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Abstract

Food products are a top priority on the UK’s climahange agenda. Little evidence has
been provided so far to understand where greenhgases are emitted in the
international supply chain. However, such knowledgy@ precondition for effective
climate change policies. Following Peters and Hieltw2006) we apply structural path
analysis in a generalised multi-regional input-otitmodel to identify GHG emission
hotspots in the international supply chain of twand products (product groups)
consumed in the UK (meats and oils). To do soosacGHG emission accounts for 87
countries and regions are constructed using theRsd#tabase. We compare the results
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with available evidence from life cycle analysiglatiscuss differences in the light of
strength and weaknesses of the particular methgalioframework applied.

Keywords: multi-regional input-output analysis; food; meadybon footprint
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1. Introduction

Food is one priority area on the UK’s climate chmagenda. Recent estimates
provided by Stockholm Environment Institute (SHIpgest that approximately 25% of
the indirect greenhouse gas emissions from houdatwwisumption in the UK are food
related excluding the use phase emissions fromagprep food at home (SEI, 2008).
Meat products have received particular attentiotha public debate as LCA studies
suggest that they are associated with a partigutagh carbon footprint. With meat
consumption levels being high in the UK compareatteer European countries (Frey
and Barrett, 2006), this suggests that meat predutight make a considerable
proportion of the UK'’s food related carbon footprinlowever, current LCA estimates
of the carbon footprint of meat products are asgediwith problems:

e Narrow system boundary setting of available studiesAs highlighted in a recent
review project commissioned by DEFRA, there areshulies available assessing
the GHG emissions associated with the completeciitde of meat products for the
UK (Foster et al. 2006). Instead the study systerui-off already at the farm-gate
implying the assumption that all subsequent prddogt distribution and
consumption stages are negligible. However, theneoi guarantee that this is the

case and a comprehensive assessment seems taiibed ¢g evaluate this claim.

* Lack of comparability: Currently there is a wider discussion on how to u
ambiguously estimate the carbon footprint assodiatiéh the life cycle of products
triggered by TESCO’s announcement to carbon labebfatheir (mostly food)
70000 products. Such labelling would require higdvels of comparability.
However, the methods review commissioned by DEFRA dupport the
methodological development has highlighted the ilgbof current 1ISO 14040
based LCA to provide such estimates due to the rieedsystem cut-off, the
unavailability of rules to do this in a consisteswtd comparable as well as
inconsistencies within and across secondary dateces (i.e. life cycle inventory
databases) (Minx et al. 2008). Also other reseapcbjects have therefore
recommended the development of “unambiguous lifdecgnalysis of products to

help inform consumers choices” (e.g. Owen et &.720
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While LCA studies involving bottom-up process data good for estimating
the GHG emission associated with particular praglutihey are less suitable for
obtaining estimates for a whole basket of consutears (Tukker et al. 2006). It is the
strength of generalised input-output models to i®vobust information on this end.
However, more detailed top-down studies are cugenissing for the UK (Foster et al.
2006). While recently some evidence has becomdadlaimore recently (e.g. SEI et
al. 2006; Wiedmann et al. 2008), these UK-spedificlies so far have suffered from a

variety of problems:

« Data: The UK'’s official input-output tables and enviroantal accounts do not
provide sufficient detail in agriculture and foodamufacturing sectors. Unless
researchers engage in the very cost and laboursint disaggregation of the
available data, there is little reason to beligvat tgreenhouse gas emissions are

attributed adequately to the various final demdnd$ood products.

e International supply chain: A sizable proportions of food products are dingctl
imported from other countries. In 2004, more th&po2of final food products were
directly imported from other countries. Moreoventermediate imports are
increasingly important in the production of finabotls products provided by
domestic sectors to UK consumers (Stockholm Enwremt Institute and
University of Trondheim 2008). Unless the heteraggnin production across world
regions are fully taken into account in the globapply chain of products, there is
little guarantee that reasonable carbon footpstteates can be derived (Lenzen et
al. 2004; Peters and Hertwich 2006; Weber and Maish 2007; Peters and
Hertwich 2008; Wiedmann et al. 2008; Munksgaaral e press).

In this paper we overcome these problems by usimgubi-regional input-
output model based on data from the Global Tradalysis Project (GTAP) to study
the global supply chain of food products consunmethe UK. The GTAP database has
the advantages over the available UK economic anda@amental account data that it
provides the required detail for agricultural amdd manufacturing sectors. Moreover,
it distinguishes production throughout the world &% regions including all bilateral
trade flows between regions. Therefore, it allowsdging how the carbon footprint
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associated with food and meat consumption buildgiutpe international supply chain.
By doing so, we believe to make a variety of cdmitions to the literature:

* We provide a multi-regional analysis of the climateange impacts of food and
meat products consumed in the UK including all GH&K multi-regional input-
output studies for the UK so far have focussed @at6 our knowledge (Peters and
Hertwich 2008; Wiedmann et al. 2008). This is inappiate for food products —
particularly meat — where more than half of theboar footprint consists of CH
and/or NO emissions;

« We assess the importance of meat as part of tH®mrdootprint from all food
consumption in the UK based on consistent and cosbpaestimates;

* We inform the methodological discussion on thenegtion of carbon footprint from
products by comparing our top-down estimates withilable figures from LCA
studies. By doing so, we will also use our restdtassess the need for extending the
system boundaries of LCA studies beyond the farendat highlighting key

processes;

« We demonstrate the direct usefulness of the resoiftpolicy by discussing the
various applications of the results.

2. Methodology and Data
Multi-regional input-output analisis (MRIO)

The standard I0A framework begins with an accougntiralance of monetary

flows,
X=AX+y+é&-1h 1)

wherex is the vector of total output in each sectors a vector with the each element
representing final consumption — households, gowenis, and capital — in each
industry sector (domestic plus imports)is the vector of total exports) is the vector
of total imports (for both intermediate and finansumption) A is a matrix where the
columns represent the input from each industry ki plus imports) to produce one
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unit of output for each domestic industix is the vector of total intermediate
consumption, and is the region under investigation. This balanceagign holds in all

regions. The trade components can also be exprassegibilateral trade data
€ = ZS e (2

for exports from region r to s and by symmetrytibtal imports are
m = Zs e (3)

where€® is the bilateral trade data.

To perform analysis with this model the imports aseially removed from the

system,
X=AX+Y +& (4)

which expresses the same balance using only damadivities. The domestic final

consumption is decomposed as
y =y +>y (5

and the interindustry requirements are decompaosed a
A=A +ZS A ()

where A" represents the industry input of domestically pimtl products and®

represents the industry input of products fromaegito regionr.

The environmental impacts are calculated as,
V:PX:P@—NIﬂV+Z€} )

whereF is the CQ emissions per unit industry output (a row vectdiese are the
emissions that occur domestically to produce batinestic final consumption and total
exports.

