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Abstract. All Annex I Parties to the United Nations Framework Convention on Climate Change (UNFCCC) are
required to report domestic emissions on an annual basis in a “Common Reporting Format” (CRF). In 2015, the
CRF data reporting was updated to follow the more recent 2006 guidelines from the IPCC and the structure of
the reporting tables was modified accordingly. However, the hierarchical categorisation of data in the IPCC 2006
guidelines is not readily extracted from the reporting tables. In this paper, we present the PRIMAP-crf data as a
re-constructed hierarchical dataset according to the IPCC 2006 guidelines. Furthermore, the data are organised in
a series of tables containing all available countries and years for each individual gas and category reported. It is
therefore readily usable for climate policy assessment, such as the quantification of emissions reduction targets.

In addition to single gases, the Kyoto basket of greenhouse gases (CO,, N>O, CH4, HFCs, PFCs, SF¢, and
NF3) is provided according to multiple global warming potentials. The dataset was produced using the PRIMAP
emissions module. Key processing steps include extracting data from submitted CRF Excel spreadsheets, map-
ping CRF categories to IPCC 2006 categories, constructing missing categories from available data, and aggregat-
ing single gases to gas baskets. Finally, we describe key aspects of the data with relevance for climate policy: the
contribution of NF3 to national totals, changes in data reported over subsequent years, and issues or difficulties
encountered when processing currently available data. The processed data are available under an Open Data CC

BY 4.0 license, and are available at https://doi.org/10.5880/pik.2018.001.

1 Introduction

Under the United Nations Framework Convention on Cli-
mate Change (UNFCCC), Annex I countries are required to
report detailed GHG emissions inventories to the UNFCCC
on an annual basis. All data are reported in the “Common Re-
porting Format” (CRF) Excel tables and accompanying Na-
tional Inventory Reports (NIRs), which are made available
on the UNFCCC website (UNFCCC, 2017c). Several parties
(Croatia, Cyprus, the Czech Republic, Liechtenstein, Malta,
Monaco, Slovakia, and Slovenia) were not originally listed in
Annex I, but have subsequently been added through amend-
ments to the convention. Most recently, Malta (United Na-
tions, 2010) and Cyprus (United Nations, 2012a) requested
to be included in Annex I after joining the European Union
(EU) and adopting the EU-wide emissions reduction targets
under the Doha amendments (United Nations, 2012b). In ad-

Published by Copernicus Publications.

dition to those parties now listed in Annex I of the conven-
tion (UNFCCC, 1992), Kazakhstan is considered a member
of Annex I for the purpose of the Kyoto Protocol (COP7 De-
cision FCCC/CP/2001/13/Add .4, section V.C.). Kazakhstan
voluntarily elected to be considered as an Annex I Party for
the Kyoto Protocol, and thereby has quantified emissions re-
duction targets and associated reporting obligations.

Prior to 2015, CRF data were reported following guide-
lines published by the IPCC in 1996 (IPCC, 1996b), which
detail the methodologies that should be used to calculate the
inventories. Since 2015, reporting has followed revised IPCC
guidelines published in 2006 (IPCC, 2006). The method-
ologies to calculate emissions are primarily based on com-
bining activity levels and emissions factors. For example,
how many cows does a country have (activity), and what
are the typical methane emissions per cow (emissions fac-
tor)? For each source, multiple methods of calculation are
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possible with increasing complexity from tier 1 to tier 3. In
general, tier 1 methods use a basic calculation and default
emissions factors, tier 2 incorporates country-specific emis-
sions factors, and tier 3 may include advanced modelling ap-
proaches alongside country-specific emissions factors. Tier 3
approaches are generally considered more accurate but may
require more information and are more difficult to calculate.

In addition to revisions in methodology and emissions fac-
tors, the IPCC 2006 guidelines (IPCC, 2006) and supplemen-
tary methods arising from the Kyoto Protocol (IPCC, 2013)
updated the range of activities and gases covered, and the hi-
erarchical categorisation of the data. Major changes included
(1) combining categories 2 (Industrial Processes) and 3 (Sol-
vent and Other Product Use) with the new category Industrial
Processes and Product Use (IPPU) and (2) combining the
Agriculture and Land-Use, Land-Use Change, and Forestry
(LULUCEF) categories into one Agriculture, Forestry, and
Other Land-Use (AFOLU) category.

Although the more up-to-date methodological guidelines
are now followed, the CRF reporting tables still closely re-
semble the structure of the previous version. For example,
Agriculture and LULUCF emissions are still reported sepa-
rately and top-level tables of fugitive emissions from fuels
still reflect IPCC 1996 categories. The legacy effect is pri-
marily a result of the negotiating process.

