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6 QUALITY ASSURANCE/QUALITY CONTROL
AND VERIFICATION

6.1 INTRODUCTION

An important goal of IPCC inventory guidance is to support the development of national greenhouse gas
inventories that can be readily assessed in terms of quality. It is good practice to implement quality
assurance/quality control (QA/QC) and verification procedures in the development of national greenhouse gas
inventories to accomplish this goal. The procedures as described in this chapter also serve to drive inventory
improvement.

The guidance is designed to achieve practicality, acceptability, cost-effectiveness, incorporation of existing
experience, and the potential for application on a world-wide basis. A QA/QC and verification system
contributes to the objectives of good practice in inventory development, namely to improve transparency,
consistency, comparability, completeness, and accuracy of national greenhouse gas inventories.

QA/QC and verification activities should be integral parts of the inventory process. The outcomes of QA/QC and
verification may result in a reassessment of inventory or category uncertainty estimates and to subsequent
improvements in the estimates of emissions or removals. For example, the results of the QA/QC process may
point to particular variables within the estimation methodology for a certain category that should be the focus of
improvement efforts.

The terms ‘quality control’, ‘quality assurance’, and ‘verification’ are often used in different ways. The
definitions of QC, QA, and verification in Box 6.1 will be used for the purposes of this guidance.

Box 6.1
DEFINITIONS OF QA/QC AND VERIFICATION

Quality Control (QC) is a system of routine technical activities to assess and maintain the quality
of the inventory as it is being compiled. It is performed by personnel compiling the inventory. The
QC system is designed to:

(i) Provide routine and consistent checks to ensure data integrity, correctness, and completeness;
(i1) Identify and address errors and omissions;
(i) 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 and removal
calculations, measurements, estimating uncertainties, archiving information and reporting. QC
activities also include technical reviews of categories, activity data, emission factors, other
estimation parameters, and methods.

Quality Assurance (QA) is a planned system of review procedures conducted by personnel not
directly involved in the inventory compilation/development process. Reviews, preferably by
independent third parties, are performed upon a completed inventory following the implementation
of QC procedures. Reviews verify that measurable objectives (data quality objectives, see Section
6.5, QA/QC Plan.) were met, ensure that the inventory represents the best possible estimates of
emissions and removals given the current state of scientific knowledge and data availability, and
support the effectiveness of the QC programme.

Verification refers to the collection of activities and procedures conducted during the planning and
development, or after completion of an inventory that can help to establish its reliability for the
intended applications of the inventory. For the purposes of this guidance, verification refers
specifically to those methods that are external to the inventory and apply independent data,
including comparisons with inventory estimates made by other bodies or through alternative
methods. Verification activities may be constituents of both QA and QC, depending on the
methods used and the stage at which independent information is used.
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Before implementing QA/QC and verification activities, it is necessary to determine which techniques should be
used, and where and when they will be applied. QC procedures may be general with a possible extension to
category specific procedures. There are technical and practical considerations in making these decisions. The
technical considerations related to the various QA/QC and verification techniques are discussed in general in this
chapter, and specific applications to categories are described in the category-specific guidance in Volumes 2 to 5.
The practical considerations involve assessing national circumstances such as available resources and expertise,
and the particular characteristics of the inventory (e.g., whether or not a category is key).

6.2 PRACTICAL CONSIDERATIONS IN
DEVELOPING QA/QC AND VERIFICATION
SYSTEMS

In practice inventory compilers do not have unlimited resources. Quality control requirements, improved
accuracy and reduced uncertainty need to be balanced against requirements for timeliness and cost effectiveness.
A good practice system for QA/QC and verification seeks to achieve that balance, and also to enable continuous
improvement of inventory estimates. Judgements to select the respective parameters will need to be made on the
following:

e Resources allocated to QA/QC for different categories and the compilation process;

e Time allocated to conduct the checks and reviews of emissions and removal estimates;
e Frequency of QA/QC checks and reviews on different parts of the inventory;

e The level of QA/QC appropriate for each category;

e Availability and access to information on activity data, emission factors and other estimation parameters,
including uncertainties and documentation;

e  Acquisition of additional data specifically required, e.g., alternative data sets for comparisons and checks;
e Procedures to ensure confidentiality of inventory and category information, when required;

e Requirements for documenting and archiving information;

e  Whether increased effort on QA/QC will result in improved estimates and reduced uncertainties;

e  Whether sufficient independent data and expertise are available to conduct verification activities.

In order to prioritise QA/QC and verification efforts for certain categories, particularly in terms of activities
requiring more intensive analysis and review, the following questions should be asked to identify where to focus
such activities in a given inventory development cycle:

e Is this source/sink a key category according to the definition and methodologies presented in Chapter 4,
Methodological Choice and Identification of Key Categories? Has the category been designated as key for
qualitative reasons? For example:

- Is there considerable uncertainty associated with the estimates for this category?

- Have there been significant changes in the characteristics of this category, such as technology
changes or management practices?

- Have significant changes occurred recently in the estimation methodology used for this category?
- Are there significant changes in the trends of emissions or removals for this category?
e Does the methodology use complex modelling steps or large inputs from outside databases?

e Are emission factors or other parameters associated with the estimation methodology significantly different
to recognized IPCC defaults or data used in other inventories?

e Has a significant amount of time passed since emission factors or other parameters have been updated for
this category?

e Has a significant amount of time passed since this category last underwent thorough QA/QC and
verification procedures?
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e Has there been a significant change in how data are processed or managed for this category, such as a
database platform change or change in modelling software?

e Is there a potential overlap with estimates reported under other categories (for example because of common
activity data) that can generate double counting or incomplete estimates?

Answering yes to the above questions should help identify those sources/sinks where category specific QA/QC
and verification activity should be prioritised. Also, the timing of the QA/QC activity should coincide with
changes in the category. One time changes in methodologies or data processing, for example, may only require
intensified QA/QC within the inventory cycle where those changes occurred.

In terms of the implementation of QA/QC procedures, there should be no difference between confidential and
publicly available data; both should carry descriptions of the measurement and calculation procedures and the
steps taken to check and verify the values reported. These procedures may be carried out on the confidential data
by either the provider of the information or by the inventory compiler and, in either case, confidential source
data should be protected and archived accordingly. However, the QA/QC procedures that are implemented need
to remain transparent and their description available for review. For example, when data are aggregated across
categories at a national level to protect confidentiality, the report should contain a description of the relevant
QA/QC procedures.

6.3 ELEMENTS OF A QA/QC AND VERIFICATION
SYSTEM

The following are the major elements of a QA/QC and verification system to be implemented in tracking
inventory compilation, which are covered in detail in the following sections:

e Participation of an inventory compiler who is also responsible for coordinating QA/QC and verification
activities and definition of roles/responsibilities within the inventory;

e A QA/QC plan;

e  General QC procedures that apply to all inventory categories ;
e Category-specific QC procedures;

¢ QA and review procedures;

e QA/QC system interaction with uncertainty analyses;

e  Verification activities;

e Reporting, documentation, and archiving procedures.

A complete QA/QC and verification system will typically consist of the elements mentioned above. General QC
procedures should be applied routinely to all categories and to the inventory compilation as a whole. In addition,
category-specific procedures based on the prioritisation considerations discussed in Section 6.2 should be used.
Verification activities may be directed at specific categories or the inventory as a whole, and their application will
depend on the availability of independent estimation methodologies that can be used for comparison.

6.4 ROLES AND RESPONSIBILITIES

The inventory compiler should be responsible for coordinating the institutional and procedural arrangements for
inventory activities. It is good practice for the inventory compiler to define specific responsibilities and
procedures for the planning, preparation, and management of inventory activities, including:

e Data collection;

e Selection of methods, emission factors, activity data and other estimation parameters;
e Estimation of emissions or removals;

e Uncertainty assessment;

e QA/QC and verification activities;

e Documentation and archiving.
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The inventory compiler may designate responsibilities for implementing and documenting QA/QC procedures to
other agencies or organisations, such as in cases where national activity data are provided by a central statistical
agency. The inventory compiler should ensure that other organisations involved in the preparation of the inventory
are following applicable QA/QC procedures and that appropriate documentation of these activities is available.

The inventory compiler is also responsible for ensuring that the QA/QC plan is developed and implemented. It is
good practice for the inventory compiler to designate a QA/QC coordinator as the person responsible for
ensuring that the objectives of the QA/QC process as set out in the QA/QC plan (see Section 6.5) are met.

6.5 QA/QC PLAN

A QA/QC plan is a fundamental element of a QA/QC and verification system. The plan should, in general,
outline the QA/QC and verification activities that will be implemented and the institutional arrangements and
responsibilities for implementing those activities. The plan should include a scheduled time frame for the
QA/QC activities that follows inventory preparation from its initial development through to final reporting in any
year.

