation hovering between 264 g in 2011 and 309 in 2005/6.
To raise consumption levels to the recommended level of 400 g of fruit and vegetables a day,
consumption must increase between 23 and 34 per cent. The goal of the present paper is to
estimate the prices that must prevail for consumers to increase their consumption to the
recommended levels. We go further to model the implications for the overall diet composition

and environmental footprint.

Most studies addressing dietary recommendations use restrictive methods like linear
programming to estimate the least-cost diets when complying with a list of nutritional or
environmental constraints (Macdiarmid et al., 2012). Other strands of studies have relied on
empirically estimated complete and incomplete demand systems to simulate the influence of
government policies like taxes on food consumption and nutrient intakes (Briggs et al., 2017,

Edjabou and Smed, 2013). The former has been proven to have the following limitations: 1)



the model produces unrealistic diets which are extremely cheap and made up of a few food
items or ingredients, and 2) the diets produce from LP models are not compatible with
consumer taste and preferences. Following these limitations, Henson used a linear
programming model that considers consumers taste and preferences i.e. palatability, however,
the number of constraints imposed was unrealistic (Henson, 1991).

A major limitation of using demand models is that the estimation of nutrient-based
recommendations can only be assessed ex-post rather than through the price modifications
required to comply with nutritional or food constraints.

Considering the above limitations, in this paper we use the approach proposed by Irz et al.
which considers consumers’ preferences and required substitutions to achieve a given norm
(Irz et al., 2015). According to Votruba, this is important because the desirability of a
nutritional policy often centers on the magnitude of taste cost (Votruba, 2010). Second, it
permits the assessment of the effectiveness of the policy on improving diet quality and health
goals as well as environmental health. Finally, the model applied here can identify the optimal
set of taxes that should be implemented, and the optimal income transfers required to achieve

given nutritional objectives.

Hence, this paper contributes to the literature on sustainable diets in Scotland by estimating the
shadow prices at which fruits and vegetable consumption can be increased; 2) using a model
that takes into account taste cost or constant utility, and assessing the effect that higher
quantities of fruit and vegetable in the Scottish diet have on nutrient purchases and the

environment (represented by carbon footprint).

The remainder of the article is structured as follows. Sections 2 present a brief literature review.
Section 3 describe the data and the methodological framework used in this study. Section 4
shows and discusses the main results. The paper ends with some concluding remarks and

limitations.

2. Literature review

Worldwide obesity has nearly tripled between 1975 and 2016; in the latter, 39 per cent and 40
per cent of men and women were obese (WHO, 2019). Within the UK, according to the OECD,

more women than men were obese in 2020. The Scottish Health Survey 2018 suggest that 65



per cent of adults were overweight, including 28 per cent who were obese, with both trends
remaining the same since 2008 (Cheong et al., 2020). On the contrary, only 33 per cent of
adults had a normal body mass index i.e., a BMI of 18.5 to less than 25 kg/m?. Such a growing
trend is worrisome and requires policy interventions that can reduce the prevalence of obesity.
In addition, the number of persons in Scotland who reported having cardiovascular diseases
was 16 per cent in 2018. The number of those who reported having “good” or “very good”
health for adults fell from 77 per cent in 2009 to 71 per cent in 2018. The lowest to be recorded
in Scotland. This trend can partly be attributed to unhealthy food consumption behavior among

the populace.

Treatment of obesity and related diseases has resulted in a higher cost of achieving a better
quality of life, as well as increased government expenditure on health care (Thiele and Roosen,
2018). For instance, Allender & Rayner estimated the direct cost of overweight and obesity to
the National Health Service (NHS) to be £3.2 billion(Allender and Rayner, 2007). As a result,
various researchers have advocated for the use of fiscal policies to internalize the cost of obesity
and related diseases (Dogbe and Gil, 2020). However, WHO recommends the consumption of
400 grams of fruit and vegetables per day to reduce overweight and obesity, and the incidence

of non-communicable diseases (Aune et al., 2017; Hartley et al., 2013).

2.1. Fresh fruit and vegetable consumption in Scotland

Despite the interest in increasing the consumption of fruits and vegetables in Scotland, the
latest data show that total average consumption (excluding potatoes) has been below the
recommended weekly intakes since 2001 (see Figure 1). The highest consumption of fruit and
vegetables recorded in Scotland was 309 grams per person per day in 2005. Capacci and
Mazzochi (Capacci and Mazzocchi, 2011) attributed this figure to the UK government’s “five-
a-day” campaign message. However, this level could not be sustained, falling to 290 grams per
person per day in 2019.

Figure 1 also shows the different groups of fruit and vegetable consumed in Scotland. Among
the vegetables and fruits, fresh ones are consumed more than processed ones. However,
consumption has not been constant, showing both upward and downward trends. The falling
rate in the consumption of fruit and vegetables requires stringent policy interventions that favor

both fruit and vegetable consumption and diet palatability.



Paste Figure 1 here

Figure 2 shows the average price per gram and weight per pence of the different groups of fruit
and vegetable purchased from 2001 to 2019. The weight per pence of fruit and vegetables has
fallen from 2001 to 2019. For instance, in 2001 consumers bought 7 grams of fruit and
vegetable for 1 penny whilst in 2019 they paid the same price for 4.4 grams. This phenomenon
may be an important cause of the low consumption of fruit and vegetable in Scotland. Similarly,
the average prices of fruit and vegetables about doubled from 0.14 pence per gram in 2001 to
0.25 pence per gram in 2018. However, the average price of fresh green vegetables is higher
than the total average. In addition, the price of processed fruits and fruit products is lower than
the average total price. Such trends suggest some groups would require larger price decreases

to increase their consumption.

Paste Figure 2 here

2.4. Food Consumption and CO2 equivalent emission

Agricultural production is the third-largest emission producer in Scotland, contributing
about 7.5 MtCOze in 2019. Studies by Berners-Lee et al. (Berners-Lee et al., 2012) and Garnett
(Garnett, 2009) suggest that food consumption in the UK is responsible for approximately 20
per cent of all greenhouse gas (GHG) emissions produced in a year. However, foods containing
animal products are known to generally have much greater emissions than plant-based products
per unit weight (Audsley et al., 2010; Gonzalez et al., 2011; Steinfeld et al., 2006). Animal
production relies on cereal crops produced from mostly inefficient systems and produce a high
amount of methane responsible for global warming (Steinfeld et al., 2006). Due to the lack of
data for Scotland, we present the trend in CO2-eq emission from food, and alcoholic and non-
alcoholic beverages in the UK (Figure 3). The average CO2-eq emission from beverages has
been on the decline since 1990 suggesting marginal gains in emission reduction. However,
emission from food consumption compared to the national average has been cyclical. The
lowest emission of 10.43 per cent was recorded in 2007, after which emission began to increase.
The latest data, in 2017, shows that the average emission from food consumption was 12.71
per cent of total UK emission. According to Vieux et al. change in national dietary levels
towards healthy low GHGe is feasible in Europe (Vieux et al., 2018) through increased

consumption of fruit and vegetables and low consumption of animal proteins.

Paste Figure 3 here



Methods

3.1. Consumers purchase data

The data is monthly Kantar Worldpanel data for Scotland covering the period 2013 to 2020.
The dataset also consists of household food purchases as well as demographic information such
as income levels. Personal expenditure per capita was calculated using the sample size for each

year.

The purchases made by households were first categorized into Food and beverages, and
alcoholic drinks categories. In the second stage, food and beverages were disaggregated into
10 main groups comprising of Milk, cheese and eggs; Meat and fish; Fats; Fruits; Sugars;
Starches; Vegetables; Beverages; Soft drinks; and Other foods. In the third stage, the 10 food
groups were further disaggregated into their main products. Thirty-five main food products
were analyzed in the third stage (see Table 1).

Paste Table 1 here

Table 2 shows the summary of the data used for estimating the demand model. Food and
beverages make up 84 per cent of the total household expenditure on food and drinks. In the
second stage, the highest amount of expenditure (26 per cent) was spent on Meat and Fish, this
is followed by Starchy foods (17 per cent) and Sugars (14 per cent). The food aggregates with
the lowest expenditure shares are Beverages (2 per cent) and Fats (2 per cent). In the third
stage, the food product with the highest expenditure share was Non-carcass meat (also among
the animal protein aggregate) whilst that with the lowest expenditure share was Malt drinks
and chocolate versions of malted drinks. Fresh fruits (6.1 per cent) have a higher expenditure
share compared to Fresh vegetables (4.4 per cent). However, processed vegetable (3.4 per cent)
has a higher expenditure share than processed fruits (3.1 per cent). Other cereals and cereal
products have the highest expenditure share among the starchy food aggregates. Similarly,

Butter has the highest expenditure share among the fat aggregates.

Paste Table 2 here

3.2. Ex-ante evaluation of increasing fruits and vegetables



The approach for the ex-ante evaluation of increasing fruit and vegetable used in this paper is
from Irz et al. (2015). It is based on the conventional neoclassical consumer theory assuming
that consumers choose the consumption of bundle of H goods in quantities g = (q4, ..., qy) t0
maximise a strictly increasing utility, gquasi-concave, twice differentiable utility function
U(q4,...,qg), Subject to a linear budget constraint p.q < M, where p and M are price and
income vectors. We also assume here that the consumer operates under a set of linear nutritional
constraints and food-based constraints i.e. N maximum nutrients or food intakes based on the
government’s “five a day” policy. In this study, the constraints are fruits and vegetables.
Mathematically, the nutritional constraints are expressed by ¥, a* q; <7, vn=1,..,N.
We rely on the notion of shadow prices to solve our modified version of the utility
maximization problem. We used the duality theory to relate the unconstrained Hicksian
demand function h;(p, U)to the constrained food-based model ;(p, U, 4,7). Where A is the N
X H matrix of nutritional coefficients, and r is the N vector of maximum nutritional amounts.

Shadow prices are calculated by maximizing C;(p,U,A,7) subject to ¥ al'q; <
T, vn=1,...,N.

The Lagrangian of the virtual price problem is expressed by

L=CcpU)+%% 1(p] p])h + 3N (1 — P a}‘hj) ...................... (1)

U, is the Lagrangian multiplier associated with the nth nutritional or food-based
constraints.

We derived the Kuhn-Tucker conditions for (1) based on the assumption of non-satiation

and strictly positive virtual prices as:

_ N\ 0h; an; _
F_h + X 1(pj—pj)a—ﬁ’i—2£\l'=1un " 1a]a—’=0,l=1,...,H ........... (2.1)
un(rn Z]_la]’-“‘h])—o ................................................................ (2.2)
U = 0,10 = 4, N e (2.3)

By applying shepherd’s lemma and replacmg ’ by s;j, equation 2.1 reduces to:

ijl[(p] p]) N U a H ]SU 0,i=1,...H . ..o (3)
Assuming that all N equations are binding, our virtual price problem reduces to:
Di =DPi — Zn=1Mn @0, Ho 4.1

{-Izl a?hi (ﬁi, U) e R T (42)



According to Irz et al., equation 4.1 implies that deviations between shadow prices and market
prices are proportional to the nutritional coefficients of the goods entering the single nutritional
constraint (Irz et al., 2015). Whereas the second set of equations (4.2) suggest that the
nutritional constraints are binding.

Finally, a change in the shadow price because of a change in the nutritional/food

constraints can be expressed as

1

apNi ai .
Ty o T S 5
ory 2{1’:12{{:151'}"11'1“]1' A ( )

Also, a change in product k due to a change in the nutritional/food constraints is expressed
by

= H 1
ahk _ Zi=1skiai
~— VvH H 1,1
Ory  Xi=q Xij=15ij4; 4]

Equations (5) and (6)* suggest that a change in the nutritional constraint has an impact on
the entire diet of the consumer through substitution and complementary relationships across
food products. Equation (6) is therefore used to evaluate how consumers react to a change in
nutritional norms like reducing saturated intake towards the recommended level. Equation 6 is
estimated by combining a matrix of Hicksian demand parameters to a set of nutritional
coefficients. We derived the Hicksian demand parameters from an approximate Exact Affine
Stone Index Demand System (EASI) using monthly Kantar Worldpanel data from 2013 - 2020.

3.3. Estimation of demand elasticities

As stated above, the demand system estimation is based on the Exact Affine Stone Index
(EASI) model (Lewbel and Pendakur, 2009). Following Molina, (1994), we assumed weak
separability of preferences which is a necessary and sufficient condition for our three-stage
budgeting process. In the first stage, consumers decide how much to spend on food and
beverages, and alcoholic drinks. Secondly, they decide how much of the 10 different types of
food aggregates to spend on determined by their price and total expenditure from the first stage.
Next consumers select among the 10 food aggregates from the second stage considering their

prices.

We estimated the linear approximate version of the EASI demand model. The estimated static

EASI model in the second stage was specified as:

1 See the appendix of (Irz et al.,, 2015) for complete derivation.



we = Yoo bryl + Ap; + Cz + ujy (7)

where wy is the vector of budget share of each food group at time t, p is a vector of log prices
of each food group, and z is a vector of demographic characteristics replaced by time trend and
monthly dummies to capture seasonal effects on food consumption.

And y,2 is the real expenditure derived by

ye = In(xy) —p'w, (8)

The variable x; is a vector of nominal expenditure. Parameters to be recovered are matrices
and vectors of b, A, and C.

The system of N equations of the form in Equation 7 satisfies adding-up and homogeneity

restriction if

1,=1, 1,b,=0, Vr =0 (9.1)
and
1,A=0 (9.2)

Where symmetry of the Slutsky matrix is ensured by the symmetry of the nxn matrix A.

The static model implicitly assumes that there is no difference between consumers’ short-run
and long-run behaviour. However, Klonaris & Hallam (2003) suggest that this is inappropriate
where there is habit persistence, imperfect information, incorrect expectations, adjustment
costs, and misinterpreted real price changes often prevent consumers from adjusting their prices
and expenditures instantaneously. In addition, the static demand model does not pay attention
to the statistical properties of the data as well as the dynamic specification arising from the data
(Li et al., 2016). Moreover, the static demand model does not produce accurate short-run
forecasts (Chambers and Ben Nowman, 1997). This makes it necessary to augment the long-
run equilibrium relationship with the short-run adjustment mechanism.

To circumvent the limitations of the static or long-run demand model, Deaton & Muellbauer,
(1980) proposed including lag of the budget shares as explanatory variables. (Molina, 1994)
used this approach to estimate the food demand model in Spain. Similarly, (Shukur, 2002) used
the same approach to estimated three-stage demand for milk and other beverages in Sweden.

(Mazzocchi, 2003) perform empirical appraisal of the AIDS that allows for time-varying

2The polynomial of y, was constrained to 1 to make the already complex model easier to
estimate.



coefficients (TVC/AIDS) and the simple dynamic AIDS model which includes time trend,
seasonal dummies, and lag of the budget shares as explanatory variables. The author concluded
that TVC/AIDS did not outperform the dynamic AIDS model, apart from improved short run
forecast.

Based on these premises, we estimated the simple dynamic EASI model specify below:

wy = +a.time + Y32, A.sp + 3o br. ¥l +B.pe + C.ye + Dowey +ue (10)

where w, is the vector of budget share of each food group at time t, p is a vector of log prices
of each food group, time is the time trend, and s is a vector of demographic characteristics
replaced by monthly dummies to capture seasonal effects on food consumption and t — 1
represent lags of the variable. Parameters to be recovered are matrices and vectors of b, A, B,
C, D, and a.

Given that y is a function of the budget shares, we have endogeneity. Additionally, (8) appears
on the right-hand side of the budget share equations. Lewbel and Pendakur proposed the use
of non-linear GMM or an iterated linear approximation for the estimation of the parameters
(Lewbel and Pendakur, 2009). We estimated another Stone deflated real expenditure where
budget shares, w, has been replaced with their sample average w; leading to: ¥, = In (x;) —
piw, to instrument for food group expenditure (x;). Similar to Reafios and Wolfing, we
adopted an iterated three-stage technique to estimate the final model (Reafios and Wolfing,
2018).

Given that we estimated a multi-stage demand model, the elasticities computed from the
demand systems is conditional on the budgeting level. Unconditional elasticities are more
relevant since they better measure the detailed reaction of the consumption of the food groups
on economic variables such as taxes and subsidies. The unconditional elasticities are estimated
from the conditional counterpart using the method applied by Bouamra-Mechemache et al.
(2008):

The conditional Hicksian price elasticity of demand for good i and j belonging to commodities

r can be defined as:

e=wlB) +aw—1I (11)



where € is an n x n matrix of compensated demand elasticities, w is an identity matrix where
the ones have been replaced by the group mean budget shares, Q is an n X n matrix of ones and

| is an identity matrix.
The vector of expenditure elasticities ¥ were subsequently derived by
9=W) 11+ 4p) A+ 1, (12)

where 9 is the J X 1 vector of estimated expenditure elasticities, b is the expenditure semi-
elasticity coefficients which is Y¥>_, b, y" 3, p is a vector of mean prices and 1jis a J x 1 vector
of ones.