A consistent and complete hierarchical dataset accord-
ing to the 2006 guidelines and categories allows (1) checks
on data consistency to be made, and (2) comparison with
other datasets. For these reasons, we have extracted and pro-
cessed all reported CRF data and re-organised them into the
IPCC 2006 categorisation (Fig. 1). Furthermore, we make the
data available in an easily used, machine readable, comma-
separated values (CSV) file with aggregate gas baskets ac-
cording to multiple global warming potentials (GWPs). Each
table contains data for all countries and years available, al-
lowing for time series analysis and comparison between
countries. The data described and presented in this paper are
those published in 2017 and available for download by 15
December 2017. CRF data are published annually in April
and, where possible, those new data will be published in the
same format and following the methods presented here.

2 Methods

2.1 General approach

Annual CRF data for all reporting countries are available
from the UNFCCC website (UNFCCC, 2017c). The CRF
data for each country consist of one file for every inven-
tory year, currently at least 26 per country (1990 to 2015
in data released in 2017), with some countries reporting ad-
ditional years to include their Kyoto Protocol base years
(1986-1989). Each file contains detailed data for separate
categories and summary tables as required by UNFCCC de-
cisions (UNFCCC, 2017a).
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To prepare the PRIMAP-crf dataset, the necessary data are
read, processed, and prepared using the PRIMAP emissions
module (Nabel et al., 2011). The PRIMAP emissions mod-
ule is a The Mathworks Inc. (2017) based tool with a custom
database structure (“PRIMAPDB”) that can handle conver-
sion of GHG emissions data with different units and GWPs.
Each table in the database consists of a country—year ma-
trix and is defined in terms of an entity (e.g. CO,), category
(e.g. IPC1 Energy, where “IPC” indicates the categorisation
system), class (e.g. TOTAL), type (e.g. NET), scenario (e.g.
HISTORY), and source (e.g. CRF2017).

Data in the individual spreadsheets are first mapped to the
PRIMAPDB table structure according to a specifications file.
As the data are not reported directly against the [IPCC 2006
categorisation, we define a set of categories that are specific
to the CRF data and are later used to build the IPCC 2006
categories from sub-categories. Categories in the PRIMAP
emissions module but outside the main IPCC 2006 categori-
sation are denoted as “M” categories in the emissions module
and in this paper (e.g. MOEL is “national total excluding LU-
LUCF”). Not all data available in the CRF tables are read in
to the PRIMAP database. The level of detail is determined
based on two criteria: (1) data that are useful for policy as-
sessment, or (2) data that are required to build complete cate-
gories from the bottom up. Upon read-in to the PRIMAPDB,
data from individual CRF tables are aggregated across coun-
tries and years to give tables for individual gases, categories,
class, and type.

After raw data are read in, the full IPCC 2006 category
hierarchy is constructed by addition of sub-categories. Any
directly read data from higher sub-categories are not replaced
at this stage; rather, the addition of sub-categories is used to
fill in any gaps where data are not directly reported.

Next, “gas baskets” are generated by summing across
gases to generate tables with all HFCs (hydrofluorocarbons),
PFCs (perfluorocarbons), F-gases (HFCs, PFCs, SF¢, and
NF3), or Kyoto-GHG (CO;, N,O, CHy4, HFCs, PFCs, SFe,
and NF3). Each gas basket is created from individual gases
according to four different sets of GWPs — Second As-
sessment Report (SAR), Fourth Assessment Report (AR4),
Fifth Assessment Report (ARS), and ARS with carbon-cycle
feedbacks (AR5CCF) (IPCC, 1996a, 2007, 2014). Some gas
species are included in later IPCC reports but not in earlier
ones. Those gases for which a GWP estimate was not avail-
able at the time of publication of a particular report are as-
signed a GWP according to the next report in which a GWP
estimate was given (see the Supplement for GWPs used in
PRIMAP-crf).

Finally, the data are checked and verified for consistency
and accuracy against the original data. First, we verify that
the data are internally consistent in that each category in
the hierarchy is equal to the sum of its sub-categories. This
check is performed across all gases and countries individ-
ually, and both for categories that were generated in post-
processing and those that were directly read in. For exam-
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Figure 1. Top three levels of the IPCC 2006 categorisation. Filled circles indicate that further sub-categories exist. Orange circles indicate
that the category is generated by aggregation of sub-categories in PRIMAP-crf. A fully expandable and explorable version of this graphic is
available at https://www.pik-potsdam.de/paris-reality-check/primap-crf/ (last access: 5 July 2018).