The QA/QC plan is an internal document to organise and implement QA/QC and verification activities that
ensure the inventory is fit for purpose and allow for improvement. Once developed, it can be referenced and used
in subsequent inventory preparation, or modified as appropriate (notably, when changes in processes occur or on
advice of independent reviewers). A key component of a QA/QC plan is the list of data quality objectives,
against which an inventory can be measured in a review. Data quality objectives are concrete targets to be
achieved in the inventory preparation. They should be appropriate, realistic (taking national circumstances into
account) and allow for an improvement of the inventory. Where possible, data quality objectives should be
measurable. Such data quality objectives may be based upon and refined from the following inventory principles:

e Timeliness

e Completeness

e Consistency (internal consistency as well as time series consistency)
e  Comparability

e Accuracy

e Transparency

e Improvement

As part of the QA/QC plan, it is good practice to accommodate procedural changes and a feedback of experience.
Conclusions from previous reviews need to be used to improve the procedures. Such changes can also concern
data quality objectives and the QA/QC plan itself. The periodic review and revision of the QA/QC plan is an
important element to drive the continued inventory improvement.

In developing and implementing the QA/QC plan, it may be useful to refer to relevant standards and guidelines
published by outside groups involved in inventory development. For example, the International Organization for
Standardization (ISO) introduced specifications for quantification, monitoring, and reporting of greenhouse gas
emissions and removals (ISO 14064) in organisations. These and other relevant ISO standards are listed in Box
6.2. Also, there are guidelines for corporate and entity level QA/QC and verification techniques, which may be
reflected in the overall inventory QA/QC process for categories whose estimates rely on data prepared under
those guidelines. Examples of such guidelines include the Greenhouse Gas Protocol developed by the World
Business Council for Sustainable Development and the World Resources Institute (The greenhouse gas protocol
— A corporate accounting and reporting standard. ISBN 156973-568-9), the Guidelines for the monitoring and
reporting of greenhouse gas emissions pursuant to Directive 2003/87/EC, as well as a variety of other regional
and national guidelines for emissions trading and reporting systems.

Any specific details of a QA/QC and verification system should be defined in the QA/QC plan so that national
circumstances can be taken into account.
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Box 6.2
ISO STANDARDS RELATED TO QUALITY MANAGEMENT SYSTEMS

The International Organization for Standardization (ISO) series programme provides standards for
data documentation and audits as part of a quality management system. Within the ISO series,
there are several standards that relate to the compilation of greenhouse gas inventories,
independent validation and verification, and the accreditation and the requirements for validation
and verification bodies.

ISO 14064-1:2006 Greenhouse gases — Part 1: Specification with guidance at the organisation
level for quantification and reporting of greenhouse gas emissions and
removals

ISO 14064-2:2006 Greenhouse gases — Part 2: Specification with guidance at the project level for
quantification, monitoring and reporting of greenhouse gas emission
reductions or removal enhancements

ISO 14064-3:2006 Greenhouse gases — Part 3: Specification with guidance for the validation and
verification of greenhouse gas assertions

Many of the good practice principles of quality management derive from a series of generic
quality related standards and their subsidiary parts. Inventory compilers may find these documents
useful as source material for developing QA/QC plans for greenhouse gas inventories.

ISO 9000:2000 Quality management systems — Fundamentals and vocabulary

ISO 9001:2000 Quality management systems — Requirements

ISO 9004:2000 Quality management systems — Guidelines for performance improvements
ISO 10005:1995 Quality management — Guidelines for quality plans

ISO 10012:2003 Measurement management systems — Requirements for measurement processes
and measuring equipment

ISO/TR 10013:2001 Guidelines for quality management system documentation
ISO 19011:2002 Guidelines for quality and/or environmental management systems auditing
ISO 17020:1998 General criteria for the operation of various types of bodies performing inspection

Source: http://www.iso.org/

6.6 GENERAL QC PROCEDURES

General QC procedures include generic quality checks related to calculations, data processing, completeness,
and documentation that are applicable to all inventory source and sink categories. Table 6.1, General inventory
level QC procedures, lists the general QC checks that the inventory compiler should use routinely throughout the
preparation of the inventory. The checks in Table 6.1 should be applied irrespective of the type of data used to
develop the inventory estimates. They are equally applicable to categories where default values or national data
are used as the basis for the estimates. The results of these QC activities and procedures should be documented
as set out in Section 6.11.1, Internal Documentation and archiving, below.

Although general QC procedures are designed to be implemented for all categories and on a routine basis, it may not
be necessary or possible to check all aspects of inventory input data, parameters and calculations every year. Checks
may be performed on selected sets of data and processes. A representative sample of data and calculations from every
category may be subjected to general QC procedures each year. In establishing criteria and processes for selecting
sample data sets and processes, it is good practice for the inventory compiler to plan to undertake QC checks on all
parts of the inventory over an appropriate period of time as determined in the QA/QC plan.
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TABLE 6.1

GENERAL INVENTORY QC PROCEDURES

QC Activity

Procedures

Check that assumptions and
criteria for the selection of activity
data, emission factors, and other
estimation parameters are
documented.

Cross-check descriptions of activity data, emission factors and other
estimation parameters with information on categories and ensure that these
are properly recorded and archived.

Check for transcription errors in
data input and references.

Confirm that bibliographical data references are properly cited in the
internal documentation.

Cross-check a sample of input data from each -category (either
measurements or parameters used in calculations) for transcription errors.

Check that emissions and
removals are calculated correctly.

Reproduce a set of emissions and removals calculations.

Use a simple approximation method that gives similar results to the original
and more complex calculation to ensure that there is no data input error or
calculation error.

Check that parameters and units
are correctly recorded and that
appropriate conversion factors are
used.

Check that units are properly labelled in calculation sheets.

Check that units are correctly carried through from beginning to end of
calculations.

Check that conversion factors are correct.

Check that temporal and spatial adjustment factors are used correctly.

Check the integrity of database
files.

Examine the included intrinsic documentation (see also Box 6.4) to:

- confirm that the appropriate data processing steps are correctly
represented in the database.

- confirm that data relationships are correctly represented in the
database.

- ensure that data fields are properly labelled and have the correct
design specifications.

- ensure that adequate documentation of database and model structure
and operation are archived.

Check for consistency in data
between categories.

Identify parameters (e.g., activity data, constants) that are common to
multiple categories and confirm that there is consistency in the values used
for these parameters in the emission/removal calculations.

Check that the movement of
inventory data among processing
steps is correct.

Check that emissions and removals data are correctly aggregated from
lower reporting levels to higher reporting levels when preparing
summaries.

Check that emissions and removals data are correctly transcribed between
different intermediate products.

Check that uncertainties in
emissions and removals are
estimated and calculated correctly.

Check that qualifications of individuals providing expert judgement for
uncertainty estimates are appropriate.

Check that qualifications, assumptions and expert judgements are recorded.
Check that calculated uncertainties are complete and calculated correctly.

If necessary, duplicate uncertainty calculations on a small sample of the
probability distributions used by Monte Carlo analyses (for example, using
uncertainty calculations according to Approach 1).

Check time series consistency.

Check for temporal consistency in time series input data for each category.

Check for consistency in the algorithm/method used for calculations
throughout the time series.

Check methodological and data changes resulting in recalculations.

Check that the effects of mitigation activities have been appropriately
reflected in time series calculations.

6.10
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TABLE 6.1 (CONTINUED)
GENERAL INVENTORY QC PROCEDURES

QC Activity Procedures

e  Confirm that estimates are reported for all categories and for all years from
the appropriate base year to the period of the current inventory.

e  For subcategories, confirm that entire category is being covered.
Check completeness. e  Provide clear definition of ‘Other’ type categories.

e  Check that known data gaps that result in incomplete estimates are
documented, including a qualitative evaluation of the importance of the
estimate in relation to total emissions (e.g., subcategories classified as ‘not
estimated’, see Chapter 8, Reporting Guidance and Tables).

e For each category, current inventory estimates should be compared to
previous estimates, if available. If there are significant changes or
departures from expected trends, re-check estimates and explain any
differences. Significant changes in emissions or removals from previous
years may indicate possible input or calculation errors.

e Check value of implied emission factors (aggregate emissions divided by
Trend checks. activity data) across time series.

- Do any years show outliers that are not explained?

- If they remain static across time series, are changes in emissions or
removals being captured?

e Check if there are any unusual and unexplained trends noticed for activity
data or other parameters across the time series.

e Check that there is detailed internal documentation to support the estimates
and enable reproduction of the emission, removal and uncertainty
estimates.

e  Check that inventory data, supporting data, and inventory records are

Review of internal documentation archived and stored to facilitate detailed review.

and archiving.
e  Check that the archive is closed and retained in secure place following

completion of the inventory.

e Check integrity of any data archiving arrangements of outside organisations
involved in inventory preparation.

In some cases, estimates are prepared for the inventory compiler by outside consultants or agencies. The
inventory compiler should ensure that the consultants/agencies are aware of the QC procedures listed in Table
6.1 and that these procedures are performed and recorded. In cases where the inventory relies upon official
national statistics — as is often the case for activity data — QC procedures may already have been implemented on
these national data. However, it is good practice for the inventory compiler to confirm that national statistical
agencies have implemented QC procedures equivalent to those in Table 6.1. Because activity data may have
been collected for other purposes using standards and data quality objectives different from the inventory,
additional QC checks may be necessary.

