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Abstract

We describe the first stage of the implementatibarcinternational multi-region input-output model
(MRIO) for the UK. The aim of the ongoing work is tlevelop a data optimisation procedure that
allows the construction of integrated national iputput and environmental databases that can be
used for an environmental MRIO model in the futdreus the work will set the basis for numerous
analyses of environmental impacts associated wkhtidde flows, including detailed accounts of
emissions embedded in trade flows to and from tkeoler a period of time.

The work has been commissioned by the UK Departd@nEnvironment, Food and Rural Affairs
(Defra) as a follow-up to a previous project whtre most appropriate approach to constructing a
robust account of impacts of trade and thus overalisumption in a headline indicator for
Sustainable Development was identified (Wiedmanmle2006). In order to derive reliable and
robust estimates for embedded emissions, it is fitapb to explicitly consider the production
efficiency and emissions intensity of a number @ding countries and world regions in an
international trade model, which is globally closadl sectorally deeply disaggregated (Wiedmann et
al. 2007).

In order to achieve this aim, initial data estinsateed to be made, data constraints need to beedefi
and specific optimisation algorithms need to beettgyed and implemented. In this paper we describe
a data framework that employs optimisation techeégpalancing data according to constraints which
are defined by existing/available data.

Optimisation routines will be used to impute migsitata (Lenzen et al. 2006). We will employ
techniques that

* incorporate constraints on arbitrarily sized angpgd subsets of matrix elements, instead of only
fixing row and column sums;

 allow considering the reliability of initial estirtes and external constraints;
» are able to handle negative values and to preseeveign of matrix elements if required;
» are able to handle conflicting external data.

The main outcome of this project stage is a timeesef annual balanced input-output tables for the
UK for each year from 1992 to 2004. The paper pitisent the theoretical framework of the model
and the practical challenges of its implementation.

Keywords

input-output tables, RAS matrix balancing, considi optimisation, international trade, multi-region
input-output model, UK



16" 110A Conference 2007, Istanbul (www.i02007.itu.edu.tr)

Wiedmann et al., Application of a Novel Matrix Balancing Approach to the Estimation of UK Input-Output Tables.

Contents
1. 0o U Td 1 o o 1P 4
O O o (0T =T = = T3 (o [ (o 10 o SO 4
1.2. Aim and SCOPE Of thiS WOTK .......cciii e e e e e e s e e e e e e raaaeeeeeaeas 5
1.3. Review of recent literature on the estimation of esions embedded in international trade..........6
2. 1Y/ 1=T { T (0] (o T | Y2 8
2% I [ 911 o To [ 8 Tox i T o I PSSP 8..
P |V o o L= I - oL | PP UURPURPP PP 9
2.3. Balancing data by using the CRAS Method.. ... 12
OptiMISAtioN FEQUITEIMEINTS ... .ttt e e ettt et e eeeaaae e e e e e e s e e annnnnebbesbeeeeeeeeeeas 12
Constraints on arbitrarily sized and shaped suladatsatrix elements............ccooooiiiiiiicecceeiiiiieeee, 14
Reliability of the initial estimate and externafarmation................cccccciiiiiiiiiiiic e 15
NEQALVE ElIEMENTS .....uiuiiiiiiiiieeeeeeee e ettt et et et eaeaeaeaaaeaaesaa s s saasanaeeereaaaaaaeaaesesssssanannnsnnnrnnes 16
(70 8153 i r= U a = To o] ) 14 ES T i o o PSSR 16
CRAS — CONStraiNed RAS ...ttt emmmmmr e e et e e e e e e e et e s s e s s s sttt aaeeaaaaeeaeesessaaaannnnnnrnnrennneees 18
Incorporating constraints on arbitrary subsets afrimelements.............c.oo oo eieciiicveeee e, 19
Incorporating reliability and conflict of externddita................ccoociiiiiiiiieie e 20
3. Data sources and data preparation ...........cccccceeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee e eeeeeees 21
I 70 I U Q[T 01U o U1 o [0 | e =\ - WP UUSTURPURRTRT 21
EXpanding SUPPIY 1ADIES.....coo ettt e e e e e e e 22
Creating domestic use tables in DASIC PriCES.....ccccuviiiiiiiiiiiiiiccecee e 23
3.2. NON-UK INPUL-OULPUL GALA ......ccececiiiiiiiieeiee e e e e e e e e s s e s s e e e e e e e e e e e e e s ss s s nban e sneeeeeereaaaeeas 24
TR T I - To [ o - - PP EEEEPUURRRR 8.2
T g ] 0o 0 T L1 o =PRSS 28
QLI 10 1= 0 - - PR 29,
3.4. Carbon dioxide emisSionNs and INtENSItIES .....ccoe . iiiiciiie e eeaeaae s 31
4, Matrix balancing using CRAS ... 33
o I 1S A= 01T = (o S PPPPRTRPTR 33
4.2. Production of Symmetrical 10 Tables - Technologysasnptions in a supply-use representation .... 33
5. Discussion of strengths and limitations of the cugnt UK-MRIO model ........................ 37
6. (070} o Tod 1013 1o 1 38
7. ACKNOWIEAGEMENLES ...ttt e e e e e eaaaaaaaaaaaaaaaaaaes 39
8. ] (=] (=] o] 39



16" 110A Conference 2007, Istanbul (www.i02007.itu.edu.tr)
Wiedmann et al., Application of a Novel Matrix Balancing Approach to the Estimation of UK Input-Output Tables.

1. Introduction

1.1. Project Background

In 2003, the UK Department for the Environment, ¢fcand Rural Affairs (Defra) published a
‘Framework for Sustainable Consumption and Prodac{iSCP)’, accompanied by a consultation
paper setting out a basket of supporting sustandelelopment indicators. Respondents to the
consultation reported that many of the indicatorsravdifficult to interpret without a better
understanding of the effect of structural changthiwithe British economy, and in particular the
extent to which any reductions in the environmemtgdact of the UK economy were being offset by
increases in the impacts associated with the ptamuof imports to the UK.

At the same time the launch of the SCP framework led to an increasing policy focus on the
environmental impacts of the products consumed dnyséholds within the UK, wherever those
impacts occur, and to a demand for a better uratedstg of the life cycle impacts of the whole range
of goods and services consumed by British housshdlibre recently there has been an increasing
emphasis on the need for British companies to sakee responsibility for the upstream impacts of
the goods which they sell or use, on the environtadémpacts of particular products such as clothing
which are heavily dependent upon imports, and an ithportance of ‘sustainability dialogues’
between the UK Government and key trading partn@igention is therefore focusing not just on the
overall impacts of trade to and from the UK, butwamich sectors, products and countries the trade
relates to.

In 2005, Defra commissioned the Stockholm Environiriastitute to identify the most appropriate
approach to constructing an indicator for emissiembedded in trade flows to and from the UK
(Wiedmann et al. 2006a)0ne of the conclusions from that study was timatrder to derive reliable
and robust estimates for embedded emissions,ithpertant to explicitly consider the production
efficiency and emissions intensity of a number @ding countries and world regions in an
international trade model, which is globally closadl sectorally deeply disaggregated (Wiedmann et
al. 2007).

While one of Defra’s goals was to be able to predaadobust account of impacts of trade and thus
overall consumption in a headline indicator for t3usable Development, it was recognised that the
adoption of such a consumption-based perspectiite addition to the ‘traditional’ approach of
territorial emissions accounting — opened up thssimdity of extending the range of policy and
research applications considerably to cover sdctooantry and product analysis. (Druckman et al.
2007) recently reported a rise of 7.7% in total JKO, emissions between 1990 and 2004 when
estimated according to the consumption perspectick stress the "severe policy implications" in
conjunction with any emission reduction targets.

! Defra project ref. EV02001, ‘Resource Flows’. ¥toaim Environment Institute, York and Policy Stuslie

Institute, London. Published by Defra, August 2006.
http://www?2.defra.gov.uk/research/project data/Masp?I=EV02001&M=KWS&V=EV02001&SCOPE=0
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As a follow-up to our previous work, the currentriwfois the first stage of the implementation of an
international multi-region input-output model fdanet UK (UK-MRIO). As a crucial part of an
operational MRIO framework we develop a code proltdcat processes data of any kind in a highly
efficient way. In essence, this is a sophisticatethputer programme that can ‘digest’ data from
different countries and years in different classifions and valuations with data gaps and
inconsistencies.

The main advantage of the model described in th@epis its flexibility towards the consistent
integration of additional data in a process of @pstise extension of the model as well as its
(flexible) adaptation towards alternative reseagciestions. Furthermore, the eventual model will
allow a flexible breakdown of economic sectorshistis required to answer specific questions — a
capability which is important for the most widesgteapplications (and therefore the associated cost-
return rate of the project) in different areas suwsh global supply chain analysis, life cycle
assessments or conventional environmental inpytebw@nalysis. An efficient data handling protocol
of this type helps reducing cost and time requirgsievhile at the same time allowing a consistent
update of the model.

The Stockholm Environment Institdtat the University of York is collaborating with &tCentre for
Integrated Sustainability Analysis (ISA) at the \arsity of SydneYin this project to develop the
required data and model basis.

1.2.  Aim and scope of this work

For this stage of the UK-MRIO project, the aim asdevelop and implement an initial, relatively
small, data and model framework that is easily agphle without major adaptations. A data
optimisation procedure will allow the flexible adafion of national input-output and environmental
databases for use in a multi-region environmentalt-output model in the future. Thus the work will
set the basis for multi-regional analyses of emnmental impacts associated with UK trade flows,
including detailed accounts of emissions embedddxhide flows to and from the UK over a period of
time.

In order to achieve this aim, initial data estinsdt@ve been made, data constraints have beendiefine
and specific optimisation algorithms have been ipeasl and implemented. As a tangible outcome of
the current project we have constructed a timeesesf input-output tables for the UK from 1992 to
2004 by using a modified RAS procedure for balam¢ieferred to as 'Conflicting RAS' or 'CRAS').
These tables are similar to the “Analytical 10 Tebl1995” published by ONS including
symmetrical input-output tables (SIOT) as well asltrequirement matrices (‘Leontief Inverses’) for
each year from 1992 to 2004.

Defra project ref. EV02033, ‘Development of an Edled Carbon Emissions Indicator. Stockholm
Environment Institute, York and Centre for IntegdaSustainability Analysis (ISA), University of Syely.
Commissioned by Defra, December 2006.

http://www?2.defra.gov.uk/research/project data/Masp?I=EV02033&M=KWS&V=EV02033&SUBMIT
1=Search&SCOPE=0

http://www.sei.se
http://www.isa.org.usyd.edu.au/index.html
5 The UK Office for National Statistics, London
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This paper is a follow-up of the work presentedUeyzen and colleagues at the 2006 Intermediate
International Input-Output Conference in Sendapada(Lenzen et al. 2006) which described the
theoretical framework of the CRAS method. We nowespnt a first 'real world' application of
preparing the UK input-output time series.