IIOMMEOS8 Seville - July, 9-11 2008



GHG Emissions in the Global Supply Chain of Fooddects 7

The MRIO model needs to distinguish between trdd¢ goes to intermediate
and final consumption. This can be performed byttsp the bilateral trade data into

use by final demand, and industryz, (details below),
g€ =7+ y° (8)

The exports to industry can be expressed as
= A°X (9)

wherex® represents the output in regisnBy substitution of the decomposed exports
into (4) the standard MRIO model results,

X=AX+y +> Rx+) § (10)

S#EI SET

By considering the equation in each region the imé&rm is obtained,

R
R R O U LN (11 N
el | o oms . A x| 2V
= m o ope A 2+ Y ¥
XA A Am AT :
zymr

where each “block” in the large matrix represemis interactions between different
countriesA” is the trade between industries from regida regions andy” is the trade
from industries in region to final consumers in regian The final consumption in each
regionr is given by a vector

ylr

2r

y
y=[y'| (12
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wherey" is the final demand produced domestically. Gives final consumption, the
MRIO model endogenously calculates not only doroestitput, but also the output in
all other regions resulting from trade. Given thipoit in each region, the emissions can

be calculated,
f =FX'+ Fx*+ ..+ F" X" (13)

The challenge of the MRIO model is to spit into the desired components.

This is possible using the 10T for imports, whicsthe balance

mr zz ér — Z,imp er >r,imp (14)

where Z"” represents the collected (or estimated) industguirements of imported
goods and serviceg, is the imports to final consumption, aais a summation vector.
The bilateral trade dat&®, can then be distributed according to the usenpiorts by
industry (14). Each component of the industry regjaents of imports then becomes,

rimp

Zi=——¢" (15
where the elemerd; is the use of sectoby sectojj, andZ” is the import from region

to regions (that is,Z"; is the import of sectar from regionr to sectorj in regions).
Thus, in each regionthe bilateral trade dat&?, is distributed across using sectors in
the same ratio as in (14). Similarly, the samerithgtion applies to the final demand
categories,

Sro— M”mp Sr
yij —#@ (16)

wherej represents different categories of final demaraligeholds, government, etc).
Essentially the method distributes the bilateratlér data according to the structure in
the import I0T. The advantage of this splitting hwet is that if the bilateral trade data
Is “pre-balanced” then it is not required to rebaka the MRIO table (using the RAS

method, for example)
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Structural Path Analysis

As indicated above, using the multi-regional inputput model, the total output

can be expressed as
X=AX+y @an

where y is the final demand and is the global interindustry requirements matrix.

Solving (17) for the total outpuk , gives
x=Ly =( -A)Y (18)

where L is often called the Leontief inverse. Given thetpot it is possible to

determine the environmental impacts using
f=Fx=F( -A)Yy (19)

where the element ; is the environmental impact per unit output foflggant p in

industry sectori. The Leontief inverse can be expanded using a posegies

approximation giving (Waugh 1950)
f=F(1-A)Yy =Fly Ay Ay FAY FAY +... (20)

where FA'y represents the impact from theth production layer (or tier). For instance,
if y represents a demand on the production of onehmam,Fly is the direct pollution
emitted in the production of the car by the car ufacturer. To produce the car, inputs
Ay from other industries are required; these indestemitFAy of pollution. In turn,
these industries require inputs #&(Ay) and FA% of pollution is emitted. This

process continues through the infinite expansionhef power series. There are also
environmental impacts related to the direct congionpf fuel by households.

Quite often, the largest contribution to the ta@ahbodied pollution does not
occur in the zerotht & 0) tier (Treloar 1997). Further, only a small numbg&sectors
may contribute to the environmental impacts in w@eqgitier. For instance, in the

production of aluminium, the first tier input ofeetricity produced by coal, might give
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the largest contribution to the overall environnaimnpacts, while the first tier input of
insurance services may have a negligible impads $hggests that an analysis of the
linkages in the production chain that lead to laeggironmental impacts will identify
areas for environmental improvements. This typeamdlysis is often referred to as
Structural Path Analysis (SPA; see Defourney anorfiécke (1984)).

SPA leads to a study of a mathematigedph that can be produced from the

coefficients inF and A, andy . Each of then industry sectors irA represents a node
in a connected graph, whilE scales for the pollution intensity at each nodd &n

gives the product mix. By following the series exgian in (20), the graph can also be
expressed asteee each tier in the tree represents a different pectdn layer and each

node gives the contribution to total environmemtapacts from the demand;. The

number of nodes in the tree grows exponentiallywich tier; each tier has™ nodes.
The zeroth tier gives the direct contribution -terms of pollutant (or facto) — from

each production layer,
fpiyi (21)
The n? first tier nodes are evaluated as

foa.y (22)

pi %
and represents the path fram. j . The n® second tier nodes are evaluated as
foigd; ¥ (23)

and represent the paths fram-» j - k. The same pattern continues for all tiers. Using

the second tier as an example, a final demand psectconsumption) is represented by
the start of the production chain, sedtofhe end of a given production chain, seé&tor
represents the sector emitting pollutgnproduction). The environmental impacts of
any intermediate sectprare considered in paths ending.d@etween two sectors there
are, in general, an infinite number of pathways. &jculating all pathways, it is

possible to determine the most important produqgpiatihs from all tiers.
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Extracting all paths for a given set, A, andy can be a computational expensive

task. Several authors have used methods of tremifg” to reduce the number of paths
calculated (Treloar et al. 2001; Lenzen 2003), caitlh a detailed computational
description of the methodology they applied has be#n presented. We have used a
dynamic tree data structure with tree pruning tvaet the necessary paths (Peters and
Hertwich 2006).

Data and preparation

The data requirements for a multi-regional IOA amensiderable, but most
developed countries and many developing countriebkeat the necessary data.
However, converting the country data to a consistgobal data set is a considerable
task. The Global Trade Analysis Project (GTAP) basstructed the necessary data for
the purposes of CGE modelling and this data sebeaapplied for multi-regional IOA.
The GTAP provides data for 87 countries and 57 strgusectors covering 10A, trade,
protection, energy, and GCGemissions (Dimaranan 2006). Version 6 represdms t
world economy in 2001. We only consider £@missions which cover over 70\% of
global GHG emissions.

Whilst the GTAP database has impressive coverage, eeds to be taken with its
consistency and accuracy. Generally, original daéasupplied by the members of the
GTAP in return for free subscription. The data @ften from reputable sources such as
national statistical offices. Unfortunately, due tbhe voluntary nature of data
submissions, the data are not always the most tlgcawnailable. Further, once the
original data has been received “[GTAP] make[s]tHer significant adjustments to
ensure that the I-O table matches the external seaonomic, trade, protection, and
energy data” (Dimaranan 2006). These adjustmentscdbbrations) are made for
internal consistency in computable general equubrmodelling and are of unknown
magnitude. The key data challenges and adjustnmemigerform on the GTAP data in

preparation for our analysis are described in thgp8rting Information.

The GTAP CQ data is based on the IEA energy statistics andRBE tier 1
reference approach (Dimaranan 2006). ComparisoriseoGTAP CQ data and other
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national data sources show considerable varia@onsequently, when national specific
emissions data was readily available we overwrogeGTAP data. This occurred for
Australia, China, Japan, New Zealand, USA, andowsriEU countries — Austria,
Belgium, Bulgaria, Denmark, Estonia, Finland, FegnGermany, Hungary, Ireland,
Italy, The Netherlands, Poland, Portugal, SloveSjaain, Sweden, Switzerland, United
Kingdom, and Norway (which we assumed to be Re&FfA in the GTAP data). This
data was constructed using an economic system bhoynBy comparing the refinery
sector in the GTAP data and the national sourcefowed that on average the GTAP
data overestimated refinery emissions by a factd.4. We used this factor to scale

down the refinery sector in the remainder of theABTatabase.