In applying general QC procedures, particular attention should also be given to parts of the inventory
development that rely on external, and shared databases. Note that this requirement also includes the case of
confidential data. An example of this situation is where a national database may be used for compiling
information for a large number of point emission sources. The inventory compiler needs to confirm that quality
control of data coming from integrated databases has taken place, or QC should be conducted by the inventory
compiler if existing protocols from the data provider are not adequate.

Due to the quantity of data that needs to be checked for some categories, automated checks are encouraged
where possible. For example, one of the most common QC activities involves checking that data typed into a
computer database are correct. A QC procedure could be set up to use an automated range check (based on the
range of expected values of the input data from the original reference) for the input values as recorded in the
database (see e.g., Winiwarter and Schimak, 2005). A combination of manual and automated checks may
constitute the most effective procedures in checking large quantities of input data.

2006 IPCC Guidelines for National Greenhouse Gas Inventories 6.11



Volume 1: General Guidance and Reporting

6.7 CATEGORY-SPECIFIC QC PROCEDURES

Category-specific QC complements general inventory QC procedures and is directed at specific types of data
used in the methods for individual source or sink categories. These procedures require knowledge of the specific
category, the types of data available and the parameters associated with emissions or removals, and are
performed in addition to the general QC checks listed in Table 6.1. Category-specific procedures are applied on a
case-by-case basis focusing on key categories (see Chapter 4, Methodological Choice and Identification of Key
Categories) and on categories where significant methodological and data revisions have taken place. In particular,
inventory compilers applying higher tier methods in compiling national inventories should utilise category-
specific QC procedures to help evaluate the quality of national approaches. Specific applications of category-
specific QC procedures are provided in the Energy, Industrial Processes and Product Use (IPPU), Agriculture,
Forestry and Other Land Use (AFOLU), and Waste Volumes of this report (Volumes 2 to 5).

Category-specific QC activities include both emissions (or removals) data QC and activity data QC. The relevant
QC procedures will depend on the method used to estimate the emissions or removals for a given category. If
outside agencies develop estimates, the inventory compiler may, upon review, reference the QC activities of the
outside agency as part of the QA/QC plan. There is no need to duplicate QC activities if the inventory compiler
is satisfied that the QC activities performed by the outside agency meet the requirements of the QA/QC plan.

Several of the checking procedures mentioned in this section draw on comparisons with independent datasets. It
is important to understand that discrepancies will not always indicate a problem — especially if alternate datasets
are a priori expected to be less relevant and for this reason are not used for calculations directly. It should be an
aim of inventory compilation to address and if possible explain such discrepancies.

6.7.1  Emissions factor QC

The following sections describe QC checks on IPCC default emission factors, country-specific emission factors,
and direct emission measurements from individual sites (used either as the basis for a site-specific emission
factor or directly for an emissions estimate). While the term ‘emissions’ is used in this section, the same types of
activities are applicable to calculation parameters for ‘removals’ as well. Inventory compilers should take into
account the practical considerations discussed in Section 6.2, Practical Considerations in Developing QA/QC
and Verification Systems, when determining what level of QC activities to undertake.

6.7.1.1 IPCC DEFAULT EMISSION FACTORS

When using IPCC default emission factors, it is good practice for the inventory compiler to assess the
applicability of these factors to national circumstances. This assessment may include an evaluation of national
conditions compared to the context of the studies upon which the IPCC default emission factors were based. If
there is insufficient information on the context of the IPCC default emission factors, the inventory compiler
should take account of this in assessing the uncertainty of the national emissions estimates based on the IPCC
default emission factors.

If possible, a supplemental activity is to compare IPCC default emission factors with site or plant-level factors to
determine their representativeness relative to actual sources in the country. This supplementary check is good
practice even if data are only available for a small percentage of sites or plants.

6.7.1.2 COUNTRY-SPECIFIC EMISSION FACTORS

Country-specific emission factors may be developed at a national or other aggregated level within the country
based on prevailing technology, science, local characteristics and other criteria. These factors are not necessarily
site-specific, but are used to represent a source/sink category or subcategory of the country. The following types
of QC checks should be used to evaluate the quality of country-specific factors.

QC checks on the background data used to develop emission factors: It is important to
assess the adequacy of the emission factors and the QA/QC performed during their development. If emission
factors are based on site-specific or source-level testing, then the inventory compiler should check if the
measurement programme included appropriate QC procedures (see Section 6.7.1.3 on QC for direct emission
measurements).
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Frequently, country-specific emission factors will be based on secondary data sources, such as published studies
or other literature.' In these cases, the inventory compiler could attempt to determine whether the QC activities
conducted during the original preparation of the data are consistent with the applicable QC procedures outlined
in Table 6.1 and whether any limitations of the secondary data have been identified and documented. The
inventory compiler could also attempt to establish whether the secondary data have undergone peer review and
record the scope of such a review. Specifically, it is important to investigate any potential conflicts-of-interest,
when the interests of a data provider, e.g., financial interests, might influence results.

If the QA/QC associated with the secondary data is inadequate, the inventory compiler should attempt to
establish QA/QC checks on the secondary data. The inventory compiler should also reassess the uncertainty of
any emissions estimates derived from the secondary data. The inventory compiler may also want to consider if
any alternative data, including IPCC default values, may provide a better estimate of emissions from this
category.

QOC checks on Models: Because models are means of extrapolating and/or interpolating from a limited set
of known data, they often require assumptions and procedural steps to represent the entire inventory area. If
QA/QC associated with models is inadequate or not transparent, the inventory compiler should attempt to
establish checks on the models and data. In particular, the inventory compiler should check the following:

()  Appropriateness of model assumptions, extrapolations, interpolations, calibration-based modifications,
data characteristics, and their applicability to the greenhouse gas inventory methods and national
circumstances;

(1)  Availability of model documentation, including descriptions, assumptions, rationale, and scientific
evidence and references supporting the approach and parameters used for modelling;

(iii)) Types and results of QA/QC procedures, including model validation steps, performed by model
developers and data suppliers. Responses to these results should be documented,

(iv)  Plans to periodically evaluate and update or replace assumptions with appropriate new measurements.
Key assumptions may be identified by performing sensitivity analyses;

(v)  Completeness in relation to the IPCC source/sink categories.

Comparison with IPCC default factors: Inventory compilers should compare country-specific
factors with relevant IPCC default emission factors, taking into consideration the characteristics and properties
on which the default factors are based. The intent of this comparison is to determine whether country-specific
factors are reasonable, given similarities or differences between the national source/sink category and the
‘average’ category represented by the defaults. Large differences between country-specific factors and default
factors do not necessarily indicate problems, but nevertheless may point to quality issues if the differences can
not be explained.

Comparisons of emission factors between countries: Between-country emission factor
comparisons can be combined with historic trends by plotting, for different countries, the reference year value
(e.g., 1990), the most recent year value, and the minimum and maximum values. This analysis could be made for
each source/sink category and possible aggregations. Comparisons between countries can also be made using
aggregate emissions divided by activity data (implied emission factors). This type of comparison may enable
outlier detection based on the statistical distribution of values from the sample of countries considered. When
using between-country emission factor comparisons as a QC check, it is important to investigate similarities and
differences in national circumstances for the relevant category. If source/sink category characteristics are
dissimilar between countries, this diminishes the effectiveness of this check.

Comparison to plant-level emission factors: A supplementary step is to compare the country-
specific factors with site-specific or plant-level factors if these are available. For example, if there are emission
factors available for a few plants (but not enough to support a bottom-up approach) these plant-specific factors
could be compared with the aggregated factor used in the inventory. This type of comparison provides an
indication of both the reasonableness of the country-specific factor and its representativeness.

! Secondary data sources refer to reference sources for inventory data that are not designed for the express purpose of
inventory development. Secondary data sources typically include national statistical databases, scientific literature, and
other studies produced by agencies or organisations not associated with the inventory development.
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6.7.1.3 DIRECT EMISSION MEASUREMENTS

Emissions from a category may be estimated using direct measurements in the following ways:

e Sample emissions measurements from a facility may be used to develop a representative emission factor for
that individual site, or for the entire category (i.e., for development of a national level emission factor);

e Continuous emissions monitoring (CEM) data may be used to compile an annual estimate of emissions for a
particular process. Properly implemented, CEM can provide a complete set of quantified emissions data
across the inventory period for an individual facility process, and does not have to be correlated back to a
process parameter or input variable like an emission factor.

The data provider should check all measurements as part of the QC activities . The use of standard measurement
methods improves the consistency of resulting data and knowledge of the statistical properties of the data. If
standard reference methods for measuring specific greenhouse gas emissions (and removals) are available,
inventory compilers should encourage plants to use these. Plants and facilities that implement direct
measurements as part of official regulatory requirements may have mandated measurement QC standards already
in place. If specific standard methods are not available, the inventory compiler should confirm whether
nationally or internationally recognised standard procedures to quantify performance characteristics of air quality
measurement (such as ISO 10012) are used to characterize the measurements, and whether the measurement
equipment is calibrated, maintained, and situated such that it gives a representative result. Additional details on
using direct measurements are provided in Chapter 2, Approaches to Data Collection, specifically in Table 2.2.

