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Brexit, particularly depending on its final version, is bound to have important effects on
trade as well as on other socio-economic and environmental issues. Trying to give an
assessment on these questions, we apply a multi-regional input-output model, extended
with international trade data, to evaluate the economic and environmental impacts from
Brexit in terms of consumption of fruits and vegetables in the UK. To this aim, we
followed the methodology already applied to Spanish fresh produce consumption
developed in Tobarra et al. (2018). Detailed trade data from customs (HM Revenue &
Customs database) allow us to include an accurate demand vector for the current
situation and future potential scenarios.

Certainly, a no-deal Brexit will reduce the availability of fruits and vegetables imported
into the UK from EU countries and different regions of the world economy. Therefore,
this reduction will generate a substitution effect, being these goods potentially replaced
either by domestic production or by imports from other regions. Among other effects,
this change in trade patterns, would affect where the production is located, and
consequently where the jobs are created and how much resources are needed in the
process. Additionally, as a by-product, this would imply also a change in the levels of
COs.. In this paper, we calculate the footprint balance linked to these import changes as
the difference between the footprint from imported fruits and vegetables from the EU
and the footprint using a substitute origin (UK or third countries/regions). A positive
sign in that avoided footprint balance would indicate a positive result, since the trade
substitution outcome is linked with a lower footprint. On the contrary, a negative sign
would be linked to a negative impact (increasing the footprint) caused by the trade
diversion.
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A second objective in our paper is to analyse economic vs. environmental impacts from
the potential Brexit trade substitution effect. In other words, we aim to identify the
potential synergies or trade-offs between the economic and environmental results. These
include carbon and water footprints for assessing environmental impacts and
employment footprint for economic effects.

Keywords: (maximum 6 words) Multiregional input-output models, Environmental
footprints, Brexit, trade patterns

JEL codes: C67, F18, Q56

1. Introduction

The trade disruption that Brexit may engender in the economic activity of the United
Kingdom will likely lead to important effects in the production and consumption of
agricultural products (Hubbard et al., 2018). Among others, the causes that may explain
this disruption can be found in the funding support to farmers from the Common
Agricultural Policy (CAP)?, in the tariffs to agricultural products (11% in average) and
the important international dependence of this sector in the United Kingdom, which
imports around 70% of their consumption (DEFRA, 2018). Given this situation, the
British Retail Consortium sent a letter to the European Parliament in January 2019
warning that, due to the complex value chain in the food industry, the availability to
fruits and vegetables will be heavily disrupted in the extreme case of a no-deal Brexit
(https://brc.org.uk/brexit-campaign).

The Brexit impact will vary across sectors and be largely dependent on whether the UK
is a net importer or net exporter of the relevant commodity. Among the agricultural
products, the consumption of fresh fruit and vegetables is the most affected by Brexit,
due to their high dependence to European imports. In the case of fruits, European
imports reach values of around 50% in the case of EU oranges and 56% in the case of
EU apples imports. Among vegetables, values of around 88% can be found in the EU
imports of tomatoes and around 80% in the case of EU imports of other vegetables
(such us onions, garlic or lettuce). Brexit will cause a reduction in the availability of
fruits and vegetables in the UK at different points in the year due to seasonality and,
together with a reversion to WTO tariffs, would lead to a significant increase in food
prices. Poorer households and the restaurant industry are among the consumers that are
going to be most affected as they spend a higher proportion of their consumption in

! The current annual payments to farmers (totalling £2.5bn per year to the UK) are the remnants of the
protectionist CAP. A further £0.8bn per year is spent in the UK under the CAP for environmental
conservation and rural development schemes. These payments (£3.3bn per year) form the major part
(90%) of the financial benefit to the UK of EU membership, offset by the UK’s contribution to the rest of
EU spending (Hubbard et al., 2018).
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food. This scenario is similar to other situations in the past when the reductions were
caused by extreme weather conditions in the countries of origin (Spain in 2017).
However, in this case these trade-substitution effects will also be affected by changes in
the exchange rate, possible labour market changes and other non-tariff barriers.

In order to overcome this trade disruption, UK consumers potentially will have to adjust
the situation by substituting imported fresh fruits and vegetables with different fruits
and vegetables produced locally in the United Kingdom; with other similar fruits and
vegetables produced outside the European Union; or by increasing the consumption of
other different types of food such as augmenting the consumption of fish, meat or
processed food over fresh foods and vegetables. The aim of this paper is to evaluate the
environmental as well as socio-economic effects of these potential substitution effects in
the consumption patterns of fruits and vegetables in the agricultural sector of the United
Kingdom due to Brexit related effects. The analysis will document these effects in terms
of the changes in the carbon, water and labor footprint.

Given the importance of the agriculture sector in the United Kingdom in terms of land
use (70%), water consumption and emissions, our analysis is important because these
substitution effects will potentially have important long-term effects in the environment
as well as the quality of life and heath perspectives of the UK citizens (Springmann and
Freund, 2018). These potential negative consequences of the Brexit consumption
substitution effects are linked with the consensus in the literature that it is advisable to
follow a low calorie diet with higher proportion of fruits, vegetables and dry fruits over
meats and fats associated with longer life expectancy and a reduction of greenhouse
gases (Tilman and Clark, 2014; Springmann et al., 2016).

