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The preparation of the National Inventory Report on greenhouse gas emissions
in the Netherlands is based on the emission data in the national Pollutant Emis-
sion Register (PER). This general emissions database exists for many years and
is organised as a project with an annual cycle. To meet the requirements of the
UN Framework Convention on Climate Change (UNFCCC) and its Kyoto Pro-
tocol, improvement of calculation methodologies and procedural aspects such as
on validation, documentation and reporting is necessary. The Kyoto Protocol
also requires Annex I countries (i.e. industrialised countries with a quantitative
emission objective) to have a so-called National System in place for the annual
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Abstract

This paper presents recent developments in Quality Assurance and
Quality Control (QA/QC) for the Netherlands’ Pollutant Emission Reg-
ister (PER), which is updated annually and holds emissions for many
substances. In recent years more emphasis is laid on validation activi-
ties for the PER as a whole and to verification actions and quantitative
uncertainty assessments for greenhouse gases, acidifying compounds and
NMVOC. This paper focuses on greenhouse gases. First an overview is
provided of the quality assurance system for the annual inventory compi-
lation and update process and the quality control (validation) activities
of the PER in general and for greenhouse gases in particular. Next we
describe the approach followed by the Netherlands for the improvement of
the greenhouse gas inventory, with special attention for the role of uncer-
tainty estimates of annual emissions and emission trends. We summarise
the experience with the IPCC Good Practice guidance on uncertainty as-
sessment and key source identification, including the value of higher tier
uncertainty assessments. Based on this experience, we conclude with rec-
ommendations for QA /QC, emission uncertainty assessments, prioritising
inventory improvements, and for improving the IPCC Good Practice guid-
ance.

Introduction
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compilation and reporting of emissions (the PER organisation part that deals
with greenhouse gases, including the compilation of the NIR/CRF) [24]. In
2000 a programme was started to adapt the monitoring and reporting of green-
house gases in the Netherlands and transform this part of the PER project into
a National System as prescribed by the Kyoto Protocol. To comply with the
EU and UNFCCC requirements, the Netherlands plans its National System to
be operational in 2005. In this paper we describe the quality system in place
and our experience with the improvement programme, with special attention
for the role of uncertainty assessments. We conclude with recommendations for
prioritising inventory improvements and for IPCC Good Practice.

1.1 The Netherlands’ Pollutant Emission Register

The Netherlands’ Pollutant Emission Register (PER) project comprises the in-
ventory, analysis, localisation and presentation of emission data of both in-
dustrial and non-industrial sources in the Netherlands for several hundreds of
substances. The PER is the national instrument to monitor the emissions from
all sources to all compartments (air, water and soil) on a (sub-)national scale.
Groups of emission ex-perts (called Task Forces) collect the data required and
perform emission calculations. Agreement on definitions, methods and emission
factors is discussed and reported by experts in these Task Forces. Emission
data is gathered for the following so-called Target Sectors: industry, energy
sector (e.g. public utilities), transport, households and services, agriculture
and natural sources. The emissions of large industrial point sources are regis-
tered individually, based on their annual environmental reports (MJVs). The
emissions of all other sources are calculated with statistical activity data and
emission factors. The emission data are updated every year and stored in the
central national database, the PER, from which information for national pol-
icy, international reporting obligations and research applications is provided
(Figure 1). The Netherlands Environmental Assessment Agency (RIVM-MNP)
co-ordinates the annual compilation of the PER on behalf of the Ministry of
Housing, Spatial Planning and the Environment (VROM). Each year emission
data are (re)compiled for the years 1990, 1995, 2000 and t-3, t-2 and t-1 (i.e.
now 2003) for about 160 substances. Where possible, they also report the emis-
sions for the other years between 1990 and t-3. The PER is established in
co-operation with a number of institutes, among which Statistics Netherlands
(CBS) and the Netherlands Organisation for Applied Scientific Research (TNO).

