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Introduction

This document serves as the technical documentation folGh®RIA databas&€heGLORIA
databases a multiregional inputoutput databasethat was built by the University of
Sydney for tha&JN International Resource Panel (UN liRRfe context of the update of the
material footprint accounts forming part of the UN IRP Material Flows Database. To use
synergies between different UNEP initiegs it was decided to use tlfg@LORIAatabasealso
as underlying MRI@ataabsefor the Sustainable Consumption and Production Hotspots
Analysis Tool (SE#AT). As a consequenealditional modifications and quality assurance
was needed to allow to apply thteLORIA databasdso to other environmental categories
as raw materials, to ensure environmental flows through the economy are reflected
adequately.

This document outlines the construction approach for the MRIO table, lists the source data
sets that were used, thquality checks that were performed, and holds additional, method
and dataspecific information about the construction process.

318t August2021
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MRIO construction

MRIO structure

TheGLORIA databasga time series of muttiegional inputoutput (MRIO) &bles that were
constructed using the Global MRIOL@&knzeret al. 2017a)infrastructure. The tables
distinguish the usual componenfisitermediate transactions block T, final demand block Y,
and valueaddedblock V)and are compiled in five levels of valuatiohsthe MRIO design
specific focus was set on the capability to do resource flow analysis (see bEhaw).
dimensions of the MRIO time series a@he following.

Years covered: 19902019

Number ofregions: 164

Number ofindustrysectors: 97

Number of commodity sectors: 97 (abelsare identical to industry sectors)
Number of final demand agents: 6

Number of valueadded categories: 6

Number of valuations: 5

Unit for monetary values: thousand USD current price

MRIO format: homogenous MFSUT structure througput

Please refer to the Appendix for a full list of labels for all these dimensions.

Specific remarks about the model structure (specifically regardipgodaoiction)

TheGLORIA databasea homogenoumulti-regional suppluse table FMIR-SU7J featuring
identical sector labels for both the industry and commodity sectbusther, the supply
tables are as of now strictly diagonal. While it is acknowledged thateduction shaild be
recorded in the supply tables, this is at present future work and requires further data
mining.

Throughout this document, the terms MRIO and{88T are used interchangeably.

Mathematical background of MRIO construction approach used for thisproje

The construction ofhe time series of MRIO databases follows a mathematical approach
that is implemented in the following bassteps A detailed description of the MRIO
construction process used in the IElcam be found in separate publitans(Lenzeret al.
2013; Lenzeet al. 2014, Lenzeet al.2017b; Lenzewt al.2017c)

1. For an initial year of the time series, construct a fully populated initial table that
serves as the starting point for the data compilation proc@$ss initial MRI®@able
is mathematically referred to as theitial estimate

2. For the inital year, collect superior data sets such as official national 10 data,
international trade data, and macreconomic information and organise them in a
mathematical formatso that the initial estimate can be mathematically adjusted to

GLORIA databasechnical documentation Pageb



reflect the informaton contained in these superior data sethe superior data
sources are formulated amathematical constraints

3. Adjust the individual values in the initial estimate according to the mathematical
constraints in a way that the initial table is altered #telias possible while ensuring
that the resulting table reflects the superior data@ssdy as possible. This data
reconciliation process is achieved througlathematical constrained optimisation
The output of this process is thimal MRIQtable for the initial year.

4. For thenext year in the time series, use the final MRIO of the previous step as the
initial estimate and repeat the steps£for this next year.

Specifics of the construction process for GieORIA databasad data sources

1. Note that the initial year is usually chosen according to data availability in order to
construct a robust initial estimate in the initial year. This initial year does not
necessarily have to be one of the end points of the time series. As a result, the
iterative construction process might roll forward or backwards through the time
series as required. For tleLORIA databasthis process was slightly adjusted.
Instead of choosing oaspecific year as the initial estimate year and rolling the
tables forwardsand backwards through the time series, each year ofGh©RIA
databasereceived an individually constructed initial estimate, which was based on
the Eora mode(Lenzeret al. 2012a)for that year.Eora has detailed coverage of
many of the nations represented BLORIA databasand because Eora was
constructed using large amounts of national 10 détés approachyivesthe GLORIA
databasethe necessary foundation in national statistical data.

2. The reconciliation step described underipio3 above was split into several
reconciliation stepswhich were performed successivelshe GLORIA database
ranges amongst the largest global MRIO models compiled to date. The model spans
a time series of 30 years, widachyear featuring five fully populated MRIO sheets,
accompanied by fivaully populatedsheetsholdingthe corresponding standard
deviation values. In order to accelerate this compilation process for this vast amount
of data, the reconciliation procedure waplit into several suisteps which are
outlined in this sectin.