This analysis uses as a reference framework the environmental extension of the
multiregional input-output (MRIO) model. In particular, the methodology for the
calculation of the footprint becomes useful to draw out the impact that the changes in
the household consumption can have over all of the global value chain. This
methodology has also been used to evaluate how these decisions may affect the diet
(Behrens et al., 2017), population ageing (Shigetomi et al., 2014), income distribution
(Lbpez et al., 2016) or the effect on poverty (Hubacek et al., 2017), etc.

In the case of trade substitution-effect analyses, the methodology that has been more
commonly used is regarding the balance of avoided footprints (Dietzenbacher and
Mukhopadhyay, 2007; Lépez et al., 2013; Tan et al., 2013; Arto et al., 2014; Liu et al.,
2016a; Lopez et al., 2017). Among them, Tobarra et al. (2018) focuses its attention to
the consumption of fruits and vegetables. In this methodology, the sign of balance of the
Balance of Avoided Footprints indicates if the effect in the environment, which is
associated to a substitution of imported goods by domestic goods, is beneficial (balance

3
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is negative) or detrimental (balance is positive). The sign of the effect is not directly
linked to the volume of trade, but is linked to the resource intensity and pollution in the
countries of origin. This balance can be used to evaluate the impact of any other factor
such as physical resources (water, energy, land or materials), social impacts (labor,
work accidents — employment injuries, etc.) or waste generation (greenhouse emissions,
nitrogen, etc.) or other environmental damages (reduction in the biodiversity).

The impact of Brexit in the agriculture sector

Few analyses have been published on the impact of Brexit on the agricultural sectors.
Chen et al. (2018) employ an extension of the World Input-Output Database (WIOD)
with regional detail for EU countries to study the degree to which EU regions and
countries are exposed to negative trade-related consequences of Brexit. They develop an
index of this exposure, which incorporates all effects due to geographically fragmented
production processes within the UK, the EU and beyond. The results for the primary
industry vary across regions, with UK regional shares of local GDP exposed to Brexit
from 13 to 34%.

Los et al. (2017) computes the industry’s exposure to Brexit using the 2016-release of
WIOD. The estimates indicate how much the industry has to restructure its supply
chains and employees to mitigate against the losses caused by reduced post-Brexit trade
and movement with the EU. The results show that crop and animal production
industries present exposure levels of the 12% of value added at risk.

Hubbard et al. (2018) estimate the potential effects of UK agricultural and trade policy
scenarios following Brexit. This article reports preliminary results from employing a
Computable General Equilibrium Model, a Partial Equilibrium Model and Farm Level
Models to explore selected trade and domestic policy scenarios post-Brexit. Their
preliminary results show that Brexit would have significant implications for UK
agriculture, a sector with strong trade links to the EU and reliance on CAP income
support. Trade scenario effects depend on the net trade position, and/or world prices.
Under a Free Trade Agreement (FTA) with the EU, agricultural impacts are relatively
modest. By contrast, unilateral removal of import tariffs (UTL) has significant negative
impacts on prices, production and incomes. Adoption of the EU's WTO tariff schedule
for all imports (including from the EU) favours some net importer sectors (e.g. dairy)
and harms exporter sectors (e.g. sheep). These trade effects, however, might be
overshadowed by the exchange rate and possible labour market changes and other
non-tariff barriers (not addressed in this article).
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The fruit and vegetable trade market

According to the data of the 2017 UK Supply and Use Tables (SUTSs) provided by the
ONS, the production of “Processed and preserved fish, crustaceans, molluscs, fruit and
vegetables” (the most disaggregated product classification that includes fruits and
vegetables available in the UK I-O framework) is quite dependent from the foreign
countries. This product appears in the top 25 out of 105 of the ones where imports
represent a higher part of the total supply, with 40.49% of the production coming from
abroad. From the demand side, fruits and vegetables are basically consumed by
households (90.12% of the final demand) and just a small part of it is exported outside
the UK (9.84%).

Among households, the ones that spend more in fresh fruits and vegetables are the
richest ones with 6.4£ and 6.9£ per week in average (see Table 1), respectively. Based
on data from Living Costs and Food Survey, in relative terms, it represents a largest part
of the budget of the low-income households (2.90% of their total expenditure) while it
just represents the 1.88% of the high-income households, as expected from a basic
product. The difference between the share for fruits and vegetables of the low and high-
income households is larger in the case of Potatoes, and other tubers, but in general, for
the poorest households fruits and vegetables means 20% more in their budgets than the
average UK household, while for the richest ones it means 22% less than the average.
Therefore, any changes in the price of these products would affect to a greater extent to
the poorest households reducing their disposable budget and consequently their welfare
too, since the demand of these products is quite inelastic.
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Table 1. Average weekly household expenditure (£) in fruits and vegetables (F&V)
in 2017

Cod Product Lo 2md 3d gt gthoogth 7t g gt Highd All
e w de de de de de de de de ec H

dec ¢ c c c c c c c Hs
1.1.  Fresh fruit 16 22 28 30 37 39 44 47 56 64 3.8
19

1.1.  Other fresh, chilled 0.2 02 03 05 05 04 05 05 06 0.7 0.5
20 or frozen fruits
1.1. Dried fruit and 04 04 05 06 07 09 09 12 13 15 0.8
21 nuts
1.1. Preserved fruitand 0.1 01 01 01 02 02 01 02 02 0.2 0.1
22 fruit based

products

1.1.  Fresh vegetables 17 22 27 33 39 41 50 52 63 69 4.1
23

1.1.  Dried vegetables 00 00 00 01 01 01 00 01 01 01 0.1
24

1.1.  Other preserved 07 08 11 14 13 16 17 21 23 24 1.5
25 or processed

vegetables
1.1. Potatoes 04 06 07 08 08 08 08 09 10 09 0.8
26
1.1.  Other tubers 09 12 12 15 17 18 16 19 21 19 1.6