1.2 National Inventory Report for greenhouse gases

The National Inventory Report (NIR) for the UNFCCC provides overviews and
explanations of the trends in greenhouse gas emissions and summarises descrip-
tions of data sources and methods for uncertainty assessments in annual emis-
sions and trends as required by the UNFCCC reporting guidelines [23]. For
this purpose the emissions data contained in the PER are grouped according
to the IPCC source categories and are supplemented with emissions for other
years, often also compiled by the Task Forces. Furthermore, it describes the
identification of key sources according to the IPCC Good Practice guidance [5]
and quality assurance and quality control activities [7]. The NIR, including
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the emission spreadsheets in the Common Reporting Format (CRF), and other
related reports are electronically available at www.greenhousegases.nl.
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Figure 1: Organisation of the PER project and National System (i.e. the part
that deals with greenhouse gases) in the Netherlands, 2004.

2 Quality Management

In 1997 the quality assurance! system ISO 9001 was introduced to ascertain the
quality of the monitoring process related to the PER. All procedural activities
by RIVM-MNP and data processing by TNO are subject to this quality system,
as well as the maintenance of the PER database by RIVM-MNP. However, the
activities of actual data collection and emission calculation by the Task Forces
are not yet part of the formal ISO quality assurance programme. Later, the UN-
FCCC and Kyoto Protocol added additional requirements to both the inventory
quality and the inventory preparation process. The inventory of greenhouse gas
emissions should be transparent, consistent, comparable, complete and accurate
(the so-called ”"TCCCA” criteria) as elaborated in the UNFCCC Guidelines for
reporting [23] and the IPCC Good Practice Guidance [5]. The national inven-
tory system should comply with so-called National System guidelines [24], such
as consideration of ways to improve the quality of the inventory, amongst others

based on information from the review process?.

L According to TPCC Good Practice the inventory definition of Quality Assurance (QA) is
?a planned system of review procedures conducted by personnel not directly involved in the
inventory compilation/development process to verify that data quality objectives were met,
ensure that the inventory represents the best possible estimate of emissions and sinks given
the current state of scientific knowledge and data available, and support the effectiveness of
the quality control (QC) programme”.

The IPCC inventory definition of Quality Control (QC) is ”a system of routine technical
activities, to measure and control the quality of the inventory as it is being developed. A
QC system is designed to: (i) provide routine and consistent checks to ensure data integrity,
correctness, and completeness; (ii) identify and address errors and omissions; (iii) document
and archive inventory material and record all QC activities. QC activities include general
methods such as accuracy checks on data acquisition and calculations and the use of approved
standardised procedures for emission calculations, measurements, estimating uncertainties,
archiving information and reporting. Higher tier QC activities include technical reviews of
source categories, activity and emission factor data, and methods” [5]. These definitions have
also been adopted for the Kyoto protocol [24].

2National System guidelines, articles 5(d) and 13 and 15 (d) [24].
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To meet these international requirements a programme was started to adapt
the monitoring of greenhouse gases and transforming this to a National System
as required in Article 5.1 of the Kyoto Protocol. This programme consists of
three main elements: (1) a monitoring improvement programme (reducing the
uncertainty in the inventory), (2) development of monitoring protocols (method-
ology and process descriptions, including data sources and allocated responsi-
bilities) and (3) other parts of the QA/QC system that meets the National
System requirements. Next we will summarise these three elements, except for
the uncertainty assessments which are discussed in a separate section.

2.1 Monitoring improvement programme

As part of the monitoring improvement programme, a series of studies and
activities are being carried out to improve data quality, methodologies, docu-
mentation and data compilation procedures. This programme focuses on the use
of higher tier methodologies for so-called key sources, improving data quality
for these priority sources wherever this is practicable, transparent reporting and
proper documentation. A workshop held in 1999 served as a starting point for
the identification of priority sources [26, 27]. Based on a number of practicali-
ties, for a selection of them improvement projects were started. These quality
improvements comprise most sectors and most gases:

e re-evaluation of CO4 emission factors for fuels,

e improvement of CO2 emissions from waste incineration (better split into
organic and fossil carbon),

e a Tier-2 methodology for COs from feedstocks,

e a Tier-2 methodology for CH,4 from gas distribution and for enteric fer-
mentation of cattle,

e changing the present country-specific method for indirect NoO emissions
from soils into the rec-ommended IPCC methodology,

e updating the CH,4 emissions from landfills and wastewater treatment plants,

e identification of significant non-CQOs sources yet included in the inventory,
and

e a sinks assessment.