Where direct measurement data from individual sites are in question, discussions with site managers can be
useful to encourage improvement of the QA/QC practices at the sites. Also, supplementary QC activities are
encouraged for bottom-up methods based on site-specific emission factors where significant uncertainties remain
in the estimates. Site-specific factors can be compared between sites and also to IPCC or national level defaults.
Distinct differences between sites or between a particular site and the IPCC defaults should elicit further review
and checks on calculations. Large differences should be explained and documented.

6.7.2  Activity data QC

The estimation methods for many categories rely on the use of activity data and associated input variables that
are not directly prepared by the inventory compiler. Activity data at a national level are normally drawn from
secondary data sources or site-specific data prepared by site or plant personnel from their own measurements.
Inventory compilers should take into account the practical considerations discussed in Section 6.2 when
determining the level of QC activities to undertake.

6.7.2.1 NATIONAL LEVEL ACTIVITY DATA

Following are fundamental QC checks that should be considered for assessing the quality of national level
activity data. In all cases, it is important to have a well-defined and documented data set from which appropriate
checks can be developed.

QOC checks of reference source for national activity data: When using national activity data
from secondary data, it is good practice for the inventory compiler to evaluate and document the associated
QA/QC activities. This is particularly important with regard to activity data, since most activity data are
originally prepared for purposes other than as input to estimates of greenhouse gas emissions. Many statistical
organisations, for example, have their own procedures for assessing the quality of the data independently of what
the end use of the data may be.

The inventory compiler should determine if the level of QC associated with secondary activity data includes, at a
minimum, those QC procedures listed in Table 6.1. In addition, the inventory compiler may check for any peer
review of the secondary data and document the scope of this review. If the QA/QC associated with the secondary
data is adequate, then the inventory compiler can simply reference the data source and document the
applicability of the data for use in its estimates (see Box 6.3 for an example of this procedure).

If the QC associated with the secondary data is inadequate or if the data have been collected using
standards/definitions that deviate from this guidance, then the inventory compiler should establish QA/QC
checks on the secondary data. The uncertainty of estimates should be reassessed in the light of the findings. The
inventory compiler should also reconsider how the data are used and whether any alternative data and
international data sets may provide a better estimate of emissions or removals. If no alternative data sources are
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available, the inventory compiler should document the inadequacies associated with the secondary data QC as
part of its summary report on QA/QC.

B0x 6.3
EVALUATION OF DATA QUALITY ON EXTERNAL DATA IN THE TRANSPORTATION SECTOR

Countries typically use either fuel usage or kilometer (km) statistics to develop emissions
estimates. The national statistics on fuel usage and km travelled by vehicles are usually prepared
by a specialised agency. However, it is the responsibility of the inventory compiler to determine
which QA/QC activities were implemented by the agency that prepared the original fuel usage and
km statistics for vehicles. Questions that may be asked in this context are:

e Does the statistical agency have a QA/QC plan that covers the collection and handling of the
data?

e  Was an adequate sampling protocol used to collect data on fuel usage or km travelled?
e  How recently was the sampling protocol reviewed?

e Has any potential bias in the data been identified by the statistical agency?

e Has the statistical agency identified and documented uncertainties in the data?

e Has the statistical agency identified and documented errors in the data?

Comparisons with independently compiled data sets: Where possible, a comparison check of
the national activity data with independently compiled activity data sources should be undertaken. For example,
many of the agricultural source-categories rely on government statistics for activity data such as livestock
populations and production by crop type. Comparisons can be made to similar statistics prepared by the United
Nations Food and Agriculture Organization (FAO). Similarly, the International Energy Agency (IEA) maintains
a database on national energy production and usage that can be used for checks in the energy. Industry trade
associations, university research, and scientific literature are also possible sources of independently derived
activity data to use in comparison checks. Activity data may also derive from balancing approaches — see Section
6.7.2.2 for a description and an example. As part of the QC check, the inventory compiler should ascertain
whether alternative activity data sets are really based on independent data. International information is often
based on national reporting which is not independent from the data used in the inventory. Available scientific or
technical literature may also be used for a national inventory. In some cases, the same data are treated differently
by different agencies to meet varying needs. Comparisons may need to be made at a regional level or with a
subset of the national data since many alternative references for such activity data have limited scope and do not
cover the entire nation.

Comparisons with samples: The availability of partial data sets at sub-national levels may provide
opportunities to check the reasonableness of national activity data. For example, if national production data are
being used to calculate the inventory for an industrial category, it may also be possible to obtain plant-specific
production or capacity data for a subset of the total population of plants. Extrapolation of the sample production
data to a national level can then be done using a simple approximation method. The effectiveness of this check
depends on how representative the sub-sample is of the national population, and how well the extrapolation
technique captures the national population.

Trend checks of activity data: National activity data should be compared with previous year’s data for
the category being evaluated. Activity data for most categories tend to exhibit relatively consistent changes from
year to year without sharp increases or decreases. If the national activity data for any year diverge greatly from
the historical trend, they should be checked for errors. If a calculation error is not detected, the reason for the
sharp change in activity should be confirmed and documented. A more thorough approach to take advantage of
similarities between years has been described in Chapter 5, Time Series Consistency.

6.7.2.2 SITE-SPECIFIC ACTIVITY DATA

Some estimation methods rely on the site-specific activity data used in conjunction with IPCC default or
country-specific emission factors. Site or plant personnel typically prepare these estimates of activity, often for
purposes not related to greenhouse gas inventories. QC checks should focus on any inconsistencies between sites
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to check whether these reflect errors, different measurement techniques, or real differences in emissions,
operating conditions or technology. A variety of QC checks can identify errors in site-level activity data.

OC checks of measurement protocol: The inventory compiler should establish whether individual
sites carried out measurements using recognised national or international standards. If the measurements
conform to recognised national or international standards and a QA/QC process is in place, then no further
QA/QC will be necessary. Acceptable QC procedures in use at the site may be directly referenced. If the
measurements do not conform to standard methods and QA/QC is not acceptable, then the inventory compiler
should carefully evaluate use of these activity data.

Comparisons between sites and with national data: Comparisons of activity data from
different reference sources and geographic scales can play a role in confirming activity data. For example, in
estimating PFC emissions from primary aluminium smelting, many inventory compilers use smelter-specific
activity data to prepare the inventory estimates. A QC check of the aggregated activity data from all aluminium
smelters against national production statistics for the industry can identify major omissions or over-counting.
Also, a comparison of production data across different sites, possibly with adjustments made for plant capacities,
can indicate the reasonableness of the production data. Similar comparisons of activity data can be made for
other manufacturing-based source categories where there are published data on national production. Any
identified outliers should be investigated to determine if the difference can be explained by the unique
characteristics of the site or there is an error in the reported activity data.

Production and consumption balances: Site-specific activity data checks may also be applied to
methods based on product usage. For example, one method for estimating SF¢ emissions from the use in
electrical equipment relies on an account balance of gas purchases, gas sales for recycling, the amount of gas
stored on site (outside of equipment), handling losses, refills for maintenance, and the total holding capacity of
the equipment system. This account balance system should be used at each facility where the equipment is in
place. A QC check of overall national activity could be made by performing the same kind of account balancing
procedure on a national basis. This national account balancing would consider national sales of SF¢ for the use in
electrical equipment, the nation-wide increase in the total handling capacity of the equipment that may be
obtained from equipment manufacturers, and the quantity of SFs destroyed in the country. The results of the
bottom-up and top-down account balancing analyses should agree, or large differences should be explained.
Similar accounting techniques can be used as QC checks on other categories based on gas usage, e.g., substitutes
for ozone-depleting substances, to check consumption and emissions.

6.7.3  Calculation-related QC

The principles described above for the input data are similarly applicable to all calculation procedures used to
prepare a national greenhouse gas inventory. Checks of the calculation algorithm will safeguard against
duplication of inputs, unit conversion errors, or similar calculation errors. These checks can be independent
‘back-of-the-envelope’ calculations, which simplify the algorithms to arrive at an approximate method. If the
original calculation and the simple approximate method disagree, it is good practice to examine both approaches
to find the reason for discrepancy. Further checks on the calculation procedure will require external data (see
Section 6.10, Verification).

It is a prerequisite that all calculations leading to emission or removal estimates should be fully reproducible. It
is good practice to discriminate between input data, the conversion algorithm of a calculation and the output. Not
only does the output need to be recorded, but also the input, the conversion algorithm, and how this algorithm
accesses the input. Box 6.4 provides practical hints how to record a calculation procedure in standard
spreadsheet or database calculations. Such an approach allows for intrinsic documentation of the work, and for
easy understanding of the calculation procedure. The documentation should be retained with the material
archived in support of the completed inventory.
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Box 6.4
DOCUMENTATION OF CALCULATIONS

When using spreadsheets:

e C(Clearly reference to the data source of any numbers typed into the spreadsheet (see above
documentation criteria for data sources).

e Provide subsequent calculations, in the form of formulas, so that auditing tools can be used to
track back from a result to the source data, and calculations can be evaluated by analysing the
formulae.

e  Clearly mark cells in the spreadsheet containing derived data as ‘results’ and annotate them as
to how and where they are then used.

e Document the spreadsheet itself specifying its name, version, authors, updates, intended use
and checking procedures so that it can be used as a data source of the derived results and
referenced further on in the inventory process.