27 and products of
tuber vegetables

Total expenditure 207 26 33 42 50 55 61 70 82 1117 554

(all categories) 5 7 4 6 3 1 2 0

Percentage of F&V 29 29 27 26 25 24 24 23 23 188 2.4
over 0 1 9 6 5 9 6 9 8 0
total  expenditure

(%)

As can be seen in Table 2, if we compare the UK imports and exports of fresh fruits and
vegetables, it has a clear trade deficit in general. By products, this negative trade
balance result holds for all except for the case of the Potatoes, where the UK actually
export more than what it imports. It is worth mentioning the important value of
imported Tomatoes, Other Vegetables, Oranges, Apples and Other fruits from the
European Community countries; Edible Nuts from Asia; Bananas and Other fruit from
Latin America and the Caribbean; Leguminous and Edible nuts from North America;
and Grapes and Other fruits from Sub-Saharan Africa. By regions, 51.7% of the imports
come from the European Community countries, which anticipates large effects related
to changes in the patterns of trade due to Brexit.



20, 21,22 - November 2019 - Castellé

XLV Reunidn de Estudics Regionales - Vi Jornades Valenciones dEstudis Regionols
International Conference on Regional Science

Tackling with societal, technological and climate challenges
in peripheral territories

@ Universitat Joume | @== wimr— |WAZTud HEUSO SRS

Table 2. UK Imports and Exports of fresh fruits and vegetables in 2017 (Millions
of £)

Imports Expo
rts
Cod Commodity EC Asi E Lati  Mi N Sub W Total  Diff
e a Euro n d.E Ame - Euro (M-
and pe Ame and r. Sah pe E)
Oc. r. N . exc
Afr Afr EC
i. i.

0.54 Potatoes 55.2 0.0 0.0 00 22 00 00 0.0 950 -17.6
1 1
0.54 Leguminous 242 44, 55 68 41 848 58 107 81.4 104.8
2 vegetables 2
0.54 Tomatoes 435. 04 0.0 0.0 55 00 12 0.6 7.6 486.3
A4 8 9
0.54 Other vegetables 1348  44. 1.3 799 50. 356 135 3.1 95.5 1603.
5 3 5 8 v 7
0.57 Oranges 214, 1.1 0.0 491 69 1.7 113 3.0 16.2 4364
1 7 1 9
0.57  Other citrus 88.0 22 00 237 59 113 33 2.7 6.1 160.7
2 1
0.57 Bananas 26.3 1.7 0.0 501. 0.0 55 92 0.0 40.9 586.7
3 8 2
0.57 Apples 203. 54 02 353 00 25 63. 0.0 139 3449
A4 0 0 9
0.57 Grapes 194. 23. 0.0 115. 41. 29.7 155 95.5 16.2 639.1
5 9 4 5 1 2
0.57 Figs 6.2 0.2 0.0 14 15 01 18 120 1.1 221
.6
0.57 Edible nuts 149. 193 48 382 10 143. 11 9.2 62.6 4895
7 8 .8 6 5
0.57  Other fruit 930. 44, 23 483. 94, 553 183 2938 744  1749.
9 1 4 8 6 4 4

Total 3676 409 140 1335 346 370. 797 166.7 510.9 6605.

7 9 5 3 0 7 9

The rest of the paper is structured as follows. The next section highlights the
methodology and databases used in the analysis including the balanced of avoided
footprint methodology by imports. The following section discussed the main findings of
our analysis. The final section offers some concluding remarks.
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2. Methodology and databases

Balance of avoided footprint by imports

The literature of the balance of avoided emissions was be used to evaluate the positive
or negative impact of international trade in the evolution of global carbon emissions:
(Arto et al., 2014; Dietzenbacher and Mukhopadhyay, 2007; Liu et al., 2016a; Liu et al.,
2016b; Lopez et al., 2013; Tan et al., 2013; Zhang, 2012). In this research line, (Tobarra
et al., 2018) developed the seasonal avoided footprint by imports to evaluate the impact
of the substitution fruit and vegetables imported of Spain for products produce local and
seasonal. In this research, we adapt this balance to evaluate the environmental impact of
Brexit in the trade fresh vegetables and fruits of UK.

The balance of avoided footprint by imports (BAFM) is defined by the difference
between embodied footprint in fruits and vegetables from imports for region r, UK,
minus domestic avoided footprint for this region r, UE countries. This domestic avoided
footprint measure the footprint required to domestically/locally produce the alternatives
fresh vegetables and fruits necessary to substitute the imports make by this region.

balance of avoided footprint by imports for region r due to its trade products with region
0 0 f?‘l, LTL?" L‘J’LS LT!,TL

Under a multiregional input-output model with three different regions (r, s, n), the
s is shown by equation (1):
f7 0 0\ /™ [/ [™J[/0 0 0 0 y*=" 0
0O 0 O 0 0 0
BAFM™ = f[I — A]7*§°" — f[I — A]71§"" (1)

where £ is the diagonal matrix of environmental factor coefficients, 4 is defined as the

matrix of input coefficients, | is the identity matrix and L = (I —A)~! the Leontief

inverse. While §°7 is the diagonalized vector of exports imports by r from s, the vector

3

¥°°" is defined as a diagonalized vector of domestic avoided imports and includes the

imported agricultural products from s that can be substituted by the alternative domestic
products generate in r economy. A positive sign of BAFM will indicate that imported
fruits and vegetables generate more footprint use than produce domestically its products
and that therefore trade is environmentally harmful. Then, the substitution of imported
fruits and vegetables by domestic production generate a better environmental result.
Otherwise, a negative sign of BAFM will imply that importing those products is better
for the environment as the footprint embodied are lower than those that would result

8
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from producing domestically. In this case, the substitution of imported fruits and
vegetables by domestic production is environmentally harmful.