ple, we verify that category 3, created as the sum of its
sub-categories, is also equal to the sum of the directly read
Agriculture (MAG) and LULUCF (MLULUCEF) categories.
If the discrepancy between different category levels exceeds
0.01 % for any country or year, those data are flagged and
checked. Where possible, discrepancies are fixed and, where
not, we note them in the results section below. Second, a
manual check is performed against the raw tables and na-
tional inventory reports, particularly for the top-level cate-
gories (e.g. IPCO). Third, we compare top-level categories
with data downloaded directly from the UNFCCC data por-
tal (UNFCCC, 2017b). Fourth, data for main categories and
gases are plotted against data from previous years to check
for major changes. The source of any major differences be-
tween data in different years is verified to ensure that it is a
real change in the raw data and not an error in the read-in
process.

www.earth-syst-sci-data.net/10/1427/2018/

2.2 AFOLU

The most challenging part of the IPCC 2006 hierarchy to
construct from CRF data is AFOLU category (3). This is be-
cause AFOLU data are still reported in two entirely separate
sections (CRF Table 3. Agriculture and Table 4. LULUCF),
but the IPCC 2006 categorisation integrates emissions from
some Agriculture and LULUCEF sources into the same cate-
gories.

Categories 3A and 3B are exclusively Agriculture and LU-
LUCEF respectively, but category 3C combines data from both
sectors (Fig. 2). To construct the category 3C sub-categories,
multiple PRIMAP “M” categories were created and data read
in at their most detailed level to these categories. A full de-
scription of the mapping from CRF data to PRIMAP-crf cat-
egories can be found in the Supplement.

Earth Syst. Sci. Data, 10, 1427-1438, 2018


https://www.pik-potsdam.de/paris-reality-check/primap-crf/

© Combined
O LULUCF
O Agriculture
. 3A1 Enteric fermentation
SAO Livestock 3A2 Manure management
3B1 F tland
0 orest lan 818
382(() Gropland
B! I
383(() Grassland o
38()tand
3B4 Wetland:
O ellands 3B4B
SBSOSedIsmsnts 3858
386(() Other fand o368
wm3c1aG () Agricutture
arorus ()
3C1 OEiomass burning
aca(Q) Liming mac1Lu() LuLuce

3c3(() Urea application

M3C4AG Agriculture.
3C40Direct N O from Mane%%g 818 LSLIZUC:E

SCOAggregate sources and non-CO, emissions sources on land
macsaG () Agricutture

3050 Indirect N,O from managed soils
macsLu(() LuLuck

3cs(() indirect N,O from man‘;\gggg%\

3Cc7 O Rice cultivations
acs(() other
3D1{_)Harvested wood produ
3D Oth M3D2LU Other LULUCF
Oorer 3D280ther AFOLU ertbt
M3D2AG Other-agriculture

M. L. Jeffery et al.: PRIMAP-crf: UNFCCC CRF data in IPCC 2006 categories

3B1A Forest land remaining forest land
Land converted to forest land

3B2A Cropland remaining cropland

382B Land converted to cropland

3B3A Grassland remaining grassland
Land converted to grassland

3B4A Wetlands remaining wetlands
Land converted to wetlands
355A8Senlements remaining settlements

Land converted to settlements

3B6A Other land remaining other land
Land converted to other land

M3C1AGSAV Prescribed burning of savannas
M3C1AGRES Field burning of Agricultural residue

M3C1LUFRST Forest

M3C1LUCRP Cropland
M3C1LUGRS Grassland
M3C1LUWET Wetlands
M3CTLUSET Settlement

M3C1LUOTH Other

M3C4LUA Direct N,O from nitrogen (N) inputs to managed soils, total
ization/i ilizati with loss/gain of SOM

M3C4LUB Direct N,O from N mi 1

M3C5AGA Atmospheric deposition
M3C5AGB Nitrogen leaching and run-off

M3C5LUA Atmospheric deposition
M3C5LUB Nitrogen leaching and run-off

Atr'nospheric deposition
ﬁ!i‘trogen leaching and run-off

MSCBAO Emissions and removals from drainage and rewetting and other management of organic and mineral soils

M3D2AGA C containing fertilisers
M3D2AGB Unspecified agriculture

Figure 2. AFOLU categorisation. Agriculture only (red) and LULUCF only (green) categories are aggregated to give combined categories
(purple). Some of the data that are provided as Agriculture or LULUCF only do not map directly to an IPCC 2006 category. Additional
PRIMAP “M” categories are therefore created for these data and integrated into the hierarchy. Filled circles indicate categories for which
further sub-categories are available in the full dataset. An interactive version of this figure is available at https://www.pik-potsdam.de/

paris-reality-check/primap-crf/ (last access: 5 July 2018).