The CH, N.O, and synthetic gases (non-g@ata were obtained from GTAP
(Rose and Lee 2008). The GTAP data did not inchale CQ emissions from biomass.
We added these using data from the EDGAR datalvaseAardenne et al. 2005a). A
comparison of our results with the ones’s providgd&El's multi-regional input-output
model (Stockholm Environment Institute and Univigrsof Trondheim 2008) was

encouraging showing wide agreement across mosirsect

Uncertainties in this study

The MRIO models wusing the GTAP database (Dimaran2006;
https://www.gtap.agecon.purdue.edu/). The GTAP iscadlaboration of various
institutions with the goal to construct and maintai global database for economic
modelling. The database contains input-outputtdnidéd trade, trade protection, energy,
and other economic data for 87 world regions ands&ctors. To understand the
uncertainty in the GTAP database requires a bregcdption of how the GTAP
database is constructed:

1. Input-output data is submitted by database corttiisu

a. Contributions are voluntary and so the data caratheer old. For
instance, Sweden is from 1985, most EU countriegram the early
1990’s. The GTAP scales the data to match 2001 @&0MRernational
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dollars, which means the data hasstrectureof its base-year, but the
volumeof 2001.

b. The uncertainty in the original data is not repded different countries
might have different “definitions” making compamsodifficult.

2. Input-output data is harmonized

a. The data needs to be converted to the GTAP forfas. requires
various aggregations and disaggregations. Disagtoggis the main
issue with some countries aggregated to as lovd ag@ors (Russia).
Further disaggregations are performed in the fowHagriculture
sectors.

b. The uncertainty introduced in the harmonizatiorcpss is unknown

3. GTAP includes various additional data, such asetatd energy volumes, to
update the input-output data

a. Once all the data has been linked it has to beaffzad” to obtain a
global equilibrium.

b. The uncertainty introduced in the balancing is wvkn.

4. The CQ emissions data are derived from the energy dakARGassumed that
each country had the same emission factors forcumbustion. There were also
several errors in the data.

a. Most EU countries, Australia, China, Japan, and W##A more recent
data. Using the updated information, some othex dais corrected in
other countries.

b. The quality of the C@data is poor and may vary 10-20% from other
sources at the national level. Variations may leaggr at the sector

level.

Thus, the GTAP database has considerable uncertéut it is unknown how
big this uncertainty is (a common problem with emoic data). We use the GTAP
database as a starting point to construct the MiRtidel. This again introduces some
additional uncertainty, but without knowing the ertainty at the start it is not possible

to assign uncertainties to the finished product.
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Given all the steps in constructing the GTAP datakend then converting into a
model for LCA it is difficult to give an accurateemsure of uncertainty. Given the steps
above, it is understandable that one would be coedeabout uncertainty. Yet, the
GTAP data is at the core of most global economiael® and is used by most
international organisations. Put in other words ABTis widely accepted as a reputable

data source for economic analysis.
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3. Results

3.1 The carbon footprint of food and drink

Total percentage percentage percentage percentage percentage
(in 1000t) of total of total of total of total of total CF
CO2e CO2e CO2e CO2e from UK
food
consumption
GTAP Total CO2 CH4 N20 FGASES %
sector Carbon
Footprint
1 'Paddy rice' 222.5 45 78.2 17.3 0.0 20
2 'Wheat' 319.8 20.0 2.7 77.0 0.3 0.3
3 '‘Cereal grains nec' 309.4 15.3 2.2 82.1 0.3 0.2
4 'Vegetables, fruit, nuts' 11,1934 211 2.9 75.7 0.3 9.0
5 'Oil seeds' 627.5 19.1 6.5 74.1 0.2 5 0.
6 'Sugar cane, sugar beet' 10.3 17.8 6.9 0 75. 0.3 0.0
7 'Plant-based fibers' 11.5 39.9 11.2 48.6 0.3 0.0
8 'Crops nec' 4,828.2 25.1 4.0 70.6 0.3 3.9
9 'Cattle,sheep,goats,horses' 2,785.1 10.3 4 63. 26.2 0.1 2.2
10 ‘Animal products nec' 2,121.0 42.2 23.9 3.43 0.5 1.7
11 ‘Raw milk’ 1,662.2 233 58.2 18.2 0.2 13
12 ‘Wool, silk-worm cocoons' 58.3 43.7 32.0 23.8 0.5 0.0
14 'Fishing' 128.2 86.7 6.6 6.0 0.6 0.1
19 ‘Meat- cattle,sheep,goats,horse' 18,918.9 6 23. 53.9 22.1 0.3 15.1
20 ‘Meat products nec' 19,955.3 40.3 35.3 .823 0.5 16.0
21 ‘Vegetable oils and fats' 1,147.6 51.5 15.9 31.8 0.8 0.9
22 'Dairy products' 13,5659.1 45.1 35.9 18.3 0.6 10.8
23 'Processed rice' 250.2 29.3 58.5 11.7 4 0 0.2
24 'Sugar' 1,234.8 334 7.9 58.5 0.2 1.0
25 'Food products nec' 34,297.1 54.6 125 .0 32 0.9 27.4
26 '‘Beverages and tobacco products' 11,354.7 9 67. 8.3 22.9 0.9 9.1
Total Carbon Footprint from 24,995.1 41.3 25.4 32.6 0.6 100.0
Consumption of Food & Drink
Total Carbon Foorprint Food 113,640.4 38.7 227. 33.6 0.6
of which are meat related 43,780.3 313 44.6 23.7 0.4
dairy 15,221.3 42.8 38.3 18.3 0.6
Total Carbon Footprint UK from 759,543.4 77.0 11.6 9.7 1.7
consumption of products
Consumer expenditure - not 93,230.4 96.5 0.7 0.2 2.7
travel
Consumer expenditure - travel 65,690.5 94.4 30 4.8 0.5
Total Carbon Footprint UK 918,464.3  80.2 9.7 8.4 1.7

Table 1 — UK Carbon Footprint from Food and Drink, 2001

The total carbon footprint of all consumption aitiés in the UK amounted to
918.5 Mt CQe in 2001. This figure is 24% higher than the terial emissions of 740.0
Mt CO.e reported in the UK Environmental Accounts (ON®20and 36% higher than
the 674.5 Mt CO2e officially reported Kyoto figureAbout 159 MtCQe of the carbon
footprint were directly emitted by UK householdse remaining part (759.5 MT CO2e)

! For a discussion of national GHG inventories bamedifferent concepts of responsibility — namely
producer, consumer and mixed — the reader is egféa the literature (see, Munksgaard and Pedersen
2001; Lenzen et al. 2007; Peters 2008; Munksgaaad m press).
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were emissions arising throughout the world in pneduction of goods and services

consumed in the UK (including capital goods).