A relevant advantage for BAFM compared to other emission balances is that the first
allows us to evaluate trade effects on the environment, as it depends on differences in
intensity in global pollution or in terms of footprint among the trading partners. Unlike
the emission balances for a country, that depends both on emission intensity and volume
of trade, the BAFM does not depend on the amount of trade as we assume that imports
are substituting for the same volume of local production. The BAFM can be calculated
by any factor content (emissions, water, materials, energy, employment, etc.) and
although it is possible evaluate the terms of prices, kg or calories, we evaluate the
substitution in value terms because this assumption ensuring that consumers spend the
same amount of income on domestic and imported products.

Balance of avoided footprint by diversion of imports
Insofar as Brexit may hamper British imports from the EU, a trade diversion to non-EU
countries could result. In this case, the expression BAFDM™ would then quantify the

balance of avoided footprint by diversion of imports. In particular, it measures the
footprint impact that would take place if imports by country r, the UK in this case, from
region s, the EU, are now provided by region n, non-EU countries.

fr 0 0\ m s pm 0 0 0 0 0 0
BAFDM™ =| 0 f5 0 (Lm« 155 Lsn) (y“ 0 0)—( 0 0 0)]
0 0 fmj\rm [ ™ 0 0 0 y*sT 0 0

- -

BAFDM™ = f[I — A]'5"" — f[I - A]" 55" )

Where y5,°" is a diagonalized vector of domestic avoided imports and includes the

imported agricultural products from s that can be substituted by the same fresh fruits
and vegetables imported form region n. In order to obtain that vector we assume that
imports from the EU for each product are allocated to non-EU countries proportionally
to the weight of each country on total imports. A negative balance would imply that the
trade diversion is environmentally harmful, as imports from region n show a higher
footprint than imports from r. Conversely, a positive balance would be environmentally
beneficial as it implies than imports from country/region r are more footprint intensive
than new imports from region n.
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Databases

We have used the extended environmentally multi-regional input-output (EE-MRIO)
provided by EXIOBASE version 2.2. for the year 2007 (Exiobase Consortium, 2015;
Tukker et al., 2013; Tukker and Dietzenbacher, 2013; Wood et al., 2015), provided for
163 industries and 48 countries and regions. For the satellite accounts of carbon, we
used CO2e emissions by Global Warming Potential 100: kg CO2e = 1x kg CO2 + 25 X
kg CHa + 298 x kg N2O + 22800 x kg SFe. We utilize the blue water data, ground and
surface water, and green water, precipitation that is stored in the root zone of the soil
and evaporated, transpired or incorporated by plants.

Information about the origin and value of the imported fresh fruits and vegetables was
taken from the HM Revenues and Customs (HMRC), which publishes the “Overseas
Trade Statistics (OTS) of the UK”. This database provides information on international
trade in goods collected from UK Customs import and export entries made by
importing/exporting businesses, predominantly via the Customs Handling of Import and
Export Freight (CHIEF) system. It offers both value and net mass of the commaodities
(SITC 1-5 digit) from 1996 onwards, monthly. In our particular case, we have used
2017 figures of four different types of fresh vegetables (potatoes, leguminous, tomatoes
and other vegetables) and eight different fresh fruits (oranges, other citrus, bananas,
apples, grapes, figs, nuts and other fruits), as shown in Table 3.

Table 3. Commodities used in the analysis

Code SITC Commodity name

0.54 Vegetables, fresh, chilled, frozen or simply prs; roots, tubers & other
edible veg products, nes, fresh or dried

0.54.1 Potatoes, fresh or chilled (not including sweet potatoes)

0.54.2 Leguminous vegetables, dried, shelled, whether or not skinned or split

0.54.4 Tomatoes, fresh or chilled

0.54.5 Other fresh or chilled vegetables (onions, garlic, lettuce, etc.)

0.57 Fruit and nuts (not including oil nuts), fresh or dried

0.57.1 Oranges, mandarins, clementines and similar citrus hybrids, fresh or dried

0.57.2 Other citrus fruit, fresh or dried

0.57.3 Bananas (including plantains), fresh or dried

0.57.4 Apples, fresh

0.57.5 Grapes, fresh or dried

0.57.6 Figs, fresh or dried

0.57.7 Edible nuts (exc. nuts chiefly used for the ext. of oil), fresh or dried,
whether or not shelled or peeled

0.57.9 Other fruit, fresh or dried, nes (melons, pears, apricots, etc.)

10
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The HMRC also contains detailed information of the origin and destination of the trade,
including 27 EU countries and countries from other rest of the World areas (divided
between Asia and Oceania, Eastern Europe, Latin America and the Caribbean, Middle
East and North Africa, North America and Sub-Saharan Africa). 3. Main Results