1.3. Review of recent literature on the estimation of emissions
embedded in international trade

A literature review was undertaken in the coursehef ‘Resource Flows’ projécbn models and
approaches that are capable of estimating emissiaoodiments in international trade. Since the
conclusion of the project and the publication sffindings (Wiedmann et al. 2006a), (Wiedmann et
al. 2007) new research has been published. Ins#etion we provide an update of the literature
review on embedded emissions calculations.

A follow-up of a previous OECD study (Ahmad 2003)mAad and Wyckoff 2003) was undertaken by
(Yamano et al. 2006). Using the sector harmoniseE€ D input-output tables, STAN bilateral trade
data and IEA C@emissions database for years around 1995 and 200Qauthors developed an

international linked world economic model which e 17 sectors and 42 countries/regions, CO
embodiments in international trade are derived fdiract and indirect energy consumptions.

(Tung et al. 2007) estimate the £&dntent of imports to the Turkish economy by irtdaksector in

a single-region 10 model. They find that the tatgtimated “CQ responsibility” for the Turkish
economy in 1996 was 342 Mt, of which 17% are duerported intermediate goods to be used in
domestic production and 5% are due to imported goodatisfy private and public consumption. The
authors conclude that consumer-related environmpotiies for CQ reduction will not necessarily
be more effective than policies aimed at produsgnse the major part of GOresponsibility —
domestically and imported — arises as a resuhi@ptoduction process.

(Limmeechokchai and Suksuntornsiri 2007) calcuktergy and greenhouse gas embodiments of
final consumption in Thailand for a number of yedaking into account greenhouse gases embedded
in imported energy, in particular imported electyic

The impact of different assumptions concerning é¢h@dssions embodied in imports in the case of
Finland was tested by (Maenpaa and Siikavirta 2008)ng domestic emission intensities and data
from the OECD study by Ahmad and Wyckoff (Ahmad afgickoff 2003) in a 139-sector single-
region input-output model, the authors found re&dyi small differences: in the analysis for 1998 th
net export of C@from fossil fuel combustion changed from 4.2 t6 BIt. Results for 1990-2003
show that Finland has increasingly been a net ¢gpof GHG emissions.

There are several follow-up applications of the KIRihodel described by (Peters and Hertwich
2004). In (Peters and Hertwich 2006a) the authsesteir MRIO model for a structural path analysis
(SPA) across borders, thus enabling the investigatf international supply chains (on an

aggregation level of 49 sectors). Embodied impactsousehold and government consumption and
exports are quantified, identifying high rankingpacts from imports, for example the household
purchase of clothing from developing countrieshe tase of CO Furthermore, the authors use SPA
in a consumption and a production perspective rioffecomplementary insights, both in terms of

analysis and policy.
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Another application focuses on household consumgaial impacts of imports to Norway (Peters and
Hertwich 2006b). The study finds that householdirammnental impacts occurring in foreign regions
represent 61% of indirect G@missions, 87% for SQand 34% for NQ whereas imports represent

only 22% of household expenditure in Norway. Fumtihgre, a disproportionately large amount of
pollution embodied in Norwegian household impoes be traced back to developing countries.

All studies by Peters and Hertwich confirm the imipoce of considering regional technology
differences in a multi-region model when calculgtipollution embodied in trade. The pollution
intensity of the electricity sector in China, fotaenple, is 231 times higher for G@nd 1078 times
higher for SQ than in Norway (Peters and Hertwich 2006c; see Réters et al. 2007).

(Hoekstra and Janssen 2006) use a dynamic inpptroniodel of two trading countries to explore the
effects of taxes in different scenarios for envinemtal responsibility. The study is specified in a
hypothetical framework and does not use empiriatd.d

The hypothesis that there is a shift of high pailgiindustries from developed countries to thost wi
lower environmental standards (“pollution haven dtpesis”) is examined by (Wilting et al. 2006)
for the Netherlands. Developments in emissions ©f, @CH,, N,O, NQ,, SO, and NH in Dutch
industries from 1990 to 2004 are related to chamgésade patterns in the same period by using a
structural decomposition analysis based on a siegj®n input-output model of Denmark. The
analyses show that the export effect compensaggsnport effect for all air emissions except of £O
implicating that there is no net shift of pollutida abroad. Only C®shows a small decrease in
emissions resulting from trade effects, but theaffs too small to draw robust conclusions.

(Norman et al. 2007) create a 76 sector bi-natidbahada-US EIO-LCA model by linking the
national input-output models through trade flows mgdustrial sector. They find that US
manufacturing and resource industries are aboul fihes as energy-intensive and 1.3 times as
GHG-intensive as Canadian industries, with sigaificsector-specific discrepancies in energy and
GHG intensity. Accounting for trade can signifidgnalter the results of purely national life-cycle
assessment studies, particularly for many Canademufacturing sectors. (Norman et al. 2007) show
that the production and consumption of goods in cmentry often exerts significant energy- and
GHG-influences on the other.

International trade can reduce overall C€nissions if imported products are consumed treew
produced with a lower carbon intensity than in themestic industry. This is the case for trade
between Japan and the US, for example. By usimgpadgion input-output model, (Ackerman et al.
in press) estimate that in 1995, Japan-US tradeceedUS industrial emissions by 14.6 million tons
of CO,-equivalent, and increased emissions in Japanbynélion tons, for a global savings of 7.9
million tons. These quantities are less than omegoe of each country's total emissions but trafde o
Japan and the US with the rest of the world redusmissions by larger amounts, roughly four
percent of each country's emissions. The authdimae that US industry could cut its carbon
emissions by more than half if it matched the esrwinental performance of industry in Japan.

In the UK, (Druckman et al. 2007resent the findings of a two region input-outmdel (UK —
Rest of World) based on work by (Proops et al. }9881 developed further by the University of
Surrey. The model takes into account a differenthemic structure of the Rest of the World but,CO

®  See also (Jackson, Tim et al. 2006)
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intensities that are identical to the Usnd is used to estimate total £Emissions with different
accounting principles for two years 1990 and 200 results is a clear increase when accounting in
the consumption perspective, i.e. £€mnissions embedded in imports have increasedfisigmily
over time (by 7.7% between 1990 and 2004). Theaoasthlso stress the "absence of robust, up-to-
date monetary datasets on which to build Envirortaleimput-Output analysis" and discuss the
resulting negative implications for the robustnesthis technique

Systematic environmental accounting alongside naticeconomic accounting has long been
recognised as a very useful source of informat@netological-economic modelling and (political)
decision-making (see Lange 2007 for an introductmia special issue of Ecological Economics on
Environmental Accounting, Vol. 61, 2007). A new FPUropean Integrated Project, EXIOPOL, will
contribute to the extension, consolidation and igppbn of environmental-economic accounts in
Europe. EXIOPOL stands for an 'Environmental AcdimgnFramework Using Externality Data and
Input-Output Tools for Policy Analysi&'EXIOPOL aims to develop estimates of externatxo$ a
broad set of economic activities for Europe anddbup a detailed environmentally extended input-
output framework including these estimates, in otdeapply the results of this analysis to address
policy questions in fields such as Integrated PcbdBolicy or Sustainable Consumption and
Production. One work area of the new project whiels kick-started in April 2007 is the creation of a
detailed input-output framework for the EU 25 whistextended with environmental information and
will enable the creation of MRIO models in the f@wu The database will enable estimating
environmental impacts and external costs of diffeeconomic sector activities, final consumption
activities and resource consumption for countmethe EU (Tukker 2006; Tukker 2007).

A number of multi-region input-output models wittomd coverage using the GTAP database and
results for environmental impacts embedded in teadepresented at the 16th IIOA Conference 2007,
Istanbul (vww.i02007.itu.edu.:

2. Methodology

2.1. Introduction

The implementation and application of a full mu#gional input-output framework poses three basic
challenges: data availability, data reconciliatiord computability. These issues and possible gedcti
solutions are discussed in detail in (Wiedmanr.€Q06). In the following we focus on the preparin
of input-output data for the model framework. Thadsystem should be able to

¢ include data in different classifications,

" (Druckman et al. 2007) say that the latter cannitis not particularly satisfactory as it assurttest the

economic structure and energy mix in the Rest@Morld can be approximated by those in the UK" but
also point out that this "... is likely to undereséte the carbon associated with imports from theldging
countries where less energy efficient and moregnietensive processes may dominate the economic
structure.”

http://www.feem.it/Feem/Pub/Programmes/Sustainghilndicators+and+Environmental+Valuation/
Activities/200703-EXIOPOL.htmsee alstttp://www.seri.at/EXIOPOL
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» handle conflicting data consistently,

» cope with suppressed data,

» estimate missing data,

» accommodate different years for the analysis oé th@ries.

In essence, our data framework employs optimisatemniques that balance data according to
constraints which are defined by existing/availatdea.

It is not a necessary condition to have analyti(®mmetrical) input-output tables for an
environmental input-output model. Supply and usdrices can be used instead as described in
(Lenzen et al. 2004) and (Wiedmann et al. 2006hjs s a big advantage as supply and use tables
are often available annually while analytical omsgetrical IO tables are usually not. It also allows
using more up-to-date information as the time détaypublishing supply and use tables is shorter
than for analytical tables (in the region of twothoee years as opposed to more than five years for
analytical tables). This is important because ckanm the structure of domestic and foreign
economies can be picked up more accurately if wgate input-output information is used.

2.2. Model layout

The basic layout of the model framework is depidgte@iable 1. For the purpose of this project, which
is to implement the model in principle with onlysmall number of trading partners at this stage, we
choose to consider UK trade with three world regiddECD Europe (Region e), OECD non-Europe
(Region o) and non-OECD countries (Regior’ w).

The UK is represented with its full input-outputal#n supply and use format whereas the three world
regions are represented by their (combined) coeffionatrices A (see Section XX). Imports to the
UK are distinguished by region and by destinatmimtermediate™) and final demandy(*). At this
stage, we only consider trade between the UK amddbions but not between the regions themselves
and we only include CQas environmental load().

°  This decision was driven by data availabilityg(&ection 3.2, page 24) and practical considemstion
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Table 1:  Multiregion input-output (MRIO) system employed in this work
Intermediate demand Final demand Total
output
UK(u) Region e Region o Region v UK(u) Regione idRey Regionw
VUU gu
UK(U) uu uu r u
U 1 1 1 y === == yJ == ===
Region e U A° ; ; y* g°
Region o U ; A° ; y> g°
Region w (Ul . : A" y"™ g"
Primary inputs w" ! ! !
Total inputs q‘ o o o g"
Factor inputs
(environmental E" E® E° EY
loads)

10




16" 110A Conference 2007, Istanbul (www.i02007.itu.edu.tr)

Wiedmann et al., Application of a Novel Matrix Balancing Approach to the Estimation of UK Input-Output Tables.

Legend to Table 1:

UK

United Kingdom (superscript u)

Region e OECD Europe countries (superscript e)

Region o OECD non-Europe countries (superscript o)

Region w non-OECD countries = rest of the worldygscript w)

UUU

Uru

VUU

Domestic use matrix of the UK with eIememt#u indicating the input of commodity
into industryj

Matrix of imports from regiom into UK industries withu i;” indicating the input of
commodityi from regionr into UK industryj

Domestic supply matrix of the UK with elemenf" indicating the output of
commodityj by industryi

Vector of total output of industries in countrgirenr (the prime symbol ' denotes
transposition)

Vector of total output of UK commodities (therpg symbol ' denotes transposition)
Column vectors of total final domestic demandJu#tproductiort?