Of these 759.5 Mt Cg about 16.5% (125.0 Mt G€) were associated with
food and drink. These figures are confirmed by Eimestimates derived from a multi-
regional input-output model based on the officialomomic (input-output) and
environmental account data published by the OfficeNational Statistics (ONS) in the
UK (Wiedmann et al. 2008). In a study of the EU-Zbikker et al. (2006) report a
slightly higher share for GWP ranging between 2234f the total carbon footprint of
all products. This can be explained by: 1) the ysialof emissions by functional
spending categories rather than industrial sectorthe EIPRO study, which also
allocates spending from non-food sectors to foodsamption (e.g. whole and retail
trade). This results in slightly broader estima®sthe allocation of direct emissions
from households to functional spending categoneshe EIPRO study, such as the
emissions from cooking. This is not attempted hasge this cannot be achieved
unambiguously for our sectoral analysis; 3) the afsen average European production
structure in the EIPRO derived with help from Udata, which might not adequately
reflect the UK situation.

Of the total carbon footprint from food and drinR% (90.4Mt CO2e) are
associated with products delivered to consumerddigestic sectors. This figure also
includes the GHG emissions in the rest of the wiyddh the production of intermediate
products used in the UK. The remaining 28% are aata with imported final food
(and drink) products, including the emissions i tdK from the production of
intermediate goods and services used in the finadyction stages abroad. We will
explain this distinction further below.
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MRIO consumer Total Share (%)
emission model estimates (in 1000 t)
GTAP sector  Name Total Carbon UK Import UK Import
Footprint
1 'Paddy rice' 222.5 0.4 222.1 0.2 99.8
2 'Wheat' 319.8 121.1 198.7 37.9 62.1
3 'Cereal grains nec' 309.4 175 291.8 5.7 94.3
4 'Vegetables, fruit, nuts' 11,193.4 8,734.3 ,459.1 78.0 22.0
5 'Oil seeds' 627.5 3.2 624.3 0.5 99.5
6 'Sugar cane, sugar beet' 10.3 5.4 4.9 52.7 47.3
7 'Plant-based fibers' 115 0.6 10.8 5.6 4.49
8 'Crops nec' 4,828.2 3,656.4 1,271.8 73.7 26.3
9 'Cattle,sheep,goats,horses’  2,785.1 1,919.1 866.0 68.9 31.1
10 ‘Animal products nec' 2,121.0 1,638.7 482.3 77.3 22.7
11 ‘Raw milk’ 1,662.2 1,628.1 34.0 98.0 0 2.
12 ‘Wool, silk-worm 58.3 0.5 57.8 0.9 99.1
cocoons'
14 'Fishing' 128.2 75.1 53.1 58.6 41.4
19 '‘Meat- 18,918.9 9,190.2 9,728.7 48.6 51.4
cattle,sheep,goats,horse'
20 '‘Meat products nec' 19,955.3 15,306.9 44648 76.7 23.3
21 'Vegetable oils and fats' 1,147.6 1,038.5 09.1 90.5 9.5
22 'Dairy products' 13,5659.1 12,014.1 1,545.1 88.6 11.4
23 'Processed rice' 250.2 34.1 216.1 13.6 86.4
24 'Sugar' 1,234.8 733.3 501.5 59.4 40.6
25 'Food products nec' 34,297.1 26,312.3 78084 76.7 23.3
26 ‘Beverages and tobacco 11,354.7 8,074.4 3,280.3 71.1 28.9
products'
Total Carbon Footprint 124,995.1 90,404.4 34,590.7 72.3 27.7
Food and Drink
Total Carbon Footprint 113,640.4 82,330.0 31,3104 72.4 27.6
Food
Total Carbon Footprint-  759,543.4 549,071.1 210,472.3 72.3 271.7
all products

Table 2 — UK Carbon Footprint of Food from Domesticand Imported

Food Products

In terms of the composition of the various GHG$hi@a basket, CO2 emissions
make the largest share of the carbon footprint ffood and drink with 41.3% (51.7 Mt
CO2e). As to be expected this share tends to berltw basic than for processed foods
even though exceptions like “fishing” exist, whéine CO2 emission share is relatively
high. In contrast, N20 emissions making 32.6% efttital carbon footprint of food and
drink tend to be higher for basic than for procdst®d. The 25.4% share of CH4
emissions were mainly associated with raw meat, t npeaducts, milk and dairy
products as well as the large residual categorigetofood products” including things
like preparations of meat, fish and milk. FGASES i play any important role in
food production and consumption.
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3.2 The carbon footprint of meat products

As expected consumption of meat products causkatpest share of the UK’s
food related carbon footprint triggering 43.8 Mt GKmissions throughout their global
supply chain. This figure comprises emission of edimal deliveries from the animal
farming sector (GTAP sectors 9,10), but mainly emoiss from final deliveries of the
meat production sector (GTAP sectors 19,20) Togethigh dairy products they

account for more than 50% of the UK’s food relatadoon footprint.

Not surprisingly for meat, CH4 emissions make tugést share of the UK’s
meat related carbon footprint with 44.6% or 19.5G@2e. However, the share of CO2
emission remains relatively high with 31.3%, whiN€0 emissions only account for
23.7%. This stands in sharp contrast to the reviedings presented by Foster et al.
(2006) that meat production systems are generaiyigated by methane emissions
from enteric fermentation processes particularlyurhinants (but also non-ruminants,
see IPCC (2001)) and nitrous oxide emissions froihpocesses rather than energy-
related CO2 emissions. This is due to the fact thas$t of the reviewed process LCA
studies already truncate their study system atfdh@mgate apart of a more general
truncation problem associated with process-basediest (Minx et al. 2008). Hence,
manufacturing and distribution behind the farmgate an important component of the

meat related carbon footprint. Truncation will ld¢adserious under-estimation.

Our results further highlight that the size of ttrencation will be very
dependent on the type of meat product considenreeh Ehough our model confirms the
dominance of methane emissions for “Meat — cagtleegp, goats, horses” (GTAP sector
19) making 54% of the total carbon footprint, CQR2equally important than N20
emissions even in this product group, which almastlusively covers meat from
ruminants. However, once we focus on “Other meatipets” (GTAP sector 20), CO2
emissions suddenly become the most important sicglatributor to the carbon
footprint with an emission share of 40%. This se¢onbe caused by two facts: firstly,
methane emissions are much less important for nonAants; secondly, this product
group also contains further processed meat prodiasmeat pies, sausage rolls,
pasties, puddings, burgers, meat pastes and spggadBurther processing seems to be

associated with a considerable amount of CO2 eamissi
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Comparing the total GHG emissions from processedtsnave further find
emissions of sector 20 “Other meat products” with02Mt CO2e to be slightly higher
than emissions from GTAP sector 19 “Meat — casitesep, goats, horses” with 18.9 Mt
CO2e. This initially surprising result is explaindsy much higher (physical)
consumption levels of the former suggested by aflekamination of the Annual
Expenditure and Food Survey, whilst per unit ofstanption ruminant meat (sector 19)

remains by far the most GHG intensive.

Keeping the limitations of our model in mind we ttausly suggest from our

analysis:

» Together meat and diary products account for moaa 50% of the

UK'’s food related carbon footprint.

* Our results suggest that CH4 and N20 might notsszo@dy be the most
important components of the carbon footprint of mpeoducts as
indicated by Foster et al. (2006) even though &rrdmalysis is required

to confirm these results.

* Energy related CO2 emissions of meat products sasising behind
the farmgate in subsequent manufacturing and bligion processes
might be at least equally or in cases even moreoitapt. The
truncation of LCA systems at the farmgate mightrefme seriously

under-estimate the CO2 related component of tHsoodiootprint.