2.1. Substitution of imported fruits and vegetables from the EU by UK local
production

From the balance of avoided emissions for 2017 we learn that UK imported fresh fruits
and vegetables imply net savings in carbon footprint of -0.22% of total embodied
carbon in imports (Figure 1). Savings are highly significant for some fruits, like apples,
nuts and oranges. Nevertheless, for some fruits and vegetables, imports generate a
higher carbon footprint (onions, lettuces, garlic, grapes and potatoes) and import
substitution would be environmentally beneficial. As long as a no-deal Brexit entails
progressively substituting UK imported fruits and vegetables by local agricultural
production, Brexit would have a non-significant effect in terms of carbon footprint, as it
only represents an increase of 0.22%. Savings in carbon could nevertheless be
significant if trade is displaced towards an increased consumption of some local
produce for which the UK has a lower carbon footprint. In these cases both trade and
environmental policies would concur and result up in greater savings.

As for blue water footprint, the balance of avoided blue water by imports shows that
imported fruits and vegetables generate a net increase in blue water of 96% of total
embodied blue water in imports (Figure 1). As a result, a no-deal Brexit that
discourages these imports would save water, particularly for some vegetables (onions,
lettuce, garlic) and fruits (melons, pears, peaches). These results for both balances are
dependent on differences in intensity for carbon and water footprint among the different
countries providing fruits and vegetables to the UK and intensity for the UK. The UK
requires less blue water per monetary unit of fruits and vegetables than its international
providers. The relative carbon intensity however, depends on the countries of origin
considered.

11
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Figure 1. Balance of avoided carbon (KtCO2) and blue water (Mm?3) from

imported fruits and vegetables by domestic production in the UK, 2017
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When we delve into differences among countries and types of fresh fruits and
vegetables, we find that British imports generate in some cases important reductions in
carbon footprint (left side in Figure 2) as well as some significant increases (right side
in Figure 2). Main savings are found in imports from Germany, France, Spain and
Ireland, and by products in imported other vegetables and fruits and, to a lesser extent,
apples and nuts. On the other hand, the greatest increases are found in imports from
Poland and Belgium and other vegetables and fruits as well as grapes. The coincidence
in other vegetables and fruits shows that the relevant factor for carbon footprint is the
country of origin and therefore trade changes could generate significant CO2 savings

than a no-deal Brexit (-0.22% of total footprint).

Figure 2. Balance of avoided carbon footprint from imports by UK domestic

production, by country of origin and type of fruit and vegetable, 2017.

balance to the left and positive balance to the right.
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As for blue water, the UK imported frwts and vegetables generate significant increases
in blue water use for all countries of origin and they amount to 722 Mm?® (Figure 3),
with the exception of small savings in the trade with Ireland (-2.6 Mm?®). Furthermore,
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increases are concentrated in imports from Spain (77% of total water increases, over
553 Mm?®), followed, a long way behind, by imports from the Netherlands, Italy and
France. By products, important water increases are due to imports of other vegetables
and fruits, but also oranges, tomatoes and grapes. The lesser water availability in Spain,
particularly green water, implies a greater blue water use (irrigation) than the UK and
therefore higher blue water intensity. Nevertheless, when we compared both BAFM for
Spain, the British trade generates a negative balance for CO2 and a positive sign for blue
water. The warmer and sunnier Spanish weather implies a lower power use and higher
solar energy to grow fruits and vegetables, but on the other hand, its lower rainfall
explains the reduced availability of green water and the need for blue water use. Similar
results can be found for trade with France and Germany. On the contrary, for other
countries like Poland and Belgium, both the carbon and blue water BAFM are positive,
as production in those countries is more carbon and blue water intensive than in the UK.

Figure 3. Balance of avoided blue water from imports by UK domestic production
by country and type of fruit and vegetable, 2017. Only countries with positive
balance.
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In general we can also point to some positive link or complement between the avoided
carbon and blue water balances. Imported fruits and vegetables that save blue water also
reduce carbon and conversely those requiring more blue water also generate more
emissions. This could be related to the energy requirements for irrigation and associated
carbon emissions, regardless of the different energy mix among countries.
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Figure 4. Balance of avoided carbon (KtCO:) versus blue water (Mm?) from
imported fruits and vegetables by UK domestic production, 2017
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The balance of avoided employment from imported fruits and vegetables by the UK
shows a positive result of 101,089 people. This indicates that imports imply a net (direct
and indirect) job creation as the total employment coefficient for the UK is significantly
lower than those of its EU providers (Figure 3, and Table 4 in Annex). The top
countries for employment creation are Spain, Germany and France. By products, we can
highlight the net job creation in other vegetables, other fruits and tomatoes and, to a
lesser extent, grapes, apples and nuts. A hard Brexit, provided it increases agriculture
production in the UK, it would imply 88,797 new jobs while reducing EU employment
by 189,868 jobs and Spanish jobs by 72,075 (this concurs with predictions by the Bank
of Spain that rank Spanish agriculture as one of the top affected sectors by a no-deal
Brexit for the Spanish economy, Banco de Espafia, 2019).
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Figure 5. Net job reduction if imported fruits and vegetables are substituted by UK
domestic production, 2017
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2.2. Substitution of imported fruits and vegetables from the EU by production
from non-EU countries

Substitution by domestic production would reduce choices for consumers, as British
agriculture is not capable of providing the same amount and types of fruits and
vegetables as imports from the EU. Furthermore, the UK agriculture will face the
challenge of increasing capacity to provide for that new demand, requiring new farming
land when 70% of all UK land is already allocated to agriculture (Defra, 2018), or
changing production to cultivating produce with increase demand. Simultaneously,
rising prices for fruits and vegetables are also expected if domestic production show
higher costs than imported produce. As a result, a no-deal Brexit is expected to divert
trade to imported fruits and vegetables from third countries in order to avoid those
limitations from domestic production.

