3rd International Workshop on Uncertainty in Greenke Gas Inventories

Application of the IPCC uncertainty methods to EDGAR 41 global
greenhouse gas inventories

Jos G.J. Olivier John A. van Aardenfe Suvi Monnf, Ulrike M. Dérind,
Jeroen A.H.W. Petetsind Greet Janssens-MaenRout

! Netherlands Environmental Assessment Agency (PBL)
P.O. Box 303, NL-3720 AH Bilthoven, The Netherlands
jos.olivier@pbl.nl
2 Joint Research Centre, Institute for Environmet Sustainability (JRC-IES)
Climate Change Unit, TP290, 2749, 1-21027, Ispra)(\taly
* Now at European Environment Agency (EEA), Kongéhyorv 6,
1050 Copenhagen K, Denmark

Introduction

JRC and PBL have compiled a comprehensive EDGAR wlobal emissions
dataset for the period 1970-2005 for the ‘six’ gite@use gases included in the Kyoto
Protocol (CQ, CH;, N,O, HFCs, PFCs and §F which was constructed using
consistently the 2006 IPCC methodology and compirdativity data (international
statistics) from publicly available sources and tfwe first time - to the extent possible -
emission factors as recommended by the IPCC 200@elgwes for GHG emission
inventories (Figure 1). This dataset, that covdfscauntries, provides independent
estimates for all anthropogenic sources from 19%0ands that are consistent over time
and comparable between countries. Where appropeiatesion abatement or recovery
was taken into account, based on data reported e | countries under the UN
Climate Convention or based on other publicly ald# data sources. The resulting
emissions of all gases identified in the Kyoto Beot are reported using the 1996 IPCC
source category classification for ease of recagnivf the scope of each category and to
allow for easy comparison with national greenhagase inventories reported by Annex |
countries.

Thus we provide full and up-to-date inventories peuntry, also for developing
countries that go beyond the mostly very aggregatdBCCC reports of the developing
countries. Of the 220 UN nations in 2005 only 4@uistrialised countries (‘Annex I')
annually report their national GHG emissions irgéadetail from 1990 up to (presently)
2008, while most developing countries (‘non-Anngxfor the UN Climate Convention
(UNFCCC) and the Kyoto Protocol only report a sumntable with emissions for one
or more years (many only for 1994) (UNFCCC, 2008pre information on methods,
data sources and differences with previous dat@rizvided in the documentation
available at the EDGAR 4 website: http://edgarjcceuropa.eu . Moreover, the time
series back in time to 1970 provides for the UNFCt&hds a historic perspective.
As part of our objective to contribute to more able inventories by providing
a reference emissions database for emission soepamventory comparisons and for
atmospheric modellers, we strive to transparentty publicly document all data sources
used (Olivieret al, 2010) and assumptions made where data was mssiparticular
for assumptions made on the shares of technolediese relevant.
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Figure 1. Trend in global greenhouse gas emis<io@e-2005 (unit: Pg C£eq.)
(source: EDGAR 4.1)

Uncertainty in global and national greenhouse gaswentories

We present our estimate the global inventorieshef mhain greenhouse gases and
their trend by major source and region and the atitlused to estimate the uncertainty in
total regional and total global emissions and regméative estimates at country level.
Since the uncertainty estimates start with the deted at country level, we have
aggregated sources and countries to regions whggridicant correlation of activity data
or emission factor uncertainty exists between swategories or between countries,
e.g. when using regional or global default emis$amtors (Olivier and Peters, 2002).

While using IPCC methodology and default emissaxtdrs whenever possible, this
also allows us to use the default uncertainty egtisiprovided in the 2006 guidelines in
most cases. Many Annex | countries may apply hidisermethods than was done for
EDGAR 4.1 and may also apply country-specific emisdactors rather than IPCC
default values, that should in most cases resutivirer uncertainties.

Uncertainty estimates are made for different resslnscientific inventories such as
EDGAR and in official national GHG inventories. §tientific inventories, it is good
scientific practice to assess and report on thertmioty of the results as an expression of
the overall quality of the resulting emissions adged by the compilers. A preliminary
estimate of uncertainties in global emissions of; Gblurces in EDGAR 3.2 based on
IPCC default values appeared to be comparable wvittertainties estimated by global
budget studies (Olivier, 2002). This is useful mfiation for atmospheric modellers that
require uncertainty estimates for all parametergh@ir model of which emissions are
an important one, so the uncertainty in emissiangart of the overall uncertainty
assessment of the model application. On the otled,hfor official national greenhouse
gas inventories uncertainty estimates are madeagist means for prioritising inventory
improvement activities. Since the focus of theseemories lies in reporting emission
inventories according to the guidelines, estimatingertainties is often not given a high
priority and IPCC default uncertainty values areplegal. Knowing these different
approaches to uncertainty estimates is pivotarinéion for using and interpreting these
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different types of emissions inventories by thetkE&ystem and Atmospheric Modelling
communities.