2.3 Bunkers and multi-lateral operations

Emissions from international aviation and marine bunkers,
and multi-lateral operations, are included in the IPCC 2006
categorisation and are reported to the UNFCCC. However,
emissions from these sectors are not included in the national
totals for reporting or accounting purposes under the UN-
FCCC and are therefore also excluded in the PRIMAP-crf hi-
erarchy and national totals. Instead, data for these sectors are
provided in separate “M” categories (Table 1). Only France,
Slovenia, Sweden, and Ukraine currently report emissions
from multi-lateral operations.
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Table 1. PRIMAP-crf category codes for emissions from interna-
tional bunkers and multi-lateral operations. These codes are used in
the data repository.

Emissions source “M” category code
International bunkers MBK
International aviation MBKA
International marine MBKM
Multi-lateral operations MMULTIOP

3 Results

3.1 National totals

The PRIMAP-crf dataset is intended for multiple uses. Two
key examples include (1) comparison of national total emis-
sions between parties (Fig. 3) and (2) analysis of the share of
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https://www.pik-potsdam.de/paris-reality-check/primap-crf/
https://www.pik-potsdam.de/paris-reality-check/primap-crf/

M. L. Jeffery et al.: PRIMAP-crf: UNFCCC CRF data in IPCC 2006 categories 1431

O

7000

@
=}
=}
S

5000 F 1 Australia
== Canada
European Union (28)
7 | w—Japan
Kazakhstan
| | mm—Russia
Turkey
Ukraine
USA

4000 R

3000

2000

National Kyoto-GHG emissions in MtCO,e

1000

0 L L L L
1990 1995 2000 2005 2010 2015
Years

mmm Belarus
m— Switzerland
m— |celand
| jechtenstein
== Monaco
Norway
s New Zealand

2

National Kyoto-GHG emissions in MtCO,e

0
1990 1995 2000 2005 2010 2015
Years

Figure 3. Time series of national total emissions (including LU-
LUCEF) as reported in CRF tables for larger emitters (a) and smaller
emitters (b).

emissions from each major category within the national total
(Fig. 4). In Fig. 4 we also show the additional emissions from
international bunkers and how these compare to national to-
tals.

3.2 Changes in reported data through time

Annual updates to the data reported by countries in their
national inventories do not only extend the time series, but
also include updates to previous data years according to revi-
sions in source data, updates in methodologies, and updates
in reporting guidelines. The extent to which the reported data
change varies by sector; energy emissions have a low uncer-
tainty compared to LULUCF emissions and accordingly do
not undergo such significant annual modifications.

We do not identify the reason for all updates to historic
time series, but isolate significant changes related to the tran-
sition to new reporting guidelines. We find that the 1990 to
2015 reported national total emissions (excluding LULUCF)
for Monaco, Croatia, Hungary, and Cyprus all dropped sig-
nificantly (>5 % on average over 1990-2012) between the
2014 and 2017 releases, and that Russia and Malta’s reported
emissions increased by >5 % on average over 1990-2012.
Average reported total emissions (excluding LULUCF) for
Australia, Bulgaria, France, Lithuania, Portugal, and Kaza-
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khstan all changed by 3-5 % over the same period between
the 2014 and 2017 versions.

In the LULUCF sector, we identify three countries for
which the new guidelines introduced substantially different
overall emissions levels — Iceland, Ireland, and the Nether-
lands (Fig. 5). Updates to emissions factors for drained or-
ganic soils and methods for accounting for emissions associ-
ated with peat extraction result in much higher reported LU-
LUCEF emissions from Iceland and Ireland. LULUCF emis-
sions from the Netherlands are also significantly higher, but
the increases are distributed across several land-use cate-
gories and are not so readily attributable to a single source.
The new guidelines also introduced significant changes to the
LULUCEF time series from many other countries.

3.3 Dataissues

The current format of the CRF data allows for some flexibil-
ity in reporting for countries. As a result, it was not possible
to obtain data for all categories for all reporting countries. In
addition, the detailed checks revealed some issues in the raw
data where data reported in one table were not consistent with
data reported in another table. Here we briefly describe those
issues and how they impact the final dataset. We first describe
structural issues with the data tables and then some country-
specific inconsistencies in the reported data. For three of the
country-specific inconsistencies, we provide additional data
in the supporting information.

Reported country data undergo mandatory review under
the UNFCCC by an Expert Review Team according to the
Guidelines for review under Article 8 of the Kyoto Protocol
(most recently updated in Decision 13/CP.20). Expert review
reports are made available on the UNFCCC website (UN-
FCCC, 2016). Many of the country-specific issues identified
here may be picked up in the UNFCCC Expert Review pro-
cess and corrected in future updates of the CRF data. If so, fu-
ture updates of PRIMAP-crf will also incorporate these cor-
rections.

3.3.1 Table construction
Fugitive emissions from solid fuels

Some sub-categories of emissions from category 1B1A
“Coal mining and handling” are not explicitly and separately
reported in the current CRF tables and therefore could not be
included as separate categories in PRIMAP-crf. These sub-
categories are 1B1B “Uncontrolled Combustion, and Burn-
ing Coal Dumps” and 1B1A14 “Flaring of drained CH4 or
Conversion of CHy4 to CO3”.