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

given by

e=e— wd (13)

To estimate the unconditional elasticities, we used the equation derived by Bouamra-
Mechemache et al., (2008) who followed the method suggested by Carpentier and Guyomard,
(2001).

For the three-stage budget allocation, denoting i and j two commodities belonging,
respectively, to sub-groups of commodities r and s that belong, respectively, to the groups a

and b, unconditional price elasticities at the third stage are defined as:
67”5
Ewys);

eij = Ors Xe@ymij T W)(s)) X [ + e(r)(s)] XE@ym ) X E@@ () T W s)iXWe)s X E@r

San
XE@y@)i XEwys)j — 1+ Wey(s)j XW)s X [ - + e(a)(b)] XE@yri X Eyr

Ew)s)j X Ew)s

X E)(5)j X Emys X Wn)(s)j X Wn)s XWp X E@)(r)i X Eyr X Eq X (Epy(s)j X Epys — 1) (14)

The unconditional expenditure elasticity for good i that belongs to the sub-group r that belongs
to group a, is given by
E; = E@@i * E@r X E@ (15)

Finally, the Hicksian price elasticities were estimated using
eij = Ors Xe@@ij T Wo)s)j X ems) X E@ai X E@)j

+ W))j X Ways X e X E@yr X E@@)j X Ew)s (16)

3 To simplify the model, which is already complicated by its time series nature, r was restricted to 1 since this does not change
the expenditure elasticity significantly. Moreover, our interest is not in deriving Engel curves for the various foods.



where &, isa dummy equal to 1 if r =sand O else,

ea)(r)ij 1S the conditional price elasticity of good | with respect to good |

W(p)(s);j the budget share of good j in commodity group s,

E ) (s); 1s the conditional expenditure elasticity of good j (conditional w.r.t. expenditure of
group s)

ey (s) IS the conditional price elasticity of sub-group r with respect to sub-group s,

E )i 1S the conditional expenditure elasticity of good i (conditional w.r.t. expenditures of
group 1),

W(p)s 1S the budget share of sub-group s in group b,

Eq)r Is the conditional expenditure elasticity of sub-group r (conditional w.r.t. expenditures of
group a),

Ep)s is the conditional expenditure elasticity of sub-group s (conditional w.r.t. expenditures
of group b),

wy, is the budget share of group b,

E, is the expenditure elasticity of group a.

3.4. Information on CO2-eq emission

Due to the lack of comprehensive GHG emission data for Scotland, we used emission estimates
from the SHARP Indicator Database (SHARP-ID) compiled by Mertens et al. (2019) for the
EU. The database contains greenhouse gas emissions and Land use data of reported food intake
from four European countries i.e., Denmark, Czech Republic, Italy and France. According to
the (Mertens et al., 2019)authors, the two indicators relate to at least four of the planetary
boundaries identified by Rockstrém et al., (2009).

The methodology for assessing the environmental impacts of food products was based on the
Life Cycle Analysis principle using current production practices (Ekvall et al., 2016). The
construction of the SHARP-ID was based on a total of 182 primary products using various
publicly accessible data sources, e.g. Agri-footprint (Europe) (BV, 2015) Ecoinvent (Global,
Swiss Confederation) (Weidema et al., 2013), and primary production reports (Kool et al.,
2012) combined with European production, trade and transport data (FAOstat, BACI World
Trade Database, and GTAP).



For each food item, the LCA* contained the whole product's life cycle (Guinée and Lindeijer,
2002; Tillman and Baumann, 2004), from cultivations of (feed) crop to consumption at home,
i.e. including primary production, use of primary packaging, transport, food losses and waste,
and food preparations (such as boiling, frying, oven baking, roasting and microwaving). Due
to the limited availability of data, the authors excluded the contributions of industrial food
processing (such as grinding, cutting, centrifuging and washing), storage, and transport from
retail to home. A study by Foster et al., (2007) shows that these phases contribute up to 32%

to the environmental impact measures for highly processed foods such as pizza.

Table 3 provides a summary of the GHGe for the various food products considered for our
analysis. Carcase meat (26.43 kg/kg) has the highest GHGe whilst Malt drinks and chocolate
versions of malted drinks (0.12 kg/kg) have the lowest GHGe. Food products with GHGe above
10 kg/kg of food are Carcase meat, All other fats, Non-carcass meat, and Cheese. Fish and
seafood, and Soups have GHGe between 5 and 10 kg/kg. Food products with emission below
1 kg/kg of food are Biscuits and crispbreads, Bread, Fresh green vegetables, Fresh fruits, Fresh
and processed potatoes, Flour, Tea, Coffee, Cocoa and chocolate drinks, Malt drinks and
chocolate versions of malted drinks, Mineral or spring waters, Soft drinks, concentrated, not
low calorie, Soft drinks, not concentrated, not low calorie, and Soft drinks, not concentrated,

low calorie. The remaining food products have the GHGe between 1 and 5 kg/kg.

Paste Table 3 here

3.5. Simulation

The goal of the present analysis is to simulate the price at what fruit and vegetable consumption
can be increased from the current level towards the government’s “five-a-day” policy level
without disturbing the utility of the diet. Family Food data released by DEFRA in 2020 shows
that fruit and vegetable consumption in Scotland has been below the five-a-day
recommendation, hovering between 264 g (lowest) in 2011 and 309 g (highest so far) in 2005/6.
This is about 34 and 23 per cent® below the required 400 g per person per day. First, we model
the price that must prevail for consumers to increase their fruit and vegetable consumption by

10 per cent. Second, we measured the unintended effects of the increase on the remaining food

“Refer to Mertens (2019) for further explanation on how the database was constructed.

® Increasing consumption to by 23 and 34 per cent, required price reduction outside of the natural variation of
price change. As a result, we modelled the implication for price when fruits and vegetables increase by 10 per
cent.



products whose prices remained constant. Third, based on the overall changes in food
purchases, we analyzed the expected changes in CO»-equivalent emissions for the average
consumer and based on income levels. Finally, the impact of the policy on diets was estimated

in terms of changes in macronutrient purchases.
4. Results and discussion
4.1 Average person

4.1.1 Price and Expenditure Elasticities

Table 4 shows that all unconditional compensated own-price elasticities are negative and
significant at the one per cent level. All own price elasticities were below one except for All
other fats, Soft drinks, not concentrated, not low calorie, Cocoa and chocolate drinks, Soft
drinks, not concentrated, low calorie, Processed fruit and fruit products, Other take away and
meals, Bread, Tea, Carcase meat, and Processed vegetables. The implication is that those food
groups are less responsive to price changes (Huang and Lin, 2000; Park et al., 1996; Tiffin and
Tiffin, 2008) and that any policy aimed at increasing consumption must be huge to have a
significant impact (Dong and Lin, 2009). Of interest are Processed fruits and fruits products
and Processed vegetables which are price elastic. This implies that a small price subsidy could
lead to a big change in quantity demand. The cross-price elasticities show the degree of
substitution and complementarity between the food groups. This has implications for the policy
to increase fruit and vegetable consumption. For instance, all types of vegetables and fruits are
a complement to animal proteins (Carcase meat, Non-Carcase meat, and Fish) suggesting that
lower prices for vegetable and vegetable products will increase the consumption of these food
groups (not encouraging from the climate perspective). This confirms the findings of Dong and
Lin, (2009) that subsidies for vegetables i.e. lettuce and tomatoes might encourage households

to purchase more ground beef and bread.

The estimated expenditure elasticities are all positive and significant at the one per cent level
(see Table 4). All types of fruits and vegetables are expenditure inelastic suggesting that buyers
consider these products as normal goods (Theil, 1980). The least responsive to expenditure
changes among these two groups are fresh fruits whilst the most responsive are processed fruits.
Among the animal proteins, Carcase meat was found to be expenditure elastic whilst the rest

are expenditure inelastic. Among the soft drinks group, soft drinks, not concentrated and not



low calorie is the most price elastic (1.192) whilst Mineral water is the least price responsive
(0.056). Finally, all fat types are price elastic except for the butter.

4.1.2. Price Adjustments

We first considered the effect of increasing fruit and vegetable consumption by 10 per cent
(equivalent to an increase of 29 grams per day®) on prices. The model considers the substitution
and complementary relationship across all food groups. The estimated results suggest that, for
the average person, there is the need to reduce the prices by 12.51 per cent, 33.76 per cent,
11.14 per cent, 56.35 per cent, and 8.36 per cent for Fresh green vegetables, Other fresh
vegetables, Processed vegetables, Fresh fruit and Processed fruit and fruit products,
respectively. Comparing our results to that found by Irz et al. (2015) for increasing fruits and
vegetables by 5 per cent suggest that the price changes are lower. More importantly, our results
confirm that food price subsidies have positive implications for consumption (Blakely et al.,
2020; Siegel, 2019; Thow et al., 2014). Even though the subsidies (difference between actual
and shadow prices) required to achieve the recommended intakes are relatively high, especially
for Fresh fruits, previous literature has shown that the consumption of fruit and vegetables are
both beneficial for personal and environmental health. A diet rich in a variety of fruits and
vegetables have been shown to prevent cancers of the upper gastrointestinal tract ((IARC),
2003; Steinmetz and Potter, 1996), coronary heart disease (Liu et al., 2000), mental health
(Glgbska et al., 2020; Liu et al., 2016; Saghafian et al., 2018) and diabetes mellitus (Ford and
Mokdad, 2001). In addition, the consumption of diets high in fruits and vegetables has been
associated with a lower prevalence of obesity (Epstein et al., 2001; McCrory et al., 2000).

Paste Table 4 here

4.1.3. Consumption of other foods

By assuming 100 per cent for the baseline consumption, we compared consumption before and
after the implementation of the policy for the remaining 30 food products. Figure 4 indicates
the baseline consumption levels by doted lines. Significant changes in dietary composition are
observed at the same utility level.

The following foods: Non-carcass meat and meat products; Butter; Confectionery; Fresh fruit;

Processed vegetables; Fresh green vegetable; Other fresh vegetables; Processed fruit and fruit

6 This figure is based on average daily consumption per person in 2019 in Scotland



products; Cakes, buns and pastries; Margarine; Vegetable and salad oils had increase in
purchases whilst the remaining food products had reduction in purchases. Specifically, the
graph shows that Soft drinks, not concentrated, not low calorie recorded the highest reduction
in purchase whilst Non-carcase meat and meat products had the highest increase in purchase.
The increased demand for Non-carcase meat and meat products and butter has implications for

climate goals as these food products tend to be carbon-intensive.

We compared our results to those obtained for France by Irz et al. (Irz et al., 2015). The changes
in consumption were found to be comparable. First, like Irz et al. (2015), our results show
decreases in the purchase of Carcase meat products. Also, our results show that purchases of
fish and seafood will decrease by 0.4 per cent, but Irz et al. estimated a 10 per cent increase in
the consumption of fish. The differences are, of course, due to the peculiar preferences in both
countries and differences in data aggregation.

Paste Figure 4 here

4.1.4. Impact on greenhouse gas emission and nutrient purchases

We went further to estimate the unintended impact of the policy on greenhouse gas emissions
and nutrient purchases. Figure 3 shows the effect of the policy on energy and macronutrient
purchases and GHGe. The percentage changes in emissions are equivalent to the changes in
the quantities of each food product. Contrary to results by Dogbe and Revoredo-Giha (2020)
for the UK, the overall net change in emissions is higher (3 per cent), indicating a more negative
effect of the policy on GHG emissions for Scotland. This could be attributed to a significant

increase in carbon-intensive food products like non-carcass meat and butter.

From Figure 3, carbohydrate purchases decreased by 6.1 per cent; dietary sugar purchases
decreased by 2.1 per cent, and fibre purchases decreased by 5.6 per cent. However, protein and
lipid or total fats increased by 2.5 and 1.7 per cent, respectively. Similarly, sodium and
saturated fats increased by 0.9 and 0.6 per cent, respectively. In conclusion, subsidizing fruits
and vegetable consumption is likely to have negative consequences on diet and climate health.
This is contrary to the results found by Eustachio Colombo et al. (2021) for the UK that meeting

the “5-a-day” target for fruits and vegetables would reduce emissions.
4.2 Income groups

4.2.1 Price and Expenditure Elasticities



Figure 6 shows variations in the own-price elasticities for three different income groups’.
Figure 5 shows that some food products show high levels of variations in elasticities. For
instance, All other fats have price elasticity ranging from -0.60 for persons earning between 30
— 50 K to -2.94 for persons earning above 50 K. This suggests that persons earning higher
income are more responsive to price changes in the All other fats product than persons earning
a lower income. The lowest variation in own-price elasticity was estimated for Pickles and
sauces, ranging from -0.839 for persons earning between 30 — 50 K and -0.898 for persons
earning below 30 K. Among the vegetables, processed vegetables have the lowest variation in
price elasticities (between -0.20 for persons earning above 50 K and 0.46 for persons earning
below 30 K). Also, processed vegetable has a higher price elasticity across all income groups
than fresh green and other vegetables. For fruits, persons earning higher than 50 K are more
responsive to price changes in Processed fruits whilst persons earning between 30 K — 50 K
are the most responsive to price changes in fresh fruits. For carcass and non-carcass meat,
persons earning 50 K and above are the most responsive to price changes whilst those earning
below 30 K are the most responsive to price changes. For soft drinks, people earning below 30
K and those earning above 50 K are more sensitive to price changes in Soft drinks, not
concentrated, not low calorie; and Soft drinks, not concentrated, low calorie.

Paste Figure 5 here

Figure 7 shows the variations in income elasticities among different income groups. Variations
in elasticities suggest how different income groups respond differently to the same level of
change in food expenditure. Persons earning between 30-50 K (3.363) are more responsive to
expenditure changes in flour whilst persons earning less than 30 K (0.183) are the least
responsive. Among the vegetables, the largest variation in expenditure elasticity was estimated
for other fresh vegetables (0.83 — 1.05). Specifically, persons earning less than 30 K were more
responsive to price changes in fresh green vegetables and other fresh vegetables than the
remaining income groups. However, persons earning between 30 — 50 K were more price
responsive to price changes in the processed vegetables than the remaining groups. Among the
fruit group, Processed fruits have the largest variation in expenditure elasticity, ranging from
0.08 for persons earning between 30 — 50 K and 1.03 for persons earning below 30 K. Person
earning below 30 K were more responsive to price changes in Fresh fruits than the remaining

groups.

" Income group 1 = households earning less than 30, 000 pounds per annum; Income group 2 = households earning between
30, 000 and 50, 000 pounds per annum; and Income group 3 = households earning above 50,000 pounds per annum.



Paste Figure 6 here
4.2.2. Price Adjustments

Table 5 presents the percentage changes in prices for different income levels and the variation
when compared to the average person. For Fresh green vegetables, a 13.1 per cent reduction in
price is required to meet the policy goal for persons earning less than 30 K (0.6 per cent lower
than the average household). However, for the same food product, a 20.93 per cent increase in
prices (8.43 per cent lower than the average household) is required to the policy goals for
persons earning above 50 K. For Other fresh vegetables, a 24.5 per cent reduction in price is
required to increase its consumption for persons earning less than 30 K (9.2 per cent higher
than the average person). However, for the same food product, a 68.9 per cent reduction in
price is required to increase its consumption for persons earning above 50 K (35.2 per cent
higher than the average person). For processed vegetables, 13.9 per cent (2.46 per cent lower
than average population) and 9.16 per cent (2.3 per cent above average) is required by persons
earning between 30 — 50 K and persons earning above 50 K, respectively, to increase
consumption by 10 per cent.