Besides application in comparisons to other greeséiaas inventories, emission
uncertainty estimates are also important infornmafior atmospheric modellers when
estimating emissions (‘inferred emissions’) fromasigred atmospheric concentrations by
so-called inverse modelling. Here a priori emissiaare required with uncertainty
estimates for each major sources and region toatetste model to areas where emissions
are believed to be most uncertain. Also uncerta@gistymates for both emission datasets
are required to assess their comparability. Inversmlelling of global or regional
emissions has been done for several gases now,asu€tt and HFC-134a (Villani
et al., 2010). Recently more results on recentdgen F-gas emissions such as HFC-23
(Montzkaet al.,2010), Ck, CFs, FsFg (Muhle et al.,2010) and Si(Levin et al, 2010;
Rigby et al.,, 2010) have been published. The methods we appliegstimate
uncertainties in total global emissions of our stf&e inventory may also be used for
combining official emission inventories reported dyuntries to the UNFCCC, e.g. for
use in atmospheric models for verification purposes

Comparison with official Annex | inventories

Apart from reporting the estimated uncertainty pEurce category, we also
document the tier level of the methods used to dentpe EDGAR 4.1 inventories.
Therefore it is of interest to compare per categiny difference between reported
national emissions as well as reported uncertagdymates for them and EDGAR
estimates of emissions and their uncertainty. Igufé@ 2 we show comparisons for
selected Annex | countries of emissions reportedhts UNFCCC and EDGAR 4.1
estimates, for national total emissions (withoutertainty). In Figures 3 and 4 we
compare emissions of major source sectors of @ktl NO for the same countries.
Through this comparison we can assess whethertahedPCC default methods and/or
default emission factors show a significant biasafgplication by industrialised countries
or that the uncertainty in the reported emissiansoi large that no robust conclusion can
be drawn. Except for some notable sources in pgaticountries most source estimates
seem to agree reasonable, taking into account ticertainties that often resemble
the (default IPCC) uncertainty in the emission degtused. The notable exceptions have
to be investigated further to determine the cawsebe large differences: inconsistent
activity data of national and international stétistthe use of very different country-
specific emission factors due to country-specificumstances, the use of high tier or
country-specific methodology, a judgement errorselecting the emission factors or
a calculation error.

If they would show a bias, this would warrant trse wf asymmetrical uncertainty
ranges when using lower tier IPCC methods or defaators. Moreover the comparison
provides insight on the net gain of using higher thethodology and allows identifying
those regions or sectors where application of miglee methodology would be most
beneficial.

Since the uncertainty estimates start for the disid at country level, we have
aggregated sources and countries to regions whggridicant correlation of activity data
or emission factor uncertainty exists between swategories or between countries,
e.g. when using regional or global default emiss$amtors.

Areas where higher tier methods or country-speeifiission factors instead of
default IPCC factors will increase the inventonalify are:
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Figure 2. Comparison of national total £¢d) and NO (b) emissions
in 2005 between EDGAR 4.1 and UNFCCC for selectahtries
(without LULUCF) (unit: Gg)

(a) CO, emission factors for fuel combustion (1Aatural gas, coal, petrol and
diesel in road transport are often used and irel@amounts and therefore cover
a large fraction of national GHG emissions. It iWwn that carbon contents of
gas and coal can vary significantly, depending ohene it is produced.
Also Annex | reporting of petrol emission factol®ws a considerable spread in
values and a tendency to depart from the IPCC defalues (see examples
provided in Table 1). As we can see, determiningpantry-specific value for
these fuels may improve the accuracy in this pathe inventory. In particular
for natural gas and for diesel in road transpost fACC defaults, although still
within the estimated uncertainties, seem to be sdrat biased to the low side
(by 4 and 2.5%). For coal this conclusion cannotitaavn from the table since
the values reported by Annex | countries referatalt“solid fuel”, which may
include not only coal, but also coal-derived gasesh as coke oven gas and blast
furnace gas as well as brown coal.
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(b) CH, emission factors for animals (4A) and rice product (4C) may be
improved compared to (region-specific) default ealuby using higher tier
methods to determine these values. This is paatigutelevant if the productivity
(e.g. meat or milk production per animal) chandgsificantly over time or when
the national circumstances result in different ealof parameters that have been
used to calculate regional default IPCC emissiatofavalues in the 2006 IPCC
guidelines.