Category 1B1A is reported in Table 1.B.1 of the CRF ta-
bles, which includes lines for “1.B.1.b. Solid fuel transforma-
tion” and “1.B.1.c. Other (please specify)”. Additional infor-
mation indicates that fugitive emissions from coke and char-
coal production may be included in the 1.B.1.b line, and that
the “Other” category may be used for “reporting any other
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Figure 4. Shares of sectors in the national total emissions, excluding LULUCF and international bunkers. For comparison, reported emissions
from LULUCEF are shown as a % of national total (green, LHS) and reported emissions for international bunkers (orange, RHS). (a) Annex I
countries and Kazakhstan, with the European Union presented as a group. (b) Same as (a) but for individual EU countries. Note the break in
scale for international bunker emissions from Malta.

solid fuel related activities resulting in fugitive emissions, bles 1s2 and 10s4), but it is not possible to include the details
such as emissions from waste piles”. If emissions from either on N>O emissions from this category in Table 1.B.1, which
IPCC 2006 category 1B1B or 1B1A14 are calculated and re- only has columns for CO, and CHy4. Because the CRF data
ported in either of these lines, then they are included in the for category 1B1 are read from Table 1.B.1 and not the sum-
national totals (category 0) but cannot be reported explicitly mary tables, a discrepancy occurs when comparing the cat-
as separate categories in the PRIMAP-crf data. egory 1B total for NoO with sub-categories 1B1, 1B2, and
A further issue with the CRF tables for category 1B1 is that 1B3 for Australia and the United Kingdom. The sub-totals
two countries (Australia and United Kingdom) report N»,O are up to 0.2 % too low for the United Kingdom, and 0.9 %
emissions from category 1B1 in the summary tables (e.g. Ta- too low for Australia due to the missing category 1B1 data.
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Figure 6. Full category 1A2 sub-categories. For some countries, only sub-categories 1A2A to 1A2F are reported as sub-categories and
categories 1A2G to 1A2M are reported together as “other”. PRIMAP-crf contains the detailed categories where available.

IPC1A2 sub-categories for NoO, CH4, and CO»

It is not mandatory to report all sub-categories of category
1A2 (fuel combustion for manufacturing industries and con-
struction) explicitly in CRF tables. Sub-categories of 1A2 are
reported in CRF Table 1.A(a)s2 with explicit lines for 1A2A
through 1A2F (Fig. 6) and optional reporting under “Other”
for categories 1A2G through 1A2M. Bulgaria, Germany, Es-

www.earth-syst-sci-data.net/10/1427/2018/

tonia, France, Ireland, Italy, and Japan do not fully report
these additional sub-categories and the sum of their 1A2 sub-
categories in PRIMAP-crf is therefore not equal to the cate-
gory 1A2 total. However, for category 1A2 and higher levels
in the hierarchy, the data are complete and correct.
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3.3.2 Country-specific

Some data issues are not structural issues with the CRF table
set-up, but result from the way in which individual countries
report the data. Here we describe inconsistencies found for
individual countries during the read-in and testing process.

Germany

Germany does not report CHy4 emissions from drainage and
rewetting of soils on settlement land in Table 4(II) or in Ta-
ble 4. The data are listed as “IE” (Included Elsewhere), but
it is not apparent where. The documentation notes suggest
that they are included in table or category 4E. However, CRF
Table 4.E is for CO; only, so it cannot be reported there. As
a result, the PRIMAP-crf tests that compare category 3 and
category 3 sub-categories with the directly read-in LULUCF
data fail for Germany.

Germany also failed tests that check whether the national
totals of HFCs, PFCs, and F-gases are equal to the sum of the
main sub-categories, in this case just category 2. The tests
only fail for the final year (2015) and for AR4 GWPs. This
indicates a discrepancy in the original data. Inspection of Ta-
ble 10s5 shows that the value reported for 2015 for the HFC
and PFC baskets is approximately 1000 times higher than
that reported in 2014, suggesting a unit error in reporting. We
expect this error to be corrected in future submissions. The
spurious data points are corrected in post-processing and are
not present in the PRIMAP-crf source.

Kazakhstan

In the raw Excel file (dated 17 November 2017) for 1993, the
CO, emissions factor for gas/diesel oil for domestic naviga-
tion is too high by a factor of 10°, resulting in emissions for
category 1A3D2 that are too high by the same magnitude for
that year. In the PRIMAP-crf dataset we manually replace
this data point and use the corrected data to recalculate the
higher-level categories. The emissions factor was corrected
from 74.1 x 10% to 74.1 tTIh, resulting in 40.502 kt CO,
for category 1A3D2 from Kazakhstan in 1993, which fits
with the full time series. This correction is applied to all
affected higher-level categories and gas baskets in the final
PRIMAP-crf dataset.