For fruits, in general, the price change for Fresh fruits is higher than the average population but
lower for Processed fruits. For the former, 37.7 per cent (18.7 per cent higher than average)
reduction in price is required to meet the policy goal for persons earning less than 30 K.
However, for persons earning between 30- 50 K, a 10.3 per cent reduction (46.1 per cent higher
than average) is required to achieve this target. For Processed fruits and fruit products, 10.13
per cent reduction (1.8 per cent lower than average) is required to increase consumption by 10
per cent for persons earning below 30 K whilst for the same level of consumption, 8.5 per cent
(0.2 per cent lower than average) reduction in price is required for persons earing between
above 50 K.
Paste Table 5 here

4.2.3 Changes in Consumption

Figure 8 compares the reductions in purchases across different income groups. The following
food products reduced across all income groups: Cheese, Egg, Carcase meat, Fish, All other
fats, Sugar and preserves, Fresh and processed potatoes, Bread, Flour, Biscuits and crispbreads
Other cereals and cereal products, Spreads and dressings, Tea, Coffee, Cocoa and chocolate
drinks, Malt drinks and chocolate versions of malted drinks, Mineral or spring waters, Soft

drinks, concentrated, not low calorie, Soft drinks, not concentrated, not low calorie, and Soft



drinks, not concentrated, low calorie. The consumption of Carcase meat increased for persons
earning below 30K and between 30 — 50 K but reduced for persons earning above 50 K.
Purchases of Butter and Margarine increased for persons earning below 30 K and between 30
-50 K but reduced for persons earning above 50 K. Also, purchases of Soups, Pickles and
sauces, and Other take away and meals increased for persons earning between 30 — 50K but
reduced for persons below 30 K and above 50 K. In effect, the impact of the policy on
consumption varies significantly across different income groups.

Paste Figure 8 here

4.2.4. Impact on greenhouse gas emission and macronutrient purchases

Figure 8 shows the percentage change in energy, macronutrient, and GHG emissions following
the policy. Emissions increased for persons earning below 30 K but reduced for persons earning
more than 30 K. A better understanding of the consumption pattern of lower-income
households is required to improve overall nation climate health. For instance, persons earning
below 30 K increased their emission from consumption by 3.6 per cent whilst those earning
between 30-50 K and those above 50 K decreased by 1.2 per cent and 1.3 per cent, respectively.
Also, Figure 8 shows the changes in nutrient purchases due to the policy. Energy purchases
increased for persons earning below 30 K but reduced for persons earning above 30 K. Protein
purchases increased for persons earning below 30 K and above 50 K but decreased for persons
earning between 30 -50 K. Fiber purchases increased for all income groups. Sugar, saturated
fats, and lipids purchases increased for persons earning below 30 K but reduced for the
remaining income groups. Finally, sodium purchases increased for persons earning above 50
K but reduced for all other income groups. The increase in saturated fats and sugar shows the
negative unintended effects of the policy if implemented on lower-income households.

Paste Figure 8 here

5. Conclusion

In Scotland, fruit and vegetable consumption has been unstable and significantly below the
recommended daily consumption of 400 g. As such, the goal of the present study was to
estimate the prices (shadow prices) at which consumer can increase their intake of fruits and
vegetable purchases by 10 per cent (29 g higher than the average consumed in 2019) without
changing the overall taste of diet (utility).



The results suggest that to increase the purchases of fruits and vegetables by 10 per cent, there
is the need for prices to decline between 8.36 (Processed fruits) and 56.35 per cent (Fresh
fruits). The changes in the consumption of fruits and vegetables have implications for overall
food choices shown by the increase in purchases for carbon-intensive foods like non-carcass
meat and butter, macronutrients like lipids and sugar, and an increase in overall CO.-eq
emission.

First, the impact of the policy varied across all income groups. Lower-income households were
more affected by showing a positive change in average GHGe and increased purchases for
sugar and saturated fats.

From the policy perspective, the large difference between the estimated shadow prices and
actual prices of fruits and vegetables has implications for fiscal policies. In effect, large
subsidies are required for the policies to be effective especially for Fresh fruits. Policymakers
should also consider the unintended effects created by the policy before going ahead to

implement it.

References

(IARC), ILA. for R. on C., 2003. Fruit and vegetables. IARC Press, Lyon.

Agudo, A., F AO Joint, 2005. Measuring intake of fruit and vegetables [electronic resource].
World Health Organization.

Allender, S., Rayner, M., 2007. The burden of overweight and obesity-related ill health in the
UK. Obes. Rev. 8, 467—473. https://doi.org/10.1111/].1467-789X.2007.00394.x

Allender, S., Scarborough, P., Rayner, M., 2007. Coronary heart disease statistics. University
of Oxford, London.

Anand, S.S., Hawkes, C., De Souza, R.J., Mente, A., Dehghan, M., Nugent, R., Zulyniak, M.A.,
Weis, T., Bernstein, A.M., Krauss, R.M., Kromhout, D., Jenkins, D.J.A., Malik, V.,
Martinez-Gonzalez, M.A., Mozaffarian, D., Yusuf, S., Willett, W.C., Popkin, B.M., 2015.
Food Consumption and its Impact on Cardiovascular Disease: Importance of Solutions
Focused on the Globalized Food System A Report from the Workshop Convened by the
World Heart Federation. J. Am. Coll. Cardiol. https://doi.org/10.1016/j.jacc.2015.07.050

Audsley, E., Brander, M., Chatterton, J.C., Murphy-Bokern, D., Webster, C., Williams, A.G.,
2010. How low can we go? An assessment of greenhouse gas emissions from the UK food
system and the scope reduction by 2050. Report for the WWF and Food Climate Research
Network.

Aune, D., Giovannucci, E., Boffetta, P., Fadnes, L.T., Keum, N.N., Norat, T., Greenwood,
D.C., Riboli, E., Vatten, L.J., Tonstad, S., 2017. Fruit and vegetable intake and the risk of
cardiovascular disease, total cancer and all-cause mortality-A systematic review and dose-
response meta-analysis of prospective studies. Int. J. Epidemiol. 46, 1029-1056.
https://doi.org/10.1093/ije/dyw319

Berners-Lee, M., Hoolohan, C., Cammack, H., Hewitt. CN, 2012. The relative greenhouse gas
impacts of realistic dietary choices. Energy Policy 43, 184-190.

Blakely, T., Cleghorn, C., Mizdrak, A., Waterlander, W., Nghiem, N., Swinburn, B., Wilson,
N., Ni Mhurchu, C., 2020. The effect of food taxes and subsidies on population health and



health costs: a modelling study. Lancet Public Heal. 5, e404—e413.
https://doi.org/10.1016/S2468-2667(20)30116-X

Block, G., Patterson, B., Subar, A., 1992. Fruit, Vegetables, and Cancer Prevention: A Review
of the Epidemiological Evidence. Nutr. Cancer.
https://doi.org/10.1080/01635589209514201

Bouamra-Mechemache, Z., Réquillart, V., Soregaroli, C., Trévisiol, A., 2008. Demand for
dairy products in the EU. Food Policy 33, 644—656.
https://doi.org/10.1016/J.FOODPOL.2008.05.001

Briggs, A.D.M., Mytton, O.T., Kehlbacher, A., Tiffin, R., Elhussein, A., Rayner, M., Jebb,
S.A,, Blakely, T., Scarborough, P., 2017. Health impact assessment of the UK soft drinks
industry levy: a comparative risk assessment modelling study. Lancet Public Heal. 2, e15-
e22. https://doi.org/10.1016/S2468-2667(16)30037-8

BV, B.A.F., 2015. Agri-footprint 2.0--Part 1: Methodology and Basic Principles. Netherlands:
Gravin Beatrixstraat 34, 2805.

Capacci, S., Mazzocchi, M., 2011. Five-a-day, a price to pay: an evaluation of the UK program
impact accounting for market forces. J. Health Econ. 30, 87-98.

Carlsson-Kanyama, A., 1998. Climate change and dietary choices - how can emissions of
greenhouse gases from food consumption be reduced? Food Policy 23, 277-293.
https://doi.org/10.1016/S0306-9192(98)00037-2

Carpentier, A., Guyomard, H., 2001. Unconditional elasticities in two-stage demand systems:
An approximate solution. Am. J. Agric. Econ. 83, 222—-229. https://doi.org/10.1111/0002-
9092.00149

Chambers, M.J., Ben Nowman, K., 1997. Forecasting with the almost ideal demand system:
evidence from some alternative dynamic specifications. Appl. Econ. 29, 935-943.

Cheong, C.K., Dean, L., Dougall, 1., Hinchliffe, S., Mirani, K., Vosnaki, K., Wilson, V., 2020.
The Scottish Health Survey 2018 edition; amended in February 2020. Scottish
Government, Edinburgh.

Clark, M.A., Springmann, M., Hill, J., Tilman, D., 2019. Multiple health and environmental
impacts of foods. Proc. Natl. Acad. Sci. U. S. A. 116, 23357-23362.
https://doi.org/10.1073/pnas.1906908116

Deaton, A., Muellbauer, J., 1980. An almost ideal demand system. Am. Econ. Rev. 70, 312—
326.

Department for Environment Food & Rural Affairs (DEFRA), 2020. Family food datasets
[WWW Document]. UK Gov. URL https://www.gov.uk/government/statistical-data-
sets/family-food-datasets (accessed 10.21.21).

Dogbe, W., Gil, J.M., 2020. Internalizing the public cost of obesity in Spain: Distributional
effects on nutrient intake. J. Policy Model. https://doi.org/10.1016/j.jpolmod.2020.01.011

Dong, D., Lin, B.-H., 2009. Fruit and Vegetable Consumption by Low-Income Americans:
Would a Price Reduction Make a Difference? Economic Research Report 17.
https://doi.org/10.22004/ag.econ.55835

Edjabou, L.D., Smed, S., 2013. The effect of using consumption taxes on foods to promote
climate friendly diets--The case of Denmark. Food Policy 39, 84-96.

Ekvall, T., Azapagic, A., Finnveden, G., Rydberg, T., Weidema, B.P., Zamagni, A., 2016.
Attributional and consequential LCA in the ILCD handbook. Int. J. Life Cycle Assess. 21,
293-296.

Epstein, L.H., Gordy, C.C., Raynor, H.A., Beddome, M., Kilanowski, C.K., Paluch, R., 2001.
Increasing fruit and vegetable intake and decreasing fat and sugar intake in families at risk
for Childhood Obesity. Obes. Res. 9, 171-178. https://doi.org/10.1038/oby.2001.18

Eustachio Colombo, P., Milner, J., Scheelbeek, P.F.D., Taylor, A., Parlesak, A., Kastner, T.,
Nicholas, O., Elinder, L.S., Dangour, A.D., Green, R., 2021. Pathways to “5-a-day”:



modeling the health impacts and environmental footprints of meeting the target for fruit
and vegetable intake in the United Kingdom. Am. J. Clin. Nutr. 114, 530-539.
https://doi.org/10.1093/AJCN/NQABO76

Ford, E.S., Mokdad, A.H., 2001. Fruit and vegetable consumption and diabetes mellitus
incidence among U.S. adults. Prev. Med. (Baltim). 32, 33-39.
https://doi.org/10.1006/pmed.2000.0772

Foster, C., Green, K., Bleda, M., others, 2007. Environmental impacts of food production and
consumption: final report to the Department for Environment Food and Rural Affairs.

Garnett, T., 2009. FCRN report Cooking up a Storm: Food, Greenhouse Gas Emissions and
Our Changing Climate. Int. J. Clim. Chang. Strateg. Manag. 1.
https://doi.org/10.1108/ijccsm.2009.41401bae.006

Gtlabska, D., Guzek, D., Groele, B., Gutkowska, K., 2020. Fruit and vegetable intake and
mental health in adults: A systematic review. Nutrients.
https://doi.org/10.3390/nu12010115

Gonzélez, A.D., Frostell, B., Carlsson-Kanyama, A., 2011. Protein efficiency per unit energy
and per unit greenhouse gas emissions: Potential contribution of diet choices to climate
change mitigation. Food Policy 36, 562-570.
https://doi.org/10.1016/j.foodpol.2011.07.003

Gregory, J., Foster, K., Tyler, H., Wiseman, M., 1990. The dietary and nutritional survey of
British adults.

Guinée, J.B., Lindeijer, E., 2002. Handbook on life cycle assessment: operational guide to the
ISO standards. Springer Science \& Business Media.

Harasym, J., Oledzki, R., 2014. Effect of fruit and vegetable antioxidants on total antioxidant
capacity of blood plasma. Nutrition. https://doi.org/10.1016/j.nut.2013.08.019

Hartley, L., Igbinedion, E., Holmes, J., Flowers, N., Thorogood, M., Clarke, A., Stranges, S.,
Hooper, L., Rees, K., 2013. Increased consumption of fruit and vegetables for the primary
prevention of cardiovascular diseases. Cochrane Database Syst. Rev. 2013.
https://doi.org/10.1002/14651858.CD009874.pub2

“Healthy people 2000: National health promotion and disease prevention objectives.” In
Healthy people 2000: National health promotion and disease prevention objectives, 1991.
Healthy people 2000: National health promotion and disease prevention objectives,
bases.bireme.br. Washington, DC.

Henson, S., 1991. LINEAR PROGRAMMING ANALYSIS OF CONSTRAINTS UPON
HUMAN DIETS. J. Agric. Econ. 42, 380-393. https://doi.org/10.1111/j.1477-
9552.1991.tb00362.x

Huang, K.S., Lin, B.-H., 2000. ESTIMATION OF FOOD DEMAND AND NUTRIENT
ELASTICITIES FROM HOUSEHOLD SURVEY DATA. Technical Bulletin Number
1887 30. https://doi.org/10.22004/ag.econ.33579

Irz, X., Leroy, P., Réquillart, V., Soler, L.G., 2015. Economic assessment of nutritional
recommendations. J. Health Econ. 39, 188-210.
https://doi.org/10.1016/j.jhealeco.2014.09.002

Jackson, T., 2009. Prosperity without growth: Economics for a finite planet. Routledge.

James, W., 1988. Healthy nutrition. Preventing nutrition-related diseases in Europe.

Key, T.J.,, 2011. Fruit and vegetables and cancer risk. Br. J.  Cancer.
https://doi.org/10.1038/sj.bjc.6606032

Klonaris, S., Hallam, D., 2003. Conditional and unconditional food demand elasticities in a
dynamic  multistage ~ demand  system.  Appl. Econ. 35,  503-515.
https://doi.org/10.1080/00036840210148058

Kool, A., Marinussen, M., Blonk, H., 2012. LCI data for the calculation tool Feedprint for
greenhouse gas emissions of feed production and utilization. GHG Emiss. N, P K Fertil.



Prod.

Lewbel, A., Pendakur, K., 2009. Tricks with Hicks: The EASI demand system. Am. Econ. Rev.
99, 827-863.

Li, G., Song, H., Witt, S.F., 2016. Modeling Tourism Demand: A Dynamic Linear AIDS
Approach. J. Travel Res. 43, 141-150. https://doi.org/10.1177/0047287504268235

Lin, B., Morrison, R., 2002. Higher fruit consumption linked with lower body mass index.
Food Rev 25, 28-32.

Liu, S., Manson, J.E., Lee, I.M., Cole, S.R., Hennekens, C.H., Willett, W.C., Buring, J.E.,
2000. Fruit and vegetable intake and risk of cardiovascular disease: the Women’s Health
Study. Am. J. Clin. Nutr. 72, 922-928.

Liu, X., Yan, Y., Li, F., Zhang, D., 2016. Fruit and vegetable consumption and the risk of
depression: A meta-analysis. Nutrition. https://doi.org/10.1016/j.nut.2015.09.009

Macdiarmid, J.1., Kyle, J., Horgan, G.W., Loe, J., Fyfe, C., Johnstone, A., McNEeill, G., 2012.
Sustainable diets for the future: can we contribute to reducing greenhouse gas emissions
by eating a healthy diet? Am. J  Clin. Nutr. 96, 632-639.
https://doi.org/10.3945/ajcn.112.038729

Mazzocchi, M., 2003. Time-varying coefficients in the Almost Ideal Demand System: an
empirical appraisal. Eur. Rev. Agric. Econ. 30, 241-270.

McCrory, M.A., Fuss, P.J., Saltzman, E., Roberts, S.B., 2000. Dietary determinants of energy
intake and weight regulation in healthy adults, in: Journal of Nutrition. American Institute
of Nutrition, pp. 276-279. https://doi.org/10.1093/jn/130.2.276s

Mertens, E., Kuijsten, A., van Zanten, H.H., Kaptijn, G., Dotkova, M., Mistura, L., D’Addezio,
L., Turrini, A., Dubuisson, C., Havard, S., Trolle, E., Geleijnse, J.M., Veer, P. van ’t,
2019. Dietary choices and environmental impact in four European countries. J. Clean.
Prod. 237, 117827. https://doi.org/10.1016/J.JCLEPRO.2019.117827

Molina, J.A., 1994. Food demand in Spain: An application of the almost ideal system. J. Agric.
Econ. 45, 252-258.

Motulsky, A., Council, N.R., 1989. Diet and health: implications for reducing chronic disease
risk.