When using databases:

e C(Clearly reference the source data tables using a referencing column that links to the data
source.

e Use queries when processing the data, where practical, as these provide the means to track
back to the source data tables.

e  Where queries are not practical and new tables of data need to be generated, make sure that
scripts or macros of the commands used to derive the new data set are recorded and referenced
in a referencing column of the dataset.

e Document the database itself specifying its name, version, authors, intended use and checking
procedures so that it can be used as a data source of the derived results and referenced further
on in the inventory process.

6.8 QA PROCEDURES

Quality assurance comprises activities outside the actual inventory compilation. Good practice for QA
procedures includes reviews and audits to assess the quality of the inventory, to determine the conformity of the
procedures taken and to identify areas where improvements could be made. QA procedures may be taken at
different levels (internal/external), and they are used in addition to the general and category-specific QC
procedures described in Section 6.7. The inventory may be reviewed as a whole or in parts. The objective of QA
implementation is to involve reviewers that can conduct an unbiased review of the inventory and who may have
a different technical perspective. It is important to use QA reviewers that have not been involved in preparing the
inventory. Preferably these reviewers would be independent experts from other agencies or national or
international experts or groups not closely connected with the national inventory compilation, e.g., inventory
experts of other countries. Where third party reviewers who are independent from the inventory compiler are not
available, persons who are at least not involved in the portion being reviewed can also perform QA.

It is good practice for inventory compilers to conduct a basic expert peer review of all categories before completing
the inventory in order to identify potential problems and make corrections where possible. However, this will not
always be practical due to timing and resource constraints. Key categories should be given priority as well as
categories where significant changes in methods or data have been made. Inventory compilers may also choose to
perform more extensive peer reviews or audits as QA procedures within the available resources. In smaller
countries, where there may not be external expertise in all technical areas, the inventory compiler should consider
contacting inventory compilers from other countries as part of an external review.

More specific information on QA procedures related to individual categories is provided in the category-specific
QA/QC sections in Volumes 2-5.
EXPERT PEER REVIEW

Expert peer review consists of a review of calculations and assumptions by experts in relevant technical fields.
This procedure is generally accomplished by reviewing the documentation associated with the methods and
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results, but usually does not include rigorous certification of data or references such as might be undertaken in an
audit.2 The objective of the expert peer review is to ensure that the inventory’s results, assumptions, and methods
are reasonable as judged by those knowledgeable in the specific field. Also, where a country has formal
stakeholder and public review mechanisms in place, these reviews can supplement expert peer reviews although
they should not replace them.

There are no standard tools or mechanisms for expert peer review of greenhouse gas inventories, and its use
should be considered on a case-by-case basis. If there is a high level of uncertainty associated with an estimate
for a category, expert peer review may provide information to improve the estimate, or at least to better quantify
the uncertainty. Effective peer reviews often involve identifying and contacting key independent organisations or
research institutions to identify the most appropriate individuals to conduct the review. It is preferable for this
expert input to be sought early in the inventory development process so that the experts can provide review of
methods and data acquisition that could affect final calculations.

The results of expert analyses from the UNFCCC processes> should also be considered as part of the overall QA
improvement process. Results and suggestions from these processes can provide valuable feedback on areas
where the inventories can be improved. However, these processes should only be considered as supplements to a
nationally organised QA and review procedures.

The results of expert peer review, and the response of the inventory compiler to those findings, may be important
to general acceptance of the final inventory. All expert peer reviews should be well documented, preferably in a
report or checklist format that shows the findings and recommendations for improvement.

AUDITS

For the purpose of good practice in inventory preparation, audits may be used to evaluate how effectively the
inventory compiler complies with the minimum QC specifications outlined in the QC plan. It is important that
the auditor be independent of the inventory compiler as much as possible so as to be able to provide an objective
assessment of the processes and data evaluated. Audits may be conducted during the preparation of an inventory,
following inventory preparation, or on a previous inventory. Audits are especially useful when new estimation
methods are adopted, or when there are substantial changes in existing methods. In contrast to an expert peer
review, audits do not focus on the result of calculation. Instead, they provide an in-depth analysis of the
respective procedures taken to develop an inventory, and on the documentation available. It is good practice for
the inventory compiler to develop a schedule of audits at strategic points in the inventory development. For
example, audits related to initial data collection, measurement work, transcription, calculation and
documentation may be conducted. Audits can be used to verify that the QC steps identified in Table 6.1 have
been implemented, that category-specific QC procedures have been implemented according to the QC plan, and
that the data quality objectives have been met.

6.9 QA/QC AND UNCERTAINTY ESTIMATES

The QA/QC process and uncertainty analyses provide valuable feedback to one another. Staff involved in the
QA/QC and uncertainty analyses can identify critical components of the inventory estimates and data sources
that contribute to both the uncertainty level and inventory quality and which should therefore be a primary focus
of inventory improvement efforts. This information should ultimately be useful in improving the methods and
data sources used for the estimates. For example, the uncertainty analysis can provide insights into weaknesses
in the estimate, the sensitivity of the estimate to different variables, and the greatest contributors to uncertainty,
all of which can assist in setting priorities for improving data sources or methodologies.

Some of the uncertainty estimation methods rely on the use of measured data associated with the emission
factors or activity data to develop probability density functions from which uncertainty estimates can be made. In
the absence of measured data, many uncertainty estimates will rely on expert judgement. It is good practice to
apply QC procedures to uncertainty estimation to confirm that calculations are correct and data and calculations
well documented. The assumptions on which uncertainty estimation has been based should be documented for
each category. Calculations of category-specific and aggregated uncertainty estimates should be checked and any
errors addressed. For uncertainty estimates involving expert judgement, the qualifications of experts should also

% Formal expert review as defined by government agencies in some countries may include standardised procedures and other
elements of a thorough audit, as described in this Chapter.

3 Examples of relevant processes include inventory reviews of Annex I Parties, reviews of National Communications and
feedback from the Consultative Group of Experts on National Communications from Parties not included in Annex I to the
Convention (CGE).
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be checked and documented, as should the process of eliciting expert judgement, including information on the
data considered, literature references, assumptions made and scenarios considered. Chapter 2, Approaches to
Data Collection, contains advice on how to document expert judgements on uncertainties.

6.10 VERIFICATION

For the purposes of this guidance, verification activities include comparisons with emission or removal estimates
prepared by other bodies and comparisons with estimates derived from fully independent assessments, e.g.,
atmospheric concentration measurements. Verification activities provide information for countries to improve
their inventories and are part of the overall QA/QC and verification system. Correspondence between the
national inventory and independent estimates increases the confidence and reliability of the inventory estimates
by confirming the results. Significant differences may indicate weaknesses in either or both of the datasets.
Without knowing which dataset is better, it may be worthwhile to re-evaluate the inventory. This section
describes approaches that can be used to verify inventory estimates at both the source/sink category and
inventory wide levels.

The considerations for selecting verification approaches include: scale of interest, costs, desired level of
accuracy and precision, complexity of design and implementation of the verification approaches, availability of
data, and the required level of expertise needed for implementation. Not all approaches will be available to every
inventory compiler due to some of these criteria, particularly the techniques included in ‘comparisons with
atmospheric measurements’ described in Section 6.10.2, which can be resource and data intensive. However,
there are a number of relatively simple, comparison techniques that should be available to most inventory
compilers, and that can be valuable tools in the overall QA/QC and verification system. As much information
required may be available on a national level, we will refer to these as national activities. The same concept can
easily be transferred to other spatial units, if data are available.

Where verification techniques are used, they should be reflected in the QA/QC plan. The limitations and
uncertainties associated with the verification technique itself should be thoroughly investigated prior to its
implementation so that the results can be properly interpreted.

6.10.1 Comparisons of national estimates

There are a number of practical verification techniques that do not require specialised modelling expertise or
extended analyses. Most of these can be considered as method-based comparisons that consider the differences
in national estimates based on using alternative estimation methodologies for the same category or set of
categories. These comparisons look for major calculation errors and exclusion of major source categories or sub-
source categories. Method-based comparisons can be designed around the multi-tier level of methods outlined
for each category in the sector guidance, through comparisons to independent estimates developed by other
institutions, and, to a limited extent, through cross-country comparisons. The choice of method will depend on
the method used in the inventory, a clear definition and correlation of categories between methods, and the
availability of alternative data.

These checks can be extremely useful in confirming the reasonableness of national inventory estimates and may
help identify any gross calculation errors. Some of these techniques, such as the compilation of the reference
approach for Energy Sector estimates, should be considered as part of the inventory development process.