Lithuania

N>O emissions in category 3 (AFOLU) for Lithuania do not
equal the sum of reported emissions under Agriculture and
LULUCEF. This discrepancy occurs because total category
3 emissions are calculated from the sum of sub-categories
(Fig. 2) and N>O data are not completely reported in LU-
LUCEF sub-categories for Lithuania. The issue occurs with
sub-category 3C4 (Other Land), which is partially reported
in CRF Table 4(III) and read in under PRIMAP category
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M3C4LUBOTH. However, the total N,O LULUCF emis-
sions from Other Land reported in summary Table 4 are
higher than those reported in Table 4(III). Table 4 is also not
internally consistent and it is not clear from the CRF tables
what the source of the additional emissions is.

As a result, the PRIMAP-crf data fail tests for N,O that
compare category 3 with LULUCF. The LULUCF and na-
tional total (category 0) values are correct. The error propa-
gates to the Kyoto-GHG basket, which includes N»>O.

Luxembourg

N, O emissions data for category 3 (AFOLU) are also incor-
rect for Luxembourg for similar reasons to Lithuania. Data
are reported under “Other Land” in CRF Table 4 that is not
reported in any other table, including Table 4(III) where it
would be expected. As the data are not read in to a sub-
category, the resulting aggregated category 3 is not consistent
with the directly read-in LULUCEF category. As with Lithua-
nia, category 3 is incorrect, but the LULUCF and national to-
tal categories are correct. The error propagates to the Kyoto-
GHG basket for category 3, which includes N, O.

Norway

Norway fails a test for NoO emissions that compares the di-
rectly read-in LULUCEF total to the sum of its components.
The error averaged over all years is 0.017 %. The source of
the discrepancy is unclear, but CRF Table 4 is internally in-
consistent, suggesting some missing data in sub-categories.
Because the error is small, tests on higher-level categories
and aggregate gas baskets are all passed.

Sweden

For the year 2015, Sweden reports fugitive emissions from
oil production in Table 1.B.2, item 1.B.2.a.0il. However, for
CHy4 and CO;, no data are reported in the subsectors. For
N>O, no data are reported at all in Table 1.B.2, but data are
reported in Table 1s2, item “2. Oil and natural gas and other
emissions from energy production”.

A further problem in Sweden’s CRF reporting is an in-
consistency between tables. In Table 1.s.2, item “c. Other (as
specified in Table 1.B.1)” N>O emissions are reported. How-
ever, Table 1.B.1 does not allow reporting of NoO emissions
and thus the sum obtained from Tables 1.B.1 and 1.B.2 does
not coincide with the data read from Table 1.s.2.

In category 2 (Industrial processes and product use),
0.36 kt of methane emissions are reported for 2015, while the
data available for subsectors only sum to 0.01 kt. There are
discrepancies in subcategories: category 2B10 (chemical in-
dustry — other) has no data reported for CHy in Tables 2(I)s1
and 2(I).A-Hsl, but a subcategory (other inorganic chemical
products) contains data. But probably most important is that
nothing is reported in Table 2(I).A-Hs1, item “2.H.1 Pulp and
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paper”, where the majority of CHy emissions for category 2
were reported for 2014.

Consequently, CRF data for Sweden fail tests that compare
category 1.B to its subcategories for CO,, CHys, N> O, and the
Kyoto-GHG basket, as well as tests that compare category
2 to its subcategories for CHy. The errors propagate to the
Kyoto-GHG basket.

3.4 NFs3

For the second period of the Kyoto Protocol (2013-2020),
NF3 emissions must be reported and accounted for in all his-
torical data. Emissions of NF3 are primarily from the chemi-
cal and electronics industries (CRF Tables 2(I)s1 and 2(I)s2).
Despite its relatively high 100-year GWP of 16 100 (Myhre
et al., 2013), the share of emissions from NFj is low; the av-
erage annual contribution of NF3 to total Kyoto-GHG (AR4
GWPs) since 1990 ranges between 0.000032 % for Canada
and 0.053 % for Japan (only 13 countries report NF3 emis-
sions). Japan and the USA are the two major emitters of this
gas, but NF3 emissions from Japan reduced by more than half
between 2013 and 2015.