In this section we assume that trade is proportionally diverted towards present providers
of fruits and vegetables to the UK for each considered product (Figure 6). By regions
and countries of origin, imports would be concentrated in big regions (Rest of Middle
East, South Africa, Rest of Latin America) and countries like Canada, Brazil and
Turkey. By products, we find Canada as main provider for leguminous vegetables, Rest
of Middle East for potatoes, South Africa and Rest of Latin America for oranges and
Rest of Africa for tomatoes.
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Figure 6. Trade diversion for UK imported fruits and vegetables to non-EU
countries, 2017(€)
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Our results show that this trade diversion would generate significant negative effects on
carbon and blue water footprint for all currently UK imported fruits and vegetables from
the EU (Figure 7). This amounts to a net increase of 74% for carbon footprint and 555%
for blue water footprint, relative to embodied emissions and water in imports from EU.
Regarding carbon footprint, the top increases from this substitution are linked to other
fruits (melons, pears, peaches), other vegetables (onions, lettuces, garlic), oranges and
apples. As for water footprint other vegetables (onions, lettuces, garlic), tomatoes and
other fruits (melons, pears, peaches) generate the highest increases. These increases
result from the lower footprints of produce imported form the EU compared to those
from countries outside the EU, reflecting a negative sign in the balance of avoided
emissions/blue water use (Figure 2). Similarly to the substitution of imports from EU by
domestic production, this balance implies a significantly lower intensity for EU carbon
and water footprints relative to other countries trading with the UK.
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Figure 7. Balance of avoided carbon and blue water in UK imported fruits and
vegetables diverted to non-EU countries, 2017
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in both carbon and blue water footprint from British consumption of fruits and
vegetables as the balance is negative for most countries (Figure 8). The ranking is very
similar for both types of environmental impact, being particularly relevant the increases
due to reducing imports from Spain, Germany, France and Italy. In most cases, the
carbon and blue water intensities for EU countries is lower than that of the alternative
non-EU providers for the UK. Therefore, the trade diversion from Brexit would be
environmentally harmful. There is however a reduced number of countries, representing
a relatively small amount of imports, that are less efficient in carbon footprint terms
than the alternative providers and show a positive BAFDM. Trade diversion from these
countries (Poland, Belgium, Greece, Denmark, Czech Republic, Latvia) due to a no-deal
Brexit would then generate some savings for carbon footprint, but not for blue water.

Figure 8. Balance of avoided carbon and blue water from UK imported fruits and
vegetables diverted to non-EU countries, 2017
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Diverting trade of fruits and vegetables to non-EU countries would generate 5,138,000
net jobs in the world economy (Figure 9, and Table 5 in Annex). Job generation would
be due mostly to diverted trade of other vegetables (46%) and tomatoes (35%), while
other fruits (9%) are far less relevant than for jobs embodied in imports from the EU.
Most of the employment generated would be concentrated in the region Rest of Africa
that accounts for 75% (despite corresponding to only 25% of total imports), followed by
Rest of Asia with 8.8% (5.5% of imports) and Rest of Latin America, 6% (23,9% of
imports). South Africa also plays a relevant role in the employment impact from trade
diversion, as it represents 13.6% of imports, but only 2.2% of total new employment.
Job increases, mostly in Rest of Africa and Rest of Asia as stated above, result from far
higher total employment coefficients in those regions (3,582 thousand workers per
million euros in Rest of Africa, 0.306 for Rest of Latin America and 0.021 for the UK)
and the volume of agricultural imports.

Figure 9. Employment generation if UK imports of fruits and vegetables are
diverted to non-EU countries, 2017
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3. Discussion and conclusions

Our results for environmental impacts using our balance of avoided carbon emissions
and water use for fresh fruits and vegetables show that UK imports from EU countries
in 2017 cause a significant increase in green and blue water footprints (96%) and a
close-to-zero saving in carbon emissions (-0.22%). A no-deal Brexit, so far as it makes
more difficult to import and leads to a progressive substitution by domestic production,
will save water footprint by a maximum of that 96% and have no significant effect on
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CO2 emissions. However it might be difficult for the British agriculture to provide the
required fruits and vegetables, particularly at a similar price, and therefore we can
expect some trade diversion directed to non-EU countries. In that case, our balance of
avoided footprint by trade diversion indicates that imported fresh fruits and vegetables
would significantly increase both carbon and blue water footprints, as much as 74% and
555%, respectively. We can conclude that consumption of fresh fruits and vegetables in
the UK after a no-deal Brexit would cause an important increase in carbon and water
consumer footprints.

As regards employment changes from a hard Brexit, because of the high direct work
intensity in the agriculture of developing countries (due to the existing
underemployment and lack of mechanisation), the diversion of UK imports from EU to
non-EU countries would increase employment by more than 5 million jobs. However,
one job in a EU country is not equivalent to one job in a developing country in terms of
working conditions and wages, or social risks. Agricultural activities in developing
countries are basic for food and economic sustenance for a significant share of the
population that has no other alternative means (FAO, 2018). Accordingly, analyses on
changes in consumption in developed countries should jointly take into account both
social and environmental impacts on developing countries, with particular reference to
the United Nations Sustainable Development Goals.