Ness, A.R., Powles, J.W., 1997. Fruit and vegetables, and cardiovascular disease: A review.
Int. J. Epidemiol. https://doi.org/10.1093/ije/26.1.1

OECD, 2020. Obesity and the Economics of Prevention: Fit not Fat - United Kingdom
(England) Key Facts - OECD [Www Document]. URL
https://www.oecd.org/unitedkingdom/obesityandtheeconomicsofpreventionfitnotfat-
unitedkingdomenglandkeyfacts.htm (accessed 8.27.20).

Pape, J., Rau, H., Fahy, F., Davies, A., 2011. Developing policies and instruments for
sustainable household consumption: Irish experiences and futures. J. Consum. Policy 34,
25-42.

Park, J.L., Holcomb, R.B., Raper, K.C., Capps, O., 1996. A Demand Systems Analysis of Food
Commodities by U.S. Households Segmented by Income. Am. J. Agric. Econ. 78, 290—
300. https://doi.org/10.2307/1243703

Reafos, M.A.T., Wolfing, N.M., 2018. Household energy prices and inequality: Evidence from
German microdata based on the EASI demand system. Energy Econ. 70, 84-97.

Reisch, L., Eberle, U., Lorek, S., 2017. Sustainable food consumption: an overview of
contemporary issues and policies. Sustain. Sci. Pract. Policy 9, 7-25.
https://doi.org/10.1080/15487733.2013.11908111

Rockstrém, J., Steffen, W., Noone, K., Persson, A., Chapin, F.S., Lambin, E.F., Lenton, T.M.,
Scheffer, M., Folke, C., Schellnhuber, H.J., others, 2009. A safe operating space for
humanity. Nature 461, 472—-475.

Saghafian, F., Malmir, H., Saneei, P., Milajerdi, A., Larijani, B., Esmaillzadeh, A., 2018. Fruit



and vegetable consumption and risk of depression: Accumulative evidence from an
updated systematic review and meta-Analysis of epidemiological studies. Br. J. Nutr.
https://doi.org/10.1017/S0007114518000697

Shukur, G., 2002. Dynamic specification and misspecification in systems of demand equations:
a testing strategy for model selection. Appl. Econ. 34, 709-725.

Siegel, K.R., 2019. Insufficient consumption of fruits and vegetables among individuals 15
years and older in 28 low- And middle-income countries: What can be done? J. Nutr.
https://doi.org/10.1093/jn/nxz123

Slavin, J.L., Lloyd, B., 2012. Health Benefits of Fruits and Vegetables. Adv. Nutr. 3, 506-516.
https://doi.org/10.3945/an.112.002154

Steinfeld, H., Gerber, P., Wassenaar, T., Castel, V., 2006. Livestock’s long shadow:
environmental issues and options. Food & Agriculture Organization.

Steinmetz, K., Potter, J., 1996. Vegetables, fruit, and cancer prevention: a review. J. Am. Diet.
Assoc. 96, 1027-1039.

Theil, H., 1980. The Systemwide Approach to Microeconomics, University of Chicago Press
Economics Books. University of Chicago Press.

Thiele, S., Roosen, J., 2018. Obesity, Fat Taxes and Their Effects on Consumers, in: Regulating
and Managing Food Safety in the EU. Springer, pp. 169-193.

Thow, A.M., Downs, S., Jan, S., 2014. A systematic review of the effectiveness of food taxes
and subsidies to improve diets: understanding the recent evidence. Nutr. Rev. 72, 551—
565.

Tiffin, A., Tiffin, R., 2008. Estimates of Food Demand Elasticities for Great Britain: 1972-
1994. J. Agric. Econ. 50, 140-147. https://doi.org/10.1111/j.1477-9552.1999.tb00800.x

Tillman, A.M., Baumann, H., 2004. The Hitchhikers guide to LCA. Lund, Sweden
Studentlitteratur AB 157.

Vieux, F., Perignon, M., Gazan, R., 2018. Dietary changes needed to improve diet
sustainability: are they similar across Europe? Eur. J. Clin. Nutr. 72, 951-960.

Votruba, M.E., 2010. Trans fats, the rational consumer, and the role of government. Virtual
Mentor 12, 804-811. https://doi.org/10.1001/virtualmentor.2010.12.10.pfor1-1010
Weidema, B.P., Bauer, C., Hischier, R., Mutel, C., Nemecek, T., Reinhard, J., Vadenbo, C.O.,
Wernet, G., 2013. Overview and methodology: Data quality guideline for the ecoinvent

database version 3.

WHO, 2019. Ten threats to global health in 2019 [WWW Document]. URL
https://www.who.int/emergencies/ten-threats-to-global-health-in-2019 (accessed
5.30.19).

Willett, W., 2012. Nutritional epidemiology. Oxford university press.

World Health Organization (WHO), 1991. Diet, nutrition, and the prevention of chronic
diseases Report of a WHO Study Group (WHO Technical Report Series 797) (Technical
Report Series 797). 203 Seiten, zahlr. Abb. und Tab. World Health Organization, Geneva
1990. Preis: 26,- Sw.fr.; 20,80 US$ (Entwicklungslander 18,20 Sw.fr.), Food / Nahrung.
Wiley, Geneva. https://doi.org/10.1002/fo0d.19910350432

World Health Organization (WHO), 1990. World Health Organisation. Diet, nutrition and the
prevention of chronic diseases [WWW Document]. Tech. Rep. Ser. 797. URL
https://apps.who.int/iris/bitstream/handle/10665/39426/WHO_TRS 797 (partl).pdf;jses
sionid=22802FBC4D149E1E7A8BA63204E3C68E?sequence=1 (accessed 11.16.20).

FUNDING



This work was supported as part of the Strategic Research Programme of the Scottish
Government Rural and Environment Science and Analytical Services (RESAS) division,
Theme 3: Food and Health (Work packages 3.1, 3.2, and 3.3).

ACKNOWLEDGMENTS
This work was supported by the Scottish Government Rural and Environment Science and
Analytical Services (RESAS) division



140 - 320

120
- 310
2 100
5
z 8
9 80 s
w —
(] (0]
o - 290
3 >
8 2
(0] 60 ©
- P
g =
© - 280
=
> 40
[N
- 270

20

0 260

2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020

Years

—@— Fresh green vegetables =@ Other fresh vegetables =@ Processed vegetables excluding processed potatoes =—®- Fresh fruit =—®= Processed fruit and fruit products =@ Total

Figure 1. Average weekly consumption of fruits and vegetables in Scotland. Source: Authors’ computation based on National Dietary and Nutritional Survey Data.
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Table 1. utility tree used to estimate the food demand model for Scotland

First stage Second stage Third stage
1 - Food and 1.1 - Milk, cheese 1.1.1 - Milk and milk products excluding cheese
Beverages and eggs
1.1.2 - Cheese
1.1.3 - Eggs

1.2 - Meat and fish

1.3 - Fats

1.4 - Fruits

1.5 - Sugars

1.6 - Starches

1.7 - Vegetables

1.8 - Other foods

1.9 - Beverages

1.10 — Soft drinks

1.2.1 - Carcase meat
1.2.2 - Non-carcase meat and meat products
1.2.3 - Fish

1.3.1 - Butter

1.3.2 - Margarine

1.3.3- Vegetable and salad oils
1.3.4 - All other fats

1.4.1 Fresh Fruits
1.4.2 Processed Fruits

1.5.1 - Sugar and preserves
1.5.2 - Cakes, buns and pastries
1.5.3 - Confectionery

1.6.1 - Fresh and processed potatoes
1.6.2 - Bread

1.6.3 - Flour

1.6.4 - Biscuits and crispbreads

1.6.6 - Other cereals and cereal products

1.7.1 - Fresh green vegetables
1.7.2 - Other fresh vegetables
1.7.3 - Processed vegetables excluding processed potatoes

1.8.1 - Soups

1.8.2 - Spreads and dressings
1.8.3 - Pickles and sauces

1.8.4 - Other take away and meals

1.9.1-Tea

1.9.2 - Coffee

1.9.3 - Cocoa and chocolate drinks

1.9.4 - Malt drinks and chocolate versions of malted drinks

1.10.1 - Mineral or spring waters

1.10.2 - Soft drinks, concentrated, not low calorie
1.10.3 - Soft drinks, not concentrated, not low calorie
1.10.4 - Soft drinks, not concentrated, low calorie




Table 2. Summary of data used for the analysis

Expenditure

shares Prices Expenditure
First stage Ve Gevtion M deviaion M Goviton
Food and Beverages 0.84 0.02 1.64 0.05 2055.02 22347
Alcoholic Drinks 0.16  0.02 5.31 0.49 395.11 102.54
Food Aggregates
Vegetables 0.08 0.01 2.01 0.11 160.84 19.34
Fruits 0.09 0.01 2.00 0.14 188.35 23.03
Milk, cheese and eggs 0.11  0.00 0.72 0.02 236.22 26.25
Meat and fish 0.26  0.01 6.13 0.16 531.90 52.25
Fats 0.02  0.00 3.38 0.30 46.83 6.72
Sugars 0.14  0.02 1.12 0.13 292.45 58.29
Starches 0.17  0.00 1.72 0.06 353.40 34.32
Other foods 0.05  0.00 2.76 0.18 95.77 13.67
Beverages 0.02  0.00 10.07 0.51 48.10 5.96
Soft drinks 0.05 0.01 0.72 0.05 101.16 19.40
Food Products
Fresh green vegetables 0.021 0.002 1.913 0.153 42.277 5.445
Other fresh vegetables 0.024 0.002 1.825 0.141 48.716 6.173
Processed vegetables excluding processed potatoes  0.034  0.002 2.251 0.107 69.842 8.366
Fresh Fruits 0.061 0.009 2.049 0.156 125.470 19.576
Processed Fruits 0.031 0.001 1.914 0.143 62.877 7.200
Milk and milk products excluding cheese 0.069 0.003 0.875 0.033 142.368 15.459
Cheese 0.034 0.001 6.569 0.221 70.950 8.722
Eggs 0.011 0.001 0.147 0.008 22.897 3.295
Carcase meat 0.039 0.004 7.251 0.215 79.376 9.988
Non-carcase meat and meat products 0.190 0.007 5.691 0.141 389.200 38.205
Fish 0.031 0.001 8.553 0.626 63.323 7.460
Butter 0.013  0.001 5.132 0.596 26.877 5.386
Margarine 0.004 0.001 2.333 0.099 8.532 1.308
Vegetable and salad oils 0.004 0.000 2.155 0.161 7.859 1.146
All other fats 0.002  0.000 2.667 0.142 3.566 0.605
Sugar and preserves 0.008 0.001 1.717 0.105 17.175 2.714
Cakes, buns and pastries 0.047 0.004 1.387 0.104 96.974 15.488
Confectionery 0.086 0.015 0.977 0.158 178.303 43.816
Fresh and processed potatoes 0.036 0.003 1.549 0.089 74.764 7.300
Bread 0.047 0.002 0.936 0.041 96.030 9.379
Flour 0.001  0.000 0.700 0.047 2.213 0.718
Biscuits and crispbreads 0.006 0.001 5.436 0.167 12.720 1.941
Other cereals and cereal products 0.082 0.002 3.463 0.159 167.676 18.403
Soups 0.009 0.002 2.182 0.120 18.969 3.807
Spreads and dressings 0.001  0.000 3.582 0.222 2.145 0.662
Pickles and sauces 0.022 0.001 3.238 0.097 45.582 5.600
Other take away and meals 0.014 0.003 2.583 0.475 29.073 8.074
Tea 0.006 0.001 5.926 0.282 12.119 1.556
Coffee 0.016 0.001 15.095 0.715 31.990 4.751




Cocoa and chocolate drinks 0.002
Malt drinks and chocolate versions of malted

drinks 0.000
Mineral or spring waters 0.006
Soft drinks, concentrated, not low calorie 0.006

Soft drinks, not concentrated, not low calorie 0.018
Soft drinks, not concentrated, low calorie 0.019

0.000
0.000

0.001
0.001
0.003
0.003

6.680
6.591

0.381
1.028
0.946
0.703

0.630
0.825

0.020
0.042
0.122
0.060

3.428
0.567

12.473
12.161
37.839
38.687

0.758
0.192

1.663
1.784
8.324
9.346

Source: Authors’ computation based on Kantar Worldpanel Data.



Table 3 Summary of GHGe for food products consumed in Scotland

Food Products kg /(Ii;ggzeq
Fresh green vegetable 0.815
Other fresh vegetables 1.489
Processed vegetables 1.934
Fresh fruit 0.811
Processed fruit and fruit products 1.415
Milk and milk products excluding cheese 4.391
Cheese 13.154
Egg. 1.904
Carcase meat 26.430
Non-carcase meat and meat products 13.893
Fish 7.239
Butter 4.343
Margarine 4.083
Vegetable and salad oils 2.143
All other fats 22.607
Sugar and preserves 1.442
Cakes, buns and pastries 4.623
Confectionery 3.252
Fresh and processed potatoes 0.691
Bread 0.943
Flour 0.568
Biscuits and crispbreads 0.966
Other cereals and cereal products 2.241
Soups 6.218
Spreads and dressings 2.293
Pickles and sauces 3.612
Other take away and meals 1.894
Tea 0.699
Coffee 0.421
Cocoa and chocolate drinks 0.572
Malt drinks and chocolate versions of malted drinks 0.118
Mineral or spring waters 0.273
Soft drinks, concentrated, not low calorie 0.515
Soft drinks, not concentrated, not low calorie 0.515