Final recalculations of the Netherlands’ greenhouse gas inventory are planned
for the second half of 2004, which will include all remaining key issues identified
by the Dutch improvement programme.

The fuel related emissions in the PER are based on a bottom up approach [22].
Emissions from public electricity production, refineries, large industries and
waste incineration are for about 75% directly reported by individual companies.
For these sectors, the remainder of the emissions is estimated on the basis of
calculated remaining fuel consumption and standard emission factors. However,
the method for emission data collection from large industrial point sources has
been changed since the mid 1990’s. Before 1995, the emission and activity
data from about 700 large companies were collected, checked and processed by

22



GHG Uncertainty Workshop - Warsaw, September 24-25, 200

TNO. Since 1996, this data collection has been gradually replaced by annual
environmental reports from companies. From 1999 onwards, a group of about
250 companies are obliged to report their emissions in the standard format of
annual environmental reports (MJVs).

The 1999 MJVs were thoroughly analysed to establish the data quality,
which led to serious doubts. For example, COs emissions of these companies
dropped by 33% from 1998 to 1999. Another problem was the incomplete re-
porting of fuel use in MJVs, which resulted in a major double counting of
fuel-use emissions in the industry. Although in 2001 and 2002 improvement
plans were carried out, resulting in a much larger dataset with emissions of in-
dividual companies, the transparency is still insufficient. Since 2003, reporting
can be done electronically, which should result in higher data quality in future.
These problems and concern expressed in UNFCCC reviews on transparency
and consistency led to a discussion about the reliability of the current bottom
up method for fuel related emissions. Recently, Statistics Netherlands showed
the feasibility of calculating fossil fuel related emissions top down based on sec-
toral energy statistics, which does provide more reliable as well as consistent
and transparent emissions data.

2.2 Monitoring protocols: methodology and process de-
scriptions

The general methodology for calculating emissions to air and water in the Dutch
PER is described in [30]. The methodology for calculating emissions of green-
house gases is described in more detail in [22]. For methane and nitrous ox-
ide these methods were based on background documents [in English] prepared
by [25] and [8]. Other documents on emission calculation methodology are given
in the proceedings of workshops on greenhouse gas emissions and sinks in the
Netherlands held in 1999 [26, 27].

In 2001 a project was started to develop specific monitoring protocols for the
Dutch greenhouse gas emissions. As part of the National System, all relevant
methodologies, procedures, tasks, responsibilities and such are being described
in a transparent way in these protocols. The protocols cover the data collec-
tion, validation, data storage, data management and data dissemination, and
are documented and will be available online (see Section 1.2). In this project,
the methodologies and procedures for estimating greenhouse gas emission in the
Netherlands were (re)assessed and compared with UNFCCC and IPCC require-
ments. Discussions include the feasibility and willingness to provide additional
(sometimes confidential) data and the feasibility and costs of changing method-
ologies. Meanwhile all key sources are described in separate (draft) protocols.
For non-key sources a separate combined "protocol’ is elaborated.

2.3 Quality Assurance and Quality Control system

Although the PER project is executed under the ISO 9001 quality system, these
quality elements do not meet all National System requirements for greenhouse
gases. In 2001 a three-phase project was started to adapt the QA/QC system
for greenhouse gas monitoring and the NIR/CRF compilation process. The first
phase was finished in 2002 and included an assessment of the present situation
as compared to the UNFCCC/IPCCC requirements (DHV, 2002). The second
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phase involves the elaboration and description of relevant processes and proce-
dures, including adaptation of the present situation. The third phase, which is
scheduled for 2004, comprises the formal and legal arrangements, needed for the
structural embedding of the QA/QC procedures in the PER project. This in-
cludes the legal embedding of the data provision as described in the monitoring
protocols.

