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Glossary

ARR
AD

ART
AZV

BCEF, BEF
CC

CFC

CHa

chp.

CLRTAP

CNG

co

CO,, (CO; eq)
CORINAIR

CRF
DOC
EF
EMEP

EMIS
EMPA
ERT
FAL

FCCC
FMRL
FOCA
FOD
FOEN

GHFL

GHG

Glossary

Annual Inventory Review Report (UNFCCC)
Activity Data
Agroscope Reckenholz-Tanikon Research Station

Abwasserzweckverband der Gemeinden Liechtensteins
(Liechtenstein’s wastewater administration union)

Biomass conversion and expansion factor, biomass expansion factor
Combined Category for land-use/land-cover

Chlorofluorocarbon (organic compound: refrigerant, propellant)
Methane

Chapter

UNECE Convention on Long-Range Transboundary Air Pollution
Compressed natural gas

Carbon monoxide

Carbon dioxide (equivalent)

CORe INventory of AIR emissions (under the European Topic Centre
on Air Emissions and under the European Environment Agency)

Common reporting format
Degradable Organic Carbon
Emission Factor

European Monitoring and Evaluation Programme (under the Con-
vention on Long-range Transboundary Air Pollution )

Swiss Emission Information System (database run by FOEN)
Swiss Federal Laboratories for Material Testing and Research
Expert Review Team

Swiss Federal Research Station for Agroecology and Agriculture
(since 2006: ART)

Framework Convention on Climate Change

Forest Management Reference Level

Swiss Federal Office of Civil Aviation

First Order Decay Model

Swiss Federal Office of the Environment (former name SAEFL)
Gramme

Genossenschaft fiir Heizollagerung im Firstentum Liechtenstein
(Cooperative society for the Storage of Gas Qil in the Principality of
Liechtenstein)

Greenhouse gas
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ha

HFC
HWP
IDP

IEF

IPCC
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kg

kha

kt

LFO
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LKW

LPG

LTO
LULUCF
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Ml
MSW
MCF
MWh
MWWTP
NCV

NFI

NFs
NFR
NIC

NIR

NIS
NMVOC
N,O

Glossary

Giga Joule (10° Joule = 1’000 Mega Joule)

Grundlagen fur die Dingung im Acker — und Futterbau
Global Warming Potential

Hectare (100 m x 100 m)

Hydrofluorocarbons (e.g. HFC-32 difluoromethane)
Harvested Wood Products

Inventory Development Plan

Implied Emission Factor

Intergovernmental Panel on Climate Change

Initial Report (UNFCCC)

Key Category, Key Category Analysis

Kyoto Protocol

Kilogramme (1’000 g)

Kilo hectare (1’000 ha)

Kilo tonne (1’000 tons)

Light fuel oil (Gas oil)

Liechtensteinische Gasversorgung (Liechtenstein’s gas utility)

Liechtensteinische Kraftwerke (Liechtenstein’s electric power
company)

Liquefied Petroleum Gas (Propane/Butane)
Landing-Take-off-Cycle (Aviation)

Land-Use, Land-Use Change and Forestry

Landeswaldinventar (Liechtenstein's National Forest Inventory)
Mega Joule (10° Joule = 1°000'000 Joule)

Municipal solid waste

Methane Conversion Factor

Mega Watt hour (1 MWh = 3.6 MJ)

Municipal Waste Water Treatment Plant

Net Calorific Value

National Forest Inventory (see also LWI)

Nitrogen trifluoride 2006 IPCC GWP: 17°200 (UNFCCC 2014, Annex Ill)
Nomenclature for reporting (IPCC code of categories)

National Inventory Compiler

National Inventory Report

National Inventory System

Non-methane volatile organic compounds

Nitrous oxide (laughing gas)
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NOx
OA

ocl
ODS
OE
OEA
OEP

OFIVA
0S
PFC
QA/QC

SAEFL

SFs
SFOE
SFSO
SO2

TJ
UNECE
UNFCCC
VOC

Glossary

Nitrogen oxides

Office for Agriculture, former name of today’s Division of Agriculture
within the Office of Environment, since 2012

Office of Construction and Infrastructure
Ozone-depleting substances (CFCs, halons etc.)
Office of Environment

Office of Economic Affairs

Office of Environmental Protection, former name of today’s
Office of Environment (OE) since 2012

Office of Food Inspection and Veterinary Affairs
Office of Statistics
Perfluorinated carbon compounds (e.g. Tetrafluoromethane)

Quality assurance/quality control: QA includes a system of review
procedures conducted by persons not directly involved in the inventory
development process. QC is a system of routine technical activities to
control the quality of the inventory.