Soft drinks, not concentrated, low calorie 0.515




Table 4. Unconditional Marshallian price and expenditure elasticities

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
1 -0.922 0.136 0.175 0.012 0.016 -0.003 -0.004 -0.004 -0.040 -0.030 -0.038 -0.092 -0.133 -0.106 -0.111 -0.046  -0.030 -0.036
(0.061)  (0.072)  (0.035)  (0.022)  (0.018)  (0.013)  (0.015)  (0.018)  (0.012)  (0.009)  (0.011)  (0.031)  (0.041)  (0.033)  (0.034)  (0.011)  (0.007)  (0.012)
2 0.067 -0.352 -0.128 0.014 0.018 -0.003 -0.004 -0.004 -0.046 -0.035 -0.043 -0.106 -0.154 -0.123 -0.128  -0.054  -0.034 -0.042
(0.094)  (0.087)  (0.037)  (0.023)  (0.019)  (0.014)  (0.016)  (0.020)  (0.013)  (0.010)  (0.012)  (0.032)  (0.044)  (0.035)  (0.036)  (0.012)  (0.007)  (0.014)
3 0.288 -0.186 -1.010 0.016 0.022 -0.006 -0.008 -0.009 -0.063 -0.048 -0.059 -0.141 -0.205 -0.164 -0.171 -0.074  -0.047 -0.058
(0.057)  (0.052)  (0.062)  (0.039)  (0.029)  (0.021)  (0.024)  (0.029)  (0.020)  (0.016)  (0.019)  (0.050)  (0.067)  (0.053)  (0.055)  (0.019)  (0.011)  (0.021)
4 0.024 0.024 0.022 -0.229 0.014 -0.048 -0.063 -0.068 -0.076 -0.057 -0.071 -0.590 -0.857 -0.684 -0.714  -0140  -0.090 -0.110
(0.062)  (0.055)  (0.065)  (0.161)  (0.123)  (0.042)  (0.049)  (0.058)  (0.059)  (0.040)  (0.042)  (0.136)  (0.164)  (0.126)  (0.163)  (0.040)  (0.027)  (0.059)
5 0.024 0.024 0.022 0.013 -1.248 -0.025 -0.033 -0.035 -0.042 -0.032 -0.040 -0.390 -0.566 -0.452 -0.472 -0.083  -0.053 -0.065
(0.028)  (0.026)  (0.028)  (0.061)  (0.118)  (0.009)  (0.010)  (0.012)  (0.017)  (0.013)  (0.016)  (0.050)  (0.052)  (0.047)  (0.042)  (0.012)  (0.008)  (0.016)
6 -0.010 -0.010 -0.009 -0.042 -0.056 -0.470 -0.525 -0.150 0.024 0.018 0.023 0.073 0.106 0.085 0.089 -0.133  -0.085 -0.104
(0.042)  (0.040)  (0.042)  (0.046)  (0.018)  (0.120)  (0.185)  (0.630)  (0.028)  (0.025)  (0.027)  (0.094)  (0.117)  (0.095)  (0.088)  (0.033)  (0.020)  (0.030)
7 0.002 0.002 0.002 -0.021 -0.028 0271 -0.631 0.635 0.026 0.020 0.024 0.057 0.082 0.066 0.069 -0.075  -0.048 -0.059
0.024)  (0.022)  (0.023)  (0.026)  (0.010)  (0.098)  (0.168)  (0.656)  (0.017)  (0.015)  (0.016)  (0.053)  (0.066)  (0.053)  (0.049)  (0.019)  (0.012)  (0.016)
8 0.001 0.001 0.001 -0.007 -0.009 -0.021 0.205 -0.511 0.010 0.007 0.009 0.020 0.029 0.024 0.025 -0.025  -0.016 -0.020
(0.009)  (0.009)  (0.009)  (0.010)  (0.004)  (0.101)  (0.210)  (0.155)  (0.007)  (0.006)  (0.006)  (0.020)  (0.025)  (0.020)  (0.019)  (0.007)  (0.004)  (0.007)
9 -0.071 -0.071 -0.065 -0.036 -0.048 0.018 0.024 0.026 -1.011 0.119 -0.089 -0.059 -0.086 -0.069 -0.072 -0.023  -0.015 -0.018
(0.021)  (0.020)  (0.021)  (0.031)  (0.023)  (0.016)  (0.018)  (0.021)  (0.368)  (0.065)  (0.182)  (0.042)  (0.051)  (0.043)  (0.041)  (0.011)  (0.008)  (0.018)
10  -0.297 -0.299 -0.273 -0.162 -0.215 0.032 0.042 0.046 0.543 -0.623 0.561 -0.253 -0.368 -0.294 -0.307  -0136  -0.087 -0.107
(0.086)  (0.079)  (0.089)  (0.112)  (0.097)  (0.065)  (0.074)  (0.089)  (0.321)  (0.096)  (0.305)  (0.185)  (0.216)  (0.187)  (0.169)  (0.048)  (0.037)  (0.072)
11 -0.054 -0.055 -0.050 -0.028 -0.038 0.012 0.016 0.017 -0.073 0.096 -0.914 -0.046 -0.066 -0.053 -0.055 -0.019  -0.012 -0.015
(0.016)  (0.015)  (0.017)  (0.019)  (0.018)  (0.012)  (0.013)  (0.016)  (0.145)  (0.049)  (0.249)  (0.034)  (0.039)  (0.034)  (0.030)  (0.008)  (0.007)  (0.013)
12 -0.057 -0.058 -0.053 -0.123 -0.163 0.014 0.018 0.020 -0.021 -0.016 -0.020 -0.447 0.449 0.200 0.162 -0.016  -0.010 -0.013
(0.019)  (0.018)  (0.019)  (0.028)  (0.021)  (0.017)  (0.019)  (0.023)  (0.014)  (0.012)  (0.014)  (0.081)  (0.127)  (0.095)  (0.166)  (0.009)  (0.007)  (0.010)
13 -0.025 -0.026 -0.023 -0.056 -0.075 0.008 0.010 0.011 -0.008 -0.006 -0.008 0.146 -0.711 -0.003 -0.125 -0.005  -0.003 -0.004
(0.008)  (0.008)  (0.008)  (0.011)  (0.007)  (0.007)  (0.008)  (0.009)  (0.005)  (0.005)  (0.005)  (0.041)  (0.189)  (0.100)  (0.272)  (0.003)  (0.002)  (0.004)
14 -0.019 -0.019 -0.018 -0.042 -0.055 0.005 0.007 0.007 -0.007 -0.005 -0.006 0.059 -0.003 -0.403 -0.107  -0.005  -0.003 -0.004
(0.006)  (0.005)  (0.006)  (0.008)  (0.006)  (0.005)  (0.006)  (0.007)  (0.004)  (0.004)  (0.004)  (0.028)  (0.092)  (0.097)  (0.114)  (0.003)  (0.002)  (0.003)
15 -0.009 -0.009 -0.008 -0.020 -0.027 0.003 0.003 0.004 -0.003 -0.002 -0.003 0.022 -0.053 -0.049 -1.693 -0.002  -0.001 -0.002
(0.003)  (0.003)  (0.003)  (0.004)  (0.002)  (0.002)  (0.002)  (0.003)  (0.002)  (0.002)  (0.002)  (0.022)  (0.115)  (0.052)  (0.230)  (0.001)  (0.001)  (0.002)
16 -0.016 -0.016 -0.015 -0.015 -0.020 -0.013 -0.017 -0.019 -0.003 -0.002 -0.003 -0.008 -0.011 -0.009 -0.009  -0204  0.033 -0.032
(0.003)  (0.003)  (0.003)  (0.004)  (0.003)  (0.002)  (0.003)  (0.004)  (0.002)  (0.001)  (0.001)  (0.005)  (0.006)  (0.005)  (0.005)  (0.213)  (0.039)  (0.025)
17 -0.071 -0.071 -0.065 -0.063 -0.084 -0.060 -0.079 -0.085 -0.026 -0.019 -0.024 -0.040 -0.058 -0.046 -0.049 0169  -0.641 0.193
(0.011)  (0.011)  (0.012)  (0.020)  (0.014)  (0.009)  (0.012)  (0.015)  (0.009)  (0.007)  (0.008)  (0.024)  (0.026)  (0.024)  (0.025)  (0.221) (0.146)  (0.078)
18 -0.141 -0.142 -0.130 -0.128 0171 -0.118 -0.157 -0.169 -0.039 -0.030 -0.037 -0.074 -0.108 -0.086 -0.090  -0349  0.362 -0.703
(0.044)  (0.042)  (0.044)  (0.076)  (0.047)  (0.028)  (0.034)  (0.045)  (0.029)  (0.024)  (0.028)  (0.072)  (0.079)  (0.073)  (0.078)  (0.253) (0.137)  (0.114)




Table 4. Unconditional Marshallian price and expenditure elasticities cont’d

19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
1 0.002 0.001 0.000 0.000 0.001 -0.006 -0.005 -0.007 -0.008 -0.006 -0.004 -0.006 -0.004 0.010 0.048 0.219 0.130 0.914
(0.013)  (0.012)  (0.005)  (0.005)  (0.010)  (0.030)  (0.016)  (0.021)  (0.056)  (0.037)  (0.037)  (0.054)  (0.061)  (0.027)  (0.037)  (0.075)  (0.047)  (0.059)
2 0.002 0.002 0.000 0.001 0.001 -0.007 -0.006 -0.008 -0.009 -0.007 -0.004 -0.007 -0.005 0.012 0.056 0.255 0.151 0.919
(0.014)  (0.013)  (0.006)  (0.006)  (0.011)  (0.032)  (0.017)  (0.023)  (0.060)  (0.039)  (0.039)  (0.058)  (0.066)  (0.029)  (0.039)  (0.078)  (0.049)  (0.059)
3 0.000 0.000 0.000 0.000 0.000 -0.012 -0.009 -0.013 -0.014 -0.012 -0.008 -0.012 -0.009 0.015 0.073 0.330 0.195 0.840
0.021)  (0.019)  (0.009)  (0.009)  (0.017)  (0.050)  (0.027)  (0.035)  (0.093)  (0.061)  (0.061)  (0.089)  (0.101)  (0.045)  (0.060)  (0.123)  (0.077)  (0.071)
4 -0.025 -0.019 -0.005 -0.007 -0.016 -0.056 -0.043 -0.061 -0.068 0.410 0.267 0.425 0.298 0.015 0.071 0.325 0.192 0.712
(0.055)  (0.041)  (0.057)  (0.047)  (0.034)  (0.128)  (0.107)  (0.071)  (0.208)  (0.121)  (0.135)  (0.176)  (0.167)  (0.139)  (0.164)  (0.275)  (0.164)  (0.090)
5 -0.006 -0.005 -0.001 -0.002 -0.004 -0.030 -0.023 -0.033 -0.037 0.287 0.187 0.298 0.208 0.011 0.050 0.229 0.135 0.947
(0.013)  (0.010)  (0.016)  (0.013)  (0.009)  (0.040)  (0.022)  (0.027)  (0.058)  (0.029)  (0.033)  (0.037)  (0.032)  (0.027)  (0.040)  (0.085)  (0.053)  (0.128)
6 -0.019 -0.014 -0.004 -0.005 -0.012 0.065 0.050 0.071 0.080 0.021 0.014 0.022 0.015 0.005 0.025 0.112 0.066 0.876
(0.033)  (0.030)  (0.014)  (0.013)  (0.026)  (0.080)  (0.035)  (0.060)  (0.152)  (0.087)  (0.093)  (0.114)  (0.089)  (0.021)  (0.048)  (0.174)  (0.108)  (0.051)
7 -0.001 -0.001 0.000 0.000 0.000 0.051 0.039 0.056 0.063 0.026 0.017 0.027 0.019 0.004 0.019 0.085 0.050 1.160
(0.019)  (0.017)  (0.007)  (0.007)  (0.015)  (0.046)  (0.020)  (0.035)  (0.087)  (0.049)  (0.052)  (0.064)  (0.049)  (0.012)  (0.027)  (0.098)  (0.061)  (0.068)
8 0.001 0.001 0.000 0.000 0.000 0.018 0.014 0.020 0.022 0.010 0.006 0.010 0.007 0.001 0.007 0.030 0.018 1.249
(0.007)  (0.007)  (0.003)  (0.003)  (0.006)  (0.018)  (0.008)  (0.013)  (0.033)  (0.019)  (0.020)  (0.025)  (0.018)  (0.005)  (0.011)  (0.038)  (0.024)  (0.095)
9 0.008 0.006 0.002 0.002 0.005 -0.022 -0.016 -0.023 -0.026 -0.008 -0.005 -0.008 -0.006 -0.007 -0.034  -0157  -0.093 1.062
(0.016)  (0.014)  (0.007)  (0.007)  (0.013)  (0.042)  (0.018)  (0.031)  (0.079)  (0.040)  (0.043)  (0.051)  (0.040)  (0.029)  (0.039)  (0.092)  (0.054)  (0.104)
10  -0.018 -0.014 -0.004 -0.005 -0.012 -0.114 -0.087 -0.124 -0.139 -0.079 -0.052 -0.082 -0.058 -0.029 -0.137 -0.625  -0.370 0.798
(0.070)  (0.061)  (0.036)  (0.033)  (0.055)  (0.178)  (0.076)  (0.133)  (0.340)  (0.172)  (0.186)  (0.220)  (0.178)  (0.130)  (0.173)  (0.399)  (0.241)  (0.054)
11 0.004 0.003 0.001 0.001 0.003 -0.018 -0.013 -0.019 -0.021 -0.008 -0.005 -0.008 -0.006 -0.006 -0.026 20119  -0.070 0.995
(0.012)  (0.011)  (0.006)  (0.006)  (0.010)  (0.032)  (0.013)  (0.024)  (0.060)  (0.030)  (0.033)  (0.039)  (0.031)  (0.023)  (0.030)  (0.070)  (0.043)  (0.093)
12 0.037 0.028 0.008 0.010 0.024 0.102 0.078 0111 0.124 0.022 0.014 0.023 0.016 0.004 0.019 0.085 0.050 0.896
(0.015)  (0.014)  (0.006)  (0.007)  (0.012)  (0.040)  (0.021)  (0.030)  (0.078)  (0.045)  (0.048)  (0.059)  (0.041)  (0.032)  (0.046)  (0.106)  (0.066)  (0.119)
13 0019 0.015 0.004 0.005 0.012 0.049 0.037 0.053 0.060 0.012 0.008 0.013 0.009 0.002 0.009 0.042 0.025 1301
(0.007)  (0.006)  (0.003)  (0.003)  (0.005)  (0.015)  (0.008)  (0.011)  (0.028)  (0.018)  (0.019)  (0.024)  (0.016)  (0.013)  (0.018)  (0.040)  (0.024)  (0.159)
14 0013 0.010 0.003 0.004 0.008 0.035 0.027 0.038 0.043 0.008 0.005 0.009 0.006 0.001 0.006 0.030 0.017 1.038
(0.005)  (0.004)  (0.002)  (0.002)  (0.004)  (0.012)  (0.006)  (0.009)  (0.022)  (0.013)  (0.014)  (0.018)  (0.012)  (0.010)  (0.014)  (0.031)  (0.019)  (0.125)
15 0.006 0.005 0.001 0.002 0.004 0.017 0.013 0.018 0.021 0.004 0.003 0.004 0.003 0.001 0.003 0.014 0.008 1.084
(0.002)  (0.002)  (0.001)  (0.001)  (0.002)  (0.005)  (0.003)  (0.004)  (0.009)  (0.006)  (0.006)  (0.008)  (0.005)  (0.004)  (0.006)  (0.013)  (0.008)  (0.196)
16 -0.006 -0.005 -0.001 -0.002 -0.004 0.001 0.000 0.001 0.001 -0.023 -0.015 -0.024 -0.017 0.002 0.011 0.051 0.030 1304
(0.002)  (0.002)  (0.004)  (0.003)  (0.002)  (0.004)  (0.002)  (0.003)  (0.009)  (0.004)  (0.003)  (0.005)  (0.005)  (0.002)  (0.003)  (0.007)  (0.004)  (0.159)
17 -0.040 -0.030 -0.008 -0.011 -0.025 -0.010 -0.008 -0.011 -0.013 -0.101 -0.066 -0.105 -0.074 0.008 0.037 0.168 0.099 0.835
(0.012)  (0.009)  (0.021)  (0.016)  (0.008)  (0.020)  (0.012)  (0.014)  (0.042)  (0.020)  (0.019)  (0.026)  (0.030)  (0.011)  (0.013)  (0.034)  (0.020)  (0.093)
18 -0.068 -0.052 -0.014 -0.018 -0.043 -0.009 -0.007 -0.009 -0.011 -0.203 -0.132 -0.210 -0.147 0.018 0.086 0.390 0.231 1.023
(0.036)  (0.027)  (0.054)  (0.042)  (0.024)  (0.071)  (0.055)  (0.046)  (0.151)  (0.068)  (0.069)  (0.088)  (0.079)  (0.056)  (0.068)  (0.108)  (0.066)  (0.102)