(c) CH, from landfills and wastewater (6A and 6Bjore up-to-date country-specific
information or estimates, such as of the amountsM&W generated and
the fraction landfilled, the waste composition d@imel Degradable Organic Carbon
fraction, and their change over time, will improvee accuracy of the emission
estimates.

(d) CO; from large-scale biomass burning and deforestatiod sinks from biomass
growth (5) The uncertainty of this category could be redubgdusing more
detailed information. However due to the limite¢@acy of the key parameters
for the emissions and sinks calculation due tovéeability in biomass types,
their spatial distribution and the inherently liedt knowledge of the extent of
logging, burning and other forest degradation, willgeneral prevent making
a quite accurate estimate of emissions and sinksveMer, in case this source
category is one of the largest key categories, niapacity to perform a more
detailed assessment of changes over time will ingrthe emissions/sink
estimates, albeit still rather uncertain.

Sectoral CH4 emissions in 2005
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Figure 3. Comparison of sectoral £émissions in 2005 between EDGAR 4.1 and
UNFCCC data for selected countries: 1B1 — coal mgnilB2 oil and gas, 4A —
animals, 6A — landfills, 6B - wastewater (unit:)GRussia and USA *0.2)

! Note that the uncertainty of indirect® emissions from agriculture cannot be reducedtdue

the largely inherent uncertainty of this sourceegaty
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Figure 4. Comparison of sectoraj®emissions in 2005 between EDGAR 4.1 and UNFCQ@& da

for selected countries: 1A3b — road transport, 2Bemical industry, 4B — animal waste (stables),

4D11 - synthetic fertilisers, 4D1-other — otheedirsoil emissions, 4D2 — pacture, range, 4D3 —
indirect N20, 6B - wastewtaer (unit: Gg) (Rus®leb and USA *0.25)

Table 1. Variability in CQfactors from fuel combustion reported by Annexutries and
comparison with IPCC default values in the 200&iglines. Unit: kg/GJ (LHV).
Uncertainties expressed as 2 standard deviatiddgs (Source: UNFCCC, 2009)

Fuel typ¢  Sector IPCC | Unc. | Unc. | Unc. |Averagg Stand.| ync. | Unc. | Diffe- | Diff-

default EF [%)] (low) | (high) rerﬁ)ﬁted re?)?)\r/fed (low) | (high) | rerence erence

coal residential sector 98.3 331|946 | 101.00 96.6 | 6.6% | 83.9 | 109.3 -1.7 |-1.79
coal g;)\év)ergeneratio 94.6 54| 895| 99.7| 99.0 | 8.1% | 82.9 | 115.1 4.4 | 4.79

coal industry a) c) 94.6 7.2 | 87.3| 101.00 99.5 | 22.9%| 53.9 | 145.1] 4.9 | 5.29

ggtsumﬂ all sectors 56.1 3.6 | 54.3| 58.3| 58.4 | 19.0%| 36.2 | 80.6| 2.3 | 4.19

petrol |road transport | 69.3 40| 675| 73.0| 710 | 26% | 67.3| 74.7| 1.7 | 2.59
diesel |road transport | 74.1 15| 726 | 748| 735 | 0.8%| 723 | 74.7| -0.6 [-0.89

a) Less reliable for hard coal, since coal-derigages such as coke oven gas and blast furnaces gas a
well as brown coal can be included here (Annexuntres refer to “solid fuel”). This is much less s
for the residential sector.

b) For IPCC default value for other bituminous ceak used.
¢) For IPCC default value for coking coal was used.

Table 1 also provides another way to look at theetminty in using IPCC default
emission factors, e.g. for Gdrom fuel combustion, is by assessing the spread i
the values of country-specific emission factors eoihparing the average of the country-
specific values with the IPCC default value. Thasild only be done for a number of
sectors and fuels for which the UNFCCC data refeather homogeneous fuel types.
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Changes from 1996 to 2006 IPCC guidelines for GHGventories

Please note that the emission factors used in ED@ARare based on the 2006
IPCC guidelines, which may differ from the RevisE2P6 IPCC guidelines. For many
sources the changes are small, but for some, @eye significant. For CQemissions
differences are due to the following reasons:

e national energy statistics used may differ sligltlye to updates included in more
recent releases, which may not be included in thm dubmitted to the IEA.
For EDGAR 4.1 the release of 2007 was used (IEA/DEZDQ7);

» for the UNFCCC, if countries do not have countreafic emission factors, they will
use the default COemission factors from th&®evised 1996 IPCC Guidelines
which differ slightly due to different default oxtion factors (coal updated value
+2%, oil products +1%, natural gas +0.5%) and duapdated defaults for carbon
content for some fuels of which the quality mayyaonsiderably (mainly refinery
gas, updated value -7%, coke oven gas -7%, blaside gas +7%, coke -1%);

e for CO, from non-energy use or use of fuels as chemiadidock countries may
apply either higher tier methods using more couspgcific information or calculate
CO, emissions from carbon released in fossil fuellabelled in the sectoral energy
balance as ‘non-energy use’ or ‘chemical feedstasthg default fractions stored
provided in the CO2 Reference Approach chapter BRIGAR 4.1, default emission
factors and methods from tl2006 IPCC Guidelinesvere applied, which may give
rise to considerable differences compared to ti¥6 DRidelines.