Bibliografia
Arto, |, Roca, J., Serrano, M. (2014) Measuring emissions avoided by international
trade: Accounting for price differences. Ecological Economics 97, 93-100.

Behrens, P., Kiefte-de Jong, J.C., Bosker, T., Rodrigues, J.F.D., de Koning, A., Tukker,
A. (2017) Evaluating the environmental impacts of dietary recommendations.
Proceedings of the National Academy of Sciences.

Chen, W., Los, B., McCann, P., Ortega-Argiles, R., Thissen, M., van Oort, F (2018)
The Continental Divide? Economic Exposure to Brexit in Regions and Countries on
both Sides of the Channel, Papers in Regional Science, 97(1), 25-54,DOI:
10.1111/pirs.12334

DEFRA, (2018) Agriculture in the United Kingdom 2017, in: DEFRA (Ed.), London.

Dietzenbacher, E., Mukhopadhyay, K. (2007) An Empirical Examination of the
Pollution Haven Hypothesis for India: Towards a Green Leontief Paradox?
Environmental and Resource Economics 36, 427-449.

Exiobase Consortium, (2015) Exiobase v.2.2.

Carmen Hubbard , John Davis, Siyi Feng , David Harvey , Anne Liddon , Andrew
Moxey , Mercy Ojo , Myles Patton , George Philippidis , Charles Scott , Shailesh
Shrestha , Michael Wallace (2018) Brexit: How Will UK Agriculture Fare?,
Eurochoices, https://doi.org/10.1111/1746-692X.12199, v.17(2), 19-26.

19



20, 21,22 - November 2019 - Castellé

XLV Reunidn de Estudios Regionales - W Jomnades Valenciones dEstudis Regionols
International Conference on Regional Science

Tackling with societal, technological and climate challenges
in peripheral territories

© Universitat Joume | @== wimr— |WAZTud HEUSO SRS

v Fomogetn € Pencame et

Hubacek, K., Baiocchi, G., Feng, K., Patwardhan, A. (2017) Poverty eradication in a
carbon constrained world. Nature Communications 8, 912.

IJtsma, P., Levell, P., Los, B., Timmer, M.P. (2018) The UK's Participation in Global
Value Chains and Its Implications for Post-Brexit Trade Policy. Fiscal Studies 39, 651-
683.

Liu, Z., Davis, S.J., Feng, K., Hubacek, K., Liang, S., Anadon, L.D., Chen, B., Liu, J.,
Yan, J., Guan, D. (2016a) Targeted opportunities to address the climate-trade dilemma
in China. Nature Clim. Change 6, 201-206.

Liu, Z., Song, P., Mao, X. (2016b) Accounting the effects of WTO accession on trade-
embodied emissions: Evidence from China. Journal of Cleaner Production 139, 1383-
1390.

Lopez, L.-A., Arce, G., Zafrilla, J. (2013) Financial Crisis, Virtual Carbon in Global
Value Chains, and the Importance of Linkage Effects. The Spain—China Case.
Environmental Science & Technology 48, 36-44.

Lopez, L.A., Arce, G., Kronenberg, T., Rodrigues, J.F.D.c. (2017) Trade from resource-
rich countries avoids a global pollution haven driven by China. Mimeo.

Lopez, L.A., Arce, G., Morenate, M., Monsalve, F. (2016) Assessing the Inequality of
Spanish Households through the Carbon Footprint: The 21st Century Great Recession
Effect. Journal of Industrial Ecology 20, 571-581.

Los, B., Chen, W., McCann, P., Ortega-Argiles, R., 2017, An Assessment of Brexit
Risks for 54 Industries: Most Services Industries are also Exposed, City-REDI Policy
Briefings Series, December 2017

Shigetomi, Y., Nansai, K., Kagawa, S., Tohno, S. (2014) Changes in the Carbon
Footprint of Japanese Households in an Aging Society. Environmental Science &
Technology 48, 6069-6080.

Springmann, M., Freund, F. (2018) The impacts of Brexit on agricultural trade, food
consumption, and diet-related mortality in the UK. Oxford Martin School Working
Paper.

Tan, H., Sun, A, Lau, H. (2013) CO2 embodiment in China—Australia trade: The
drivers and implications. Energy Policy 61, 1212-1220.

Tilman, D., & Clark, M. (2014). Global diets link environmental sustainability and
human health. Nature, 515(7528), 518-522. doi:10.1038/nature13959

Tobarra, M.A., Lopez, L.A., Cadarso, M.A., Gmez, N., Cazcarro, |. (2018) Is Seasonal
Households’ Consumption Good for the Nexus Carbon/Water Footprint? The Spanish
Fruits and Vegetables Case. Environmental Science & Technology 52, 12066-12077.

Tukker, A., de Koning, A., Wood, R., Hawkins, T., Lutter, S., Acosta, J., Rueda
Cantuche, J.M., Bouwmeester, M., Oosterhaven, J., Drosdowski, T., Kuenen, J. (2013)
EXIOPOL - DEVELOPMENT AND ILLUSTRATIVE ANALYSES OF A
DETAILED GLOBAL MR EE SUT/IOT. Economic Systems Research 25, 50-70.