Discrepancies between inventory data and data compiled using alternative methods do not necessarily imply that
the inventory data are in error. When analysing discrepancies, it is important to consider that there may be large
uncertainties associated with the alternative calculations themselves.

Applying lower tier methods: Lower tier IPCC methods typically are based on ‘top-down’ approaches
that rely on highly aggregated data at a summary category level. Inventory compilers using higher tier, ‘bottom-
up’ approaches may consider using comparisons to lower-tier methods as a simple verification tool. As an
example, for carbon dioxide (CO,) from fossil fuel combustion, a reference calculation based on apparent fuel
consumption per fuel type is specified as a verification check in the Energy Sector procedures (see Volume 2:
Energy). This reference approach estimate can be compared to the sum of sectoral-based estimates from a Tier 1,
2, or 3 approach. While the quality of the reference approach is typically lower than that of the sectoral approach,
it remains useful as a simple approximation method. It is less sensitive to errors due to its simplicity and can be
used as a top-down completeness check. Another example, where emissions are calculated as the sum of sectoral
activities based on the consumption of a specific commodity, e.g., fuels or products like hydrofluorocarbons
(HFCs), perfluorocarbons (PFCs) or sulphur hexafluoride (SF¢), the emissions could be estimated using apparent
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consumption figures, e.g., national total production + import — export + stock changes, taking into consideration
any possible time lags in actual emissions.

Similar checks can be performed for industrial type sources, e.g., nitrous oxide (N,O) estimates for nitric acid
production, where inventory estimates were determined for each individual production plant based on plant-
specific data. The check of emission estimates would consist of the comparison between the sum of the
individual plant-level emission estimates and a top-down emission estimate based on national nitric acid
production figures and IPCC default Tier 1 factors. Large differences do not necessarily indicate that there are
problems with the inventory estimate. As lower tier methods typically rely on more highly aggregated data, there
may be relatively large uncertainties with the Tier 1 approach compared to an inventory estimated using a
bottom up approach based on good practice. If differences cannot easily be explained, the inventory compiler
may consider the following questions in any further QA/QC checks:

e  Are there inaccuracies associated with any of the individual plant estimates (e.g., an extreme outlier may be
accounting for an unreasonable quantity of emissions)?

e  Are the plant-specific emission factors significantly different from each other?
e  Are the plant-specific production rates consistent with published national level production rates?

e I[s there any other explanation for a significant difference, such as the effect of controls, the manner in which
production is reported or possibly undocumented assumptions?

This is an example of how the results of a relatively simple emission check can lead to a more intensive
investigation of the representativeness of the emissions data. Knowledge of the category is required to isolate the
parameter that is causing the difference in estimates and to understand the reasons for the difference.

Applying higher tier methods: Higher tier IPCC methods typically are based on detailed ‘bottom-up’
approaches that rely on highly disaggregated data and a well-defined subcategorisation of sources and sinks.
Inventory compilers may find that they can not fully implement a higher tier approach because they are lacking
sufficient data or resources. However, the availability of even partial estimates for a subcategory of sources may
provide a valuable verification tool for the inventory. An estimate based on higher tier data derived from a
proportion of the total sources in a country can be extrapolated to the national level, provided that the sample is
representative. Such an extrapolation can be used to corroborate the national estimate.

Comparisons with independently compiled estimates: Comparisons with other independently
compiled inventory data on national level (if available) are a quick option to evaluate completeness, approximate
emission (removal) levels and correct category allocations. Although the inventory compiler is ultimately
responsible for preparing the national greenhouse gas inventory, other independent publications on this subject
may be available e.g., from scientific literature or publication by other institutes or agencies. For example,
national level CO, emissions estimates associated with the combustion of fossil fuel are compiled by the
International Energy Agency (IEA) and the Carbon Dioxide Information and Analysis Centre (CDIAC).
Estimates of emissions of other pollutants are available from the Emission Database for Global Atmospheric
Research (EDGAR) (http://www.mnp.nl/edgar/). If independently compiled datasets use IPCC Tier 1
methodologies, the same considerations discussed above will apply.

While national data are normally considered more reliable as they are able to accommodate more detailed
country-specific information, and international data are normally compiled at a lower tier, these international
data sets provide a good basis for comparison as they are consistent between countries. The comparisons can be
made for different greenhouse gases at national, sectoral, category, and subcategory levels, as far as the
differences in definitions enable them. Before conducting these types of comparisons, it is important to check the
following items.

e Confirm that the underlying data for the independent estimate are not the same as that used for the inventory;
a comparison is only meaningful if data being compared are different.

e Determine if the relationships between the sectors and categories in the different inventories can be defined
and matched appropriately.

e  Account for the data quality (e.g., QA/QC system or review) and for any known uncertainties in the estimate
used for the comparison to help interpret results.

Comparisons of intensity indicators between countries: Emission (removal) intensity
indicators, e.g., those commonly referred to as ‘implied emission (removal) factors', may be compared between
countries (e.g., emissions per capita, industrial emissions per unit of value added, transport emissions per car,
emissions from power generation per kWh of electricity produced, emissions from dairy ruminants per tonne of
milk produced). These indicators provide a preliminary check and verification of the order of magnitude of the
emissions or removals. Different practices and technological developments as well as the varying nature of the
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source categories will be reflected in the emission intensity indicators. Thus differences between countries need
to be expected. However, these checks may flag potential anomalies at the country or sector level.

6.10.2 Comparisons with atmospheric measurements

An ideal condition for verification is the use of fully independent data as a basis for comparison. Measurements
of atmospheric concentrations potentially provide such datasets, and recent scientific advances allow using such
data as a basis for emission modelling. The approach is particularly valuable as it is independent of standard
estimation method drivers, such as sector activity data and implied emission factors. The scale of such models
can be designed around local, regional, or global boundaries and can provide information on either level or
trends in emissions. Some brief examples of these techniques are provided in this section; however, further
discussion and elaboration can be found in more comprehensive summaries on the use of these methods for
inventory verification (Rypdal et al., 2005; Bergamaschi et al., 2004; Benkovitz, 2001; Benjey and Middleton,
2002; NACP, 2002).

It should be recognized that the complexity as well as the limited application potential of atmospheric models to
inventory verification, particularly at a national level, can restrict their utility to many inventory compilers. In
addition, many of the techniques will require specialised modelling skills and resources in order to appropriately
correlate the atmospheric data back to the inventory for comparison, and be cost- and labour intensive.
Depending on specific conditions, results may be only applicable to parts of a country, to groups of countries, or
to specific categories or gases. The required analysis time will also typically extend beyond an inventory cycle,
thus making these types of comparisons more applicable for long term verification programs. In many cases, the
uncertainties associated with the atmospheric models themselves may not be sufficiently quantified or may be
too large for the model to be used effectively as a verification tool.

In contrast to the other methods described in this chapter, comparisons with atmospheric measurements cannot
therefore be a standard tool for verification to be applied by an inventory compiler. Still a considerable scientific
progress in this area needs to be noted and inventory compilers may wish to take advantage of the potential of
this approach, as it gives independent data for verification. If applicable, national inventory compilers may also
consider joining forces with neighbouring countries, in cases when emission modelling from atmospheric
measurement is more reliable for larger entities than countries.

Despite the limitations given, there are a number of evolving techniques that deserve to be mentioned here:

Inverse Modelling: The concentrations of greenhouse gases in air samples are measured at monitoring
sites and can be used to provide emission estimates by a technique known as inverse modelling. Inverse models
calculate emission fluxes from concentration measurements and atmospheric transport models. For local and
regional estimation, complex mathematical and statistical models are required together with continuous, or
quasi-continuous, measurements that capture all pollution incidents. The source discrimination of air sampling-
derived emissions requires highly precise and labour-intensive analysis, which may prevent the applicability of
inverse modelling approaches to source-specific emissions verification. In contrast to national inventories, flux
assessments from inverse modelling include the effect of natural sources/sinks as well as international transport.
Considering the limited monitoring network currently available for many of the greenhouse gases and the
resulting uncertainties in the model results, inverse modelling is not likely to be frequently applied as a
verification tool of national inventories in the near future. Even the availability of satellite-borne sensors for
greenhouse gas concentration measurements (see Bergamaschi et al., 2004) will not fully resolve this problem,
due to limitations in spatial, vertical and temporal resolution. However, there is increasing scientific recognition
for the potential of these techniques for both level and trend verification of national inventories.

Inverse modelling techniques are undergoing rapid development and are being applied now in national
inventories estimates (O'Doherty et al., 2003), European emission estimates (Manning et al., 2003) and to
provide geographical distributions of emissions within the European Union (Ryall et al., 2001). Ultimately, the
application of these techniques relies on a comparison of the uncertainty between the calculated inventory
estimates and the inverse model-derived estimates (Rypdal et al., 2005, Bergamaschi et al., 2004). Where the
uncertainty of the model results is less than the calculated inventory uncertainty, the model can be used to
improve the inventory. Also, where the model results are significantly different from the inventory, this can point
to missing sources or possibly large calculation errors.