Swiss Agency for the Environment, Forests and Landscape (former  name
of Federal Office of the Environment FOEN)

Sulphur hexafluoride, 2006 IPCC GWP: 22800 (UNFCCC 2014, Annex lll)
Swiss Federal Office of Energy

Swiss Federal Statistical Office

Sulphur dioxide

Tera Joule (10 Joule = 1’000'000 Mega Joule)

United Nations Economic Commission for Europe

United Nations Framework Convention on Climate Change

Volatile organic compounds
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EXECUTIVE SUMMARY

ES.1 Background information on climate change, greenhouse gas inventories
and supplementary information required under Art. 7.1. KP

ES.1.1 Background information on climate change

According to research programs, significant negative effects of global climate warming in the Alpine
region are to be expected. Changes in the permafrost layer and water drainages will play a central
role in this regard.

Liechtenstein’s annual mean temperature has risen by 0.7°C between the reference period 1961-
1990 and 1981-2010. This increase is up to three times higher as the worldwide increase and has
been observed in the other Alpine countries as well. The increase projected between 1990 and 2100
for the neighbouring northern Switzerland is 2.7 °C and 4.8 °C depending on the scenario considered.
Further reductions between 18% and 28% in the summer precipitation amount are being predicted
compared to the period 1980-2009, representing a substantial shift in the seasonal precipitation
distribution. Glaciers in the Alps have lost 25% of their volume since 1970. Phenological observations
show that the biological beginning of spring has been advancing by 1.5-2.5 days per decade.

The following effects are expected as a consequence of a further temperature rise: Heat waves with
increased mortality will occur more frequently, also tropical diseases will surface in Central Europe
and existing diseases will spread to higher elevations. Indirect consequences for health are to be
expected from storm, floods, and landslides. The increasing weather instabilities may lead to floods
in winter and droughts in summer time and composition of forest vegetation may change too. Global
climate warming will therefore affect various economic sectors in Liechtenstein (e.g. Tourism,
Agriculture, Forestry).

ES.1.2 Background information on greenhouse gas inventories

In 1995, the Principality of Liechtenstein ratified the United Nations Framework Convention on
Climate Change (UNFCCC). Furthermore in 2004, Liechtenstein ratified the Kyoto Protocol to the
UNFCCC. A National Inventory System (NIS) according to Article 5.1 of the Kyoto Protocol has been
implemented. On 23 April 2015 Liechtenstein submitted its “Intended Nationally Determined
Contribution (INDC)” to the UNFCCC, which aims at a reduction of greenhouse gases by 40%
compared to 1990 by 2030.

In 1995, 2001, 2005, 2010 and 2014 Liechtenstein submitted its National Communication Reports to
the secretariat of the UNFCCC. Also, a first Greenhouse Gas Inventory (without National Inventory
Report) was submitted in the Common Reporting Format (CRF) in 2005. In 2006, two submissions
took place, the first on May 31, including the national greenhouse gas inventory for 1990 and 2004,
as well as the National Inventory Report (NIR). The second submission on 22 December 2006
contained the national greenhouse gas inventory for the whole time period 1990-2004, National
Inventory Report and the Initial Report under Article 7, paragraph 4 of the Kyoto Protocol (OEP 2006,
20064, 2007a). In May 2007 the GHG inventory 1990-2005 was submitted together with the National
Inventory Report (OEP 2007). In February 2008, in April 2009, 2010, 2011, 2012, 2013, 2014 and in
April 2016 the further GHG inventories 1990-2006, 1990-2007, 1990-2008, 1990-2009, 1990-2010,
1990-2011, 1990-2012 and 1990-2013 were submitted together with the National Inventory Report
(OEP 2008, OEP 2009, OEP 2010, OEP 2011, OEP 2012b, OE 2013, OE 2014, OE 2016a). The present
report is Liechtenstein’s 11th National Inventory Report, NIR 2016, prepared under the UNFCCC and
under the Kyoto Protocol. It includes, as a separate document, Liechtenstein’s 1990-2014 Inventory

Executive Summary May 2016
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in the CRF. Furthermore, the Standard Electronic Format application (SEF) is submitted along with
the NIR 2016, providing an annual account of Kyoto units traded in the respective year.