Table 4 Unconditional Marshallian price and expenditure elasticities cont’d

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
19 0013 0.013 0.012 0.002 0.003 0.000 0.000 0.000 0.014 0.010 0.013 0.113 0.164 0.131 0.137 -0.030  -0.019 -0.023
0.024)  (0.022)  (0.024)  (0.027)  (0.015)  (0.018)  (0.020)  (0.024)  (0.017)  (0.014)  (0.016)  (0.047)  (0.060)  (0.048)  (0.046)  (0.016)  (0.012)  (0.022)
20 0.005 0.005 0.004 -0.004 -0.006 -0.008 -0.010 -0.011 0.004 0.003 0.004 0.103 0.150 0.119 0.125 -0.041  -0.026 -0.032
0.027)  (0.025)  (0.027)  (0.029)  (0.018)  (0.020)  (0.023)  (0.028)  (0.019)  (0.016)  (0.018)  (0.053)  (0.066)  (0.053)  (0.050)  (0.020)  (0.014)  (0.022)
21 -0.001 -0.001 -0.001 0.000 -0.001 -0.001 -0.001 -0.001 -0.001 -0.001 -0.001 0.000 0.000 0.000 0.000 -0.001  -0.001 -0.001
(0.000)  (0.000)  (0.000)  (0.001)  (0.000)  (0.000)  (0.000)  (0.000)  (0.000)  (0.000)  (0.000)  (0.001)  (0.001)  (0.001)  (0.001)  (0.000)  (0.000)  (0.001)
22 -0.003 -0.003 -0.003 -0.003 -0.004 -0.003 -0.004 -0.005 -0.003 -0.003 -0.003 0.002 0.002 0.002 0.002 -0.006  -0.004  -0.005
0.002)  (0.002)  (0.002)  (0.003)  (0.002)  (0.001)  (0.002)  (0.002)  (0.001)  (0.001)  (0.001)  (0.004)  (0.005)  (0.004)  (0.004)  (0.002) (0.002)  (0.003)
23 -0.004 -0.004 -0.003 -0.015 -0.019 -0.021 -0.028 -0.031 -0.006 -0.005 -0.006 0.139 0.202 0.162 0.169 -0.075  -0.048 -0.059
0.042)  (0.039)  (0.041)  (0.043)  (0.029)  (0.030)  (0.035)  (0.042)  (0.028)  (0.025)  (0.028)  (0.083)  (0.101)  (0.083)  (0.076)  (0.032)  (0.022)  (0.035)
24 -0.003 -0.003 -0.003 -0.007 -0.009 0.009 0.011 0.012 -0.006 -0.005 -0.006 0.072 0.105 0.084 0.087 -0.003  -0.002 -0.002
(0.013)  (0.012)  (0.013)  (0.017)  (0.012)  (0.012)  (0.013)  (0.016)  (0.010)  (0.009)  (0.010)  (0.028)  (0.034)  (0.028)  (0.026)  (0.004)  (0.004)  (0.008)
25 0.000 0.000 0.000 -0.001 -0.001 0.001 0.001 0.001 -0.001 -0.001 -0.001 0.006 0.009 0.007 0.007 -0.001  0.000 0.000
(0.001)  (0.001)  (0.001)  (0.002)  (0.001)  (0.001)  (0.001)  (0.001)  (0.001)  (0.000)  (0.000)  (0.002)  (0.002)  (0.002)  (0.002)  (0.000)  (0.000)  (0.001)
26 -0.006 -0.007 -0.006 -0.017 -0.023 0.024 0.032 0.034 -0.015 -0.011 -0.014 0.190 0.276 0.221 0.231 -0.005  -0.003 -0.004
0.023)  (0.021)  (0.023)  (0.024)  (0.021)  (0.021)  (0.024)  (0.028)  (0.018)  (0.016)  (0.018)  (0.051)  (0.059)  (0.050)  (0.045)  (0.006)  (0.006)  (0.012)
27 -0.003 -0.003 -0.003 -0.011 -0.015 0.018 0.024 0.026 -0.009 -0.007 -0.008 0.135 0.197 0.157 0.164 -0.002  -0.001 -0.001
(0.038)  (0.035)  (0.038)  (0.048)  (0.027)  (0.032)  (0.036)  (0.044)  (0.029)  (0.026)  (0.029)  (0.082)  (0.093)  (0.081)  (0.071)  (0.012)  (0.011)  (0.022)
28 0.000 0.000 0.000 0.043 0.057 0.004 0.005 0.006 0.000 0.000 0.000 0.012 0.017 0.014 0.015 -0.016  -0.010 -0.013
(0.010)  (0.009)  (0.010)  (0.012)  (0.005)  (0.007)  (0.008)  (0.010)  (0.006)  (0.005)  (0.006)  (0.020)  (0.026)  (0.021)  (0.020)  (0.003)  (0.002)  (0.005)
29 -0.003 -0.003 -0.003 0.070 0.093 0.003 0.003 0.004 -0.004 -0.003 -0.004 0.016 0.024 0.019 0.020 -0.034  -0.021 -0.026
0.027)  (0.025)  (0.027)  (0.033)  (0.015)  (0.021)  (0.023)  (0.028)  (0.017)  (0.015)  (0.017)  (0.057)  (0.071)  (0.058)  (0.054)  (0.007)  (0.006)  (0.012)
30 0.000 0.000 0.000 0.013 0.017 0.001 0.002 0.002 0.000 0.000 0.000 0.004 0.005 0.004 0.004 -0.005  -0.003 -0.004
(0.004)  (0.004)  (0.004)  (0.005)  (0.002)  (0.003)  (0.003)  (0.004)  (0.002)  (0.002)  (0.002)  (0.007)  (0.009)  (0.008)  (0.007)  (0.001)  (0.001)  (0.002)
31 0.000 0.000 0.000 0.001 0.002 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.000 0.000 -0.001  0.000 0.000
(0.001)  (0.001)  (0.001)  (0.001)  (0.000)  (0.000)  (0.000)  (0.000)  (0.000)  (0.000)  (0.000)  (0.001)  (0.001)  (0.001)  (0.001)  (0.000)  (0.000)  (0.000)
32 -0.001 -0.001 -0.001 -0.002 -0.002 -0.004 -0.005 -0.005 -0.006 -0.005 -0.006 -0.002 -0.004 -0.003 -0.003  -0.005  -0.003 -0.004
(0.009)  (0.008)  (0.009)  (0.015)  (0.006)  (0.002)  (0.002)  (0.003)  (0.004)  (0.004)  (0.004)  (0.015)  (0.019)  (0.015)  (0.014)  (0.002)  (0.002)  (0.003)
33 0011 0.011 0.010 0.005 0.006 -0.001 -0.001 -0.002 -0.009 -0.007 -0.009 0.005 0.008 0.006 0.006 0.003 0.002 0.002
(0.011)  (0.010)  (0.011)  (0.017)  (0.008)  (0.004)  (0.005)  (0.006)  (0.006)  (0.005)  (0.005)  (0.021)  (0.025)  (0.021)  (0.019)  (0.002)  (0.002)  (0.004)
34 0198 0.199 0.182 0.104 0.139 0.033 0.043 0.047 -0.073 -0.055 -0.068 0.122 0.177 0.142 0.148 0.107 0.069 0.084
(0.064)  (0.058)  (0.063)  (0.084)  (0.048)  (0.045)  (0.051)  (0.062)  (0.044)  (0.038)  (0.041)  (0.143)  (0.166)  (0.144)  (0.128)  (0.012)  (0.011)  (0.021)
35 0113 0.114 0.104 0.058 0.077 0.014 0.019 0.020 -0.051 -0.038 -0.047 0.068 0.098 0.079 0.082 0.056 0.036 0.044
(0.041)  (0.037)  (0.040)  (0.050)  (0.030)  (0.028)  (0.032)  (0.039)  (0.026)  (0.023)  (0.025)  (0.091)  (0.104)  (0.090)  (0.079)  (0.007)  (0.006)  (0.014)




Table 4. Unconditional Marshallian price and expenditure elasticities cont’d

19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
19  -0.828 0.002 -1.058 -0.725 -0.052 0.089 0.068 0.096 0.108 0.081 0.053 0.084 0.059 -0.005 -0.024  -0.111  -0.066 1.235
(0.104)  (0.062)  (0.323)  (0.270)  (0.058)  (0.043)  (0.020)  (0.031)  (0.081)  (0.050)  (0.052)  (0.069)  (0.061)  (0.015)  (0.029)  (0.105) (0.063)  (0.153)
20 -0.009 -1.097 2.396 0.520 0.064 0.079 0.061 0.086 0.097 0.068 0.044 0.070 0.049 -0.006 -0.026  -0.120  -0.071 0.948
(0.082)  (0.139)  (0.721)  (0.533)  (0.071)  (0.048)  (0.022)  (0.035)  (0.092)  (0.052)  (0.057)  (0.072)  (0.065)  (0.017)  (0.033)  (0.118)  (0.072)  (0.076)
21 -0.030 0.051 -0.544 -0.187 0.002 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 -0.002  -0.001 0.256
(0.009)  (0.016)  (0.390)  (0.092)  (0.010)  (0.001)  (0.000)  (0.000)  (0.001)  (0.001)  (0.001)  (0.001)  (0.001)  (0.000)  (0.000)  (0.002) (0.001)  (0.305)
22 -0.130 0.067 -1.173 -0.354 0.032 0.001 0.001 0.001 0.001 -0.001 -0.001 -0.001 -0.001 0.000 -0.002 -0.010  -0.006 0.329
(0.048)  (0.071)  (0.568)  (0.549)  (0.042)  (0.003)  (0.002)  (0.002)  (0.006)  (0.005)  (0.006)  (0.007)  (0.005)  (0.001)  (0.002)  (0.009) (0.005)  (0.256)
23 -0.146 0.101 0.143 0.442 -0.894 0.106 0.081 0.115 0.129 0.084 0.055 0.087 0.061 -0.009 -0.041 -0.189  -0.112 0.790
(0137)  (0.122)  (0.794)  (0.555)  (0.103)  (0.074)  (0.034)  (0.056)  (0.145)  (0.081)  (0.092)  (0.110)  (0.095)  (0.024)  (0.050)  (0.179) (0.110)  (0.082)
24 0.020 0.015 0.004 0.005 0.013 -0.820 0.378 -0.256 0.261 -0.083 -0.054 -0.086 -0.060 0.000 -0.001 -0.005  -0.003 0.869
(0.011)  (0.009)  (0.004)  (0.004)  (0.008)  (0.225)  (0.352)  (0.092)  (0.219)  (0.040)  (0.038)  (0.055)  (0.063)  (0.008)  (0.016)  (0.060)  (0.037)  (0.203)
25 0.001 0.001 0.000 0.000 0.001 0.043 -0.023 -0.020 -0.054 -0.008 -0.005 -0.008 -0.006 0.000 0.000 -0.001  0.000 0.665
(0.001)  (0.001)  (0.000)  (0.000)  (0.000)  (0.043)  (0.321)  (0.031)  (0.061)  (0.003)  (0.003)  (0.004)  (0.003)  (0.000)  (0.001)  (0.003) (0.002)  (0.166)
26 0.054 0.041 0.011 0.014 0.034 -0.616 -0.409 -0.541 -0.423 -0.215 -0.140 -0.223 -0.156 -0.001 -0.003 -0.012  -0.007 0.944
(0.018)  (0.016)  (0.007)  (0.007)  (0.014)  (0.224)  (0.651)  (0.274)  (0.468)  (0.062)  (0.059)  (0.087)  (0.110)  (0.013)  (0.028)  (0.104) (0.063)  (0.103)
27 0.040 0.030 0.008 0.011 0.025 0.398 -0.707 -0.264 -1.205 -0.150 -0.097 -0.155 -0.109 0.000 -0.001 -0.007  -0.004 1.058
(0.030)  (0.026)  (0.012)  (0.012)  (0.023)  (0.332)  (0.793)  (0.294)  (0.634)  (0.115)  (0.110)  (0.156)  (0.178)  (0.022)  (0.046)  (0.173)  (0.105)  (0.217)
28 0014 0.010 0.003 0.004 0.009 -0.051 -0.039 -0.055 -0.062 -1.036 -0.011 -0.158 -0.946 -0.002 -0.009  -0.040  -0.024 1.292
(0.008)  (0.007)  (0.005)  (0.005)  (0.006)  (0.025)  (0.017)  (0.016)  (0.046)  (0.301)  (0.105)  (0.337)  (0.943)  (0.008)  (0.013)  (0.043)  (0.026)  (0.186)
29 0018 0.014 0.004 0.005 0.011 -0.091 -0.070 -0.099 -0.111 -0.034 -0.821 0.346 2.056 -0.003 -0.016  -0.074  -0.044 0.841
(0.021)  (0.018)  (0.015)  (0.012)  (0.016)  (0.062)  (0.045)  (0.040)  (0.118)  (0.273)  (0.175)  (0.493)  (0.992)  (0.023)  (0.037)  (0.115) (0.069)  (0.112)
30 0.004 0.003 0.001 0.001 0.003 -0.015 -0.011 -0.016 -0.018 -0.045 0.039 -1.392 0.017 -0.001 -0.003 -0.012  -0.007 1339
(0.003)  (0.003)  (0.002)  (0.002)  (0.002)  (0.009)  (0.006)  (0.006)  (0.018)  (0.095)  (0.053)  (0.249)  (0.424)  (0.003)  (0.005)  (0.015)  (0.009)  (0.318)
31 0.000 0.000 0.000 0.000 0.000 -0.002 -0.001 -0.002 -0.002 -0.046 0.038 0.003 -0.026 0.000 0.000 -0.001  -0.001 0.938
(0.001)  (0.001)  (0.000)  (0.000)  (0.000)  (0.002)  (0.001)  (0.001)  (0.003)  (0.045)  (0.018)  (0.073)  (1.020)  (0.000)  (0.001)  (0.002) (0.001)  (0.533)
32 -0.007 -0.005 -0.001 -0.002 -0.004 -0.004 -0.003 -0.005 -0.005 -0.008 -0.005 -0.009 -0.006 -0.238 -0.111 0201  -0.116 0.056
(0.003)  (0.003)  (0.002)  (0.002)  (0.002)  (0.005)  (0.003)  (0.004)  (0.010)  (0.009)  (0.009)  (0.011)  (0.008)  (0.202)  (0.181)  (0.039)  (0.099)  (0.144)
33 -0.009 -0.007 -0.002 -0.002 -0.006 -0.004 -0.003 -0.004 -0.005 -0.014 -0.009 -0.015 -0.010 -0.103 -0.282 0206  -0.163 0.261
(0.005)  (0.004)  (0.002)  (0.002)  (0.004)  (0.010)  (0.004)  (0.008)  (0.019)  (0.013)  (0.014)  (0.018)  (0.013)  (0.173)  (0.245)  (0.044) (0.112)  (0.165)
34 -0.058 -0.044 -0.012 -0.015 -0.037 -0.007 -0.005 -0.008 -0.008 -0.128 -0.083 -0.133 -0.093 0.614 0.644 -1.559  0.030 1.192
(0.049)  (0.043)  (0.021)  (0.021)  (0.037)  (0.114)  (0.054)  (0.083)  (0.218)  (0.128)  (0.132)  (0.162)  (0.144)  (0.115)  (0.135)  (0.370) (0.230)  (0.181)
35 -0.043 -0.033 -0.009 -0.011 -0.027 -0.010 -0.007 -0.011 -0.012 -0.085 -0.056 -0.088 -0.062 -0.326 -0.499 0.024  -1301 0.705
0.029)  (0.026)  (0.012)  (0.012)  (0.023)  (0.071)  (0.033)  (0.051)  (0.134)  (0.077)  (0.080)  (0.097)  (0.085)  (0.290)  (0.344)  (0.235)  (0.243)  (0.111)

Fresh green vegetables (1); Other fresh vegetables(2); Processed vegetables excluding processed potatoes (3);Fresh Fruits (4); Processed Fruits (5);Milk and milk products

excluding cheese (6); Cheese (7); Eggs (8);Carcase meat (9); Non-carcase meat and meat products (10); Fish (11); Butter (12); Margarine (13); Vegetable and salad oils (14);

All other fats (15); Sugar and preserves (16); Cakes, buns and pastries (17); Confectionery (18); Fresh and processed potatoes (19); Bread (20); Flour (21); Biscuits and
crispbreads (22); Other cereals and cereal products (23); Soups (24); Spreads and dressings (25); Pickles and sauces (26); Other take away and meals (27); (28) Tea; (29)
Coffee; (30) Cocoa and chocolate drinks; (31) Malt drinks and chocolate versions of malted drinks; (32) Mineral or spring waters; (33) Soft drinks, concentrated, not low
calorie; (34) Soft drinks, not concentrated, not low calorie; (35) Soft drinks, not concentrated, low calorie; (36) Expenditure. Bootstrap standard errors are in brackets