Fluorinated gases and methane (CH,4) are considered the most suitable greenhouse gases for which inverse
modelling could provide verification of emission estimates (Rypdal et al., 2005, Bergamaschi et al., 2004). The
fluorinated compounds are considered good candidates for inverse modelling verification because: they have
virtually no natural source interference in the atmospheric measurements, there can be considerable uncertainties
in inventory methods, they are long-lived, and the loss mechanisms are well known. Methane is considered a
favourable candidate because of the generally high uncertainty in emission estimates resulting from inventory
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methodologies, and the strong atmospheric signal to noise ratio of measurements. Modelling of CO, emissions
for national inventory verification is probably not a priority since the inventory methods already have low
uncertainties, except where agriculture, forestry and other land-use is dominant. The impacts of large natural
sources and sinks on atmospheric measurements make a correlation to strictly anthropogenic sources difficult.
However, it may improve understanding of contributions from forests and natural sources and sinks. Due to the
large uncertainties associated with some of the N,O inventory methodologies verification through atmospheric
measurements would be desirable. However, the influence of natural sources and sinks on measurements, as well
as the long atmospheric lifetime lead to a poor signal to noise ratio in measured concentrations. Thus further
investigations are required before inverse modelling can successfully be applied to the verification of inventories
of Nzo

Continental Plumes: A strong difference between source and non-source regions may generally be found
between a continent and an ocean where routine measurements of the difference between background air
concentrations and the offshore plume concentrations, coupled with wind vector analysis or trajectory analysis,
may provide an indication of emissions on a broad scale (Cape ef al., 2001; Derwent et al., 2001). For example,
a number of greenhouse gases, including chlorofluorocarbons (CFCs), N,O and CH4 from the European
continental plume have been detected at Mace Head, Ireland. These results have then been used for subsequent
quantification of the European emission source strength by inverse modelling (Derwent et al., 1998a, 1998b;
Vermeulen ef al., 1999).

Use of Proxy Emission Databases: In the cases where one of the components measured in the air
samples has a well characterised emission inventory (a ‘marker’ or ‘tracer’ compound), the emissions of
greenhouse gases may be estimated from atmospheric measurements of their concentration ratio to this marker
compound. The technique is appropriate if sources of the compounds are co-located, and it has been used in the
U.S.A., for example with carbon monoxide (CO ) as the marker (Barnes ef al., 2003a, 2003b), and in the EU
employing radon (***Rn: Biraud et al., 2000).

Global Dynamic Approaches: Trends over time in the atmospheric concentration of particular
compounds may also indicate a change in the global balance between sources and sinks and give an estimate of
the globally aggregated emissions, constraining the total of national emissions from an aggregate perspective and
possibly indicating areas of weakness in the inventories. Such approaches have been taken for CHy
(Dlugokencky et al., 1994), sulphur hexafluoride (SFs) (Maiss and Brenninkmeijer, 1998), PFC-14 and carbon
tetrafluoride (CF,) ( Harnisch and Eisenhauer, 1998). These methods can be applicable to cover a large
proportion of global emissions, and monitoring is possible on a routine basis.

6.11 DOCUMENTATION, ARCHIVING AND
REPORTING

6.11.1 Internal documentation and archiving

It is good practice to document and archive all information relating to the planning, preparation, and
management of inventory activities. This includes:

e Responsibilities, institutional arrangements, and procedures for the planning, preparation, and management
of the inventory process;

e Assumptions and criteria for the selection of activity data and emission factors;

e Emission factors and other estimation parameters used, including references to the IPCC document for
default factors or to published references or other documentation for emission factors used in higher tier
methods;

e Activity data or sufficient information to enable activity data to be traced to the referenced source;
e Information on the uncertainty associated with activity data and emission factors;

e Rationale for choice of methods;

e  Methods used, including those used to estimate uncertainty and those used for recalculations;

e Changes in data inputs or methods from previous inventories (recalculations);

e Identification of individuals providing expert judgement for uncertainty estimates and their qualifications to
do so;
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e Details of electronic databases or software used in the production of the inventory, including versions,
operating manuals, hardware requirements and any other information required to enable their later use;

e Worksheets and interim calculations for category estimates, and aggregated estimates and any re-
calculations of previous estimates;

e Final inventory report and any analysis of trends from previous years;
e QA/QC plans and outcomes of QA/QC procedures;

e Secure archiving of complete datasets, to include shared databases that are used in inventory development.
This is particularly important for categories that rely on the multi-step development of emissions from a
large set of primary data from outside sources.

It is good practice for inventory compilers to maintain this documentation for every inventory produced and to
provide it for review. It is good practice to maintain and archive this documentation in such a way that every
inventory estimate can be fully documented and reproduced if necessary.

Records of QA/QC procedures are important information to enable continuous improvement to inventory
estimates. It is good practice for records of QA/QC activities to include the checks/audits/reviews that were
performed, when they were performed, who performed them, and corrections and modifications to the inventory
resulting from the QA/QC activity. An example checklist to use for recording QC activities at both the general
and category-level is provided in Annex 6A.1.

6.11.2 Reporting

It is good practice to report a summary of implemented QA/QC activities and key findings as a supplement to
each country’s national inventory, which itself is described in Volumes 2-5 and by the tables in this volume.
However, it is not practical or necessary to report all the internal documentation that is retained by the inventory
compiler. In this summary, the inventory compiler should focus on the following activities.

e Reference to a QA/QC plan, its implementation schedule, and the responsibilities for its implementation
should be discussed.

e Describe which activities were performed internally and what external reviews were conducted for each
source/sink category and on the entire inventory.

e  Present the key findings, describing major issues regarding quality of input data, methods, processing, or
estimates for each category and show how they were addressed or plan to be addressed in the future.

e Explain significant trends in the time series, particularly where trend checks point to substantial divergences.
Any effect of recalculations or mitigation strategies should be included in this discussion.
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Annex 6A.1 QC checklists

FORMS AND CHECKLISTS FOR QUALITY CONTROL
FOR SPECIFIC SOURCE CATEGORIES

This annex contains a number of example forms that provide means to record both general and category-specific
QC activities. These forms are only examples, and inventory compilers may find other means to effectively
record their QA/QC activities (to be defined in the QA/QC plan). Refer to the IPCC Guidelines chapters on
QA/QC and Verification, Data Collection, and for each category as described in Volume 2-5 for more detailed
guidance on developing QC checks.

Al. GENERAL QC CHECKLIST

(to be completed for each category and for each inventory)

A2. CATEGORY-SPECIFIC QC CHECKLIST
(CHECKS TO BE DESIGNED FOR EACH CATEGORY)

Part A: Data Gathering and Selection

Part B: Secondary Data and Direct Emission Measurement
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Al. GENERAL QC CHECKLIST

Inventory Report: Source/Sink Category™:

Title(s) and Date(s) of Inventory Spreadsheet(s):

Source (sink) category estimates prepared by (name/affiliation):

INSTRUCTIONS FOR COMPLETING THIS FORM:

This form is to be completed for each source/sink category, and provides a record of the checks performed and
any corrective actions taken. The form may be completed by hand or electronically. The form should be
distributed and filed according as specified in the QA/QC plan. If appropriate actions to correct any errors that
are found are not immediately apparent, the QC staff performing the check should discuss the results according
to the procedures predefined in the QA/QC plan.

The first page of this form summarises the results of the checks (once completed) and highlights any significant
findings or actions. The remaining pages in this form list categories of checks to be performed. The analyst has
discretion over how the checks are implemented. Not all checks will be applicable to every category.
Checks/rows that are not relevant or not available should indicate ‘n/r’ (not relevant) or ‘n/a’ (not available) so
that no check and no row is left blank or deleted. Rows for additional checks that are relevant to the source/sink
category should be added to the form.

The column for supporting documentation should be used to reference any relevant Supplemental Reports or
Contact Reports providing additional information.

Summary of general QC checks and corrective action

Summary of results of checks and corrective actions taken:

Suggested checks to be performed in the future: Any residual problems after corrective actions have been
taken:

* Use IPCC recognized source/sink category names. See Table 8.2 of Chapter 8.
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ChecKlist for general QC checks (complete table for each category):

Item

Check completed

Corrective action

Individual
(first initial,
last name)

Date

Errors
(Y/N)

Date

Individual
(first initial,
last name)

Supporting
documents
(provide
reference)

DATA GATHERING, INPUT, AND

HANDLING ACTIVITIES: QUALITY CHECKS

1.

Check a sample of input data
for transcription errors

Review spreadsheets with
computerised checks and/or
quality check reports

Identify spreadsheet
modifications that could
provide additional controls
or checks on quality

4.

Other (specify):

DATA DOCUMENTATION: QUALITY CHECKS

S.

Check project file for
completeness

Confirm that bibliographical
data references are included
(in spreadsheet) for every
primary data element

Check that all appropriate
citations from the
spreadsheets appear in the
inventory document

Check that all citations in
spreadsheets and inventory
are complete (i.e., include all
relevant information)

Randomly check
bibliographical citations for
transcription errors

10.