3. For the setup of the GLORIA databasa large amount of manually identified
engineering constraint&ere used Engineering constraints eliminate a common
problem when disaggregating sourdata irto the 97 economic sectonssed in the
GLORIA databasEor example, th&LORIA databageatures the individual
economic sectad a A Y Aaju@ini@nk NB § R & aficoppey ddminated
2NRad &a2dzNOS REGE &aSid  Yiferougmel IR F B | 51 dNESY i )
data preparation process, the sectors of the source datavese matched against
the corresponding sectors in tt@LORIA datmsad Ly (KA & OF-aSsT aYAyY.
FSNNER dzévasty St S B Zlundirduinly NJrE G 2 & Yok cgpper
R2YAYIFIGSR 2NBaé¢d CdzNIKSNI LINRPOS&aaAy3a f
AyiG2 adal ydzZFl Olidz2NB yR OFadAy3a 2F ol aa
to prevent this situation, manual adjustments were made to the source seits
and the finalGLORIA database order to prevent unrealistic transaction values.
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These manual adjustments are summarised in the tengineering costraints. The
engineering constrains are described in detail in Sedbata-specific documentation
-> Emgineering constraint this document.

4. As for many countries, the raw data are more aggregated than the 97 economic
sectors used ithe GLORIA databasthe highly disaggregated datets provided by
UN ComtradéUNSD 2020kgnd UN Service trad@NSD 2P0c)were used early in
the construction process to provide the necessary detai

5. Due to the strong focusfdhe work of the IRP and of the online toSICFHAT on
resource andenvironmentallyintensive economic activitieshe following four data
sources were identified as crucial for ensuring the necessary quality of the final
GLORIA databasene series:

i) the FAOSTAT data on the Value Added of Agricultural Prod{E#gn 2020h)
i) the FishStat Fishery andjdaculture Statistical Time Seri@sAO 2020a)

iif) the Mining und Utilities databag@&NIDO 2020h)xnd

iv) the Industrial Statistics Databa@¢NDO 2020a)

6. The OECD InteZountry InputOutput (OECD 2018)ables track highly aggregated
input-output databases for 64 countries at-3@ctor detail. This database was used
to inform the GLORIA databasiene series to ensure robust intreountry data.

7. TheUnited Nations Main Aggregates databdsitN SNA MA; UNSD 202@a)he only
data source that contains relevant monetary national accounts information. The UN
SNAMA database was therefore used in the construction process oGIhORIA
database

Statistical discrepancies

During the compilation of any larggcale MRIO framework, statistical discrepancies will
occur and need to be addressed. Mathematical data recaticifi algorithns such as the
family of RASnethods(Lenzeret al.2009; Wiebe and Lenzen 2016¥ primarily designed
to tackle data discrepancies in general across the various source data sets for MRIO
frameworks. Given theomplexity of the compilation process, even the most sophisticated
mathematical algorithms are unable to remove statistical discrepancies completely from the
final database. As a result, basic accounting identities may not be fully adhered to by
default.
There are in general two approaches to tackling this issue (see for example the United
National Handbook on Supply, Use, and InPuttput Tables with Extensions and
Applications(UNSD 201&nd the Eurostat Manual of Supply, Use, and Irputput Tables
(Eurosta 2008).
i) lf€20FGS Fff RAAONBLIYOASa (2 GKS AGSY
0KS Y2ad L2LJzt I NJ I LIWNR I OKSE odzi A4 Mo OK
to faulty source data for Changes and Inventories to remain undetected, and 3)
may be unsuitable if a sign reversal is to be expected.
i) Define a separate sectorfor{ G F G Aa G AOFf 5AaONBLI yOASaéd
all concerns raised in the first approach, but introducesdditional, non
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economic sector to the MRIO framework.

During the construction of th&LORIA databasthe statistical discrepancies weretire
order of or below $100,0DUSD, and it was decided to employ the first approddts issue
is discussed in more detail in the Sectidata-specific documentatior> Tabk rebalancing
of this document.

Reliability information

TheGLORIA databasgaccompanied by reliability information for each valentained in

the MRIO(Lenzeret al.2009; Lenzemet al.2012b) The underlying apprach is that each
value within the MRIO time series is considered to be subject to an underlying distribution
(Wilting 2012) Given the lek of information that is availabler this distribution, a normal
distribution is assumed, of which the value given in the MRIO table is assumed to be the
expected value. The reliability for each value is then given by its accompanying standard
deviationvalue. TheGLORIA databas®meswith a full set of standard deviation tables.