* The size of the truncation further seems to dementhe type of meat
product. CO2 emissions as part of the total carfmaprint will be
more important for non-ruminants than for ruminaatsd increase

considerably with increasing level of processingpimed.

* Even though ruminant meats (as represented by G3e&ior 19) are
the more GHG intensive per unit of meat consumpti@n-ruminant
and highly processed meats (as represented by GeB&Rr 20) are
equally important in terms of the total climate ga impacts due to

the much higher consumption levels. Both need tedasally addressed
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in discussions concerned with the reduction of W&s meat related
carbon footprint.

3.3 Analysing the global supply chain of meat prodcts consumed in the UK

For the rest of our analysis we will focus on asaly the global supply chain
of ruminant meat (GTAP sector 19) as it is the m@siG intensive. We will first
analyse the global supply chain by emitting sectoowed by a regional analysis
before we will trace individual paths across sextand regions using structural path

analysis.

3.3.1 Sectoral contributions to the carbon footpohmeat produced in the UK

There are a variety of merits in breaking down tiegbon footprint of
ruminant meat consumed in the UK by emitting sectéior example, it provides a
general idea about important processes and aesiviivolved in the global supply

chain or gives a first impression of its degreeahplexity.

The global supply chain of ruminant meat consumedhe UK seems to
follow a rather simple structure: relatively fewcg®s contribute significantly to the
total carbon footprint. Animal/ruminant farming (AP sector 9) contributes more than
65% (12.7 Mt CO2e) to the total carbon footprinhe¥e are mainly methane from the
animals, but also nitrous oxide emissions from mantihe second largest contributor
throughout the global supply chain(s) is the eleityr generating sector with 8.2% (1.6
Mt CO2e) followed by the nitrous oxide emissionsthe agricultural sector from the
production of feedstock with a share of 6.8% (1.8 G&D2e) of the total carbon

footprint.

All other sectors’ contributions are smaller the fvith contributions of at
least 1% from only nine of the 57 GTAP sectors. SEheine sectors jointly emit more
than 90% of the total GHGs associated with the @lslipply chain of ruminant meat
consumed in the UK. In general, for such rathempsnsectoral supply chain structures,

we would generally expect truncation errors fromgass LCA to be less significant).
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GTAP Name Total Carbon CO2 CH4 N20 FGASES %

sector Footprint (2000 t) (1000t) (2000 (1000 t)

aggregate (1000 t) t)

Al Agriculture, forestry and fishing (except 1,314.3 177.4 130.0 ,006.9 - 6.9
meat and dairy farming)

A2 Meat and dairy farming 13,4915 556.1 9,880 3,054.5 - 71.3

A3 Meat production 696.0 688.0 14 6.6 - 3.7

A4 Other food production 138.9 137.3 0.3 13 - 0.7

A5 Chemical industry 550.5 411.0 21.9 76.8 40.8 2.9

A6 Other manufacturing 371.9 351.3 0.6 23 177 2.0

A7 Energy 1,797.5 1,651.8 133.2 8.4 4.1 9.5

A8 Transport 421.3 378.7 22.4 20.2 - 2 2.

A9 Other services 136.9 121.7 13.6 1.6 - 0.7
Total carbon footprint 18,918.9 4,473.4 0,304 4,178.6  62.7 100.0

Figure 3 — Carbon Footprint of Ruminant Meat at 9 ®ctor Aggregation

Level

Table 3 summarises contributions at a 9 sectoreggdion level. Emissions
from all agricultural activities throughout the gkl supply chain of ruminant meats
consumed in the UK make 78.3% or 14.8Mt CO2e ofttital carbon footprint being
dominated by methane and nitrous oxide emissianfyaccounting for 95% of these.
If we assume that emissions from sectors A3-A9thes ones occurring behind the
farm-gate, the result would be directly comparatiolehe findings of the review by
Foster et al. (2006).

We can use this assumption to obtain a very rowgimate of the potential
truncation error from constraining the LCA systehmwninant meats (as defined by the
GTAP sector) at the farm-gate. Recognising thahesteeh a narrow system boundary
definition would probably cover some of the actestin sectors A3-A9 such as the
energy required to produce fertiliser and pestigidsed for growing animal feed or
electricity used on the farm, we just cautiouslggest the size of this truncation error
to lie in the range between 0-28% of the estimatathon footprint value. Re-call that
we would expect this error to be much higher forABTsector 20 “Other meat”, which

includes the important non-ruminant meat types el ag highly processed meat.

Table 3 further confirms previous LCA studies tfadd miles do not play an
important role in the global supply chain of foodogucts such as meat even if
complete system boundaries of a global input-outpatlel are used for the analysis.
Overall, only 2.2% of the total carbon footprinbin ruminant meat consumption in the

UK are transport related. The origin of the prodingrefore does not seem to be an
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important factor of choice from a transport perspec if we are concerned with

reducing the GHG impacts from our choices. Thisasfirmed by other studies (e.qg.
Weber and Matthews 2008). Foster at al (2006) emsggest that for some food
products global sourcing could be a better enviremiad option than local sourcing.
However, our analysis stops at the point of purehaSomprehensive studies of
transport contributions to the life cycle GHG ernoss of products suggests that if we
still want to cut down on food miles this might best achieved on the “dirty last mile”
from the shop home (Smith et al. 2005) e.g. by slmgpother modes of transport than
the car.

3.3.2 Regional contributions to the carbon footpphmeat consumption in the UK

One aspect of interest in the analysis of globapsuchains are the regional
contribution patterns. How much imported produceskought by UK consumers? How
do regions contribute to the finalisation of prouin the UK through the provision of
intermediate products and vice versa? What ardlififierences in the climate change
impacts of the same product finalised in differeggions? However, these figures do
not allow understanding in which world region GH@ssociated with final meat

consumption in the UK are emitted.

Region Total Carbon CcO2 CH4 N20 FGASES %
Footprint (1000t)  (1000t) (1000t) (1000t) (1000t)
UK 6,797.2 2,655.0 2,858.8 1,257.8 25.6 35.9
Oceania 1,805.1 170.0 1,265.8 367.1 2.2 9.5
East Asia 227.3 140.0 41.1 40.0 6.2 1.2
South and South-East Asia 3111 87.0 158.9 4.2 6 1.0 1.6
North America 396.5 184.7 92.0 110.7 9.2 2.1
South and Central America 3,972.3 154.8 2157. 1,059.3 1.1 21.0
EU 27 3,152.3 687.0 1,583.7 870.0 11.7 6.71
Rest of Europe 75.7 27.6 36.2 105 1.3 4 0
Former Soviet Union 136.3 96.2 32.2 6.1 8 1. 0.7
Middle East and North Africa 211.5 93.9 75.5 41.5 0.5 1.1
South and Sub-Saharan Africa 1,833.5 177.1 03113 351.4 1.8 9.7
Total Carbon Footprint 18,918.9 4,473.4 10,204 4,178.6 62.7 100.0

Table 4 — Carbon Footprint of Ruminant Meat by Emitting Region

Table 4 shows regions as sources of GHG emissionsfinal consumption of
ruminant meat in the UK. Only 35.9% of the total G$emissions are emitted directly

in the UK. More than 50% of the emissions are exdiih the EU-27. However, once
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we exclude the UK, South and Central America isrgdr emission source releasing
26% of the GHG emissions associated with UK rumimaeat consumption. This is

mainly due to high levels of cattle and veal farghand associated CH4 (69.4%) and
N20 (26.7%) emissions. Energy related CO2 emiss@insost play no role. The

remaining two regions significantly emitting GHG iesions in the global supply chains
of meat products consumed in the UK are South andS&haran Africa (9.7% or 1.8

Mt CO2e) as well as Oceania (9.4% or 1.8 Mt CO2e).