Column vectors of final export demand on UK produci{exports of goods and
services)

Column vectors of total final demand in the UKmwoduction imported from regian

Matrix of total interindustry requirements in r@gr, comprising interindustry
requirements on domestic productiég) plus interindustry requirements of imports

(Aim)

Row vectors of primary inputs (income, surpluges) into UK industries (note that'
contains only value added items and no importsalmee the latter are contained in the
U™ matrices.

Row vector of (C@) emissions by industry in country/region

Hyphens mean that data for this cell is imiflf included in data from other cells, i.e.
import coefficients are included in matriceSand total UK export is aggregatedyith

The next step is to derive (relative) coefficierdtrites from the (absolute) transaction matrices.
Defining input coefficient matrice8™ with aj" = uy / g; and output coefficient matrig" with

10 Austria, Belgium, Czech Republic, Denmark, FinlaRrance, Germany, Greece, Hungary, Iceland,

Ireland, Italy, Luxembourg, Norway, Poland, Portu@ovak Republic, Spain, Sweden, Switzerland,

Turkey, United Kingdom
1 Canada, Mexico, United States, Australia, Jafanea, New Zealand
12 Including demand of households, government, ahjsivestment, valuables and changes in inventories

-11 -
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b;" =vi‘j’“/q‘; the grey-shaded parts of Table 1 can be transtbrim® a compound direct

requirements matrix:

O B® 0 0 O
A" 0 0 0 O
£, 1 aec| AT 0 AT 0 0
A 0 0 A° O
A™ 0 0 0 A"
0 g"
y" q"
Eq. 2 Settingy* = you ,  gF= go ,
y 9
yWU gW

with y* = y*" + y"" = total final demand for the UK allows to calcel&* which satisfies the basic
input-output relationship

Eq. 3 Argr+yr=gf o gr=(1-A*)ty*r

wherel is a suitable unity matrix. The compound Leonitiferse (I —A* )™ contains compound
total multipliers of intermediate demand and trade.

2.3. Balancing data by using the CRAS method

Optimisation requirements

A common problem in compiling and updating Sociat@dunting Matrices (SAM) or input-output
tables is that of incomplete or inconsistent dMessing or conflicting matrix elements may be
due to a variety of reasons such as costly andefirer incomplete industry surveys, the
suppression of confidential information and incetesicies when sectors have to be disaggregated.
The latter two are specific problems in the conmptaof the UK-MRIO model (see Section 3, see
also (Druckman et al. 2007).

External data points can be used to formulate tesysf equations that constrain the unknown
matrix elements. Constraints in this context amnee’ data values, i.e. any data points in the
system that are known with sufficient accuracy. Aawailable and reliable data can serve as

-12 -
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constraints. In order to constrain the preliminasyimate of IO tables or SAMs, it is important to
incorporate as many sources of superior data ashp@sHowever, unknowns usually outnumber
external constraints, resulting in the system beinderdetermined, that is exhibiting too many
degrees of freedom to be solved analytically. e most prominent numerical approaches for
reconciling such an underdetermined system areapipbthe RAS method, and constrained
optimisation.

During the past 40 years, both approaches haveessittly tackled a number of challenges,
leading to a number of useful featdfesdeally, the technique should

a) incorporate constraints on arbitrarily sized anapgd subsets of matrix elements, instead
of only fixing row and column sums;

b) allow considering the reliability of the initial tapate;

c) allow considering the reliability of external corzénts;

d) be able to handle negative values and to preskevsign of matrix elements if required;
e) be able to handle conflicting external data.

While all criteria have been addressed by consthmptimisation methods, there is currently no
RAS-type technique that satisfies criterion e).phuticular the inability of RAS to deal with
conflicting external data represents a consideralsbavback for practice, because for most
statistical agencies such data are often rathendha than the exception.

The most simple case of conflicting data is propablsituation in which two data sources are
located that prescribe two different values for fane matrix entry, resulting in inconsistent
constraints. When faced with such constraints tiegjfRAS variants adjust the respective matrix
element in turn to both directly conflicting valyesd thus enter into oscillations without ever
converging to a satisfactory solution.

More generally, sets of external data can be adginfy indirectly amongst each other. (Cole 1992)
ab

mentions convergence problems, and gives a simamgle as a matriE<C J with a, b, ¢ 0,
and with inconsistent row and column totals {1} &d {1, 3}. In practice, indirect conflict might
present itself for example when on one hand, datéimal demand and gross output of wheat
suggest a certain intermediate demand of wheatehewon the other hand this intermediate
demand is too large to be absorbed by the floutingilsector. Further examples involving
conflicting external information are GDP meastiteand multi-national and regional input-output
systems. In practice, such inconsistencies are tféeed and adjusted manually by statisticfans.

13 (Lahr and de Mesnard 2004) provide a recent dserof extensions to the classic RAS technique.

14 (Barker et al. 1984) (p. 475) write: “... we obsaivthat the income, expenditure, production and
financial estimates of data are typically incoresist The presence of such accounting inconsistencie
emphasises the unreliable nature of economic d&&e"also (Smith et al. 1998).

(Barker et al. 1984) (p. 475) remark that “...tragbff the relative degrees of uncertainty of theious
data items in the system in order to adjust therptata to fit the accounting identities [...] is esgally
what national income accountants do during thedtmies of compiling the accounts when faced mith
major discrepancies between data from differentcasl. (Dalgaard and Gysting 2004) (p. 170) from
Statistik Denmark report that many analysts resiptagor compiling input-output tables favour mahua
adjustment, because “based on the experience thay errors in primary statistics are spotted in the
course of a balancing process that is predominantiyual, compilers are typically convinced that a

15
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In this work we use a new RAS variant that is agdehandle conflicting external data and
inconsistent constraints. We achieve this capghbiit introducing standard error estimates for
external data. We build on previous RAS variants thatisfy the remaining criteria, and thus
arrive at a RAS-type method that matches the chebiof constrained optimisation. We will
refer to this method as CRAS (Conflicting RAS).

Constraints on arbitrarily sized and shaped subsets of matrix elements

The RAS method - in its basic form — bi-proportibnascales a matrixA, of unbalanced
preliminary estimates of an unknown real maKixusingA’s known row and column sums. The
balancing process is usually aborted when the afisercy between the row and column sums of
Ao and A is less than a previously fixed threshold. (Baabhar1970) has analysed the bi-
proportional constrained matrix problem in greatadein particular in regard to the economic
meaning of bi-proportional chanethe existence and uniqueness of the iterative RaiStion,

its properties of minimisation of distance méfti@and uncertainty associated with errors in row
and column sum data and with the assumption ofdypqrtionality. The origins of the method go
back several decades ((Deming and Stephan 198ind€ and Brown 1962), (Bacharach 1970),
and (Polenske 1997) provide a historical background

A special situation arises when some of the matiexnents ofA are known in addition to its row
and column sums, for example from an industry surifée ‘modified RAS’ (MRAS) approach
((Paelinck and Walbroeck 1963); (Allen 1974; Lecemb975)) deals with this partial information
as follows: the preliminary estimat®, has to be “netted”, that is the known elements are
subtracted, and contains O at the corresponding positions. TheAgds then subjected to the
standard RAS procedure, and the known elementsdaied back on after balancing.

In practice, situations can arise where, in additio certain elements &, some aggregates of
elements ofA are known. For example, a published takfeof national aggregates may constitute
partial information when constructing a multi-regid input-output system, or a more
disaggregated national table. Accordingly, (Oosteem et al. 1986) add a “national cell
constraint” to the standard row and column sum traimds. Similarly, (Jackson, R. W. and Comer
1993) use partition coefficients for groups of selif a disaggregated base year matrix to
disaggregate cells in an updated but aggregatedxm@atten and Martellato 1985) (p. 52-55)

(mainly) manual balancing process vyields resulthigher quality than those emanating from a purely
automatic balancing of the accounts. From that tpoinview, the resources involved in manual
balancing are justified as a very efficient corgisty check on the accounts.”

When applied to the forecasting of monetary ifgutput matrices, bi-proportional changes have been
interpreted as productivity, substitution or fabtion effects ((Leontief 1941); (Stone and Browi62))
affecting industries over time. (Miernyk 1976) vidwowever is that the RAS method “substitutes
computational tractability for economic logic”, attuht the production interpretation loses its megni
when the entire input-output table is balanced, and only inter-industry transactions (see also
(Giarratani 1975)).

The RAS, Linear Programming and minimum informatigain algorithms yield a balanced matrix
estimate that is — in terms of some measure ofidmménsional ‘distance’ — closest to the unbalanced
preliminary estimate. When applied to temporal dasting, this property is explained as a consergati
hypothesis of attributing inertia to inter-induatrrelations (Bacharach 1970), p. 26). While tressic
RAS method is aimed at maintaining the value stmectof the balanced matrix, the closely related
Cross-Entropy methods (Robinson et al. 2001) anediat maintaining the coefficient structure.

16

17
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discuss further constraints structures, involvimgtimediate and final demand data. (Gilchrist and
St Louis 1999; Gilchrist and St Louis 2004) propes¢hree-stage “TRAS” for the case when
aggregation rules exist under which the partiaregated informatiod® can be constructed from
its disaggregated formA. Subjecting an input-output matrix to random ceimgp these authors
demonstrate that the inclusion of partial aggredyat@rmation into the TRAS procedure leads to
superior outcomes than applying the standard RASade (Cole 1992) describes the general
TRAS type that accepts constrained subsets ofiaayos shape. However, no TRAS variant deals
with uncertainties, or handles negative matrix @ets and conflicting external information.

Reliability of the initial estimate and external information

Another variant of the MRAS method takes into acdothe uncertainty of the preliminary
estimates, and contains the occurrence of perf&ontiyvn elements as a special case ((Lecomber
1975; Lecomber 1975), with case studies in (All&i4l) and (Allen and Lecomber 1975). This is
accomplished by introducing a matixcontaining “reliability information” about the etents in

Ao. E instead ofA, is then balanced in order to take up the diffeednetween the preliminary and
true totals:

Eq. 4 A* =(A, —E)+TES

A* is the balanced estimate, andands are diagonal scaling matrices, as in the conveatio
RAS algorithm. WhereE; = 0, A; remains unchanged during balancing. (Lecomber ;1975
Lecomber 1975) also investigates the influencemirg in the “true” totals.

A shortcoming of Lecomber’s approach is that tlergnts oE cannot be interpreted as standard
deviations. If we follow Lecomber in maintaining<OE; < A, and consider that RAS preserves
the positive signs irE, then AJ-DZ A,; —E;0i, j . In other words ifE; were the standard

deviations ofAg;, then the balanced estimak& could never go more than one standard deviation
below the initial estimaté,. An upper limit forA* does not exist however. Thus, as Lecomber
points out, the elements Bf must be sufficiently large to ensure the contngllvectors are non-
negative — but there is no method to ensure thilstvstill interpreting the elements & as
standard errors. Thus considering that conflicerternal information may well diverge by more
than one standard deviation, it follows that MRASI wot reach a solution under sufficiently
inconsistent constraints, unless more (unspecifiddymation on errors is obtained.