Quality checks

All quality checksf the GLORIA databasge primarily focussed on assessing how well the
source data sets are represented within the final MB#abaseThis is ahieved by visual
and numerical adherence analydis.the following, the different visualssessment tools are
given and interpregd.

Heat maps: visual inspection of MRIO tables

The first method of assessment is a visual representation oflifierent MRIOcomponens
through heat maps. Fig 1 shows the heat maps assessmethtf@LORIA databaser
2015, whichis the last year where all constraints data sets were avail&gemore recent
years, not all data sources offered published data updates.\iitlishange the future, and
the visual inspection can then be extended to more recent years.
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Phase 002 Loop 050 Standard Diagnostic Report, partial heat maps for year 2015
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Fig. 1:Heat maps diagnostics for tHeLORIA databager 2015. Each plot shows one of the

five valuations of th&sLORIA databas&he dashed line separates timermediate

transaction block from the final demand and valagded blocksThese graphs are provided

in high resolution, and the interested reader is encouraged to zoom into the individual plots
for more detail.

Inspecting the MRIO through thebeatmaps representations offers an eagy-use tool to

find major numerical errors. For example, the basic price sheet shows darker shades in the
domestic block of the intermediate transaction blocks. This indicates that there is more
economic activity within te national markets than through international trade. This is to be
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expected, and as sucthe heat map blocks an initial sanity check that all data were

inserted correctly into the MRIO and that the MRIO structure is sound and robust.

Further, this charcan identify unexpected negative values. With very few exceptions, the

values in the basic price sheet must be positive. Unexpected negative values would indicate

that the reconciliation engine does not adhere to the positivity condition.

The fifth valation layer¢ subsidies on productsis shown in the bottom righbhand plot of

Figure 1. Subsidies are always represented as negative numbers in order to ensure that a
adzyYlFGA2y | ONRPaa GKS akKSSGa ogAff NBadzZ G Ay

Once the gaeral table structure has been confirmate adherence of the MRIO to the
source data set is validated. The main tool for this is again a visual representation of the
adherence, as this offers a fast and reliable way to identify potential problems.

Adheence analysis for superior data sets

For theGLORIA databasseparate adherence reports were generated for each data of the
seven data sources that were listed further up. Hences $andardisedDiagnostics Report
(SDRjeatures seven individual plotgigure 2)Fourplots in the SDR plot the source data
against its representation in theLORIA databageeferred to as a standard adherence

plot). In a standard adherence plot, individual data points given inrGh®RIA database
(usually displayed on thegxis) are compared to the corresponding data point in the
underlying source data set (usually displayed on Haig).As such, perfect adherence

would be achieved if all valsevere plotted on the diagonal y=x linBue to the sheer
complexity of the dataaconciliation task, conflicting constraints, as well as varying levels of
data reliability, perfect adherence cannot be achieved. These visualisatifem a way to
quickly assess to what extend underlying databases are adhered to IBLOKIA database
Ofthe remaining plots, ne plot shows the frequency distribution of deliberately excluded
transactions (see detailed description in below under point 5), one plot displays information
on the statistical reliability of each data point within td.ORIA datase and one plot
focuses on the balance requirement for MRIO models.

The different plotof the SDRare

1) UNSD SNA Main Aggregates adherdstandard adherence plot)
This data source shows the best adherence and is only disturbed by the enforcement
of the drict input-output balance. Values that show the least amount of adherence
usually coincide with very small countries (such as GuBissau or Guyana),
countries where the underlying data are very uncertain (such as DPR Kora, Iraq, or
Liberia), or thoseauntries that underwent breakips or unifications recently (such
as Mddova, Ethiopia, or Sudan).

2) OECD and ICIO adhereristandard adherence plot)
While not as well represented as the UN SNA MA datassiitshows a very good
adherenceWeQ @S | &eRifeRintdrpretation of the adherese results further
down in a separate QA section
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3) Commodity productia (FAO/Fish/MIN/INESTAT adherencgstandard adherence
plot)
The adherence of this data sstbetter than that of international data but does not
match the adherence quality of the two dasets described previousli?lease refer
to the QA section below for explanations.