GTAP region Region name Total Carbon CO2 CH4 N20 FGASES
Footprint (1000t) (1000t) (1000t) (1000t) (1000t)

43 gbr  United Kingdom 6,797.2 2,655.0 2,858.8 1,257.8 25.6

30 bra  Brazil 3,480.6 110.2 2,399.2 9704 0.8

45 irl Ireland 1,872.3 139.6 1,203.2 529.2 0.2

2 nzl  New Zealand 1,361.1 97.0 938.0 3250 10

76 bwa  Botswana 681.9 4.8 613.5 63.5 0.0
Total Top 5 14,193.0 3,006.7 8,012.6 3945 277
Total Carbon Footprint 18,918.9 4,473.4 00,3 4,178.6 62.7

Figure 5— Carbon Footprint from UK Meat Consumption by Emitting Regions —
Top 5 Regions

However, interesting facts are hidden behind thgh raggregation level of
Table 4. Looking at the most detailed breakdown, fimel that GHG emissions
associated with ruminant meat consumed in the WKcancentrated in relatively few
world regions/ countries. In Table 5 we list the & contributing countries among the
87 GTAP world regions. They jointly emit 75% (14t CO2e) of the 18.9 Mt CO2e
associated with the final consumption of ruminargamin the UK. The majority of
GHGs emitted within the EU-26 (excluding the UK)eafrom Ireland, South and
Central American GHGs emission almost exclusivelgne from Brazil and Botswana
and “Rest of South Africa” dominate the emissia#f South and Sub-Saharan Africa.
Among all regions Brazil is by far the largest ndK- emission source among all
regions with 3.5 Mt CO2e.

Our calculations do not allocate a share of thessimns from deforestation,
but the these emissions could be significant. Brezia deforestation and global
biodiversity hotspot. Even though Brazil has nat liighest rate of deforestation, it still
has the largest area of forest removed annuallpdRmd Agriculture Organization of
the United Nations 2007). Between 2000 and 200&iBlast about 150,000 square
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kilometres of forest, an area larger than Gree6@o of formerly forested land in the
Amazon, and 91% of land deforested since 1970ed & livestock pasture (Steinfeld
et al. 2006). Between 1990 and 2002 the size ofBitagilian cattle heard increased
from 147 million animals to 185 million. At the santime the share of animals grazing
in the Amazon area, which is the focus of most af@mtion in Brazil, grew from
17.8% to 31% (Kaimowitz et al. 2005).

This highlights that the carbon footprint might ramtequately reflect the full
climate change impacts from meat consumption inUKe First, CO2 emissions from
deforestation are usually not factored into cartmatprint estimates as they are difficult
to allocate to particular economic activities. Trasparticularly true for process LCA
where such emissions can easily fall out of thepeauf the system boundary definition.
However, deforestation is estimated to contribuésd much as 20-25% to annual
atmospheric emissions of CO2 (United Nations Emmrent Programme 2007).
Second there are additional climate change impacts @s®ut with losses of sink
capacities (carbon sequestration) through defdrestarelated to meat related
agricultural activities. The carbon footprint so feas evolved as a concept focussing
entirely on emission sources and is therefore ht# # reflect the full climate change

impacts from meat consumption.

Therefore, it potentially matters where GHG emissiare released. One tonne
of methane in Brazil or Botswana mightt be the same than one tonne of methane
emitted in Germany or Ireland once wider climatarge impacts are considered. Even
though we updated the GTAP database for CO2 emssfoom tropical forest,
savannah and shrub fires, using the EDGAR datavaseAardenne et al. 2005b), we
kept them in the exogenous part as “unallocatedsgoms from land-use change”,
because they could not be easily assigned to s¢atopnomic activities. They are
therefore not part of our trade related GHG emisgstimates of the carbon footprint

from UK final consumption.

Hence, in relation to the regional origin of foadmight not food miles that is
of interest, but these wider, usually neglectedhate change impacts, which can be
substantial (Steinfeld et al. 2006). By neglectisgch wider impacts indirectly
associated with agriculture and meat consumptios, n@t only under-estimate the
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global climate change impacts from UK final constioqp but also might preclude
some of the economically efficient and environmiyteffective mitigation options in

the supply chain of meat (see, Stern 2006). Sinsbasiderations might be relevant for
GHG emissions arising in Botswana, which is thtéhfiargest GHG emission source in

the global supply chain of meat products consumete UK.

However, even if the total impacts of meat consuomptvould be much higher
once deforestation is accounted for, policy recommiagons would not be clear-cut.
Should British meat manufacturers source-out Biazimeat from their supply chain?
Should UK consumer avoid buying meat products fi®razil? Would it be effective
and possible to certify meat products using exgspiasturelands from regions with high
levels of deforestation? These are interestingtopress which go far beyond the scope
of our data and would involve more fundamental ukstons about the right for

economic development, peoples’ livelihoods, povartg equity among others.

3.3.3 Environmental important pathes in the glokapply chain of final food
products produced in the UK

As a next step we can analyse the global supplyndfauminant meat in depth.
Structural path analysis allows tracing individpalths contributing to the total GHG
emissions from the final consumption of ruminantatmrough countries and sectors -
from the point of purchase all the way back-up swpply chain. Our model
distinguishes final meat products delivered to Ifik@mand entities in the UK from 87
different world regions. Therefore, we are confeshtwith 87 global supply chains
rather than a single one. In the remainder of #nigcle we will solely focus on the

global supply chain of the ruminant meat produaagtor in the UK.
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Coverage 7209.03771 3899 Paths

Total 8927.508

Coverage 80.7508401

(%)

Path Tier  Value Pollutant  Tier 0 Tier 1 Tier 2
(1000t)

1 1 2,162.6 CH4 43 United Kingdom 19 43 United Kingdom 9
Meat: Cattle,sheep,goats,horses,
cattle,sheep,goats,horse,

2 1 726.9 N20 43 United Kingdom 19 43 United Kingdom 9
Meat: Cattle,sheep,goats,horses,
cattle,sheep,goats,horse,

3 0 547.6 CcOo2 43 United Kingdom 19
Meat:
cattle,sheep,goats,horse,

4 1 379.3 CcO2 43 United Kingdom 19 43 United Kingdom 43
Meat: Electricity,
cattle,sheep,goats,horse,

5 1 175.1 CcOo2 43 United Kingdom 19 43 United Kingdom 10
Meat: Animal products nec,
cattle,sheep,goats,horse,

6 1 159.9 CcOo2 43 United Kingdom 19 43 United Kingdom 9
Meat: Cattle,sheep,goats,horses,
cattle,sheep,goats,horse,