2.3.1 Quality Assurance

For a large part the ISO quality system already complies with key National
System requirements. The Ministry of VROM commissions RIVM-MNP to
draft each year a detailed plan for the compilation of the emission inventory for
the forthcoming year, including responsibilities of the parties involved, members
of the Task Forces, division of tasks, selection of substances and years, the list
of source categories and the time schedule. Each Task Force has the task to
update (or define) the protocols for the monitoring process of their specific
Target Sector (see Section 2.2). At the end of the yearly project, the PER
Project Group reports the necessary improvements identified for next year’s
emission inventory update, based on observations made by the Task Forces.

In addition, the greenhouse gas inventories were subject to a series of reviews
by the UNFCCC. In general the findings of the different UNFCCC reviews are
well observed and described. The Netherlands responded and made improve-
ments in the inventory and the NIRs on several aspects: inconsistency in time
series, missing notation keys, incompleteness of CRF, additional information
on methodology and data sources in the NIR. Also, the Netherlands appointed
Novem as National Inventory Entity under the Kyoto protocol, which has the
overall responsibility for coordinating the quality management of the national
system for greenhouse gases.

2.3.2 Quality Control

Each year, the Task Force members fill a standard format database with emission
data as described in Section 1.1. As part of the Quality Control (QC) activities,
before the data is submitted to a central database, data checks on complete-
ness, emission levels and errors are performed. After submission to the central
database, a draft data file is made. The Task Force members and other emis-
sion experts examine the time series within two weeks. These actions focus on
greenhouse gases, acidifying substances, aerosols (PMiq), Non-Methane Volatile
Organic Compounds (NMVOC) and emissions to water and soil. The emissions
are checked for outliers in two ways: (1) the levels per sector per year are com-
pared with the levels published the previous year and (2) interannual differences
and the overall trend per sector. This assessment is carried out at the level of
main subcategories within the Target Sectors. When significant differences are
found, the Task Forces evaluate the emission data in more detail, for example
by sub-sector the combustion or process related emissions, emission factors and
activity data. Currently, spreadsheet tools are in development to assist the Task
Force members, for instance, to mark (flag) outliers in the emission trend. The
UNFCCC secretariat has also, for its internal use, developed an outlier detec-
tion spreadsheet to facilitate the inventory review process. For international
reporting of greenhouse gases according to the IPCC format, the emissions of
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most Target Sectors need to be converted into the IPCC subcategory level of the
CRF sectoral background tables, which are generally split into fuel combustion
and non-combustion emission sources. Therefore, the data were also checked at
the reporting format level of the IPCC Tables 7TA (CRF recalculation tables).
Remarkable trend changes observed are noted and discussed at an annual work-
shop. The result of this workshop is an action list, that is carried out or the
items become footnotes and will be dealt with in the next inventory round. In
most cases differences can be explained or emission figures are corrected in the
database. The chairmen of the Task Forces then approve the final data file,
after which the emission data are released.

Later in time for the greenhouse gases, when preparing the final CRF data
set, similar trend and level checks of outliers were carried out at the more
detailed level of the sub-sources of all CRF sectoral background tables: annual
changes in emissions of the six greenhouse gases; annual changes in activity
data; annual changes in implied emission factors for CO2, CH4 and N5O; and
level values of implied emission factors, in particular, of CO5 from combustion.
Special trend and recalculation check spreadsheets were developed for this pur-
pose. The institute responsible for the data entry checks all flagged items for
correctness of the figures and the plausibility of the difference. Again, remaining
flagged items are communicated with the relevant sectoral expert to explain the
marked items. The explanations of both checks are used to document the dif-
ferences with the previous release of the CRF in the recalculation tables and to
explain unusual trends in the NIR. Due to limited capacity these detailed CRF
checks are performed after the finalisation of the PER, so if additional errors are
detected these are not corrected in that cycle but have to wait till next year. In
future, a better planning of the inventory preparation should therefore include
all QC activities prior to the fixation of the new PER dataset.