Table 4. Unconditional Hicksian price and expenditure elasticities

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
1 -0.906 0.152 0.190 0.024 0.032 0.012 0.016 0.018 -0.022 -0.016 -0.020 -0.076 -0.110 -0.088 -0.092  -0.024  -0.015  -0.019
(0.063)  (0.072)  (0.035)  (0.022)  (0.019)  (0.013)  (0.015)  (0.018)  (0.012)  (0.009)  (0.010)  (0.031)  (0.041)  (0.033)  (0.033)  (0.009)  (0.006)  (0.012)
2 0.085 -0.334 -0.111 0.028 0.037 0.014 0.019 0.020 -0.025 -0.019 -0.024 -0.088 -0.128 -0.102 -0.107  -0.028  -0.018  -0.022
(0.095)  (0.089)  (0.038)  (0.023)  (0.020)  (0.014)  (0.016)  (0.020)  (0.013)  (0.010)  (0.011)  (0.033)  (0.044)  (0.035)  (0.035)  (0.009)  (0.006)  (0.013)
3 0314 -0.160 -0.986 0.037 0.049 0.019 0.025 0.027 -0.033 -0.025 -0.031 -0.116 -0.168 -0.134 -0.140  -0.036  -0.023 -0.028
(0.058)  (0.054)  (0.063)  (0.038)  (0.031)  (0.022)  (0.025)  (0.030)  (0.019)  (0.016)  (0.018)  (0.051)  (0.067)  (0.053)  (0.054)  (0.015) (0.010)  (0.019)
4 0.071 0.071 0.065 -0.192 0.063 -0.003 -0.004 -0.004 -0.022 -0.016 -0.020 -0.544 -0.790 -0.631 -0.659  -0.073  -0.047  -0.058
(0.063)  (0.057)  (0.064)  (0.156)  (0.122)  (0.042)  (0.049)  (0.058)  (0.053)  (0.037)  (0.040)  (0.135)  (0.159)  (0.124)  (0.150)  (0.030)  (0.023)  (0.054)
5 0.047 0.048 0.044 0.032 -1.224 -0.002 -0.003 -0.003 -0.015 -0.011 -0.014 -0.366 -0.532 -0.425 0443  -0.049  -0.032 -0.039
0.028)  (0.026)  (0.027)  (0.062)  (0.115)  (0.009)  (0.010)  (0.012)  (0.015)  (0.012)  (0.014)  (0.049)  (0.049)  (0.046)  (0.039)  (0.009)  (0.007)  (0.016)
6 0.044 0.044 0.040 0.000 0.000 -0.419 -0.458 -0.077 0.086 0.065 0.081 0.125 0.182 0.145 0.152 -0.057  -0.036  -0.044
(0.044)  (0.041)  (0.043)  (0.046)  (0.019)  (0.121)  (0.193)  (0.624)  (0.030)  (0.025)  (0.027)  (0.091)  (0.114)  (0.091)  (0.087)  (0.024) (0.016)  (0.027)
7 0.029 0.029 0.026 0.000 0.000 -0.245 -0.596 0.672 0.057 0.043 0.053 0.083 0.120 0.096 0.100 -0.037  -0.024  -0.029
0.025)  (0.023)  (0.025)  (0.026)  (0.011)  (0.096)  (0.172)  (0.647)  (0.018)  (0.014)  (0.016)  (0.052)  (0.065)  (0.052)  (0.049)  (0.014) (0.010)  (0.016)
8 0.010 0.010 0.009 0.000 0.000 -0.013 0.215 -0.499 0.020 0.015 0.018 0.029 0.042 0.033 0.035 -0.013  -0.008  -0.010
(0.010)  (0.009)  (0.009)  (0.010)  (0.004)  (0.100)  (0.207)  (0.157)  (0.007)  (0.006)  (0.006)  (0.020)  (0.025)  (0.020)  (0.019)  (0.005)  (0.004)  (0.007)
9 -0.041 -0.041 -0.038 -0.013 -0.017 0.047 0.062 0.066 -0.977 0.145 -0.057 -0.030 -0.044 -0.035 -0.036 0.019 0.012 0.015
0.022)  (0.020)  (0.021)  (0.030)  (0.019)  (0.016)  (0.019)  (0.023)  (0.371)  (0.064)  (0.178)  (0.039)  (0.049)  (0.040)  (0.038)  (0.007)  (0.007)  (0.016)
10 -0.151 -0.152 -0.139 -0.048 -0.064 0.172 0.228 0.245 0.712 -0.495 0.720 -0.111 -0.160 -0.128 -0.134 0.072 0.046 0.056
(0.085)  (0.078)  (0.085)  (0.108)  (0.077)  (0.066)  (0.077)  (0.093)  (0.316)  (0.089)  (0.311)  (0.169)  (0.202)  (0.170)  (0.155)  (0.031)  (0.030)  (0.064)
11 -0.031 -0.031 -0.028 -0.010 -0.013 0.035 0.046 0.050 -0.045 0.117 -0.888 -0.022 -0.033 -0.026 -0.027 0.015 0.009 0.011
(0.016)  (0.014)  (0.016)  (0.019)  (0.014)  (0.012)  (0.014)  (0.017)  (0.142)  (0.051)  (0.259)  (0.031)  (0.036)  (0.031)  (0.028)  (0.006)  (0.005)  (0.011)
12 -0.048 -0.048 -0.044 -0.115 -0.153 0.024 0.031 0.034 -0.009 -0.007 -0.009 -0.438 0.463 0.211 0.174 -0.002  -0.001 -0.001
(0.020)  (0.018)  (0.020)  (0.028)  (0.020)  (0.017)  (0.019)  (0.022)  (0.013)  (0.011)  (0.013)  (0.079)  (0.134)  (0.093)  (0.176)  (0.007)  (0.006)  (0.010)
13 -0.022 -0.022 -0.020 -0.054 -0.072 0.011 0.015 0.016 -0.004 -0.003 -0.004 0.149 -0.707 0.001 -0.122  -0.001  -0.001 -0.001
(0.008)  (0.008)  (0.008)  (0.011)  (0.007)  (0.007)  (0.008)  (0.009)  (0.005)  (0.004)  (0.005)  (0.043)  (0.179)  (0.098)  (0.264)  (0.003)  (0.002)  (0.004)
14 -0016 -0.016 -0.015 -0.039 -0.052 0.008 0.011 0.011 -0.003 -0.002 -0.003 0.062 0.001 -0.399 -0.103  -0.001  0.000 0.000
(0.006)  (0.006)  (0.006)  (0.008)  (0.006)  (0.005)  (0.006)  (0.007)  (0.004)  (0.003)  (0.004)  (0.028)  (0.090)  (0.102)  (0.111)  (0.002)  (0.002)  (0.003)
15 -0.008 -0.008 -0.007 -0.019 -0.025 0.004 0.005 0.006 -0.002 -0.001 -0.001 0.024 -0.051 -0.048 -1.692 0.000 0.000 0.000
(0.003)  (0.003)  (0.003)  (0.004)  (0.002)  (0.002)  (0.002)  (0.003)  (0.002)  (0.001)  (0.002)  (0.023)  (0.111)  (0.051)  (0.212)  (0.001)  (0.001)  (0.002)
16 -0.010 -0.010 -0.009 -0.010 -0.013 -0.007 -0.009 -0.010 0.005 0.004 0.004 -0.001 -0.002 -0.001 -0.001  -0194  0.039 -0.025
(0.003)  (0.003)  (0.003)  (0.003)  (0.002)  (0.002)  (0.003)  (0.003)  (0.001)  (0.001)  (0.001)  (0.005)  (0.005)  (0.004)  (0.004)  (0.213)  (0.040)  (0.026)
17 -0.034 -0.034 -0.031 -0.035 -0.046 -0.025 -0.033 -0.036 0.017 0.013 0.016 -0.004 -0.006 -0.005 -0.005 0221  -0.608 0.234
(0.011)  (0.010)  (0.011)  (0.017)  (0.010)  (0.009)  (0.010)  (0.013)  (0.007)  (0.006)  (0.007)  (0.022)  (0.024)  (0.021)  (0.020)  (0.225) (0.146)  (0.078)
18 -0.076 -0.076 -0.069 -0.077 -0.102 -0.055 -0.073 -0.079 0.037 0.028 0.035 -0.010 -0.014 -0.011 -0.012  -0.255  0.422 -0.629
(0.043)  (0.041)  (0.042)  (0.070)  (0.040)  (0.027)  (0.033)  (0.042)  (0.026)  (0.023)  (0.025)  (0.068)  (0.076)  (0.069)  (0.071)  (0.266)  (0.142)  (0.115)




Table 4. Unconditional Hicksian price and expenditure elasticities cont’d

19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35
1 0.023 0.018 0.005 0.006 0.015 0.009 0.007 0.009 0.011 0.016 0.011 0.017 0.012 0.011 0.053 0.240 0.142
(0.013)  (0.011)  (0.009)  (0.008)  (0.010)  (0.028)  (0.015)  (0.021)  (0.056)  (0.036)  (0.036)  (0.050)  (0.051)  (0.031)  (0.038)  (0.076)  (0.047)
2 0.027 0.021 0.006 0.007 0.017 0.010 0.008 0.011 0.012 0.019 0.012 0.020 0.014 0.013 0.061 0.278 0.165
(0.014)  (0.012)  (0.010)  (0.008)  (0.011)  (0.030)  (0.016)  (0.022)  (0.060)  (0.038)  (0.038)  (0.053)  (0.054)  (0.033)  (0.041)  (0.079)  (0.050)
3 0.035 0.027 0.007 0.009 0.022 0.013 0.010 0.014 0.016 0.025 0.016 0.026 0.018 0.017 0.080 0.365 0.216
(0.021)  (0.018)  (0.015)  (0.013)  (0.017)  (0.047)  (0.025)  (0.034)  (0.092)  (0.058)  (0.059)  (0.082)  (0.084)  (0.050)  (0.063)  (0.123)  (0.077)
4 0.038 0.029 0.008 0.010 0.024 -0.011 -0.009 -0.012 -0.014 0.476 0.310 0.494 0.346 0.018 0.085 0.386 0.228
(0.049)  (0.039)  (0.042)  (0.036)  (0.032)  (0.122)  (0.098)  (0.070)  (0.209)  (0.122)  (0.134)  (0.183)  (0.189)  (0.149)  (0.169)  (0.263)  (0.151)
5 0.026 0.020 0.005 0.007 0.016 -0.008 -0.006 -0.008 -0.009 0.321 0.209 0.332 0.233 0.012 0.057 0.260 0.154
(0.010)  (0.009)  (0.009)  (0.008)  (0.008)  (0.036)  (0.019)  (0.024)  (0.055)  (0.029)  (0.034)  (0.038)  (0.040)  (0.031)  (0.042)  (0.086)  (0.053)
6 0.053 0.041 0.011 0.014 0.034 0.116 0.089 0.126 0.141 0.096 0.063 0.100 0.070 0.008 0.040 0.182 0.107
(0.033)  (0.029)  (0.015)  (0.016)  (0.025)  (0.081)  (0.036)  (0.059)  (0.149)  (0.083)  (0.090)  (0.104)  (0.072)  (0.023)  (0.049)  (0.175)  (0.107)
7 0.035 0.027 0.007 0.009 0.023 0.077 0.059 0.083 0.093 0.064 0.041 0.066 0.046 0.006 0.026 0.120 0.071
(0.018)  (0.016)  (0.009)  (0.009)  (0.014)  (0.047)  (0.021)  (0.034)  (0.086)  (0.047)  (0.052)  (0.060)  (0.042)  (0.013)  (0.028)  (0.100)  (0.061)
8 0.012 0.009 0.003 0.003 0.008 0.027 0.020 0.029 0.032 0.022 0.014 0.023 0.016 0.002 0.009 0.041 0.025
(0.007)  (0.006)  (0.003)  (0.004)  (0.006)  (0.018)  (0.008)  (0.013)  (0.033)  (0.018)  (0.020)  (0.023)  (0.016)  (0.005)  (0.011)  (0.039)  (0.024)
9 0.048 0.037 0.010 0.013 0.031 0.007 0.005 0.007 0.008 0.034 0.022 0.036 0.025 -0.006 -0.026  -0.118  -0.070
(0.016)  (0.014)  (0.008)  (0.008)  (0.012)  (0.044)  (0.018)  (0.031)  (0.078)  (0.042)  (0.044)  (0.052)  (0.038)  (0.026)  (0.035)  (0.092)  (0.055)
10 0.179 0.137 0.037 0.048 0.114 0.025 0.019 0.027 0.030 0.127 0.082 0.131 0.092 -0.020 -0.095  -0.435  -0.257
(0.068)  (0.060)  (0.032)  (0.033)  (0.052)  (0.182)  (0.075)  (0.133)  (0.338)  (0.177)  (0.189)  (0.218)  (0.158)  (0.115)  (0.153)  (0.396)  (0.241)
11 0.036 0.028 0.007 0.010 0.023 0.005 0.004 0.005 0.006 0.026 0.017 0.027 0.019 -0.004 -0.019  -0.088  -0.052
(0.012)  (0.011)  (0.006)  (0.006)  (0.009)  (0.033)  (0.013)  (0.024)  (0.060)  (0.031)  (0.034)  (0.039)  (0.028)  (0.021)  (0.028)  (0.071)  (0.044)
12 0.050 0.039 0.010 0.013 0.032 0111 0.085 0.121 0.135 0.036 0.024 0.037 0.026 0.005 0.021 0.098 0.058
(0.016)  (0.014)  (0.009)  (0.008)  (0.013)  (0.039)  (0.022)  (0.030)  (0.076)  (0.046)  (0.051)  (0.059)  (0.041)  (0.034)  (0.045)  (0.102)  (0.065)
13 0.024 0.018 0.005 0.006 0.015 0.052 0.040 0.057 0.063 0.017 0.011 0.018 0.012 0.002 0.010 0.046 0.027
(0.007)  (0.006)  (0.004)  (0.003)  (0.005)  (0.015)  (0.009)  (0.011)  (0.026)  (0.018)  (0.020)  (0.023)  (0.016)  (0.013)  (0.017)  (0.039)  (0.024)
14 0017 0.013 0.004 0.005 0.011 0.038 0.029 0.041 0.046 0.012 0.008 0.013 0.009 0.002 0.007 0.033 0.020
(0.005)  (0.004)  (0.003)  (0.003)  (0.004)  (0.011)  (0.007)  (0.008)  (0.022)  (0.014)  (0.015)  (0.017)  (0.012)  (0.010)  (0.013)  (0.031)  (0.019)
15 0.008 0.006 0.002 0.002 0.005 0.018 0.014 0.020 0.022 0.006 0.004 0.006 0.004 0.001 0.004 0.016 0.010
(0.002)  (0.002)  (0.001)  (0.001)  (0.002)  (0.005)  (0.003)  (0.003)  (0.009)  (0.006)  (0.006)  (0.008)  (0.005)  (0.004)  (0.005)  (0.013)  (0.008)
16 0.003 0.002 0.001 0.001 0.002 0.007 0.005 0.007 0.008 -0.014 -0.009 -0.014 -0.010 0.003 0.013 0.060 0.035
(0.002)  (0.002)  (0.001)  (0.001)  (0.001)  (0.005)  (0.003)  (0.003)  (0.008)  (0.003)  (0.003)  (0.004)  (0.003)  (0.003)  (0.003)  (0.007)  (0.004)
17 0.010 0.007 0.002 0.003 0.006 0.024 0.019 0.026 0.030 -0.050 -0.032 -0.052 -0.036 0.010 0.047 0.215 0.127
(0.008)  (0.007)  (0.008)  (0.007)  (0.006)  (0.023)  (0.016)  (0.014)  (0.041)  (0.016)  (0.017)  (0.020)  (0.015)  (0.017)  (0.018)  (0.035)  (0.021)
18 0.021 0.016 0.004 0.006 0.014 0.054 0.041 0.059 0.066 -0.110 -0.072 -0.114 -0.080 0.022 0.104 0.476 0.281
0.029)  (0.024)  (0.031)  (0.025)  (0.020)  (0.077)  (0.063)  (0.042)  (0.139)  (0.063)  (0.066)  (0.079)  (0.057)  (0.065)  (0.074)  (0.114)  (0.069)




Table 4. Unconditional Hicksian price and expenditure elasticities cont’d

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

18 0.041 0.042 0.038 0.024 0.032 0.027 0.036 0.039 0.046 0.035 0.044 0.140 0.204 0.163 0.170 0.010 0.007
0.023)  (0.021)  (0.023)  (0.026)  (0.012)  (0.017)  (0.020)  (0.023)  (0.016)  (0.014)  (0.015)  (0.048)  (0.062)  (0.049)  (0.048)  (0.012)  (0.010)

19 0.041 0.041 0.037 0.024 0.031 0.027 0.035 0.038 0.046 0.034 0.043 0.138 0.201 0.160 0.167 0.010 0.007
0.025)  (0.024)  (0.025)  (0.028)  (0.014)  (0.020)  (0.022)  (0.027)  (0.018)  (0.015)  (0.017)  (0.054)  (0.068)  (0.056)  (0.052)  (0.014)  (0.011)

20 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.001 0.001 0.001 0.000 0.000
(0.000)  (0.000)  (0.000)  (0.001)  (0.000)  (0.000)  (0.000)  (0.000)  (0.000)  (0.000)  (0.000)  (0.001)  (0.001)  (0.001)  (0.001)  (0.000)  (0.000)

21 0.002 0.002 0.002 0.001 0.001 0.001 0.002 0.002 0.002 0.002 0.002 0.006 0.009 0.007 0.008 0.000 0.000
(0.002)  (0.002)  (0.002)  (0.003)  (0.001)  (0.001)  (0.001)  (0.002)  (0.001)  (0.001)  (0.001)  (0.004)  (0.005)  (0.004)  (0.004)  (0.002)  (0.002)

22 0.059 0.059 0.054 0.034 0.046 0.039 0.051 0.055 0.066 0.050 0.062 0.201 0.292 0.233 0.243 0.015 0.010
(0.040)  (0.037)  (0.040)  (0.041)  (0.022)  (0.030)  (0.034)  (0.041)  (0.027)  (0.024)  (0.026)  (0.085)  (0.103)  (0.086)  (0.078)  (0.021)  (0.017)

23 0.004 0.004 0.004 -0.001 -0.002 0.015 0.020 0.022 0.002 0.001 0.002 0.079 0.115 0.092 0.096 0.007 0.005
(0.013)  (0.012)  (0.013)  (0.018)  (0.011)  (0.011)  (0.013)  (0.015)  (0.011)  (0.009)  (0.010)  (0.027)  (0.033)  (0.027)  (0.026)  (0.005)  (0.004)

24 0.000 0.000 0.000 0.000 0.000 0.001 0.002 0.002 0.000 0.000 0.000 0.007 0.010 0.008 0.008 0.001 0.000
(0.001)  (0.001)  (0.001)  (0.002)  (0.001)  (0.001)  (0.001)  (0.001)  (0.001)  (0.000)  (0.000)  (0.002)  (0.002)  (0.002)  (0.002)  (0.000)  (0.000)