7 2 125.2 CH4 43 United Kingdom 19 43 United Kingdom 9 43 United Kingdom 9
Meat: Cattle,sheep,goats,horsesCattle,sheep,goats,horses,
cattle,sheep,goats,horse,

8 1 123.5 CH4 43 United Kingdom 19 43 United Kingdom 10
Meat: Animal products nec,
cattle,sheep,goats,horse,

9 1 77.1 N20 43 United Kingdom 19 43 United Kingdom 10
Meat: Animal products nec,
cattle,sheep,goats,horse,

10 2 63.4 CcO2 43 United Kingdom 19 43 United Kingdom 10 43 United Kingdom 43
Meat: Animal products nec, Electricity,
cattle,sheep,goats,horse,

11 1 60.9 CcO2 43 United Kingdom 19 43 United Kingdom 33
Meat: Chemical,rubber,plastic
cattle,sheep,goats,horse prods,

12 2 57.0 CcOo2 43 United Kingdom 19 43 United Kingdom 9 43 United Kingdom 43
Meat: Cattle,sheep,goats,horsesElectricity,
cattle,sheep,goats,horse,

13 2 56.9 CH4 43 United Kingdom 19 43 United Kingdom 10 43 United Kingdom 9
Meat: Animal products nec, Cattle,sheep,goats,horses,
cattle,sheep,goats,horse,

14 1 53.7 CH4 43 United Kingdom 19 18 India 1 Paddy rice,

Meat:
cattle,sheep,goats,horse,

15 1 51.3 CcOo2 43 United Kingdom 19 43 United Kingdom 48
Meat: Transport nec,
cattle,sheep,goats,horse,

16 2 48.0 N20 43 United Kingdom 19 43 United Kingdom 10 43 United Kingdom 2
Meat: Animal products nec, Wheat,
cattle,sheep,goats,horse,

17 1 46.0 CcO2 43 United Kingdom 19 43 United Kingdom 25
Meat: Food products nec,
cattle,sheep,goats,horse,

18 2 42.1 N20 43 United Kingdom 19 43 United Kingdom 9 43 United Kingdom 9
Meat: Cattle,sheep,goats,horsesCattle,sheep,goats,horses,
cattle,sheep,goats,horse,

19 2 41.8 CH4 43 United Kingdom 19 43 United Kingdom 20 43 United Kingdom 9
Meat: Meat products nec, Cattle,sheep,goats,horses,
cattle,sheep,goats,horse,

20 2 38.4 CcOo2 43 United Kingdom 19 43 United Kingdom 33 43 United Kingdom 43
Meat: Chemical,rubber,plastic  Electricity,
cattle,sheep,goats,horse prods,

Table 6 — Top 20 Paths in the Global Supply Chainfdvieat
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For the remaining analysis we will focus on thebglosupply chain of meat
provided by the domestic sector to UK consumerbléré lists 20 most important paths
in the global supply chain of final meat productdivkred to UK consumers by the
domestic sector. Together they make more thandfalfe total carbon footprint (5.0Mt
CO2e). As a comparison, the next 3879 biggest gatether just make another 2.2 Mt.
Most of the top 20 paths are direct inputs to riantnmeat production (GTAP sector
19) in the first layer (tier) of the supply chaimhile some occur in the second layer.
The longest path among the top 4000 reaches upetéfth layer. Apart from a single
path, all top 20 paths are entirely situated in ti€. This potentially eases the
management of carbon hotspots in the supply clmaiméat manufacturers.

The GHG emissions of the supply chain of UK meadpcts is dominated by
the methane and nitrous oxide emissions from cédilming, which are two direct
inputs to meat manufacturing. Jointly they accodat 2.89 MtCO2e. Meat
manufacturing processes in the UK add another M6&02e and the production of
electricity in the UK required for these anotheB®Mt. The largest single transport
related component of the carbon footprint of domally produced ruminant meat is
not until the fifteenth largest path only accougtih05 Mt CO2e. The fourteenth largest
path involves emissions emitted in India for grogvitce used in meat manufacturing in
the UK — a path, which appears counter-intuitivel amight highlight some of the
problems related with input-output based studidser@ are many other international
paths in the supply chain involving at least orteeoicountry than the UK. Individually
they are often so small that one might think thattare negligible. However, together
they make a considerable share of the total caidatprint as highlighted above.

This brings us back to a more general methodolbdisaussion about carbon
footprinting. Our analysis suggests that there aremall number of very important
paths in the supply chain of final meat productsdpced and consumed in the UK.
These -without any doubt - can easily and in a nmaoke robust fashion be captured by
process LCA. However, at least as important areghnds of very small paths in the
global supply chain of food. These processes semmsinall to be considered as
relevant in process LCA. Therefore, they would @iy be cut-off the system. If this
happens, a considerable part of the total carbotpfmt might be neglected as the sum
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of these small processes is sizable. Even thougtsupply chain of ruminant meat is
rather simple, they account for 25% of the carbootgrint. Marrying process-LCA
with input-output analysis in a hybrid approach Woappear as a more appropriate way
of establishing carbon footprint estimates. Howevaermore detailed analysis of
truncation error of different food types would beEguired to answer these questions

appropriately.
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4. Discussion

A variety of implications can be derived from omadysis.

Carbon Footprint Concept:

Even though more and more people are calculatiagotm footprints”, there
has been little discussion about what the carbotpfmt exactly measures and how it
should be calculated. Some of these issues havedsaissed by Wiedmann and Minx
(2008) and Weidema et al. (2008). The current pegises another important question
whether the carbon footprint should focus enti@hyemission sources or also include
losses in sink functions. To our knowledge this gfjio& has been neglected in the
conceptual carbon footprint discussion so far ahdukl be urgently addressed.
Moreover, this study directs attention towards addal GHG emission sources from

land-use change, which can be easily neglected.

These wider climate change impacts seem of paatiotbncern for poducts
associated with land-use changes. In these casdlalde carbon footprint estimates
might seriously underestimate the full climate deslimate change impacts (see also,
Weber and Matthews 2008). For example, in the odsanimal farming it has been
estimated that on average 35% of the total GHG atspare left out (Steinfeld et al.
2006). In this context, it might be another valdienulti-regional input-output analysis
to force people turning the attention to particyawblems in distant lands, wich might

not be of immediate relevance at home and getyeaaglected.

Life Cycle Assessment of Food and Meat:

To our understanding we make several unique caiiobs to the (UK)
literature on life cycle assessment of food in geh@nd meat in particular. As
highlighted by Foster et al. (2006) so far there baen little UK specific evidence
suggest by life cycle approaches using top dowa @aput-output LCA and hybrid
LCA). Even though more recently new evidence hasime available (Wiedmann et al.

2008), the agricultural part in the underlying mloderrently lacks the required detail
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for meaningful distinctions between individual pustl groups> In this study we
present top-down estimates of the GHG emissionscaded with the consumption of

food in the UK broken down into 21 product groups.

According to our estimates the carbon footprintrfrthe consumption of food
and drink in the UK adds-up to 125 Mt CO2e or 2tX1302e per capita for the year
2001. This estimate exclude GHG emissions as&atiaith catering services as well
as the direct GHG emissions arising from the pra@r and storage of food and drink
at home as well as the transportation from the sivbgre than 50% of the GHG

emissions are from meat and dairy products.