3 Uncertainty analysis

The IPCC Good Practice guidance on inventory improvement introduces the
concept of key sources, which can be identified taking into account the un-
certainty in the emissions [5]. In response to recommendations from an inter-
national review on this topic, the RIVM-MNP has intensified its research on
uncertainty analyses [20]. For emission monitoring, this varied from method-
ological studies on expert assessment and the role of dependencies [3, 6, 31, 33,
34], to conducting integrated uncertainty analyses on greenhouse gas emissions
[13, 10, 14, 12] and acidifying emissions [29], for which different methods have
been used. Uncertainties in emission figures have been calculated according to
the first-order approximation method recommended by the IPCC ("Tier-1’) and
since 2001 reported in National Inventory Reports [13, 7] and in RIVM-MNP’s
annual Environmental Balances [21].

3.1 Uncertainties in greenhouse gas emissions

The IPCC Tier 1 methodology for estimating uncertainty in annual emissions
and trends has been applied to key sources since the National Inventory Report
2001. The Tier-1 methodology works with three major assumptions: (1) all
individual emission sources are independent from each other; (2) the emission
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probability shows normal, i.e. Gaussian, distributions and (3) uncertainties
are smaller than 60%. Based on these assumptions, simple error-propagation
rules can be applied on adding uncertainties of different sources in the emission
inventory. At RIVM-MNP we have modified the IPCC Tier 1 standard error
propagation formulas and removed the condition for a valid application that
the error should be less than 60%. It should be stressed that most uncertainty
estimates are ultimately based on expert judgement and therefore inevitably
show a high degree of subjectivity. However, the reason to use these estimates is
to identify the most important uncertain sources. For this purpose, a reasonable
order-of-magnitude estimate of the uncertainty in activity data and in emission
factors is usually sufficient.

The uncertainty estimates for activity data and emission factors used in the
uncertainty calculations were based on three sources [12]: (a) country-specific
uncertainty estimates made or endorsed by sectoral expert groups [26, 27]; (b)
other country-specific references adopted by RIVM experts; (¢) IPCC default
uncertainties from the Good Practice guidance [5]. The first information source
was part of a workshop identifying both uncertainties and options and priorities
for inventory improvement, as part of the development of the National System
under the Kyoto protocol. All identified Netherlands experts on greenhouse gas
emissions were invited to participate, both internal and external to the Dutch
PER/NIR project, and they endorsed the proposed uncertainty estimates.

The IPCC Tier 1 calculation of annual uncertainty (using a 95% confidence
interval) in COg-eq. emissions are presented in Table 1 [7]. However, these
figures do not include the correlation between source categories (e.g. energy
amounts for feedstocks and fuel combustion, cattle numbers for enteric fermen-
tation and animal manure production) or a correction for notreported sources.
Therefore, the actual uncertainty of total annual emissions per compound and
of the total will be somewhat higher. We estimate the resulting uncertainty in
national total annual COgz-eq. emissions at about 5% (Table 1). Because of
problems identified with recent annual environmental reports from individual
companies (see Section 2.1) an extra uncertainty in national CO2 emissions was
estimated for 2000 at 2% [4]. This will also be the case with 2001 and 2002
emissions. Moreover, in the last year’s ’t-1’ emission estimates extra uncer-
tainty is introduced, due to the use of partially estimated statistics as basis for
the inventory.

The calculated uncertainty in the trend in the total CO3-eq. emissions for
1990-2002 (1995 for F-gases) is £3% points. Per individual gas, the trend
uncertainty in total emissions of CO2, CH4, N3O and the total group of F-gases
has been calculated at £3%, 6%, £11% and £9% points, respectively [7].