25 0011 0.011 0.010 -0.004 -0.005 0.040 0.053 0.057 0.005 0.004 0.005 0.207 0.301 0.240 0.251 0.019 0.012
0.022)  (0.020)  (0.022)  (0.024)  (0.017)  (0.020)  (0.023)  (0.027)  (0.018)  (0.016)  (0.018)  (0.050)  (0.057)  (0.048)  (0.043)  (0.007)  (0.006)

26 0.007 0.008 0.007 -0.003 -0.003 0.028 0.038 0.040 0.003 0.003 0.003 0.146 0.212 0.169 0.177 0.014 0.009
(0.039)  (0.036)  (0.038)  (0.049)  (0.025)  (0.031)  (0.036)  (0.043)  (0.029)  (0.026)  (0.028)  (0.080)  (0.088)  (0.079)  (0.068)  (0.012)  (0.010)

27 0.005 0.005 0.005 0.047 0.062 0.008 0.011 0.012 0.006 0.004 0.005 0.016 0.024 0.019 0.020 -0.010  -0.006
(0.010)  (0.009)  (0.010)  (0.012)  (0.006)  (0.007)  (0.008)  (0.010)  (0.006)  (0.006)  (0.006)  (0.021)  (0.026)  (0.021)  (0.020)  (0.002)  (0.002)

28 0.008 0.009 0.008 0.080 0.106 0.014 0.019 0.020 0.010 0.007 0.009 0.028 0.041 0.033 0.034 -0.016  -0.011
0.027)  (0.025)  (0.027)  (0.033)  (0.017)  (0.020)  (0.023)  (0.028)  (0.018)  (0.016)  (0.017)  (0.060)  (0.072)  (0.060)  (0.055)  (0.006)  (0.006)

29 0.001 0.001 0.001 0.014 0.018 0.002 0.003 0.003 0.002 0.001 0.002 0.005 0.007 0.006 0.006 -0.003  -0.002
(0.004)  (0.004)  (0.004)  (0.005)  (0.002)  (0.003)  (0.003)  (0.003)  (0.002)  (0.002)  (0.002)  (0.007)  (0.009)  (0.008)  (0.007)  (0.001)  (0.001)

30 0.000 0.000 0.000 0.002 0.002 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.001 0.001 0.001 0.000 0.000
(0.001)  (0.001)  (0.001)  (0.001)  (0.000)  (0.000)  (0.000)  (0.000)  (0.000)  (0.000)  (0.000)  (0.001)  (0.001)  (0.001)  (0.001)  (0.000)  (0.000)

31 0.003 0.003 0.003 0.002 0.002 0.001 0.001 0.001 -0.001 -0.001 -0.001 0.002 0.003 0.002 0.003 0.002 0.001
(0.009)  (0.008)  (0.009)  (0.015)  (0.006)  (0.002)  (0.002)  (0.003)  (0.004)  (0.004)  (0.004)  (0.015)  (0.019)  (0.016)  (0.014)  (0.001)  (0.002)

32 0015 0.015 0.014 0.008 0.011 0.003 0.004 0.005 -0.004 -0.003 -0.004 0.010 0.014 0.011 0.012 0.009 0.006
(0.011)  (0.010)  (0.011)  (0.016)  (0.008)  (0.004)  (0.005)  (0.006)  (0.006)  (0.005)  (0.005)  (0.020)  (0.024)  (0.020)  (0.018)  (0.002)  (0.002)

33 0212 0.213 0.194 0.115 0.153 0.046 0.061 0.066 -0.057 -0.043 -0.053 0.136 0.197 0.157 0.164 0.127 0.081
(0.065)  (0.059)  (0.064)  (0.080)  (0.050)  (0.046)  (0.052)  (0.063)  (0.044)  (0.038)  (0.043)  (0.140)  (0.164)  (0.143)  (0.128)  (0.013)  (0.012)

34 0127 0.128 0117 0.069 0.092 0.028 0.037 0.040 -0.034 -0.026 -0.032 0.082 0.119 0.095 0.099 0.076 0.049
(0.042)  (0.038)  (0.041)  (0.046)  (0.032)  (0.028)  (0.033)  (0.039)  (0.027)  (0.024)  (0.026)  (0.090)  (0.104)  (0.091)  (0.080)  (0.008)  (0.007)




Table 4. Unconditional Hicksian price and expenditure elasticities cont’d

19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35
19 0.003 0.002 0.001 0.001 0.002 0.007 0.005 0.007 0.008 -0.014 -0.009 -0.014 -0.010 0.003 0.013 0.060 0.035
(0.002) (0.002) (0.001) (0.001) (0.001) (0.005) (0.003) (0.003) (0.008) (0.003) (0.003) (0.004) (0.003) (0.003) 0.003)  (0.007)  (0.004)
20 0.010 0.007 0.002 0.003 0.006 0.024 0.019 0.026 0.030 -0.050 -0.032 -0.052 -0.036 0.010 0.047 0.215 0.127
(0.008) (0.007) (0.008) (0.007) (0.006) (0.023) (0.016) (0.014) (0.041) (0.016) 0.017) (0.020) (0.015) (0.017) (0.018)  (0.035)  (0.021)
21 0.021 0.016 0.004 0.006 0.014 0.054 0.041 0.059 0.066 -0.110 -0.072 -0.114 -0.080 0.022 0.104 0.476 0.281
(0.029) (0.024) (0.031) (0.025) (0.020) (0.077) (0.063) (0.042) (0.139) (0.063) (0.066) (0.079) (0.057) (0.065) (0.074)  (0.114)  (0.069)
22 -0.787 0.033 -1.050 -0.714 -0.026 0.115 0.088 0.125 0.141 0.120 0.078 0.125 0.087 -0.003 -0.016 -0.075 -0.044
(0.103) (0.063) (0.320) (0.277) (0.063) (0.040) (0.019) (0.029) (0.075) (0.051) (0.052) 0.071) (0.071) (0.020) (0.030)  (0.102)  (0.061)
23 0.039 -1.060 2.406 0.533 0.095 0.114 0.087 0.124 0.138 0.119 0.077 0.123 0.086 -0.003 -0.016 -0.073 -0.043
(0.080) (0.136) (0.683) (0.513) (0.067) (0.045) (0.022) (0.033) (0.086) (0.053) (0.058) (0.075) (0.078) (0.023) (0.034)  (0.115)  (0.069)
24 -0.029 0.052 -0.544 -0.187 0.002 0.001 0.001 0.001 0.001 0.001 0.000 0.001 0.001 0.000 0.000 0.000 0.000
(0.009) (0.015) (0.389) (0.090) (0.010) (0.001) (0.000) (0.000) (0.001) (0.001) (0.001) (0.001) (0.001) (0.000) (0.000)  (0.001)  (0.001)
25 -0.123 0.072 -1.171 -0.352 0.036 0.005 0.004 0.006 0.006 0.005 0.004 0.006 0.004 0.000 -0.001 -0.003 -0.002
(0.048) (0.069) (0.559) (0.571) (0.046) (0.003) (0.001) (0.002) (0.006) (0.005) (0.006) (0.007) (0.006) (0.001) (0.002)  (0.008)  (0.005)
26 -0.063 0.164 0.160 0.464 -0.842 0.165 0.126 0.180 0.201 0.172 0.112 0.179 0.125 -0.005 -0.023 -0.107 -0.063
(0.140) (0.117) (0.788) (0.593) (0.102) (0.069) (0.035) (0.051) (0.135) (0.081) (0.093) (0.113) (0.118) (0.035) (0.054)  (0.175)  (0.107)
27 0.029 0.023 0.006 0.008 0.019 -0.814 0.383 -0.249 0.270 -0.073 -0.048 -0.076 -0.053 0.000 0.001 0.004 0.002
(0.010) (0.009) (0.005) (0.004) (0.008) (0.212) (0.358) (0.092) (0.208) (0.039) (0.038) (0.054) (0.060) (0.009) (0.017)  (0.054)  (0.034)
28 0.003 0.002 0.001 0.001 0.002 0.044 -0.023 -0.019 -0.053 -0.006 -0.004 -0.007 -0.005 0.000 0.000 0.000 0.000
(0.001) (0.000) (0.000) (0.000) (0.000) (0.043) (0.312) (0.031) (0.061) (0.003) (0.003) (0.004) (0.004) (0.000) (0.001)  (0.003)  (0.002)
29 0.077 0.059 0.016 0.020 0.049 -0.599 -0.397 -0.523 -0.403 -0.191 -0.124 -0.198 -0.139 0.000 0.002 0.010 0.006
(0.017) (0.015) (0.008) (0.008) (0.013) (0.222) (0.650) (0.272) (0.454) (0.060) (0.059) (0.086) (0.102) (0.016) (0.030)  (0.096)  (0.060)
30 0.054 0.042 0.011 0.014 0.035 0.408 -0.699 -0.253 -1.193 -0.135 -0.088 -0.139 -0.098 0.000 0.002 0.007 0.004
(0.028) (0.025) (0.013) (0.014) (0.022) (0.315) (0.797) (0.285) (0.609) (0.113) 0.111) (0.161) (0.173) (0.026) (0.048)  (0.165)  (0.101)
31 0.020 0.015 0.004 0.005 0.013 -0.047 -0.036 -0.051 -0.057 -1.026 -0.005 -0.148 -0.938 -0.002 -0.008 -0.034 -0.020
(0.008) (0.007) (0.006) (0.005) (0.006) (0.024) (0.018) (0.016) (0.045) (0.297) (0.103) (0.324) (0.930) (0.010) (0.013)  (0.044)  (0.026)
32 0.034 0.026 0.007 0.009 0.022 -0.080 -0.061 -0.087 -0.097 -0.022 -0.814 0.358 2.064 -0.003 -0.013 -0.059 -0.035
(0.021) (0.019) (0.018) (0.015) (0.017) (0.063) (0.047) (0.041) (0.118) (0.266) (0.176) (0.509) (0.957) (0.027) (0.039)  (0.116)  (0.069)
33 0.006 0.004 0.001 0.002 0.004 -0.014 -0.010 -0.015 -0.017 -0.041 0.041 -1.389 0.019 0.000 -0.002 -0.010 -0.006
(0.003) (0.003) (0.002) (0.002) (0.002) (0.009) (0.007) (0.006) (0.019) (0.091) (0.055) (0.248) (0.426) (0.003) (0.005)  (0.015)  (0.009)
34 0.001 0.001 0.000 0.000 0.000 -0.002 -0.001 -0.002 -0.002 -0.045 0.039 0.003 -0.026 0.000 0.000 -0.001 -0.001
(0.001) (0.000) (0.000) (0.000) (0.000) (0.002) (0.001) (0.001) (0.003) (0.045) (0.017) (0.074) (1.025) (0.000) (0.001)  (0.002)  (0.001)
35 -0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 -0.002 -0.001 -0.002 -0.001 -0.237 -0.108 0.211 -0.110
(0.003) (0.003) (0.001) (0.001) (0.002) (0.006) (0.003) (0.004) (0.011) (0.010) (0.010) (0.012) (0.008) (0.208) (0.185)  (0.041)  (0.099)
36 -0.003 -0.002 -0.001 -0.001 -0.002 0.000 0.000 0.000 0.001 -0.008 -0.005 -0.008 -0.006 -0.103 -0.281 0.211 -0.160
(0.005) (0.004) (0.002) (0.002) (0.004) (0.011) (0.005) (0.008) (0.020) (0.013) (0.015) (0.018) (0.014) (0.176) (0.245)  (0.047)  (0.111)
37 -0.039 -0.030 -0.008 -0.010 -0.025 0.006 0.005 0.007 0.008 -0.108 -0.070 -0.112 -0.079 0.615 0.648 -1.539 0.042
(0.048) (0.042) (0.023) (0.023) (0.037) (0.105) (0.053) (0.078) (0.210) (0.133) (0.133) (0.165) (0.147) (0.121) (0.144)  (0.375)  (0.229)
38 -0.023 -0.018 -0.005 -0.006 -0.015 0.004 0.003 0.004 0.005 -0.065 -0.042 -0.068 -0.047 -0.325 -0.496 0.038 -1.292
(0.029) (0.026) (0.014) (0.014) (0.023) (0.066) (0.033) (0.049) (0.131) (0.080) (0.081) (0.099) (0.090) (0.292) (0.344)  (0.233)  (0.235)

Fresh green vegetables (1); Other fresh vegetables(2); Processed vegetables excluding processed potatoes (3);Fresh Fruits (4); Processed Fruits (5);Milk and milk products excluding cheese (6); Cheese (7); Eggs
(8);Carcase meat (9); Non-carcase meat and meat products (10); Fish (11); Butter (12); Margarine (13); Vegetable and salad oils (14); All other fats (15); Sugar and preserves (16); Cakes, buns and pastries (17);
Confectionery (18); Fresh and processed potatoes (19); Bread (20); Flour (21); Biscuits and crispbreads (22); Other cereals and cereal products (23); Soups (24); Spreads and dressings (25); Pickles and sauces (26); Other
take away and meals (27); (28) Tea; (29) Coffee; (30) Cocoa and chocolate drinks; (31) Malt drinks and chocolate versions of malted drinks; (32) Mineral or spring waters; (33) Soft drinks, concentrated, not low calorie;

(34) Soft drinks, not concentrated, not low calorie; (35) Soft drinks, not concentrated, low calorie; (36) Expenditure. Bootstrap standard errors are in brackets
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Figure 4. Estimated diet after increasing fruits and vegetables by 10 per cent for the average person.



Average Population

Minerals - Sodium (mg/100g)

Fats - Saturates (g/100g)

Lipids (g/100g) -

Sugar (g/100g)

Fiber (g/100g)

Proteins (g/100g)

Energy (kcal/100g) -
-8.00% -6.00% -4.00% -2.00% 0.00% 2.00% 4.00%
Figure 5 Average changes in Energy, macronutrients, and GHGe after increasing fruits

and vegetables than 10 per cent.
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Figure 6. Variations in Unconditional compensated own price elasticities across income levels.



3.00

2.50
[
2.00
1.50
. . °
o ° . ©
e 3 ® o ° ° ' o
® Y e L
1.00 ° $ . g s ° °
L
o
0.50 o
° . ¢
[
0.00
NN BRI - TS R R SR < S S SN TP N T - T T T N S <R N (I S B\ TP S SN RN R
é@o &’5& ,@1& \(\‘\@ b"é ‘(@e Qee % & b"b &$ Q)\gé Qg)&‘ '060\ Q;\'b p & Q;;é\ ~o°® 3 & O &P 6°° %OQQ L,‘::\Q% ,2,0(’ P K (Jos{\ b{\o b{\«\ Q\& ?}o‘\ q}é ?}o*
& & o & 2 3 & & & S r L &5 oD 2 D SRR
& & & & K o & & ORI R K3 & Q7 S & & N
& P RS &R T 377 O QDT & NP SRS CHERN P \MINOIIIN NS
KA RN & X SRS > S ? ¥ SO O X
Q MRS > N S 9 > KN N >
NP S SIS &F & SR SRR NP O Q7 & & & @ < OO
& S L R > o0 & 5 N e & RO QO
S L Q° S SFSEE oS 38 p
S & O &2 o 2 5 D0 o » N & SR G I
& & Q 3 > D . X
&< S ¥ 3 % T & I < < o° FF L E
RS & Q© 2 S RO S & R & NS
& o€ M o &® K& V&S
S
(,ch’ N «?L’ ‘<@ Qf‘g o\é’ (JOO S
o) A {&\ (& S L S
Q¢ ,b(\b & 9 &° ;\\8* ® (\(&
o N o &S
N & & & &
© SR NS
8;\0 (,)o%
AN
2

@®<30K ®Btn30-60K @ Above 60 K

Figure 7. Unconditional expenditure elasticities for income groups



Table 5. Expected change in prices and difference when compared to average population

Food products Less than 30K Between 30 - 50K Above 50K

Change in Price Difference Change in Price Difference Change in Price Difference

-13.10 -0.60 -17.57 -5.07 -20.93 -8.43
Fresh green vegetable

-24.54 9.22 -44.86 -11.10 -68.94 -35.18
Other fresh vegetables

-12.02 -0.59 -13.88 -2.46 -9.16 2.26
Processed vegetables

. -37.68 18.66 -10.27 46.08 -32.69 23.66

Fresh fruit

-10.13 -1.77 -9.40 -1.03 -8.51 -0.15

Processed fruit and fruit products
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Figure 8 Changes in purchases across d

vegetables by 10 per cent
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Figure 9 Changes in Energy, macronutrients, and GHGe after increasing fruits and vegetables by 10
per cent.