(Lahr 2001) takes into account the uncertaintiesxdérnal constraints in treating the tolerances of
the RAS termination criteria as functions of theywag reliabilities of row and column sums.
(Dalgaard and Gysting 2004) incorporate informatmout the reliability of external constraints
(again row and column totals) into the balancingcpss as “confidence factorX, and
successively adjust the target totals, of the nth iteration as a weighted sum

U,; =AU, "‘(1‘)'?_1)%-1,; of the initial unbalanced totals, ; and the totalsl,, ; of the
previous iteration. With subsequent iterations, ¢chefidence factors 8 A" < 1 become smaller

and smaller, thus gradually converging away from timbalanced initial totals,, towards the

-15 -



16" 110A Conference 2007, Istanbul (www.i02007.itu.edu.tr)
Wiedmann et al., Application of a Novel Matrix Balancing Approach to the Estimation of UK Input-Output Tables.

balanced totalsi.. The innovation is that totals with high confiden@, < 1) get adjusted away
from the initial totals much slower than those i®taith low confidenceA;> 0).

While both approaches consider the varying reliighdlf totals, they cannot deal with inconsistent
totals. In applying conventional RAS scaling fastoLahr's algorithm would always end up
balancing matrix elements to satisfy only one afitember of conflicting external constraints.
Similarly, for large enough, Dalgaard and Gysting’s algorithm would oscill@eund those
inconsistent totalsl,_, ; with non-zero confidencg.

Negative elements

(Junius and Oosterhaven 2003) derive a generaRgesdl (“GRAS”) algorithm that can balance
negative elements, by splitting the matéx into positive and negative par® and N, and
balancingA =P —N according to

Eq. 5

wherei is the summation vector. Note that in order toimise information gain, the balanced
matrix FPS—F NS conform to totalsi* = eu, v* = ev, andi u* = i v*, wheree = 2.718... is
the base of the exponential function, andndv are the prescribed row and column sum vectors,
respectively, ofA (Oosterhaven 2005)). The resulf§} of GRAS have to be scaled down byn
order to satisfy the initially prescribed totalgndv.

In its basic formulation by (Junius and Oosterha2@03), GRAS neither incorporates constraints
on subsets, nor does it deal with uncertainty atd donflict.

Constrained optimisation

Already (Bacharach 1970) has shown that the coiomalt RAS technique is equivalent to the
constrained minimisation of an information gain dtion f = Z; A; In(Aj/Ag;). Naturally, this
circumstance leads to the parallel developmentdath RAS and constrained optimisation
techniques for the purpose of balancing input-outpbles or SAMs. It is interesting to see that
researchers working on either technique have fattedst the same challenges.

The basic structure of a constrained optimisati@blem applied to SAMs is

18 (Dalgaard and Gysting 2004) do describe balangiagiices with “unequal net row and column sum” and
“macro differences between supply and use”. Howevather than inconsistencies in external
information, this means correct differences inghe over supply bindustryand use byroduct which
naturally occur in asymmetric commodity-by-industnpply and use tables.
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Eq. 6 Minimisef(A, Ag), subject tax; A = x andZ; Aj =X,

wheref is the objective function, ang andx; are row and column totals. (Morrison and Thumann
1980) minimise a weighted sum of squares of desnati = % (A; —AOi,-)2 / wy, where thew; are
the weights. They also explicitly describe the mpowation of external information referring to
general subsets of matrix elements, into a Lagrangéiplier approach. Using a vectorised
representation ok = {a}i=1nxn, @ System oNc constraints of any shape and size\N variables
(including row and column totals) can be convermjedéscribed in matrix notation:

Eq. 7 Ga=c,

Where the “aggregator matrixG (Nc x N) holds the coefficients linking thid variablesa; with
the external datg on theNc constraints.

(Byron 1978) incorporates varianc&$or the initial estimate, into a quadratic Lagrange function
f=(a—ay) ' (a—a) +AN(Ga-c), and uses the first-order conditions to solvetfier Lagrange
multipliers and the balanced SAM:

Eq. 8 A= (GZIG)(Gay—c0),
Eq. 9 a=ay-2GA.

(van der Ploeg 1982; van der Ploeg 1984; van deedPll988) elegantly extends Byron's
formulation by a) adding disturbance$o the external constraint informationso thatG a=c +

€, and b) extending the unknown vectgowith the unknown disturbancesto a compound vector
p, distributed as

o o))

with meansa, and 0, and variancag, andX.. Exactly known constraints are a special case with
the corresponding elementXf being zero. ExtendinG = (G, <), wherel is the unity matrix, the
generalised problem becomes

Eq. 11 Minimisef = (p —po)’ =™ (P —Po), Subject taC p =c,

with solutions analog to Eq. 8 and Eq. 9. Sincesiblation for the Lagrange multipliers involves
the inversion ofCZC’, computing times are strongly influenced by timesN andN¢ of the SAM
and constraint system. Both Byron and van der Pgmetp great lengths in exploiting the sparse
structure of the coefficients matrix, and in dewsefficient algorithms in order to be able to golv
large SAMs. In effect, it is the introduction efandZ, that enables handling conflicting external
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data (van der Ploeg calls it “constraint violatipriecause the disturbancesm Eq. 10 and Eq. 11
allows the adjusted constraint val@ea to deviate from its prescribed valoe

(Lecomber 1975), (Morrison and Thumann 1980), dtdrijgan and Buchanan 1984) explicitly
note that the conventional Langrange multipliercedure in Eq. 6 does not guarantee non-
negative solutions. This is undesirable becausativegmatrix entries can present problems in
input-output analysis ((Ten Raa and Van der PI@39)).

With the requirement of non-negativity, the coristed optimisation problem essentially becomes
a boundedconstrained optimisation. In general, one asks tiiia unknown SAM elements are
within lower and upper bounds < a < u. The mixing of equality and inequality conditions
requires quadratic programming methods, which nentlee solution of the optimisation problem
considerably more complicated, as the expositidrislarrigan and Buchanan 1984), (Zenios et al.
1989), and (Nagurney and Robinson 1992) may testify

(Tarancon and Del Rio 2005) present an interestangant of the bounded optimisation problem,
by deriving lower and upper bounds from criteriatfte stable structural evolution of input-output
coefficients, and introducing supplementary vaealb take up the slack between the bounds and
the matrix entries. If the model turns out to beomsistent because some constraints cannot be met
within those bounds, then the analyst manually ehasertain constraints to be relaxed, until no
variable exceeds the bounds.

Table 2:  Recent extensions to RAS and optimisation techniques for balancing
SAMs and input-output tables.

Criterion | RAS-type technique Constrained optimisation

a) (Gilchrist and St Louis 1999) (Morrison and Ttarmm 1980)

b) (Lecomber 1975; Lecomber 1975) (Stone et al2x9Byron 1978)

c) (Lecomber 1975; Lecomber 1975); (Lahr 2001(yan der Ploeg 1982)
(Dalgaard and Gysting 2004)

d) (Junius and Oosterhaven 2003) (Harrigan and &uenin 1984)

e) This work (van der Ploeg 1982)

CRAS - Constrained RAS

(Tarancon and Del Rio 2005) explicitly state thatd) “... the RAS process cannot be developed
with interval estimates of the margins. Hence, p@stimates are used, which may carry an
implicit error.” On the other hand, compared to stomined optimisation techniques, RAS has
enjoyed higher popularity, which is probably due&se of programming. Considering that the use
of RAS in statistical agencies requires the mararad therefore often tedious removal of
inconsistencies in the constraint system, it wdadddesirable to have a RAS technique that deals
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with such common occurrences in a systematic atuhraied way. The description of such a RAS
variant is the topic of this Section. We will bas& derivation strongly on the GRAS notation of
(Junius and Oosterhaven 2003).

In the standard GRAS method, the preliminary edtindg = P, — Ng is alternately row- and
column-scaled using diagonal matricesandS, so that after then-th round of balancing,
A, =T,P_5S,..—T.2N .S A, is then subjected to the next scaling operatidRAS uses
scalers

u, +\/u +4z nuan,ij
r. = ) , With

n, 22 »
Eq 12 Pn,u = P—llj n-1,j ’N n,ij = Nn—l,ij Srjl,j ! and

v+ \/Vj + 4_2 P Z N
22 I:)n—l,ij

Sn—1,j =

The algorithm converges if

Frs-tNs ) -u < ofuT
i(PPs-Nst)- v < avi

Eq. 13

for a sufficiently smalld.

Incorporating constraints on arbitrary subsets of matrix elements

Consider now a generalised formulation of constsaés inG a = ¢ (Eq. 7). Such a formulation
includes constrained row and column sums, consteangle elements, constrained subsets, and
negative elements as special cases. Constrainin@dade any number of elements, which may be
fully, partly or non-adjacenif. Constraints may also exclude some of the row adnm totals
(compare (Thissen and Lofgren 1998), p. 1994). Get G* — G be a decomposition of the
constraint coefficients matrix, analog to the deposition A = P — N of A. Let there beNc
constraints, and let = ec. Eq. 11 can then be generalised to

19 Single-element constraints need not be part oktaing procedure, but could be “netted out” ustimg
“modified RAS” method.
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[} 2 + -
G +\/Ci +4§ Gia; 2 :Gij Qg
j i
r =

]
and
n +
22 Gya,y,
i

Eq. 14

a . = rSgn(Gij) with i = n—i‘LJNC .
N

n,j — “n-1j'n )
C

In Eq. 14, the negative elements in Eq. 11 haven beelaced with negative coefficients on
positive elements, but otherwise the formulatioaxactly the same. There is only one scaléor
each constraint and these scalers are applied consecutivelyllf(br:a,...NC.2° Ther; andg are
calculated alternately. The GRAS feature of scalimgative elements by the inverse of the
positive scaler is evident in the exponent &jh(n Eq. 14. The algorithm converges if

Eq.15  |ca-c <4l .

for a sufficiently smallb.

Incorporating reliability and conflict of external data

In cases of inconsistent constraints brought albyutonflicting external data, the termination
condition (11) may never be met, and GRAS has ttebrinated if the distance function between
the constraints and their realisationG a does not improve anymore, that is if for two swjosant
iterationsn — 1 anch

<0,

n-1

Eq. 16 HGa—cD

—HGa— c”
n

for a sufficiently smallo. Following this termination, we propose a GRASeyglgorithm that
modifies the constraints as well:

D The symbol\_ J in equation 10 is the floor function and refersghe largest integer smaller than the
number inside.
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O @ + -
Cn,i +\/Cn,i + 4ZGij an—l,j ZGij an—l,j
j j
r =

" 2) Gjay.,
J

,aaij

Eq. 17 CE,i = CE—l,i -3¢ CE—l,i - ZGij A J x Min { CE—l,i - ZGij A
i i

: ’ . n
with Cg,i =C|D’ 2 =an—1,jrnsgn(6”) ,and i= n-{N_JNc’
c

where 0< @< 1 andg; is the standard error of We refer to this algorithm as CRAS (‘Conflicting
RAS"). The essence of this idea is that once GR&®&inates in oscillations without reaching
convergence, the original external constramtsan clearly not all be satisfied simultaneoushd a
either some of them or all of them must be errosebuorder to achieve convergence, ¢heust
be modified “towards” their realisation&4};. Since each constraint is known to a higher oelow
degree of accuracy. Therefore, an amamgrtis added or subtracted from eacﬁjlyi, depending

D —
on the sign Sgn(in—lyi ZG” Ay, ). The constantr can be chosen freely: The higher its value,
J

the more rapid the adjustment process, but alsonttre inaccurate the adjustment. Note that in
order to prevent overshoot in situations whereréfadisation {Ga}; is closer to the; than g, the

. . o _ZG . . . .
maximum adjustment allowed |§nf1,i i &g, j |. With constraint values modified as in Eq.
J

17, the termination criterion of CRAS is equalhattin Eq. 15.