In 2002, a Tier 2 uncertainty analysis was done, taking into account cor-
relations between emission sources and specific probability density functions.
This additional information is also mostly based on expert judgements. This
study was not only aimed on the amount of uncertainty (quantitative uncer-
tainty) but also focuses on the underlying causes of uncertainty (qualitative
uncertainty) [14]. The study showed that the Tier 2 and Tier 1 uncertainty
analyses, using similar underlying uncertainty data, resulted in similar magni-
tudes of overall uncertainty calculations, both for level and trend uncertainty
(Tables 2 and 3). The range of confidence is similar to the trend uncertainty
found in comparable studies for the UK, Norway and Austria [19]. Other conclu-
sions of the study were that the thorough assessment of the models for emission
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Greenhouse gas Tier-1 uncertainty | Tier-1 uncertainty

(calculated) (estimated)
Carbon dioxide + 2% + 3%
Methane +17% + 25%
Nitrous oxide + 34% + 50%
F-gases + 21% + 50%
Total COs-equivalents + 4% + 5%

Table 1: Calculated and estimated uncertainty of total annual emissions per
compound (1990-1999) [7]

estimates resulted in areas for improvement and that the quality of uncertainty
data still depends to a large extent on expert estimates.

Greenhouse gas Tier 1 uncertainty® | Tier 2 uncertainty
Carbon dioxide 2.7% 1.6%
Methane 16.2% 14.6%
Nitrous oxide 35.5% 29.3%
F-gases 20.3% 20.0 %
Total COs-equivalents 4.5% 3.6%

* Calculated in NIR 2001 [13].

Table 2: Comparison of results of Tier-1 and Tier-2 uncertainty assessment for
annual emissions, 1999 [14].

Emission trend in % Tier 1 uncertainty* | Tier 2 uncertainty
Trend in COs-equivalents (6.1 £2.6) % (5.8 +2.8 %
Calculated confidence range 4.5% - 8.4% 3.5% - 8.6%
on trend

* Calculated in NIR 2001 [13].

Table 3: Comparison of results of Tier-1 and Tier-2 uncertainty assessment for
the 1990-1999 emission trend [14].

It should be stressed that the Tier 1 and 2 uncertainty estimates do not
include limitations or biases due to the use of a simplified methods for key
sources.

Since 2000, when the initial estimates of the uncertainties in the inventory
were made, new methods, new data and new information on uncertainty in
activity data and emission factors have became available. Part of the completion
of major recalculations of the Netherlands inventory planned for the end of this
calendar year will be to update the present uncertainties to the new datasets.

3.2 Uncertainties in emissions of acidifying substances

Since 2000, uncertainty estimates are reported in the Environmental Balances [21].
These are based on expert judgement (mostly RIVM-MNP) and Tier-1 calcu-
lations. A preliminary analysis on NMVOC emissions showed an uncertainty
range of £26%. In a recent study by [29], the uncertainty in the contribution of
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the various emission sources to total acidification (in acidification equivalents)
has been assessed according to the Tier-2 methodology and estimated at =10%
(Table 4).

Component Tier-1 for 1999 | Tier-1 for 2000 | Tier-2 for 2000
NH; +17% +12% +17%
NO, +11% +14% +15%
SO, + 8% + 6% + 6%
Total acid equiva- + 9% +8% +10%
lents

Table 4: Uncertainty (95% confidence ranges) in acidifying compounds and for
total acidifying equivalents for emissions in the year 1999 [21] and 2000 [29].

As for greenhouse gases, a comparison was made between the Tier-1 and
Tier-2 methodology. This is not straightforward as the two studies use a dif-
ferent knowledge collection. The 2000 Tier-2 analysis used CLRTAP default
uncertainties for several NO, processes, which explains the difference with the
1999 Tier-1 results. For NHg, the difference between 2000 Tier-1 and Tier-2 can
be explained by talking non-normal distributions and dependencies between in-
dividual emission sources for each animal type into account (both are violations
against the Tier-1 assumptions; these effects were encapsulated in the 1999
Tier-1 analysis). The differences for SO, and total acidifying equivalents are
small.