4) UNSD Comtrade adherenfsandard adherence plot)
Similar to the previous three plots, this plot also shows the adherence dbLE@RIA
databaseto the underlying dataset, which in this case in the UNSD Comtrade
database. Compared to the previotisee standard adherence plots, this plot shows
the poorest adherence with th&LORIA databas&he reason for this is that the
UNSD Comtrade daset displays the most conflicts against other publicly available
datasets. As such, adherence of MRIO models with the Comtrade data set is in
general poorer, which has also been documented in the construction process of
other MRIO data sets such as tha&model(Lenzeret al.2013)

5) Engineering exclusions (frequency distribution plot).
The engineering exclusions serve the purpose to ensuring that certain unrealistic or
non-existent monetary exchange values in B&ORIA databasemain either zero
or very low. During the datpreparation process, datasets have to be disaggregated
which can lead to the splitting of data in previously aggregated subsectors, which in
return can lead to nofzero values in the MRIO table that are in fact required to be
zero. These engineering exslons are handled through a separate data feed (see
above). Howeverue to conflicting information provided by other sourcesstead
of being fully set to @hese transactions may receive small but rFeero values. This
plot showsthe distribution of he values that undethe engineering exclusions
should be zeroMost of these values range in the area up to 10,000 US$.

6) Input-output balance
From an accounting viewpoint, easkctorin an MRIO tables mubke balancedThis
so-called inputoutput balances a constraint derived from accounting principles and
is independent of the actual MRIO table or the underlying data. Due to the
conflicting source data, numerical data reconciliation, and varying levels of data
reliability, this inputoutput balance isisually not fully met. Therefore, one of the
challenges in the construction of a MRIO database such aSHHRRIA databaseto
achieve inputoutput imbalances that are as small as possible while ensuring a
satisfactory adherence fdhe other sourcedata ses. This plot shows the x_out
values for all rows in th&LORIA databasm the xaxis, and the logarithm of the
discrepancy with between each row and the corresponding column on-thesx
Due to the rebalancing step described further up, GEeORIA databasksplays very
small discrepancies for almost all row/column pairs.

7) Standard deviations
Each value in th&LORIA database accompanied by reliability measures expressed
in standard deviations. This plot shows the size of each value plotted against its own
relative standard deviation. In general, MRIO data and statistical data used for MRIO
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construction in general follows the notion that larger data points are usually more
reliable. This is also observed in this plot for GleORIA database

The heat maps and standard diagnostics output plots for all years of the time series are
available in AppendiR6.
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Comparison of macreconomic indicators in OE@DIO andGLORIMatabases

In addition to assessing the mathematical adherence of individual data points across the
entire GLORIAlatabase, further comparison of maeezonomic indicators was undertaken.
TheOECD ICIO dataset has a similar structure t@&3h@RIAlatabase, although the OECD
ICIO offers less sectoral and regional coverage, and its time series does not cover all the
years covered by th&LORIAatabase. Hence, sectarise comparisons are not feile.
However, for those countries that individually exist in both databases, rme@paomic
indicators can be compared for years where both databases offer coverage-2206%.

This section shows an excerpt from this analysis. In the following, the foliothe

comparison results for the countries Austria (AUT), Belgium (BEL), Germany (DEU), France
(FRA), and Luxemburg (LUX) are lighmte that for the plots in this section, tteLORIA
database is labelled &$NEP dataPlease refer to the following section for an interpretation
of these analyses.

Comparing OECD and UNEP data for AUT
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Fig. 3: Comparison of maeezonomic indicators for Austria as observed in the OECD ICIO
and GLORIAatabases
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Comparing OECD and UNEP data for BEL

2015
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Fig. 4. Comparison of maeezonomic indicators for Balgm as observed in the OECD ICIO
and GLORIAatabases

Comparing OECD and UNEP data for DEU
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Fig. 5: Comparison of maecezonomic indicators foGermanyas observed in the OECD ICIO
and GLORIAatabases
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Comparing OECD and UNEP data for FRA
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Fig. 6: Comparison of maeezonomic indicators foFranceas observed in the OECD ICIO
and GLORIAatabases

Comparing OECD and UNEP data for LUX
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Fig. 7: Comparison of maesezonomic indicators for Luxemhyas observed in the OECD
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Comparison of macreconomic indicators in UN SNA MA @&ldORIMatabases

Thisparagraph describeshe QA process for one of the iterations of tB& ORIA database
during the development stage. The plots shown in this section are not based on the final
GLORIAatabase. This section is intended to showcase how data problems were idgntifie
during the development stage, and what measures were taken to resolve these problems.
The next section describes how a later iteration of @leORIAatabase showed

significantly less data problems due to the insights provided by the process descriiged he

For the majority of countrigsegionsand years covered in theLORIAatabasethe OECD
ICIO database does not offer data coverage to carry out the comparisons described in the
previous section. The UN SNA MA database, which is also part of theuctiost process of
the GLORIAatabase, offers a smaller number of ma@oonomic indicators, but it covers

all countries, regions, and years that are covered byGh®RIAatabase The plotsfor this
analysigdo not have individual labeJsand the data ee to be interpreted as follows.