3. Data sources and data preparation

3.1. UK input-output data

One important part of the work involves the promisbdf meaningful initial data. The closer these
initial estimates are to the ‘real’ data, the maceurate the balanced results will be. The starting
basis for our calculations in this project will bee currently available input-output data from

ONS. Additional information such as the transitioatrix from basic to purchaser’s prices in the

Analytical Tables 1995 form other crucial infornmatiabout the structure of imports and other
data.

In the UK, input-output data are collated and pl@d regularly by the Office for National
Statistics as part of the National Accounting framek (ONS 2006), (Mahajan 2008)The data
are presented in various formats of which thosé wie highest numbers of sectors and detailed
inter-industry transactions including those withreign countries are most relevant for this

21 geehttp://www.statistics.gov.uk/inputoutput
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project® For the years from 1992 to 2004 the following ¢éambhre currently publicly available
(numbers in brackets show the numbers of sectoheadings in the tables; excluding totals and
sub-totals):

ONS Table 1: Domestic output at basic prices (123)

ONS Table 2: Supply of products in basic and pasehs' prices, including trading
margins and taxes less subsidies on products (123)

ONS Table 3a: Demand for products - The 'Combinsé bhatrix - Intermediate demand
(123 x 124) (all intermediate consumption at pusehg prices, except of
Gross Value Added and Total Output which are aichaices)

ONS Table 3b: Demand for products - The '‘Combined' thatrix - Final demand (123 x
11) (all at purchasers' prices)

ONS Table 8: Summary analysis of domestic outpbiagic prices (supply matrix, 30 x
30)

Additional 10 analyses (not relevant for the cutrgioject):

ONS Table 4: Household final consumption expemditoy functional heading (123 x
43)

ONS Table 5:  General government final consumpbiype of service (123 x 8)
ONS Table 6: Gross fixed capital formation (123%

ONS Table 7:  Production accounts by sector andtier whole economy (summary
table)

Expanding supply tables

For the purpose of this project it is advantageiousave initial estimates of supply tables in 123
sector breakdown. Published data however show aim@upply tables by 30 industries only
(ONS Table 8) and much of the data even at thisl levaggregation is considered disclosive. A
request to ONS to provide supply tables at 123strtks by 123 products was not granted on the
grounds that this would be contrary to currentistias legislatiof®, even on the proviso that they
are not published (Gazley 2007).

We have therefore reverted to Eurostat which alddighes these tables (Eurostat 2007). The 10
data from ONS is consistent with the European @ysté Accounts (ESA 95) and is regularly

submitted to Eurostat. However, the Eurostat pabbns show supply tables in a 59 sector
resolution and thus in a more detailed format ten30 sector supply tables published by ONS.

2 hitp://www.statistics.gov.uk/about/methodology _therme/inputoutput/latestdata.aghue to an ongoing
major programme of modernisation of the UK NatioAatounts, the annual updating of the accounts in
theBlue Book 2007hrough the existing supply and use tables idatohg place in 2007 and the latest
annual benchmark data will not be incorporated @)8. In 2007 ONS is not producing Input-Output
Annual Supply and Use Tables or Input-Output Anadyfor the year 2005 (Beadle 2007).

% This policy is outlined on page 301 of the UK tty®utput publication (ONS 2006).
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These 59x59 supply tables are available for the $685 to 2004 and have been expanded to
123x123 tables by using the following procedure.

Suppressed (confidential) data points were estinatel filled in manually in the original 59x59
Eurostat supply tables in such a way that indusiny commodity totals would change less than
1% and that the highest value in any one row ournal would always be at the crossing of
industry and corresponding commodity (diagonal wipry products). These tables were then
expanded to 123x123 sectors by using total outpundustries and commodities as given in ONS
Table 2. Vertical expansion from 59 to 123 secteas done by applying the proportions of total
domestic supply of 123 products to all rows of theply matrix. Accordingly, horizontal
expansion was performed by applying the proportiohdotal output of 123 industries to all
columns of the supply matrix. Information on thenpipal product as a percentage of total
industry output and of total commodity output (itee proportion of diagonal vs non-diagonal
elements, provided in ONS Table 2) was then usedcasistraint for balancing the supply tables.

Creating domestic use tables in basic prices

Combined use tables for intermediate and final dehse provided by ONS in 123 sector format
(ONS Tables 3a and 3b; (ONS 2006). Two modificatioaed to be made before these tables can
be used in the MRIO model; they need be converteth fourchasers' prices to basic prices and
imports need to be subtracted in order to obtaendibmestic use tables for intermediate and final
demand (" andy" in Table 1). The ‘transition matrix' published ®WS in the 'UK Input-
Output Analytical Tables 1995' achieves both stepsne go by combining imports, trading
margins and taxes less subsidies in one table (&uizMahajan 2002). We use this transition
matrix from 1995 for two purposes, a) to createithigal estimates of the imports matricel§",

ye Uyt U™, vy, and b) to derive a domestic use matrix in basimep for each year 1992 to
2004. More specific information, such as transitsord/or imports matrices for years other than
1995 — which would have made our initial estimaitese accurate — was not available from ONS
(Mahajan 2007), (see also Druckman et al. 2007).

Whilst the Use and Transition tables are providedgiioduct by industry form, the published
Imports table is in product by product form, whiabcording to (Ruiz and Mahajan 2002) was
calculated by applying RAS to known product colutotals of a product by industry table. As a
first step, hence, the imports table was necegsariengineered into a product by industry table
by re-applying RAS to the published industry colutotals. The resulting product by industry
Imports table was then subtracted from the pubdisheduct by industry Transition matrix to
obtain a Transition matrix that referred only tos@ibutors' trading margins and Taxes less
subsidies on products. Finally, the domestic Ubteta basic prices was obtained by subtracting
the Transition and Imports tables from the origidak table.

The lack of structural data on imports and mard@ansany year other than 1995 necessitated the
assumption that there had been no change in tliveelamount consumers pay/receive in
imports, taxes/subsidies and distribution margiosnf1995 to other yeaf$The total amount of

24 Note that this problem (the difficulty of convied Use tables from purchasers' to basic pricesframal
combined to domestic layout because of lack ofipbbt data due to confidentiality guidelines being
followed by ONS) is also well documented by (Druekmet al. 2007).
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imports, taxes/subsidies and margins of each ptpdsichowever, known, and included as a
constraint on the data.

The method to split up the total imports matrixoigontributions from the three world regions is
described in Section 3.3 below.

3.2. Non-UK input-output data

Absolute figures for 10 analysis that corresponthi Rest of the World (ROW) are not available.
Thus, in a MRIO model, this region can not be exiyi, but only structurally modelled. As such,

only the technical coefficients estimated for th@WR will be included, and not total levels of

transactions between foreign economic sectors.

There are only a few databases worldwide that hgddit-output tables for the whole or large
regions of the world economy. The most importast@ECD, GTAP, IDE-JETRO and Eurostat.
In the following we examine the suitability of tleodatabases for our ROW approximation.

The OECD Input-Output Database has recently bedatad with the 2006 edition (Ahmad et al.,
2006;Wixted et al., 2006;Yamano and Ahmad, 200ée Tirst edition of this collection of 10
tables dates back to 1995 and covered 10 OECD mesiispanning the period 1968 to 1990. The
first update to this was the 2002 edition of thealdase, which increased the country coverage to
18 OECD and 2 large non-OECD countries, spanniegoriod 1992 to 1997. The 2006 edition
has continued this expansion and includes 37 cesn{8 OECD and 9 non-OECD) further
strengthening the ability of the database to alfibevanalysis of global issues. These latest tables
are based around the year 2000 for most countiesigh for some, more recent years are
provided (for example, 2003 for Mexico). Figure Hows the coverage of global GDP of the
respective editions of OECD IO tables. For a broadrview of potential uses of 'harmonised’
Input-Output tables see (Wixted et al. 2006).

% Compare with the summary on databases of infermadtinput-output transactions from (Wixted et al.
2006):12-14).
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Figure 1: OECD IO Database of global GDP by edition (from (Ahmad et al. 2006;
Yamano and Ahmad 2006).

The OECD database however does not offer aggred@tédbles for world regions or even the
whole world economy. For this purpose, individwlles would have to be aggregated separately.

OECD input-output and trade data are also usechbyetonometric model GINFORS (Global
INterindustry FORecasting System) which was apgliethe European MOSUS projétfLutz et
al., 2005) (see also (Meyer et al., 2003a;Meyeal et2003b) as well as (Giljum et al., 2006b)
(Giljum et al., 2006aj’ However, although time series from 1980 to 2002tfade data are
provided, the model does not aggregate data fraimidgual countries and thus there are no input-
output data for larger world regions (see also @iiann et al., 2007).

The Institute of Developing Economies (IDE-JETR®tp://www.ide.go.jp offers a database of
international input-output tables for Asia and U@ for the years 1985, 1990, 1995 and 2000. The
general layout is depicted in Table 3 (the moshitkt industrial classification comprises 76
sectors.). The tables also include import and eéxpatrices for Hong Kong, the EU and the “Rest
of the World" but obviously this is not the sametashnology matrices. Basically, IDE-JETRO
define the ROW matrix as a residual of import neasi from the national 10 tables after
separating out all the import matrices from the mencountrie¥, and treat it as exogenous data

% “|s Europe sustainable? MOdelling opportunitias &mits for restructuring Europe towards

SUStainability”, sedttp://www.mosus.net

As a follow-up of the MOSUS project it is interti® set up a global multi-country input-output rabd
in order to quantify embodied natural resource irequents and to calculate comprehensive material
flow indicators such as Total Material Consumpt{@C) (Giljum, 2005).

Japan, USA, China (mainland), Korea, Taiwan, iveia, Malaysia, Thailand, the Philippines,
Singapore, Hong Kong, and EU.
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to the Leontief inverse system. Henceforth, an Armdor the ROW is not estimated (Inomata,
2007).

Table 3:  Schematic illustration of the 2000 Asian international input-output table
from IDE-JETRO (Inomata, 2007).