The 1999 study draws on the results of an earlier study on the quality of
nitrogen oxides (NO,) and sulphur dioxide (SO3) emissions as reported by in-
dividual companies for point sources under their national reporting require-
ments [3]. Besides providing quantitative uncertainty estimates, important con-
clusions were that a limited number of facilities showed high uncertainties, e.g.
of the order of 50% or more for NO,,, which could be improved with little extra
effort, and that companies generally have a lack of knowledge of the uncertainty
in the emissions that they report.

For the study by Van Gijlswijk emission experts were systematically in-
terviewed on quantitative uncertainties, which simultaneously provided infor-
mation on the reliability and quality of the underlying knowledge base. For
processes not covered by interviews, standard default uncertainties were used,
according to the Good Practice Guidance for CLRTAP emission inventories [16].
The qualitative knowledge (on data validation, methodological aspects, empir-
ical basis and proximity of used data) has been combined into a score for data
strength, based on the so-called NUSAP approach [33, 17]. The qualitative
and quantitative uncertainties were combined in so-called diagnostic diagrams
that can be used to identify areas for improvement, as the diagrams indicate
strong and weak parts of the available knowledge. Sources with a relatively
high quantitative uncertainty and weak data strength are thus candidates for
improvement. To effectively reduce the uncertainty, the nature of uncertainties
must be known (e.g. random, systematic or knowledgeuncertainty). A general
classification scheme on uncertainty typology is given in [28] (see also paper by
Vreuls; this workshop).

28



GHG Uncertainty Workshop - Warsaw, September 24-25, 200

3.3 General guidance for uncertainty management

Based on its earlier work on uncertainty assessments, the Netherlands Envi-
ronmental Assessment Agency (RIVM-MNP) introduced a Guidance for Uncer-
tainty Assessment and Communication to help RIVM-MNP researchers to gain
better insight into aspects of quality and uncertainty [15, 32]. The guidance of-
fers assistance to MNP employees in mapping and communicating uncertainties
in environmental assessments. The guidance stimulates reflection during the
execution of environmental assessments and is intended to signal timely which
bottlenecks could occur with respect to dealing with uncertainties. The guid-
ance offers advice on the selection of appropriate methods and available tools
to adequately estimate uncertainties in the given context and to communicate
them to scientific researchers, the clients (usually ministries), and other relevant
stakeholders in the policy process, and the broader public. Drawing on expe-
rience with national and international emission inventories, [10] have reviewed
the causes of uncertainty and other quality aspects in these inventories and pro-
vided recommendations on inventory quality management, also from a broad
perspective of the suitability for the users applications [11].

4 Verification: comparison with other datasets

The assessments above assume that the calculation methodology used does not
include systematic errors. It is well known that in practice this may well be
the case. The IPCC Good Practice Guidance provides several options for a
more independent verification of the emission level and emission trends, e.g.
by comparison with atmospheric concentration measurements or by comparison
of bottom-up collected data on consumption with national total apparent con-
sumption data (i.e. a top-down calculation of production + import export). In
the Netherlands these approaches have been studied for several years, funded by
the National Research Programme on Global Air Pollution and Climate Change
(NOP-MLK) or by the Netherlands Reduction Programme on non-COs Green-
house Gases (ROB). Results of these studies can be found in, for example, [1, 18].
The inventory improvement programme for some of these sources, for example
indirect emissions of NoO, may result in adjustments of a few percent (i.e. sev-
eral Tg COq-eq.) The impact of these methodological changes on emissions is
not included in the uncertainty estimates presented here. For non-greenhouse
gases, air quality measurements from the Dutch Air Quality Monitoring Net-
work allow independent validation of emission trends. The decrease of emissions
of NMVOC, NO,, SO, particulate matter (PMjg), benzene, and ammonia is
confirmed by the air quality measurements [9].