3.5 Indirect NoO and CO» emissions

Another addition for the second commitment period of the
Kyoto Protocol is that countries may now also report indirect
N>O and CO; emissions from additional sectors, whereas
previously only indirect NoO from agriculture was explic-
itly listed in the reporting tables. Indirect emissions are
greenhouse gases that result from secondary chemical re-
actions of precursor substances. Indirect CO, emissions are
the result of oxidation of carbon-containing non-CO; gases,
such as CHy, CO, and non-methane volatile organic com-
pounds (NMVOC). Indirect N,O emissions have two pri-
mary sources: (1) volatilisation and subsequent atmospheric
deposition of NH3 and NO,, and (2) leaching and runoff of
added N to water systems, such as from the use of nitrogen
fertilisers in agriculture (IPCC, 2006).

The UNFCCC COP Decision 24/CP.19 states that “29. In
addition, Annex I Parties should provide information on the
following precursor gases: carbon monoxide (CO), nitrogen
oxides (NO,) and non-methane volatile organic compounds
(NMVOC:s), as well as sulphur oxides (SO,). Annex I Par-
ties may report indirect CO, from the atmospheric oxidation
of CHy4, CO and NMVOCs. Annex I Parties may report as a
memo item indirect NoO emissions from other than the Agri-
culture and LULUCF sources. These estimates of indirect
N, O should not be included in national totals. For Parties that
decide to report indirect CO, the national totals shall be pre-
sented with and without indirect CO,” (UNFCCC, 2017a).

Indirect N> O emissions from the AFOLU sector are there-
fore included in the national totals (category 0), but indirect
emissions from other sectors are not. In PRIMAP-crf, cate-
gory 0 “national total” also excludes indirect CO, emissions.
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In PRIMAP-crf, national totals including indirect CO; are
included as category MOINDRCT, and separate indirect NoO
and CO, emissions are contained as categories MON2OIND
and MOCO2IND respectively.

As reporting of indirect emissions is optional, data are not
available for all reporting countries. Countries currently re-
porting indirect N»O emissions from non-AFOLU sectors
are Belarus, Bulgaria, the Czech Republic, Denmark, Fin-
land, Italy, Norway, Romania, Sweden, Switzerland, and the
United Kingdom. Countries currently reporting indirect CO2
emissions are Canada, the Czech Republic, Denmark, Fin-
land, Japan, Latvia, the Netherlands, Portugal, and Switzer-
land.

Note that it is necessary to distinguish between different
usages of the term “indirect emissions”. The indirect emis-
sions referred to here are emissions resulting from subse-
quent reactions of GHG precursors. However, businesses, in-
dustry, and the IPCC also use indirect emissions to refer to
emissions that result from the activities of that entity but that
are not under their direct control (GHG Protocol, 2017). For
example, a business may include the emissions associated
with heating its offices as indirect emissions.

4 IPCC 1996 categories

The 1996 categories are still useful for comparison and com-
bination with older data sources. We therefore created a map-
ping of higher-level 2006 categories to 1996 categories to
enable the use of the PRIMAP-crf dataset in such cases, es-
pecially for the forthcoming v1.2 of the PRIMAP-hist histor-
ical time-series dataset (Giitschow et al., 2016). As the new
CRF tables are very similar to the old IPCC 1996 CREF ta-
bles, building the 1996 categories can be achieved by read-
ing a few additional items from the tables. Table 2 shows
which IPCC 2006 categories are used to create each IPCC
1996 category. Some additional items from the CRF tables
are needed and read into “M” categories. The categorical de-
tail is selected according to those required for the PRIMAP-
hist dataset (Giitschow et al., 2016). Consequently, we create
the main categories (1-7) for all gases and additionally the
subcategories of categories 1 and 2 for CO,. National totals
under the two sets of guidelines differ for two primary rea-
sons: (1) the IPCC 1996 guidelines do not include all sources
covered by the 2006 guidelines. At the level of detail we em-
ploy for the conversion, this only affects the carbon capture
and storage (CCS) related emissions reported in the new cat-
egory 1C, which are not included in 1996 categories. (2) For
the creation of IPCC 1996 categories 1 and 2 we need de-
tailed subcategories which are not reported in full detail by
all countries. In other cases, emissions are not reported con-
sistently across the different tables. This means that some-
times we cannot perfectly create the IPCC 1996 categories.
Both effects are very small.
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Table 2. Creation of IPCC 1996 categories from IPCC 2006 categories and additional items from the CRF tables. “CAT” is used to indicate
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IPCC 1996 categories, and “IPC” is used for IPCC 2006 categories, both here and in the PRIMAP emissions module.