The schematic image of the 2000 Asian international input-output table

Intermediate Demand (A) Final Demand (F) Export (L)
R R 22 £ H 38
§ R EE 28 g5 <|EEEREEEos 0% og o5 o<|E9F |5k 2
€ 35 2% 8§ % 2 i a|f 8 F 2 EOE£EE S o4|ipioEn|ifed
22 F & e 5 & 8 8 SIE S E S E S8 8§ & S|BE4RE3EAEE
code| AD (AM) (AP) (AS) (AD) (A0) (AN) (AK) () (V)| FD W) (FP) (F9) D (FO (FN) (FK) (F) )| i) | wo)| aw | @o | &0
Indonesia QAD AH A\M AIP AIS AIT AIC A\N A\K A\J AIU FII F\M F\P F\S FIT F\C F\N FIK F\J FIU LIH LIO L\W QI X\
Mn]aysia aM) AMI AMM AMP AMS AMT AMC AMN AMK AMJ AMU FMI FMM FMP FMS FMT FMC FMN FMK FMJ FMU LMH LMD LMW QM XM
Philippi.nes AP) API APM APP APS APT APC APN APK APJ APU FP\ FPM FPP FPS FPT FPC FPN FPK FPJ FPU LPH LPO LPW QP XP
Singapore (a8) ASI ASM ASP ASS AST ASC ASN ASK ASJ ASU FS\ FSM FSP FSS FST FSC FSN FSK FSJ FSU LSH LSO LSW QS XS
Thailand an AT\ ATM ATP ATS ATT ATC ATN ATK ATJ ATU FTI FTM FTP FTS FTT FTC FTN FTK FTJ FTU LTH LTO LTW QT XT >:)/i)|gzgearlts
China A0 ACI ACM ACP ACS ACT ACC ACN ACK ACJ ACU FCI FCM FCP FCS FCT FCC FCN FCK FCJ FCU LCH LCD LCW QC XC price
Taiwan AN) ANI ANM ANP ANS ANT ANC ANN ANK ANJ ANU FNI FNNI FNP FNS FNT FNC FNN FNK FNJ FNU LNH LNO LNW QN XN
Korea AR AKI AKM AKP AKS AKT AKC AKN AKK AKJ AKU FKI FKM FKP FKS FKT FKC FKN FKK FKJ FKU LKH LKO LKW QK XK
Japan 7%) AJI AJM AJP AJS AJT AJC AJN AJK AJJ AJU FJ\ FJM FJP FJS FJT FJC FJN FJK FJJ FJU LJH LJO LJW QJ XJ
USA. ) AUI AUM AUP AUS AUT AUC AUN AUK AUJ AUU FUI FUNI FUP FUS FUT FUC FUN FUK FUJ FUU LUH LUO LUW QU XU
Freight and Insurance ___(8M)| BA' BA" BA” BAS BAT BA® BA" BA® BA’ BAY| BF' BF" BF® BFS BF' BF® BF' BFX BF’ pp![®— International freight and
Import from Hong Kong (G| A A AHP AHS AHT AHC AHN AHKC AHD AHU[ EHE CHUM DR EHS CHT pHC pHNG pHK pHI pHU L:se#'zz(r:ig:ntt?izg(a:i,bg"géen
Imponﬁrom EU (o) AOI AONI AOP AOS AOT AOC AON AOK AOJ AOU FO\ FOM FOP FOS FOT FOC FON FOK FOJ FOU Valued at C.LF.
g:l:‘:r:mﬂxogo.w. ©w) AWI AWM AWP AWS AWT AWC AWN AWK AWJ AWU FWI FWNI FWP FWS FWT FWC FWN FWK FWJ FWU Impon duties and import
C dity Taxes ©op] DA' DAY DA DA® DAT DA® DAM DA® DA’ DA| DF' DF" DF® DF® DF' DF° DF" DF DF’ DF'[¢—— commodity taxes levied on
Value Added v VIV VP VS VT Ve WY VW allrade.
Total Inputs ool X' XM X" x® xT x© xM x* x x! x * and F*

In a columnwise direction, each cell in the table shows the input compositions of industries ~ Turning to the 11" column from the left side of the table, it shows the compositions of goods and
of respective country. A" for example shows the input compositions of Indonesian industries ~services that have gone to final demand sectors of Indonesia. F" and F"", for example, maps the

vis-a-vis domestically produced goods and services, i.e. domestic transactions of Indonesia. the inflow into Indonesian final demand sectors, of goods and services domestically produced and
A™ in contrast shows the input composition of Indonesian industries for the imported goods  of those imported from Malaysia, respectively. The rest of the column is read in the same manner
and services from Malaysia. The cells A" AT AT AT AN AY AT AY AT AV, AY as is done for the 1% column of the table.

allow the same interpretation for the imports from other countries. L™ L™, L™ are exports (vectors) to Hong Kong, EU and the Rest of the World, repectively.

BA and DA give international freight & insurance and taxes on these import transactions. Vs and Xs are value added and total input/output, as seen in the conventional national I-O table.

The European System of Accounts ESA 95 has edtablia compulsory transmission of tables of
the input-output framework by the European MemhateS. In detail this concerns annual supply-
and use-tables, five-yearly symmetrical input-otitfables, symmetrical input-output tables of
domestic production and symmetrical input-outpiiés of imports. All these tables cover the
period from 1995 onwards and are harmonised by at'e standardised questionnaire, which
distinguishes 60 products (classification CPA P@&@d 60 industries (NACE Rev.1 AG60).
Currently, 10 data are available for 24 Europeanrider States and Norw&yHowever, there are
no aggregated 1O tables for parts or the whole wbge® See also (Huppes et al., 2006) for a
critique of the 10 data situation in Europe.

2 http://epp.eurostat.ec.europa.eu/pls/portal/uréf@GP DS ESA IOT/PGE DS ESA 01

% The Regional Economics Department at the UnityecdiGroningen offers some EU inter-country
input-output tables for downloadnivw.regroningen.nl/index_en.htinkthe most recent one from 1985
featuring six interlinked EU countries.
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A linked 10 model with world coverage is descrid®d(Shimpo and Okamura, 2006). According
to this source, Keio University is compiling an émiory of 1O tables from more than 60 countries
by sending questionnaires to national statisti¢Ates in the world and conducting surveys on
website. However, no more information could beiegad from the website.

GTAP (Global Trade Analysis Project) is a globatwmk of researchers and policy makers
conducting quantitative analysis of internationaliqy issues and is coordinated by the Center for
Global Trade Analysis, Purdue University, USHttp://www.gtap.agecon.purdue.gdéroducts
from GTAP include data, models, and utilities foultiaregion, applied general equilibrium
analysis of global economic issues. The GTAP 6 date (Dimaranan 2006) describes bilateral
trade patterns, production, consumption and intdiate use of commodities and services of the
global economy in 2001. The data is disaggregaitéd tsectors and 87 countries/regions and thus
the data base is able to capture some detail efdctions between domestic sectors as well as
international trading partners. Aggregated datg. @ne large 10 table of the world economy) is
not available for GTAP 6, although two aggregatiohshe GTAP 5 data base can be purchased
(10 sectors x 66 regions and 57 sectors x 10 reyion

GTAP data are used in several studies with MRIO et®fbr the calculation of impacts embodied
in trade (see (Wiedmann et al., 2007). Whereas rf@h@005) aggregates the data into nine
regions of the world, Nijdam and colleagues (Nijdat al. 2005) construct technological matrices
for three world regions from the GTAP input-outpables, representing OECD Europe, OECD
non-Europe and non-OECD countries.

The Netherlands Environmental Assessment AgencyRMWilting, 2007) courteously provided
us with the technical coefficient matrices for 19%2d in the study by (Nijdam et al. 2005) which
are based on the GTAP 5 database as well as sithilar dataset for the year 2001 (based on the
GTAP 6 database). These six technological matnes® derived from GTAP coefficient 'cost
structure of firms' and distinguish 30 economicteexc The coefficients include both domestic as
imported inputs. By using these coefficients iassumed that the imports of a certain region are
produced with the technology of that region (seigd@¥n et al. 2005): 151).

We use the six tables to apply constraints to tid®/for the three non-UK regions. Due to the

lack of data for any years but 1997 and 2001,cstatithnical coefficients are assumed for three
time periods: 1997 and earlier (using 1997 technoceefficients); 1998-2000 (using average

coefficients); and 2001 and later (using 2001 texticoefficient).
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Table 4: Country coverage of three world regions inthe UK-MRIO model as adopted from
(Nijdam et al. 2005)

Region e Region o Region w
OECD Europe OECD non-Europe non_OECD

Austria Canada All other countries

Belgium Mexico

Czech Republic United States

Denmark Australia

Finland Japan

France Korea

Germany New Zealand

Greece

Hungary

Iceland

Ireland

Italy

Luxembourg

Norway

Poland

Portugal

Slovak Republic

Spain

Sweden

Switzerland

Turkey

United Kingdom®)

*) Due to the original model purpose of (Nijdarh @. 2005) the A matrix from Region e includes
technical coefficients from the UK and excludessindrom the Netherlands. However, £énissions
were compiled differently in order to be more imeliwith the purpose of the UK-MRIO model and thus

include CQ emissions for the Netherlands and exclude thosthéUK (see Section 3.4 below).

3.3. Trade data

Imports matrices

A very important component of the MRIO system ipaate matrices for imports to (UK)
intermediate and final demand for each of the thwedd regions. These are not part of the annual
ONS publications and a total imports matrix hasydmten published once as part of the 1995
Analytical Tables ("Imports Use matrix at basicces, Product by Product”, (Ruiz and Mahajan
2002). We have described in Section XX above hownvagle use of this information to derive
imports matrices for all years of the time serlaghe following Section we describe the method
to split up the total imports matrix into contribarts from the three world regions, i.e. to create
e,y U, vy, U™, andy™ in Table 1.

There is a range of international trade statidtied specify trade volumes in both f.0.b. and .c.i.f
valuation. However, these statistics only detag# #mounts of commodities traded between
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countries but not their usage by industries (eleémg" flow matrices). In other words, it is in
general not possible to find information on thetigpaorigin of every intermediate and final
import, disaggregated according to the consumimgosen the country of destination (see also
(Boomsma et al. 1991, pp.7-8). This is mainly beeaaf the considerable cost, time and resources
that are associated with conducting internatiom@listry surveys (Round 1978; Round 1978).

One solution to the generation of an initial (peddmcing) estimate of off-diagonal trade flow
matrices is to useade coefficient¢a non-survey approach)

Th :
c® = Z' — with ) ¢*=1
u
Eq. 18 a

describing the percentage of imports of commodityto countrys (here the UK) that come from
countryr. These trade coefficients can then be appliethterdire row of the national imports
matrices M;°} and imported final demand vector§®) in order to yield breakdown according to
country of origin:

Eq. 19 Uijrs :qrsMijS and yirs — irs fiS |

This procedure assumes that the trade coefficemetsdentical for all entries along a row of the
imports matrix, that is for all using domestic isthies. Additionally, for years without separate
import matrices (which is the case for the UK),igitial estimation of import coefficients can be
made by assuming the relative importance of thgeisd commaodity by industry is constant over
time.