Most meat related LCA studies in the UK so far hawacated the system at
the farmgate. We extend the study system from dgnedate to the shop and include
some of the GHG emissions associated with the éitestage as well. This extension
has important consequences. While other studiestr€pO2 to be a carbon footprint
component of minor importance, our results show ithis not any less important than
nitrous oxide making almost 25% of the carbon faotpf ruminant meat. We roughly
estimate that the error associated with truncatimg system at the farmgate might
under-estimate the carbon footprint of food by a®28%. Further, we have evidence
that for non-ruminant meat and meat, which is frrtprocessed such as sausage rolls,
meat spreads or meat pies, CO2 can evandreimportant than methane. In that case
the truncation error can be expected to be everenmportant. However, further

research is needed to confirm these initial finding

Furthermore, the results presented here are atsmtst complete and detailed
in terms of the spatial representation of UK reddt@od production networks to date. In

2 The problem is that there is only one agricultsesdtor. There is no distinction whether food
manufacturing sectors buy ruminant meat or whela¢. GHG intensity will remain unaltered. Therefore,
particularly the methane and nitrous oxide can lhsunat be allocated to the relevant food itemsustty
even though the overall estimate for food consuompdis a whole should be sufficiently robust. Nbot t
work is under way to disaggregate the agricultaegtor.

% The only detailed esource of evidence is the EIBR@y. However, these results are not UK-specific.
Instead they represent an European average. Irttiechigh level of detail was achieved in the gthyl
using information from U.S. input-output tables.afable evidence suggests that particularly inftioel
sector, where the carbon footprint of US citizenmbre than three times higher than in the UK gher
could be considerable differences in the food supphin leading to an over-estimation (e.g. Welner a
Matthews 2008). Vice versa, there is also the pdggithat the results presented here still suffem
aggregation error leading to an under-estimatiathefclimate change impacts of food.
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this way a detailed picture of the global supplgpiohof food products can be obtained.
This is important, because only about a third ef direct and indirect GHG emissions
from the consumption of meat products arise on WK. §herefore, accounting for
differences in production technologies (in the widgense including land management
practises, dietary patterns of the livestock, lisdr use etc.) is crucial for robust

estimations.

Our analysis identifies also clear regional hotspetthe global supply chain of
meat consumed in the UK. 5 of 87 regions in the ehade associated with more than
75% of the GHG emissions. The by far biggest faréeBHG emission source is Brazil
with 3.5 Mt CO2e. This turns the attention towaedklitional GHG emissions from
land-use change, which are associated with hottiiland livestock farming and
constitie an important driver of climate change. Only bingsa model with regional
detail, these GHG emissions can be brought into skhepe of the analysis

comprehensively.

The evidence provided in this paper might also lenrae relevance for the on-
going methodological discussion on how to obtaioust carbon footprint estimates for
particular products or product groups (see, Minxakt 2008). Results from our
structural path analysis of the global GHG emissibom ruminant meat provided to
UK consumers by the domestic sector shows thagliigal supply chain of ruminant
meats is highly concentrated. The twenty largestgsses contribute approximately
70% to the carbon footprint. However, the remaind®y9 processes included in our
analysis still jointly contribute the remaining 30%he average contribution of each of
these processes is less than 0.03% of the carlodprift with the largest contribution
being 0.5%. Hence, even though each individualgsees seems of negligible size, the

sum of the processes is not.

It therefore seems very likely most of these preesswould be cut-off the
study system in process LCA studies leading to mi@ky considerable under-
estimation. Even though these under-estimates illde modest for ruminant meat
consumption due to its comparatively simple supgigin structure, it will be more
important for product groups with more complex dypghains such non-ruminant and
further processed meats. On the other hand, the-mgput LCA-type results presented
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here lack more specific detail about individualgesses and might involve aggregation

error.

Policy Implications

Even though results and discussion as presentednmest still be considered
preliminary, there are a variety of potentiallyargsting implications for policyirst,
available carbon footprint estimates of food andtier the UK are potentially severe
under-estimates due to the exclusion of GHG emmssimom major land-use change in
certain regions associated with food consumptidms Tinding is important for the
government’s on-going efforts to support the depeient of a robust carbon footprint
standard and might also be of relevance for itemneublic procurement initiatives.
Once these GHG emissions are included, new oppbesinfor climate change

mitigation arise as well.

Secongdour study confirms the comparatively small relese of food miles as
part of the total carbon footprint estimates. Byasing local over globally sourced
food, consumers make little difference in termstloé transport carbon footprint.
However, local sourcing can make a huge differencéerms of climate change, if
imported food is associated with deforestation threp major land-use change. This
potentially means that good supply chain manageroeuld considerably reduce the
climate change impacts of imported food, if onlpgucts from certified growing or
gazing areas are used, which are not linked witbrdstation. However, above all it
highlights the need to find solutions for the glbodaforestation problem and other

major land use change driving climate change.

Third, global supply chains are highly complex and ugualolve thousands
of processes. Supply chain management can onlysfacu major processes. For
example, methane emissions from animal farmingbeareduced by improving feeding
practises or nitrous oxide emissions from soilchgnging grazing land management.
However, many other contributions in higher supgigin layers are small individually,

but sizable once they are added together. Thesesses cannot be tackled by supply
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chain management, but GHG reductions might requivee structural policies such as

carbon taxes.

Many more policy implications could be derived omee extend the scope to
include also dietary and health considerationspeendetailed description of the waste
management stage or a more comprehensive desuorgitiland-use changes. However,
these are left for future research.

Outlook

A variety of important future research strandsefiem this analysig=irst, we
think that a more lively academic discussion of¢hebon footprint concept is required.

This discussion will need to a potentially incluzibon sinks.

Second GHG emissions from land-use change are not fidfiected in our
analysis so far. They will need to be more compmnehvely introduced in the future.
Using the available land-use data from the GTARulukde in conjunction with other

data sources might provide an important first st this direction.

Third, in the absence of a large technical potentiatéducing GHG emissions
from food production (Smith et al. 2007), it mighg important to assess the potential
for reducing GHG from the consumption side. The diKtary balance is the worst in
Europe. People are taking-in too much protein awdlittle fruit and vegetables units.
Available evidence suggests a substantial GHG émnmis®duction potential from a
healthier diet (Frey and Barrett 2007), which woingolve less intake of meat and
dairy products (Weber and Matthews 2008). Furtbductions can be achieved through
the minimisation of food waste. UK Households thraway 6.7 million tonnes of food
every year. This is a third of all the food bougiy buy. By doing so households
waste about £420 a year (Ventour 2008) and an wwmknamount of carbon. A
systematic analysis of these demand side drivencteohs and the policy levers to

achieve them seems crucial.

Fourth, analysing the potential truncation errors fromgass LCA studies in
the area of food could be another avenue for futessearch. So far, similar assessments

have just excluded emissions arising in higher petidn layers (e.g. Lenzen 2001).
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This might be fair for LCA’s based on a processvflapproach, but not for matrix
based process LCA. For matrix based LCA it seemeerappropriate to truncate the
system artificially for flows smaller than a chos@meshold in the intermediate flow
matrix similar to procedures applied in qualitatimput-output analysis/ minimal flow
analysis (e.g., Holub and Schnabl 1985; Weber amt&bl 1998).
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