- dotted lines refer to theGLORIAatabase
- solid lines refer to th&JN SNA MA database

Axis labels:

- x-axis: year
- y-axis: amount in thousand US$ current price

The coloufcoding is as follows:
- black: GDP
- blue: total valueadded
- magenta: total exports
- red: imports
- green: final demand

In this section, the plots for a small number of countries and regions are dispRlgete
refer to the following section for an interpretation of these analyses.

Please efer to Appendix A for plots for all 164 regions of th&LORIAlatabase.
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Fig. 8: Comparison of maeezonomic indicators foAustriaas observed in th&JN SNA MA
and GLORIAatabases
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Fig.9: Comparison of macreconomic indicators fo€hinaas observed in the UN SNA MA
and GLORIAatabases
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Denmark
e

400

200 |

1990
1995
2000
2005
2010
2015

Fig.10: Comparison of macreconomic indicators fobenmarkas observed in the UN SNA
MA andGLORIAlatabasesNote the unrealistic spike in tHeLORIAatabase for 2015.
Refer to the discussion ftlrer down in this section foan interpretation of this spike

DR Congo

60

Fig. 11: Comparison of maeeaonomic indicators for the Democratic Republic Congo as
observed in the UN SNA MA aGd ORIAatabases. Note that there are discrepancies in the
data representation. Please refer to the discussion further down in this section for an
interpretation of these results.
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Interpretation and observation from the quality checks

Several conclusions wedzawn from the quality checks outlined in the previous sections.
The most important observations are summarised here infdan.

- A number of countries show good adherence with source data sets as well as with
macro-economic indicators provided by bothé¢fOECD ICIO database and the UN
SNA MA database. These countries include Russia, New Zealand, Austria, Germany,
Belgium, and Francélence, these countries can be assumed to have adugbracy
in their representation in the&SLORIA database

- [ dzE S Y 0 dzNtH d&»d imislal® estimated, but the peak observed for 2006 is
also shown the OECD ICIO and UN SNA MA databases.

- The stark peak in Venezuela in 2006 is also given in the UN SNA MA database.

- A peakin trade data in Kenya in 2017 is not reflected in th&NN MA database.

- Ethiopia, Zimbabwe and Belarus do not show a good adherence with the external
data sources. This is currently under investigataomd it is recommended that these
countries are excludeddm analysis for the time being.

- ¢ y1 Iy AihZDA3 isiuhdirjngestigation. It is recommended that Tanzania is
excluded from any analysis for 2013 for the time being.

- Several countries show spikes in individual years. These spikes are most likely of
numerical nature as the underlying source datan reflect these spikes.

Investigations into these cases is currently underway. These cases include Denmark
(2015), Oman (2015), Niger (2012), Macedonia (2011), Slovakia (2014), Israel (2005),
Poland (2017), United Arab Emirates (2018), and Georgia (2014)

- Generally, very small countries are expected to be less accurate as they are relatively
more affected by global accounting balan¢8ge sectiodherence analysis for
superior data sets> Inputoutput balance}

Iterative improvement of th&LORIMatabase using the example of Denmark

Following the assessment described in the previous section, further investigation into the
unrealistic data spikes was undertaken. This is a standard process@L@RIA database

and this section is intended to desceithe process of data validation, using Denmark as an
example.

CAIdd mn aK2gSR 'y dzyNBIFftAaGAO ALIAT1S AYy 5SyYl
the data sourced-urther improvement in the handling of conflicting data sources in the

data reconciliabn routine allowed for a simultaneous adherence of several conflicting data

sets. As a result, the analysis for Denmark showed improved source data adherence.
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Fig. 12: Comparison of maeeconomic indicators for the enark following detailed
investigation into data spikes. The 2015 data show a significantly improved adherence.

Similar improvements could be achieved for Niger, Macedonia, Slovakia, Israel, Poland, and
Georgia.

See Appendix A10 for a full set of charts.
Dataspecific documentation

During the construction process of tli&l ORIA databasseveral individual data issues were
identified, discussed, and often resolved with individual numerical interventions. This
section is intended to serve as a documentation of these cases. No speadidogiven to
the individual points.