Trade data

International trade data are available from a ward sources including ONS, Eurostat, OECD
and UN Statistics. In addition, and especially tfeg years 1999 to 2004, UK specific trade data
are also available from HM Revenue & Customs’ fStats and Analysis of Trade Unit’
(http://www.uktradeinfo.comm which formed the main data source for trade dsgted in this
project.

However, when compiling the trade data we encoaedterajor problems, e.g.

« trade in services is not included in the standaitdizthses
« concordance matrices had to be constructed in todsmnvert the data to a 123 sector format

» data for the years 1996 to 1998 from HMRC was diffarent classification than the data
available fromwww.uktradeinfo.con{and had to be purchased).

» data for the years 1992 to 1995 were not availabédl.

Trade in goods

We obtained data dfade in gooddn 5 digits SITC (Standard International Trade €ofbrmat
from HM Revenue & Customs for the years of 19992 @0@wvw.uktradeinfo.com The dataset for
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each year is available for 240 countries on appnately 2,500 different products. According to
the requirements for this project, we needed topilenthe trade dataset in the format of three
world regions by 123 economic sectors. A countrgoosdance matrix was used to compile the
240 countries into the three regions — European DE@untries, Non-European OECD countries
and the rest of the world. A commodity concordamcatrix was used to convert the 2,500
products in SITC format into 123 input-output categs in terms of theClassification of 123
Input-Output industry/product groups by Standamubtrial Classification (SIC) 2003 and NACE
Revision 1.1” as provided in “UK input-output ansily — edition 2006, and the concordance
matrix between SITC and SIC 2003 as provided by&af?’,

For the years of 1996-1998, datatefde in goodsn 4 digits SITC format had to be purchased
from HM Revenue & Customs. The dataset only pravithee data (imports or exports) between
the UK and the other countries which have tradestations in particular commodities, but no
data entry is made if there is no transaction éven 'zero'). This results in an inconsistencyhef t
country list in every product. For example, undes tategory of “growing of cereals and other
crops”, the dataset provides the trade data fdr Baince and Austria since the two countries have
transactions with the UK for cereals products agticular year. However, under the category of
“farming of cattle, sheep, goats, horses, asselestand hinnies; dairy farming”, the dataset only
shows the data for France but not Austria sincetriuslid not have trade transactions with the
UK for this particular product. Therefore, the nwanlef European countries which had the trade
transaction with the UK for the category of “groginf cereals and other crops” is 9, but the
number changes to 5 for the category of “farmingattle, sheep, goats, horses, asses, mules and
hinnies; dairy farming”. In order to compile thetado the standard format of three regions with
123 input-output sectors, we had to take five stechieve this. Firstly we sorted the dataset by
country alphabetically and separated the trade letimseen EU OECD countries, Non-EU OECD
countries and the rest of world in three differles. Secondly we sorted the data in each file by
SITC category; and then run the subtotal for ed@iC £ategory; extracted and saved the subtotals
to a new file for each region. Each subtotal carstahe information of summation of each SITC
product in all countries in each region. Thirdly wempared the SITC lists between the three
regions (three different files); there are 1034doicis categories in the list of EU OECD countries,
1030 categories in Non-EU OECD countries and 1@#28gories in the rest of world. In order to
make the lists consistent, we manually assignedo&eto the missing categories in Non-EU
OECD countries and the rest of world lists to malansistent list of SITC categories of 1034 for
all regions. Fourthly we created a concordance imattween the 4-digits SITC format (1034
sectors) with 123 10 sectors. At last, we distispeid between EU OECD countries, Non-EU
OECD countries and the rest of world.

For the early years (1992-1995) there was no trdd® available at all. Enquiries with
professional data providers suggested by HMRC texuh no response. Due to this unavailability

31 ONS website
http://www.statistics.gov.uk/downloads/theme ecowbnput Output Analyses 2006 edition.pdf

Eurostat website
http://ec.europa.eu/eurostat/ramon/relations/irdfm@TargetUrI=LST REL&StrLanguageCode=
EN&IntCurrentPage=2
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of trade data on country level for these years segla linear trendline from the year 1996 to 2004
and projected backwards the figures for each ioptput sector between 1992 and 1995.

As a last step, we compared our datasétaofe in goodswith the totals for imports in goods from
the Supply and Use tables provided by ONS. The satiom of the three regional trade data in
each 10 sector matches with the ONS totals for mspia the region of £20% or better. In order to
be consistent with IO data, we derived the pergentaeakdown of each IO sector for the three
regions for each year by using the compiled datagdrade in goods then multiplied the
percentage breakdown with the sectoral ONS totainfiports in goods to generate the compiled
trade in goodslataset in the format of three world regions b$ 4@ctors.

Trade in Services

Data on the Uktrade in servicess available from the 'Pink Book' published anhully ONS
(ONS 2006). By courtesy of ONS we obtained Exceleas of trade in services data for the years
of 1997 to 2004 (Lowes 2007). The trade in servidata has 11 categories with distinction
between 31 regions and countries. Similarly topteeess of compiling the datatwéde in goods

we firstly aggregated the data into three regiéios.the category of EU OECD countries, the data
is available for 1997-2003, which is representetEa$15” in the original dataset. The “EU 15" is
replaced by “EU 25" in 2004 dataset, we assumedttiganew 10 EU countries have same trade
pattern to “Philippines”. Therefore to generate BBCD in 2004, we used the EU 25 figures
minus ten times the Philippine’'s services impodsthe UK. For the category of Non OECD
countries, most of individual countries data arailable except Norway, Czech Republic and
Poland. We assumed that the three countries hawesdme trade pattern as South Korea.
Therefore, we add all available Non EU OECD cowesstdata plus three times the figures of South
Korea. To generate the figures of the rest of wonld deducted the EU OECD and Non EU
OECD from the world totals.

Finally, we assigned the 11 services categoriethe¢o57 IO services sectors by generating the
percentage breakdowns for the 11 services categba®veen the three world regions, and then
multiplying with the ONS totals for imports in s@®s. This results in trade in services data for
the three world regions by 57 10 services sectdnichvare consistent with the total imports

figures provided in the annual Supply and Use Tablaain, for the early years 1992 to 1996,

where no trade in services data is available, veel tise trend for the year 1997 to 2004 for each
sector and projected backwards.

3.4. Carbon dioxide emissions and intensities

Sectoral carbon dioxide emissions estimates for thé economy can be found in the
Environmental Accounts, which are published bi-allyuby the Office for National Statistics
(ONS 2007). The data distinguishes emissions franp@duction and two household activities
(travel and non-travel) and is available for thi fime period from 1992 to 2004 covered by the
multi-regional model. For the years 2000, 2001,22@0d 2004 C@emissions were allocated
from sector “Mining of metal ores” (SIC92: 13) tecsor “Other mining and quarrying” (SIC92:
14) (minor in size), because no economic activitiese recorded for these years (industry output
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= £0). To retain as much detail as possible inMfR#O model, the carbon dioxide emissions data
were further disaggregated to the 123 sector lefséhe supply and use tables. In the absence of
better information, C®emissions were broken down proportionally to tatalustry output. For
example, emissions of sec®ican be broken down into two sub-secrsinde, given available
information on total industry outpg; andg, by

_ _9n di2
€ =€, tg,=——&+——
Eq. 20 9, g

with 9,=9,: %0,

€

As a direct consequence, ¢fdtensitiesd; andd, in these sub-sectors will be equal to the,CO
intensity in the aggregate secthrthat is

Eq. 21 djl:i:_]:d_zizdjz

As the 91 production sectors of the Environmentaduints could not be directly mapped onto the
123 sectors of the SUT publication without furtaggregation, only 76 different UK-specific €O
intensities are distinguished in the multi-regiomaldel across the 123 production sectors (see also
Wiedmann et al. 2006).

CO, emission data for the rest of the world were takem the database provided by the
International Energy Agency (IEA 2006). The datarestricted to C@ emissions from fuel
combustion. Even though the IEA database covergealis from 1992 and 2004, emission data
was only compiled for the years 1997 and 2001 éenabsence of other input-output data for non-
UK regions. The data is consistent with the IPC&&storal approach (see IEA, 2006: chapter 5).
However, in order to gain a more complete pictufeC@®, emissions embodied in products
imported to the UK, emissions from internationalrima bunkers and international aviation were
included as well. C@emissions in 140 countries as distinguished in IE# database were
aggregated into the three world regions (OECD-EefrdpECD non-Europe, non-OECD) of the
MRIO model. Equally, 31 sectors of the IEA data everapped into the 30 sectors distinguished in
the MRIO model for non-UK regions. In this contéxivas assumed that all G@missions from
energy production arise in the energy sector elmvas auto-generated by another sector.

CO, intensities for non-UK regions were derived by idivg sectoral C® emissions of a
particular region by total sector industry outputewever, while monetary data for the UK is
provided in British pounds (£), non-UK regions aeeorded in US dollar ($). In general, to deal
with differences in currencies in multi-regional dets two approaches are available: adopt a
mixed units approach, such that the national priboiiand demand data is kept in the national
currency, and trade matrices are recorded in mixe$, where units are constant across any one
row of the MRIO table, but not across any columine Becond option is to convert the output data
of all regions to a single currency. Due to the-dinectional nature of the multi-regional model
developed here, total industry output vectors fa@ hon-UK regions were converted from US
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dollars into British pounds (£) using purchasingvpo paritied® provided by the Organisation for
Economic Co-operation and Development (OECD, 20@0e to differences in classification
between the input-output and the IEA data, 18 difie CQ intensities could finally be derived for
the 30 sectors distinguished for the non-UK regiarthe model.

4, Matrix balancing using CRAS

4.1. First experiences

» Estimates on errors were obtained from combiniagddrd sampling errors from the ONS
published Annual Business Inquiry Quality Measwtatbase with respective figures from the
main Annual Business Inquify.Relative standard errors were calculated and segreagainst
the totals.

* We had to implement non-unitary coefficients fag grincipal product constraints, this
additional feature slowed down the CRAS routinestderably.

4.2. Production of Symmetrical IO Tables - Technology
assumptions in a supply-use representation

The deliverable of this project is a time seriedbalanced (monetary) input-output tables for the
UK (“Analytical 10 Tables”, “Leontief Inverses”, ‘Bnmetrical Input-Output Tables”) for the
years 1992 to 2004, based on the initial estimatgsconstraints compiled for each. Such a time
series is very useful when carrying out a numbermdlyses, including long-term Structural
Decomposition Analysis (SDA) (see e.g. De Bruyn @QIacobsen 2000; Kagawa and Inamura
2001; Hoekstra and van den Bergh 2002; Kagawa €0aP; Alcantara and Duarte 2004; Lenzen
2006; (Llop, 2007); (Dietzenbacher and Stage, 2088)l trend analyses. Such analyses allow the
identification of driving factors that contributeost strongly to growing environmental pressure
and unsustainability.

This section addresses the question of technolegynaptions in a supply-use representation as
used in the UK-MRIO model.