For indirect NO emissions from atmospheric deposition of;Nidd NQ emissions
from agriculture as reported in EDGAR 4.1 are saislly lower than those presently
reported by most Annex | countries due to two mdikkdower emission factors
compared to the values recommended in1$@6 IPCC Guidelineand thelPCC Good
Practice GuidancgIPCC, 1997, 2000):

e the default IPCC emission factor (“EF1") for diresbil emissions of pD from
the use of synthetic fertilisers, manure used dgiger and from crop residues left in
the field has been reduced by 20%;

e the default emission factor (“EF5") for indirect,® emissions from nitrogen
leaching and run-off been reduced by 70%.
Thus our EDGAR 4.1 emissions can in some casedalsm indicator of how much
emissions may change if countries use IPCC deémission factors and change them to
the defaults in the 2006 IPCC guidelines.

Conclusions

EDGAR inventories are of interest for both Annearld non-Annex | countries.
For the first group they provide a measure to de= impact of using higher tier
methodologies and more country-specific emissiariofa and technology information
versus using IPCC standard methodology readilyieguple by using widely available
statistics as activity data and default emissiatof®. In other words, how the uncertainty
in their national emissions estimate has improvehgared to the less detailed default
estimate. For the latter group of developing cdastthey provide an estimate of recent
trend and level of national greenhouse gas emissiod assist in identifying the largest
sources.

Using uncertainty estimates based on IPCC defagénainty values seems at first
sight a rather crude method. However, since them&ioty in the various sources differs
so widely, the results are likely to provide a fastimate of the uncertainty in total
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emissions per gas at national, regional and gltwal. The difference of EDGAR and
official greenhouse gas emissions of Annex | coestalso indicates the applicability of
the tier 1 IPCC methodology and default emissiantois to developing countries (within
the uncertainty estimates).
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About the Workshop

The assessment of greenhouse gases (GHGs) emittexhd removed from
the atmosphere is high on both political and sdienagendas internationally. Under
the United Nations Framework Convention on Clim@teange (UNFCCC), parties to
the Convention have published national GHG inveespror national communications to
the UNFCCC, since the early 1990s. Methods for @razcounting of human-induced
GHG sources and sinks at national scales have $tgariated by institutions such as
the Intergovernmental Panel on Climate Change (PP&@ many countries have been
producing national assessments for well over a diecadowever, as increasing
international concern and cooperation aim at pediegnted solutions to the climate
change problem, a number of issues have begunige szgarding verification and
compliance under both proposed and legislated sehemeant to reduce the human-
induced global climate impact.

The issues of concern at thgernational Workshops odncertainty in Greenhouse
Gas Inventories- the 1** Workshopwas held on September 24-25, 2004, in Warsaw,
Poland; and the"™ Workshopon September 27-28, 2007, in Laxenburg, Austriare
rooted in the level of confidence with which naabremission assessments can be
performed, as well as the management of uncertamdyits role in developing informed
policy. The Workshops cover state-of-the-art resdeand developments in accounting,
verifying and trading GHG emissions and provide altigisciplinary forum for
international experts to address the methodologioatertainties underlying these
activities. The topics of interest center aroundiomal GHG emission inventories,
bottom-up versus top-down emission analyses, sigmalcessing and detection,
verification and compliance, and emission tradicigesnes.

The 3% International Workshop on Uncertainty in GreenteoGas Inventories took
place September 22-24, 2010 at thév Polytechnic National UniversitflL PNU) in
Lviv, Ukraine. This Workshop was jointly organizby the Austrian-baselaiternational
Institute for Applied Systems Analysthe Systems Research Institute of the Polish
Academy of Scienceand theLviv Polytechnic National Universitin Ukraine. Main
topics:

— achieving reliable national GHG inventories;

— accounting emissions across spatial scales (praojatonal,
regional/continental);

- bottom-up versus top-down emission analyses;

— detecting and analyzing emission changes;

- reconciling short-term commitments and long-ternyess;

- verification and compliance;

— trading emissions;

— communicating, negotiating and effectively usingemainty.

Special attention was given to translating sciésitisnderstanding of uncertainty
into options of use for policy makers to considecertainty in frameworks of negotiating
climate change.
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