Gas IPCC 1996 category  Built from
CO, CAT1 CAT1A + CAT1B
CAT1A IPCI1A
CAT1B CAT1B1 + CAT1B2
CAT1B1 IPC1B1 +1PC1B3
CAT1B2 IPC1B2
CAT2 CAT2A + CAT2B + CAT2C + CAT2D + CAT2G
CAT2A IPC2A +IPC2B7 + IPC2D4
CAT2B IPC2B - IPC2B7
CAT2C IPC2C
CAT2D IPC2H1 +IPC2H2
CAT2G IPC2H3 + IPC2H4
CAT3 IPC2D1 + IPC2D2 + IPC2D3
CAT4 IPCMAG
CATS IPCMLULUCF
CAT6 IPC4
CAT7 IPC5
CH4 and N,O CAT1 IPC1 - IPCIC
CAT2 IPC2 — CAT3
CAT3 IPC2D1 +1PC2D2 + IPC2D3 + IPC2G3
CAT4 IPCMAG
CATS IPCMLULUCF
CAT6 IPC4
CAT7 IPCS5
HFCs, PFCs, SFg  CAT2 IPC2

In the PRIMAP emissions module and in the published
PRIMAP-crf data, we distinguish between the two sets of
guidelines using separate sets of category codes. Data fol-
lowing the hierarchy of the IPCC 2006 guidelines have cate-
gory codes prefixed with “IPC”, and data following the 1996
categories have category codes with the prefix “CAT”.

5 Data availability

The dataset is available from the GFZ Data Services under
https://doi.org/10.5880/PIK.2018.001 (Jeffery et al., 2018).
When using this dataset, or one of its updates, please cite
this paper and the precise version of the dataset used. Please
also consider citing the original UNFCCC source (UNFCCC,
2017¢) when using this dataset. The data presented in this
paper were released in 2017 and include all data revisions
until 15 December 2017.

New versions of the UNFCCC CRF data are released an-
nually with an additional year of data. Some countries also
submit revised versions of their data through the year. Where
possible, the PRIMAP-crf data will be updated accordingly
and a revised dataset released.

Data releases with an additional year of data are indicated
in the naming of the data — the year of data publication is in-
dicated by the dataset name, e.g. PRIMAP-crf 2017-v1 data
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include data first released by countries in 2017. Inclusion of
subsequent data revisions from the same year are indicated
by the version number; for example, PRIMAP-crf 2017-v2
includes all CRF2017 data published by 1 June 2018.

6 Conclusions

We provide a processed dataset of the CRF data reported to
the UNFCCC in an easily used format (PRIMAP-crf) and
accompanied by a detailed description of its derivation. Two
key facets of the processed data are that (1) data for all re-
porting countries and years are readily accessed for a given
gas and category, and (2) the data are categorised in a con-
sistent hierarchy according to the IPCC 2006 guidelines. In
addition, we also provide data in top-level categories under
the IPCC 1996 categorisation.

PRIMAP-crf data (Jeffery et al., 2018) are provided un-
der an open CC BY 4.0 licence and can be accessed at
https://doi.org/10.5880/pik.2018.00. The data are provided
in a machine-readable format (CSV) for bulk download. As
such they can be used easily and flexibly and are not tied to
any specific software or operating system.

Some structural issues with the current table format have
been identified and country-specific issues with reported data
have been highlighted.
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Information about the Supplement

The following items can be found in the Supplement to this
paper.

PRIMAP-crf-IPCC2006-category-codes.csv. A full docu-
mentation of the IPCC category codes used in PRIMAP and
their meaning. Also include the PRIMAP “M” categories
used for reading CRF data and building categories.

PRIMAP-crf_2018v1.0_categories.json. This JSON file
shows which CRF table was used to build each category in
the IPCC 2006 hierarchy. This file also provides the basis for
Fig. 1.

CRF_tables_key_ IPCC2006.xls and CRF_tables_key_
IPCC2006.csv. Similar to above, this file outlines the map-
ping from CRF tables to IPCC 2006 categories for the
PRIMAP-crf source. The two files are identical except that
the Excel version is formatted for easy reading; the CSV is
unformatted.

PRIMAP-crf_figure_codes_ and_data. This folder con-
tains the data (JSON) and code (HTML) underlying Figs. 1
and 2 of the main paper. Opening the HTML code in your
browser (Firefox recommended) should enable you to ex-
plore the full hierarchy. An Internet connection is required
to retrieve the D3 library.

PRIMAP_EMMOD_GWPs.xls and
PRIMAP_EMMOD_GWPs.csv. These two files contain
the 100-year global warming potentials of individual gases
used to generate the greenhouse gas baskets in the PRIMAP-
crf dataset. The Excel file contains additional information
about which IPCC Report each GWP value was derived in
for those gases that were not included in the earlier reports.

PRIMAP-crf-data-discrepancy-details.csv. This file con-
tains additional data on the reported N,O and CH4 emissions
for sub-categories of the LULUCF sector for Luxembourg,
Liechtenstein, and Germany. Here we demonstrate the incon-
sistency between available sub-category data and the higher-
level LULUCEF category. The absolute and % differences are
also provided.

Supplement. The supplement related to this article is available
online at: https://doi.org/10.5194/essd-10-1427-2018-supplement.
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