Coverage of transport emissianshe GLORIA database

TheGLORIA databasingles out transport in sector 8&nd transport and transport except
via pipelinesThis means that if this sector is not part of an identifiegmy chain, then
transport emissions for this supply chain will not be recorded in the associated footprinting
results.

Table rebalancing

By definition, inputoutput tables and also supplyse tables should ideally be fully balanced

in each intermediate demand sector. A wietllanced table enables more robust footprint
calculations. However, despite paying specific attention to this matténe data

reconciliation process, due to the complexity of the data processing and discrepancies in the
source data, a perfectly balanced table is usually not achieved. In order to ensure that the
balancing condition is fulfilled, the tables of tld ORIA databasmderwent a rebalancing
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process after the main data reconciliation process was finished in order to ensure a best
possible balancing outcome. This section is intended to document the approach that was
taken in the rebalancing routine.

The fact that MRIO or MBUT compilation processesegardless of the compilation

approachg usually yield unbalanced tables is well known and documented. See for example
the UN handbook on this top{p.522)
(https://unstats.un.org/unsd/naVonalaccount/docs/SUT 10T _HB_Final Covgr.pdf

For the tables of th&LORIA datalsa, the input/output balance is given by (per sector)
outputs in basic price = inputs in basicgert net taxes on products (sum of sheets 4 and 5)

In general, there are two ways to address an imbalance:

a) Within each region: Adjust the outputs by specifically changing the values for
changes in inventories for each sector in the final demand blocképalancing
discrepancy (output side), or by adjusting the taxes and subsidies sheets to account
for the discrepancy (input side). Both approaches change the GDP of the country in
guestionwhere rebalancing is required

b) Use the Resbf-the-world region(s}o absorb the balancing discrepancidsis
g2dd R STFSOGAGSt e OKIy3aS GKS NBIA2Yy aNBaid
RAAONBLI yOASaé¢ o

The UN handbook discusses both options and identifies pros and cons for both options. For
the GLORIA databasthe first option was chosen (adjustment within the country). Data
checks indicated that the data compilation process for the SR tables already yielded
relatively small imbalances, and an absorption of these discrepancies within each country
yielded only ngligible alterations of the GDP values.

Engineering constraints

The engineering constrainfalso called engineering exclusioasg the most powerful and
effective way to include information in theLORIA databaslat is otherwise not covered
by the data sources usetiiring the construction process.

Logic and role of the engineering constraints

While the external data sources mainly provide numerical values that must be matched by
the GLORIA databasthe ergineering constraints offer the inclusion of information that
cannot be directly formulated by a linear equation. The main role of engineering constraints
is to exclude illogical or wrong exchange values inGh®RIA databas&hese faulty values

can occur wen source data sets are more aggregated than the sectoral structure of the
GLORIA databasand the disaggregation process may lead to the allocation of previously
aggregated values to values in 1B ORIA databagleat in fact need to be either zero or

very snall (i.e. nonsensical transactionsiHence, the engineering constraints are mainly at
providing binary information on whether a specific value in the tables of2h®RIA
databaseshould bezero or not.
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Defining the engineering constraints

There are nofficial data sources that track nesens transactions that could be used to
inform the engineering constraints. Defining these exclusions is an iterative process that
informed by subject matter expertise, observations during test calculations, assvgtey
literature research. As such, the set of engineering exclusions can always be refined and
developed furtherExamples for engineering exclusions are that copper is prohibited to flow
into aluminium smelting, crops aresuallynot fed backinto crops, tobacco products do not
flow into livestock but crops are allowed to flow into livestock as fodder étsing

aggregated source data sets suchlas OECD ICIO databasféen do not allow to account

for these exclusiongor exampleif bauxite ore and copper ore are aggregated into a larger
mining sectorthen the disaggregation in tleLORIA databasgeight lead to copper serving
as an input into aluminium smeltingdence the neefbr specific engineering exclusions.
Depending on the ffierences in classifications, these engineering exclusions, although
correct, can pose challenges during the data compilation process. For example, the list of
engineering exclusions also prohibited mining outputs to flow into agriculture. The OECD
ICIO dtabase does in fact state narero flows from mining to agriculture. In the US for
example, the agricultural sector receives inputs from the fuel mining sector. In order to
account for these phenomena, certain transactions need to be allowed, and theeemigig
exclusions must be removed. For the example above, natural gas and fertilizer minerals
were allowed to flow into the agricultural sector.

As a result of these observation, the engineering exclusions logic was extended to allow for
country-specific egineering exclusions. For example, some countries produce nuclear fuel
and also operate nuclear power stations, other countries do not operate nuclear power
stations, but produce the fuel. In one country, the input from nuclear fuels into the energy
secta must be permitted, in the other case it must be excluded.