20



20, 21,22 - November 2019 - Castellé
YLV Reunidin de Estudios Regionales - Vi Jomades Valenciones dEstudis Regionals

International Conference on Regional Science

Tackling with societal, technological and climate challenges s ’

in peripheral territories < "%wvnzi _'::t._'-?‘,;r
SNED T el YaE

Quwenioumel @ waimr AT A SESA gpsp| 3

Tukker, A., Dietzenbacher, E. (2013) Global multiregional input—output frameworks:
An introduction and outlook. Economic Systems Research 25, 1-19.

Wood, R., Stadler, K., Bulavskaya, T., Lutter, S., Giljum, S., de Koning, A., Kuenen, J.,
Schiitz, H., Acosta-Fernandez, J., Usubiaga, A., Simas, M., lvanova, O., Weinzettel, J.,
Schmidt, H.J., Merciai, S., Tukker, A. (2015) Global Sustainability Accounting—
Developing EXIOBASE for Multi-Regional Footprint Analysis. Sustainability 7.

Zhang, Y. (2012) Scale, Technique and Composition Effects in Trade-Related Carbon
Emissions in China. Environmental and Resource Economics 51, 371-389.

21



20, 21,22 - November 2019 - Castellé
YLV Reuriidn de Estudios Regionales - Vi Jomades Valenciones dEstudis Regionals

International Conference on Regional Science

Tackling with societal, technological and climate challenges
in peripheral territories

© Universitot Joume 23] L |MIUTET udl HESA RSA|
Annex
Table 4. Balance of avoided footprint for fresh UK imported fruits and vegetables from the EU substituted by domestic production, 2017
Potatoes, |Leguminous| Tomatoes, Other Oranges Others Bananas Apples Grapes Figs Nuts Other fruits Total %
freshand | vegetables | fresh and |vegetables citrus (melons, BAE/MCO2
chilled chilled (onions, pear,
garlic, Apricots)
letucce)
Carbon Kt CO, 160) -6 56 318 -158 -74 15 -261 175 -9 -227 -54 -67 -0.22%
footprint % BAE/M 26% -3.01% 1.53% 2.77% -9.79% -11.30% 6.32% -18.44% 9.77% -21.86% -22.47% -0.70% -0.22%
Green and Mm3 11.3 10.8 164.0 556.6 116.9 43.8 2.8 55.6 99.6 1.5 43.5 419.1 1525.4 79%
Blue footprint % BAE/M 64% 80% 77% 78% 83% 81% 48% 71% 82% 68% 72% 80% 79%
Blue Footprint Mm3 3.2 3.7 69.2 259.8 64.9 23.5 0.6 19.8 53.9 0.6 17.2 202.7 719.1 91%
% BAE/M 76% 89% 89% 91% 94% 93% 56% 84% 94% 83% 86% 92% 91%
Scarce Blue Mm3 1.0 1.1 21.9 83.5 21.8 7.9 0.2 5.2 14.6 0.1 5.3 62.8 225.4 96%
Footprint % BAE/M 86% 94% 95% 96% 97% 97% 72% 90% 96% 88% 92% 96% 96%
Employment | Thousands of people 1.2 0.6 13.1 36.5 5.4 2.3 0.3 5.1 5.8 0.2 4.0 26.6) 101.1 53%
Footprint % BAE/M 48% 52% 55% 53% 51% 52% 33% 51% 55% 52% 53% 54% 53%

Table 5. Balance of avoided footprint for fresh UK imported fruits and vegetables from the EU substituted by production from non-EU
countries, 2017

Potatoes, [Leguminous| Tomatoes, Other Oranges Others Bananas Apples Grapes Figs Nuts Other fruits Total %
fresh and | vegetables | fresh and |vegetables citrus (melons, BAE/MCO2
chilled chilled (onions, pear,
garlic, Apricots)
letucce)
Carbon Kt CO, -602 -374 -346 -5902 -2720 -990 -66 -2186 -1169 -29 -880 -7188| -22452 -74.0%
footprint % BAE/M -97.75%| -192.07% -9.45% -51.44%| -168.13%| -151.39% -28.22%| -154.18% -65.44% -69.75% -86.96% -94.08% -73.98%
Green and Mm3 -110.3 -23.5 -3742.4 -5314.1 -120.1 -173.0 -96.2 -483.2 -203.4 -3.5 -382.1 -2310.5 -12962.3 -668%
Blue footprint % BAE/M -629.21% -173% -1754% -749% -85% -322% -1678% -615% -167% -163% -632% -441% -668%
Blue Footprint Mm3 -48.5 -8.7 -793.9 -1385.4 -41.7 -29.0 -26.6 -199.3 -48.3 -1.4 -173.2 -560.2 -3316.2 -421%
% BAE/M -1154% -207% -1027% -486% -60% -116% -2364% -843% -84% -203% -867% -255% -421%
Scarce Blue Mm3 -30.7 -1.8 -490.2 -630.3 -15.4 -0.5 -5.6 -25.0 -9.3 -0.4 -25.3 -75.5 -1310.0 -555%
Footprint % BAE/M -2685% -158% -2115% -721% -69% -6% -2078% -435% -61% -241% -442% -115% -555%
Employment | Thousands of people -48.6 -10.7 -1725.0 -2264.2 -46.7 -20.2 -23.5 -175.9 -56.2 -0.6 -153.0 -424.2 -4948.6 -2606%
Footprint % BAE/M -1892% -869% -7312% -3279% -440% -460% -2476% -1763% -537% -178% -2007% -864% -2606%
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