Check that originals of new
citations are in current
docket submittal

11.

Randomly check that the
originals of citations
(including Contact Reports)
contain the material &
content referenced

12.

Check that assumptions and
criteria for selection of
activity data, emission
factors and other estimation
parameters are documented

13.

Check that changes in data
or methodology are
documented

14.

Check that citations in
spreadsheets and inventory
document conform to
acceptable style guidelines

15.

Other (specify):
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Checklist for general QC checks (complete table for each category) (Continued):

Check completed Corrective action Supporting

Ttem Date Individual | Errors Date Individual docum.ents
(first initial, | (Y/N) (first initial, | (Provide

last name) last name) reference)

CALCULATING EMISSIONS AND CHECKING CALCULATIONS

16. Check that all calculations are
included (instead of presenting
results only)

17. Check whether units,
parameters, and conversion
factors are presented
appropriately

18. Check if units are properly
labelled and correctly carried
through from beginning to end
of calculation

19. Check that conversion factors
are correct

20. Check that temporal and
spatial adjustment factors are
used correctly

21. Check the data relationships
(comparability) and data
processing steps (e.g.,
equations) in the spreadsheets

22. Check that spreadsheet input
data and calculated data are
clearly differentiated

23. Check a representative sample
of calculations, by hand or
electronically

24. Check some calculations with

abbreviated calculations

25. Check the aggregation of data
within a category

26. When methods or data have
changed, check consistency of
time series inputs and
calculations

27. Check current year estimates
against previous years (if
available) and investigate
unexplained departures from
trend

28. Check value of implied
emission/removal factors
across time series and
investigate unexplained
outliers

29. Check for any unexplained or
unusual trends for activity data
or other calculation
parameters in time series

27. Check for consistency with
IPCC inventory guidelines and
good practices, particularly if
changes occur

28. Other (specity):
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A2. CATEGORY-SPECIFIC QC CHECKLIST

Inventory Report: Source/sink Category:

Key category (or includes a key subcategory): (Y /N ):

Title(s) and Date(s) of Inventory Spreadsheet(s):

Category estimates prepared by (name/affiliation):

GENERAL INSTRUCTIONS FOR COMPLETING THIS FORM:

Category-specific checks focus on the particular data and methodology used for an individual source or sink
category. The specificity and frequency of these checks will vary across source categories. The form may be
completed by hand or electronically. Once completed, the form should be saved and included as part of the
inventory archive, as defined in the QA/QC plan.

The first table on this form summarises generally the results of the category-specific checks and highlights any
significant findings or corrective actions. The remaining pages in this form list categories of checks to be
performed or types of questions to be asked. Part A checks are designed to identify potential problems in the
estimates, factors, and activity data. Part B checks focus on the quality of secondary data and direct emission
measurement. The analyst has discretion over how the checks are implemented. Checks/rows that are not
relevant or not available should indicate ‘n/r’ (not relevant) or ‘n/a’ (not available) so that no check and no row
is left blank or deleted. Rows for additional checks that are relevant to the category should be added to the form.

The column for supporting documentation should be used to reference any relevant Supplemental Reports or
Contact Reports that provide additional information. Other sources may be included here, if they can be clearly
referenced. Any documents associated with the category specific plan should be clearly referenced in the column
for supporting documentation.

Summary of category-specific QC activities

Summary of results of checks and corrective actions taken:

Suggested checks to be performed in the future: Any residual problems after corrective actions have been
taken:

5 Use IPCC recognized source/sink category names.
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ADDITIONAL INSTRUCTIONS FOR PART A:

The checklist below indicates the types of checks and comparisons that can be performed and is not intended to
be exhaustive. Supplemental Reports, Contact Reports, or other documents may be used to report detailed
information on the checks conducted. For example, a Supplemental Report could provide information on the
variables or sub-variables checked, comparisons made, conclusions that were drawn and rationale for
conclusions, sources of information (published, unpublished, meetings, etc.) consulted, and corrective actions
required.

Category-specific checklist - Part A: Data gathering and selection

Check completed Corrective action Supporting

Item Date | Individual | Errors | Date | Individual | documents
(first initial, | (Y/N) (first initial, (provide

last name) last name) | reference)

EMISSION DATA QUALITY CHECKS

1. Emission comparisons:
historical data for source,
significant sub-source
categories

2. Checks against independent
estimates or estimates based
on alternative methods

3. Reference calculations

4. Completeness
5. Other (detailed checks)
EMISSION FACTOR QUALITY CHECK

6. Assess representativeness of
emission factors, given
national circumstances and
analogous emissions data

7. Compare to alternative factors
(e.g., IPCC default, cross-
country, literature)

8. Search for options for more
representative data

9. Other (detailed checks)
ACTIVITY DATA QUALITY CHECK: NATIONAL LEVEL ACTIVITY DATA
10. Check historical trends

11. Compare multiple reference
sources

12. Check applicability of data

13. Check methodology for filling
in time series for data that are
not available annually

14. Other (detailed checks)
ACTIVITY DATA QUALITY CHECK: SITE-SPECIFIC ACTIVITY DATA

15. Check for inconsistencies
across sites

16. Compare aggregated and
national data

17. Other (detailed checks)
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ADDITIONAL INSTRUCTIONS FOR PART B:

Completing the QC checks on secondary data and direct emission measurement may require consulting the
primary data sources or authors. The checklist below is intended to be indicative, not exhaustive. Additional
information on appropriate checks can be found in the QA/QC, Data Collection, and sectoral chapters of the
IPCC Guidelines.

Additional documentation is likely to be necessary to record the specific actions taken to check the data
underlying the category estimates. For example, Supplemental Reports may be needed to record the data or
variables that were checked, and the published references and individuals or organisations consulted as part of
the investigation. Contact Reports should be used to report the details of personal communications.
Supplemental Reports may also be used to explain the rationale for a finding reported in the summary, the results
of research into the QC procedures associated with a survey, or checks of site measurement procedures. Be sure
to provide references to all supporting documentation.

Category-specific checklist - Part B: Secondary data and direct emission measurement

Item Check completed Corrective action Supporting
Date Individual | Errors Date Individual d?c;lol;lie(;l;s
(first initial,| (Y/N) (first initial, P
reference)
last name) last name)

SECONDARY DATA: SAMPLE QUESTIONS REGARDING THE QUALITY OF INPUT DATA

1.  Are QC activities conducted during
the original preparation of the data
(either as reported in published
literature or as indicated by personal
communications) consistent with and
adequate when compared against (as
a minimum), general QC activities?

2. Does the statistical agency have a
QA/QC plan that covers the
preparation of the data?

3. For surveys, what sampling protocols
were used and how recently were
they reviewed?

4.  For site-specific activity data, are any
national or international standards
applicable to the measurement of the
data? If so, have they been
employed?

5.  Have uncertainties in the data been
estimated and documented?

6. Have any limitations of the secondary
data been identified and documented,
such as biases or incomplete
estimates? Have errors been found?

7. Have the secondary data undergone
peer review and, if so, of what
nature?

8. Other (detailed checks)
DIRECT EMISSION MEASUREMENT: CHECKS ON PROCEDURES TO MEASURE EMISSIONS

9.  Identify which variables rely on
direct emission measurement

10.  Check procedures used to measure
emissions, including sampling
procedures, equipment calibration
and maintenance.

11.  Identify whether standard procedures
have been used, where they exist
(such as IPCC methods or ISO
standards).

12.  Other (detailed checks)

2006 IPCC Guidelines for National Greenhouse Gas Inventories 6.31



	6 QUALITY ASSURANCE/QUALITY CONTROL AND VERIFICATION
	6.1 INTRODUCTION
	6.2 PRACTICAL CONSIDERATIONS IN DEVELOPING QA/QC AND VERIFICATION SYSTEMS
	6.3 ELEMENTS OF A QA/QC AND VERIFICATION SYSTEM
	6.4 ROLES AND RESPONSIBILITIES
	6.5 QA/QC PLAN
	6.6 GENERAL QC PROCEDURES
	6.7 CATEGORY-SPECIFIC QC PROCEDURES
	6.7.1 Emissions factor QC
	6.7.1.1 IPCC DEFAULT EMISSION FACTORS
	6.7.1.2 COUNTRY-SPECIFIC EMISSION FACTORS
	6.7.1.3 DIRECT EMISSION MEASUREMENTS

	6.7.2 Activity data QC
	6.7.2.1 NATIONAL LEVEL ACTIVITY DATA
	6.7.2.2 SITE-SPECIFIC ACTIVITY DATA

	6.7.3 Calculation-related QC

	6.8 QA PROCEDURES
	6.9 QA/QC AND UNCERTAINTY ESTIMATES
	6.10 VERIFICATION
	6.10.1 Comparisons of national estimates
	6.10.2 Comparisons with atmospheric measurements

	6.11 DOCUMENTATION, ARCHIVING AND REPORTING
	6.11.1 Internal documentation and archiving
	6.11.2 Reporting

	References
	Annex 6A.1 QC checklists
	A1. General QC checklist
	A2. Category-specific QC checklist




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