QA processes for engineering constraints

Throughout the construction process of tk ORIA databasmany individual transaction
values were checked against their adherence with external data ssyand to what

extend they might be affected by engineering exclusignsisual assessment wearried

for individual transactionsAlthough this check is intended to query individual data points,
other datapointsof the correspondindplock of the intermediate transaction matrix were
visualised to provide context. In the following, assume that one value (called value in
guestion which is a transaction between amigin sectorand adestination sectoris
investigated within a certaiblock.

Each analysis was visualised in an output chart, which contains@itput plots. These are

Top left: a visual comparison of each value of the block irGh®RIA databasgainst the
OECD ICIO modélhe value in question is circled in red. Hhementthat shows the
transaction of the destination sector with itself (the diagonal elements of the destination
sector in that block) is marked by a red croBse green circle contains those values of the
gueried transaction that the engineering exaluss allow. Hence, if there is no green circle
near the red circle, then the engineering exclusions did not work properly.
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Top right: similar comparison as in the previous plot, but this time for the input coefficient
(A-matrix). A dot on the diagonal aigeindicatesequality. The red dot marks the transaction
in question, the red cross marks the input coefficient of the destination sector into itself.

Bottom left: Heatmap of transaction of the sector in tteLORIA databasend its

Gy SATIKOo2dzNAYy Ié¢ &SOU02NE TheysumiokeBall addadiond.i¢ diven Of I &
in the plot title. This visualisation is intended to serve as a-tgghl comparison of one

sector and its neighbouring sectors.

Bottom right: \fsualisation of the engineering exclusiodsyellow cell indicates that the
transaction is permitted, a blue cell indicates that it is excluded. Further, this plot lists the
detailed sector names in theLORIA databas@thin its broader OECD ICIO

Gy S A IKDZRIEND

In the following, selected QA assessment charts for the engineering constraints are given.
Note that theGLORIA databasereferred to as the UNEP MRIO in these plbiese graphs
are provided in high resolution, and the interested reader is enagenleto zoom into the
individual plots for more detail.
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>
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Fig. B: Chart for the @tailed visualisation of the transaction value betwd@BU¢ land
transport and transport except via pipelinesd DEUg Agriculture, forestry and fishing
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KEN, All Wholesale and retail trade, plus repair of motor vehicles and motorcycles
>
KEN, Agriculture, forestry and fishing
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CHN, Land transport and transport except via pipelines
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CHN, Agriculture, forestry and fishing
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Fig. B: Chart for the @tailed visualisation of the#ansaction value betwee@HNg land
transport and transport except via pipelinesd CHNg Agriculture, forestry and fishing

Further charts are available in Appendix A8.

Energy footprint verification

Testing of theGLORIA databasencerningglobal energy footprints lead to a closer look at
the MRIO database with specific focus on enengjgited footprinting calculations. In cases
where the energy footprint showednexpected behaviour, the MRIO database was further
assessed. This section summisesthe approach andhe main findings of this process.

Comparison of the aggregat&l. ORIA databasgeth the OECD ICIO database

The first step of the process was the comparison of i®©RIA database the OECD ICIO
database. Given thahe OECD ICIO ddtase holds 34 sectors, this comparison could only
be carried out at the 34ector level.
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Given thatthe final demand values are the stressor for footprint calculations, the-final
demand trends for both th&LORIAnd OECD ICIO databases wepared at tle 34

sector level of the OECD ICIO database. The results show that at this aggregated level, the
GLORIAatabase is in line with the OECD ICIO database for the dgamseholds

government andcapital Forchanges in inventorieshe alignment is not that good, which is
owed to the facts that the absolute values for this agent are significantly smaller, and that
changes in inventoriesre generally used as dummy sectors to ensure sector balancing etc.
(see Fig. 15).

Examining ta energy footprint at the 98ector level of th&&LORIMatabase

When using the 98ector classification of thELORIAatabase, a direct comparison of the
footprinting results with the OECD ICIO database or othersddsaused in the construction
processof the GLORIA databass not possiblebecause the sector detail is not given

During these QA assessments, the energy footprint for individual countries were eglview

in order to identify potential data problems at the $éctor levelFig. 16 shows these
assessments for New Zealand. The top row of the figure shows the monetary totals for New
Zealand, the bottom row shows the energy data (plain energy, energy multiplier, domestic
footprint, and imported footprint). The monetary data do nobdw a spike betwen 2000

and 2005, but the energy footprint data do. Hence, the energy footprint for these Years

to be investigated further.