5 Conclusions and recommendations

We have briefly discussed the experience of the Netherlands with quality man-
agement of the national emission inventories, from which we draw the following
conclusions:

1. Monitoring of industrial emissions. In principle, emissions reported by in-
dividual industrial companies may be more accurate when plant-specific
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data is used and the quality of the calculation process is ensured. However,
special attention is required, also in the IPCC Good Practice guidance, for
transparency of reporting and for consistency in case supplemental emis-
sion estimates are needed for the non-reporting part of a sector to ensure
completeness and to avoid double counting. Also, in periods of major
transitions e.g. when shifting reporting responsibilities, errors can eas-
ily slip in. Comparison of company reports with total sectoral top-down
estimates can be a means of verification of both estimates.

. Monitoring protocols. Although initially a time-consuming activity, docu-
menting and getting approval of the methodology and data sources used
provides insight in the quality of the emission estimates as well as in the
sources and sizes of uncertainty. The inventory compilation process will
be more robust and results are less vulnerable to changes of project staff.
Protocols also provide a clear start for discussions on where and why to
improve the methods or data used.

. General QA/QC. A general Quality Assurance system like ISO 9000 is a
good basis for a National System under the Kyoto protocol, but it is not
sufficient since the latter contains some specific organisational, procedu-
ral and documentation requirements. In addition, IPCC provides Good
Practice recommendations on general QA and source-specific QC. Quality
Control activities are an essential part of a QA system, as data entry mis-
takes or calculation errors can easily slip into these large emission datasets.
Systematic checks as described are a powerful tool to flag possible errors
in the dataset. This can be facilitated by specially designed spreadsheets.
Sharing these amongst inventory teams would be a means of making this
part of the inventory process more efficient. Documenting and archiving
the extent and the main results of the QC activities is an essential part
of QC as it makes transparent to users and reviewers of the inventory the
effort that was made by the project team to ensure a good quality dataset.

. Uncertainty assessments. These are a means either to provide the inven-
tory users a quantitative judgement of the inventory quality or to direct
the inventory preparation team to priority areas where improvements are
warranted and can cost-effectively be made. A Tier 1 uncertainty as-
sessment may be sufficient for this purpose, since experience with more
detailed Tier 2 assessments resulted in similar magnitudes of overall un-
certainty estimates. However, the IPCC Tier 1 standard error propagation
calculation can be improved by taking out one of the three conditions for
a valid application (that the error should be less than 60%).

Focusing on the order of magnitude of the individual uncertainty estimates
provides a reasonable first assessment of the uncertainty of key source
categories. Applying default uncertainties, e.g. from IPCC or CLRTAP
(EMEP-CORINAIR), can serve as a first start. The IPCC Good Practice
provides good guidance for this process, but misses default uncertainties
for number of sources. Also more specific guidance on which sub-categories
to be analysed a potential key sources, in particular for fuel combustion
sources, would be welcomed. When sources appear to be important for the
overall uncertainty, their uncertainty estimates could be refined, in par-
ticular where regional or global defaults were used. However, one should
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always keep in mind that uncertainty estimates are ultimately and un-
avoidably based on expert judgement of representativeness of emission
factors for the circumstances of the particular source category.

5. Priority setting for inventory improvements. Besides the key source iden-
tification methodology of the IPCC Good Practice, where uncertainties are
used in the Tier 2 key source identification, we showed that the so-called
NUSAP analysis is a useful tool to direct improvement actions to those
knowledge areas where investment are most efficient. For this analysis
additional information is needed on the type of uncertainties.

6. Verification. Comparison with other, external datasets, e.g. emissions with
atmospheric measurements or bottom-up activity data on consumption
with apparent consumption at national level, is one of the few means to
independently check for bias in the inventory. This may be useful, in
particular when incompleteness or other systematic errors are suspected,
but caution should be taken with respect to the precision of the conclusions
drawn from the other datasets.

Finally, we reiterate that uncertainty estimates and independent verification are
means to identify the data quality for inventory users and to prioritise inventory
improvement activities, rather than an objective in itself.
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