The United Nations Handbook on input-output tablempilation (United Nations 1999)
distinguishes two basic technology assumptionsthin industry technology assumptionthe
production recipe is unique to an industry, whiteducts’ input recipes are a weighted sum over
industries’ production recipes. In the commoditghi@ology assumption, the input recipe is unique

% Ppurchasing Power Parities (PPPs) are currenoyecsion rates that both convert to a common cugrenc
and equalise the purchasing power of differentanaies. In other words, they eliminate the diffessn

in price levels between countries in the processoakersion.
Seehttp://www.statistics.gov.uk/abi/quality _measurep.&tandard sampling errors and 'Coefficients of
Variation' are given imttp://www.statistics.gov.uk/abi/downloads/ABI_Qixal Measures.xls

This assumption could also be caltadsumption of fixed product sales structuresicording to
(Thage, 2005) and (Yamano and Ahmad, 2006). Boltigations argue in favour of the compilation of
industry-by-industry tables based on this assummind present a number of advantages.

34
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to a product, while industries’ production recige a weighted sum over their primary and joint
products.

In the UN Handbook, technology assumptions aretde@éh for symmetrical input-output
coefficients tables (SIOT). However, both indusind commodity technology assumption can be
represented using supply-use formulations withdwe heed for producing a SIOT. In the
following we will use the standard United Natior®ation (United Nations 1999), except for the
supply matrix, which we will calV instead of M signifying the older term “make mairiLet a
single-region supply-use transaction bldcke represented by

0O U
Eq.22 T= ,
v ol

with U being a product-by-industry use matrix, showing itiput U of commodity i into industry

j, andV being a industry-by-product supply matrix, with $howing the output by industry i of
commodity j. This block formulation is well known the input-output literature ((Gigantes 1970;
Schinnar 1978)).

Let T satisfy the national accounting identity

wn [o U

where [1 1]'is the row summation vectoy, is a vector of final demand of products, anandg
are vectors of gross output of products and intsstrespectively. Let

- A -1
Eq. 24 D O V 0]l 0 g

be a supply-use coefficients block, where the patb®l (“*") denotes a diagonalised vectBris
called the (product-by-industry) use coefficientatnx, andD is called the (industry-by-product)
market share matrix.

Industry technology assumption

Industry technology assumes an input recipe thehasacteristic for an industry; this is in essence
the use matrixJ. Therefore, the supply-use blocks in Eq. 12 bdgieasume industry technology.
The UN input-output handbook(United Nations 199§s.E4.4 and 4.12), provides instructions for
combining use coefficients and market shares iith@iea symmetrical industry-by-industry input-
output coefficients matrix
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Eq.25 A, =DB,

i
or a symmetrical product-by-product input-outpuefticients matrix

Eq.26 A,_=BD.

l,cc

These matrices are used in either the industryabystry input-output model (United Nations
1999, Eq. 4.10)

Eq.27  (1-DB)g=Dy,,
or in the product-by-product input-output modeln{tdd Nations 1999, Eq. 4.9)
Eq.28  (1-BD)g=vy, .

Using the compound supply-use-block formulatiomnalq. 24, a compound Leontief Inverse can
be written as

-1
| -B
Eq. 29 LY = :
-D |

Using the partitioned inverse of (Miyazawa 1968), #9 can be written as

Eq. 30 L0 = I+BL,;D BL;
q. | = ,
L,..D L

whereL, . = (I - DB)_l is the Leontief Inverse of the industry-by-indysitnput-output model.

1, ii
Considering the series expansiBh., . D = B(I +DB + (DB)2 + )D Eq. 30 can be simplified

to

E 31 LD —_ L|,CC BI_|,II
q' - I
L,D L

with L, . = (I - BD)_l being the Leontief Inverse of the product-by-prddaput-output model

l,cc

(see Eq. 28).
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Hence, when supply and use matrices are handlaaegrated blocks, the compound Leontief
inverse elegantly reproduces both product-by-produn industry-by-industry models in one
formulation.

Commodity technology assumption

Commodity technology assumes an input recipe ghettaracteristic for a product. Once again, the
UN (United Nations 1999), Eq. 4.17) provides instiens for combining use coefficients and the
supply matrix into a symmetrical product-by-prodingiut-output coefficients matrix:

Eq. 32 A..=UV.

Ccc

In essenceA . holds the input recipe for products produced lustries. The corresponding

product-by-product input-output model is
Eq.33  (I-Aca=y..

In the context of the commodity technology assuamtthe supply-use block assumes a different
shape; the coefficients matrix is now

A 0 0 Ullg™
Eq. 34 cee 1= 4 o
D 0] [V 0J]|[v* 0

The compound Leontief Inverse can then be writgen a

| -A o L 0
Eq.35  LG= Coe =] o ,
g ¢ { -D J {DLQCC J

whereL . . = (I _AC,cc)_l is the Leontief Inverse of the product-by-prodingtut-output model

C.cc

(see Eq. 33).

Once again, when supply and use matrices are hnndléntegrated blocks, the compound
Leontief Inverse elegantly reproduces both prodhyeproduct and industry-by-industry models in
one formulation.

Further information on the treatment of industighteology and commaodity technology in a make-
use framework can be found in this literature: \1i894; Kop Jansen & ten Raa 1990; ten Raa &
van der Ploeg 1989; ten Raa 1994a,b; UN 1993 ar®®;1®%achsmann 2005; Thage 2005;

Yamano and Ahmad 2006.

-36 -



16" 110A Conference 2007, Istanbul (www.i02007.itu.edu.tr)
Wiedmann et al., Application of a Novel Matrix Balancing Approach to the Estimation of UK Input-Output Tables.

5. Discussion of strengths and limitations of the current
UK-MRIO model

Work on this project is still in progress and réstibr CQ emissions embedded in trade cannot be
given at this stage. We will therefore focus oniscussion of strengths and weaknesses of the
model and on first experiences made during the datign of the initial data estimates and the
balancing procedure. The following list provides averview of the main assumptions and
limitations of the current model and a discussibpassible improvements. Apart from the usual
limitations of environmental input-output models @dd et al. 2007), the peculiarities of this
model are as follows.

» Great care was taken to obtain an accurate piofureports to the UK from the three world
regions. We have used specific UK trade data, ld@amports of goods and services from all
countries in the world (subsequently aggregatetiree world regions) by 5-digit SITC code
(subsequently aggregated to 123 input-output s&ctbotal imports were brought in line with
totals in the official SUTs provided by ONS. Howguao information on the structure of
imports to intermediate and final demand was albgleother than one imports matrix for from
the Analytical Tables 1995. Hence we had to asghatethe relative proportions of imports to
domestic production would not change over timegt@mtially far-reaching and undesirable
assumption. It is hoped that the modernisation WfiNational Accounts (Beadle 2007) in 2008
will provide more up-to-date information on theustiure of imports to the UK.

* We do not consider all possible trade flows betwt@erfour trading partners in the model (UK
plus three world regions). This is due to the that imports (exports) matrices between the
three world regions are not available and woule tlgreat deal of resources to compile.
Therefore our model only considers trade to anchfilee UK. The effect of not considering
extra-UK trade on the estimation of emissions erdbddn UK trade is thought to be small
(Lenzen et al. 2004)report feedback loop effects.5%).

» A future version of the model should include expliand more) countries as trading partners
(instead of world regions) for which it is easierbtain imports/export matrices. Logically,
such a model would include the main individual ingdpartners of the UK. In this context, it
would make sense to put international trade data more consistent basis, e.g. by exploiting
the UN Comtrade data base.

» There are several advantages when using (morejidindi countries in a future model. Supply
and Use tables can be used instead of A matricehwhproves data coverage for time series.
This will allow increasing the numbers of econosgctors to well over 30 as most SUTs are
provided in greater detail by national statistiofices. Not least, environmental data from
individual countries can be used providing muchrionpd sector specifity of C{&missions
and other environmental load factors. For this psep country-specific NAMEAs can be
utilised. Finally, a mixed units approach can bepaed when including explicit trading
partners (see Lenzen et al., 2004).

» Due to the original setup of the (Nijdam et al. 20thodel, the A matrix from Region e
(OECD Europe countries) includes technical coedfits from the UK and excludes those from
the Netherlands. Thus, the economic structureisfrégion is not exactly in line with the
actual trading partners of the UK, but the assediatror should be relatively small given the
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fact that both the UK and the Netherlands are apesl western economies. The errors
associated with the sector aggregation (30 seftibtke three regions vs 123 sectors in the
UK) as well as the unavailability of coefficient tnees for all years are thought to constitute a
further reaching limitation of the model.

For CGQ emissions, however, we have included,@@issions for the Netherlands in Region e
and exclude those for the UK (see Section XX), thausially correcting the discrepancy
mentioned above.

A limitation is posed by detail and classificatidifferences between the economic and
environmental accounts published in the UK: fulrespondence can only be established at the
76 sector level. For more policy relevant analysisiany important sectors such as food,
transport or energy more detail is required. Aparn the need to urge the Office for National
Statistics to reconcile this classification issnd arovide more detailed data, the next version
of the model will use more sophisticated estimati@thods using detailed emission estimates
from other databases such as CEDA (Suh, 2005kalg¢hanese environmental and economic
accounts to break-down (Gemissions. This will allow the distinction of 1#&tead of only

76 emission intensities across the input-outpuiose@nd help to further improve the relevance
of direct and embodied emission estimates assdoréth goods and services produced in the
UK.

Equal limitations are imposed by the availabilifyemission intensities for non-UK regions for
all years between 1992 and 2004. While it doeseein realistic to compile a complete
country-specific input-output database for the whohe period, the next version of the multi-
regional model will use information from economazaunts as published, for example, by the
United Nations or Eurostat to estimate region-dfeemission intensities for all years
included (in addition to specific country data)igwill further improve the reliability of
embodied emission estimates associated with impmitse UK.

Conclusions

The completion of the first stage of a UK speaifialti-region input-output model has achieved its
goal, providing the basis for a specific and rolesttmation of C@emissions embedded in UK
trade. It's main features and strenghts are:

UK-MRIO explicitly models the trade of the UK withree world regions and the associated
flow of CO, emissions

UK-MRIO distinguishes 123 sectors of domestic paiaun and trade
UK-MRIO looks at a complete time series from 1982004

thus UK-MRIO is the most comprehensive and mostisbbstimation of C&emissions
embedded in UK trade to date.

for these reasons UK-MRIO is most relevant andsipeinsable for UK national and
international environmental policy (see also Druaknet al. 2007)

In the course of the UK-MRIO project we also comsted symmetric input-output tables for each
year from 1992 to 2004. This fills a current gapJik input-output data as 'Analytical Tables' are

-38 -



16" 110A Conference 2007, Istanbul (www.i02007.itu.edu.tr)
Wiedmann et al., Application of a Novel Matrix Balancing Approach to the Estimation of UK Input-Output Tables.

only produced every five years with the last onmdpérom 1995. Analytical Tables for the year
2000 will not be produced at all due to a majoridial Accounts modernisation program at ONS
(Beadle 2007).

The UK-MRIO model is the first 'real world' applin of the new matrix balancing procedure
CRAS (Constrained RAS), developed at the Universitgydney, proving its ability the provide
useful results in an empirical context.

The current model is major step towards a fullgdled multi-region input-output model featuring
multidirectional trade of a substantial number &f tdading partners.
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