Examining various energy trends.

Further focus was put on the energy trends by assessing a variety of ene¢atsd
calculation results for individual countries. The results for New Zealand are shown if.Fig. 1

Conclusions for the New Zealand case

For the case described in this section, further data analysis was conducted with three main
findings:

1. The spikes are also reflected in the OECD ICIO database. HernGe QReA
database shows good adherence and appears to inherit the problem from the OECD
ICIO database.

2. In particular, the OECD ICIO records imports of utilities such as electricity, water, a
gas from other countries. This is virtually impossible as New Zealand does not have
underwater cables in place with neighbouring nations such as Australia. Hence, the
GLORIAeflects data from the OECD ICIO database that are unrealistic.

3. Further trade @ta analysis (not shown here) revealed that tieébORIAatabase
shows unrealistic trade of lignite between North Korea and New Zealand. This is a
result of the North Korean trade data not being covered by any of the source data
sets used. As a result, thELab data platform uses these unconstrainted values to
be able to adhere to constraints imposed elsewhere. Once identified, this issue can
be rectified by imposing necessary constraints on the problematic data.

All of these issues can be addressed insgguent data runs.
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Further analyses of this type were carried out for other countries. The results are shown in
Appendix A9.
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Final demand trends for NZL

IRP MRIO, domestic OECD ICIO, domestic 20 IRP MRIO, imported OECD ICIO, imported
15
100 r
15
3 10
2 10
s 50
o 5
I 5
0 0 =
1995 2000 2005 2010 2015 1995 2000 2005 2010 2015 1995 2000 2005 2010 2015 1995 2000 2005 2010 2015
2 IRP MRIO, domestic OECD ICIO, domestic ) IRP MRIO, imported R OECD ICIO, imported
~ 30 r 15
c
g
c 20 1
[
3
@ 10+ 0.5
0 0
1995 2000 2005 2010 2015 1995 2000 2005 2010 2015 1995 2000 2005 2010 2015 1995 2000 2005 2010 2015
IRP MRIO, domestic OECD ICIO, domestic IRP MRIO, imported s OECD ICIO, imported
40
30
20
10
0
1995 2000 2005 2010 2015 1995 2000 2005 2010 2015 1995 2000 2005 2010 2015 1995 2000 2005 2010 2015
4 IRP MRIO, domestic 1 OECD ICIO, domestic 5 IRP MRIO, imported OECD ICIO, imported
0.6
3
g 0.5
S2 04
5]
E 1 0 0.2
0 -0.5 0 0
1995 2000 2005 2010 2015 1995 2000 2005 2010 2015 1995 2000 2005 2010 2015 1995 2000 2005 2010 2015

Fig. B: Comparison of the final demand agents at thesg¢tor level of the OECD ICE2ach row of charts represents one final demand agent.
The final demand is separated into domestic and imported final demandGIRRIRF G 6 F &aS A& NB T SThadfRrenti 2 & & L\
colours bands represent the 34 OECD ICIO sectors, no legend is provided for these sectors.

GL@RIA databaseechnical documentation Page30



= Final demand, total output and featprint trends for NZL
N 400 r 180 — . : . 180
I
=
— 350 - 160 160
|
=
— 140 140 -
— 300 - = E
_ =120 m 120 -
— +— 250 T E
— a = b=
— 5 = 14 = 100
= 2200 = =
— n o 3o © &0
I o 5 o
— 150 - & E
= = &b 060 -
— 8 E
E— Lea - 40 40 -
I
— 20 20 -
| 1]
I
= - : a b . 0
= 0.5 1 19495 2000 2005 2010 2015 1955 000 2a0s 2010 2015 1985 2000 2005 210 2013
I
! 5 L1nD
15 010 . . 14 . g 710 . . . g4 210
1 - ’ 13
E 3-
10 - o o
5o £s £,
i = 2 & £
c = &- =] [}
v = £ =
= c 4 - 2
XE ¢
= z =] 213
o y- & & £
4 -
2 1-
z- 1 0.3
0 i il 0
1685 2000 2005 2010 2015 1985 2000 2005 2010 2015 1995 2000 20068 20010 2015 1995 2000 2005 2010 2013

Fig.ZY 5SGFAf SR lylrfeara 2F b SHORASatahasHhe OpronSyosNiEbRetay daghtHe)NdtomirowA y
energyrelated data. The spike in the energy footprints (bottom right plots) is not reflected by a spike in expenses.
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Fig. B: Various energy trends for New Zealand. Gi€ORIAatabase is referred to as the IRP MRIO.
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