From 11 to 15 June 2007 an individual review (in-country review) took place in Vaduz: The
submission documents, the Initial Report and the GHG inventory 1990-2004 including CRF tables and
National Inventory Report were objects of the review. Following the recommendations of the expert
review team, some minor corrections were carried out in the emission modelling leading to
recalculations and some methodological changes (revision of the definition of forests). Due to the
recalculation, the time series of the national total of emissions did slightly change and therefore,
Liechtenstein’s assigned amount has been adjusted by -0.407%. After this correction, Liechtenstein’s
assigned amount corresponded to 1'055.623 Gg CO; equivalents.

In September 2008, 2009, 2010, 2011, 2012 and 2014 centralized reviews of Liechtenstein’s GHG
inventories and NIRs of 2007/2008, 2009, 2010, 2011, 2012 and 2014 took place in Bonn, Germany.
Again, a number of recommendations were addressed to Liechtenstein, which was accounted for in
the subsequent submissions (FCCC/ARR 2009, 2010, 20103, 2011, 2012 and 2014).

Between 2 and 6 September 2013 a second individual (in-country) review took place in Vaduz. The
submission documents, GHG inventory 1990-2011 including CRF tables and the National Inventory
Report were scrutinized during the review. Following the recommendations of the Expert Review
Team (ERT), numerous improvements were implemented in the 2014 submission. Amongst others,
this included methodological changes, where data was delineated from the Swiss inventory (sectors
Energy, Industrial Processes and Solvents) and complementation of the text in the NIR for
transparency reasons. The recommendations by the ERT are documented in the report of the
individual review of the greenhouse gas inventory of Liechtenstein submitted in 2013 (FCCC/ARR
2013).

The latest recommendations concerning the submission 2014 are published in the Report on the
individual review of the annual submission of Liechtenstein submitted in 2014 (FCCC/ARR 2014).
Although the report was published before the final submission 2015 not all recommendations were
incorporated in the current inventory development plan due to focus on the implementation of
Liechtenstein’s emissions into the new CRF reporter as well as on the implementation of the
requirements related to the new reporting guidelines (IPCC 2006) in the NIR. Nevertheless, the most
important recommendations of the latest review have been taken into account in the current IDP
(see also Annex 8.3).

The Office of Environment (OE) is in charge of compiling the emission data and bears the overall
responsibility for Liechtenstein’s national greenhouse gas inventory. All inventory data are assembled
and prepared for input by an inventory group. It is responsible for ensuring the conformity of the
inventory with UNFCCC guidelines. In addition to the OE, the Office of Economic Affairs (OEA), the
Office of Statistics (OS) and the Office of Construction and Infrastructure (OCl) participate directly in
the compilation of the inventory. Several other administrative and private institutions are involved in
the inventory preparation.

The emissions are calculated based on the standard methods and procedures of the Revised 2006
Intergovernmental Panel on Climate Change (IPCC) Guidelines for National Greenhouse Gas
Inventories (IPCC2006) adopted by the UNFCCC as well as of the revised supplementary methods and
good practice guidance arising from the Kyoto Protocol (IPCC 2014). The activity data sources used to
compile the national inventory and to estimate greenhouse gas emissions and removals are: The
national energy statistics, separate statistics for the consumption of gasoline and diesel oil,
agriculture, LULUCF and waste. The data is finally implemented in the CRF Reporter that generates
the reporting tables.

The National Inventory Report follows in its structure the default chapters of the “UNFCCC reporting
guidelines on annual greenhouse gas inventories” (UNFCCC 2014).

Executive Summary May 2016
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For the interpretation of Liechtenstein’s emissions and removals it is important to recognise that
Liechtenstein is a small central European State in the Alpine region with a population of 37’366
inhabitants(2014) and with an area of 160 km?. Its neighbours are therefore important partners:
Liechtenstein and Switzerland form a customs and monetary union governed by a customs treaty. On
the basis of this union, Liechtenstein is linked to Swiss foreign trade strategies, with few exceptions,
such as trade with the European Economic Community: Liechtenstein — contrary to Switzerland —is a
member of the European Economic Area. The Customs Union Treaty with Switzerland impacts greatly
on environmental and fiscal strategies. Many Swiss levies and regulations for special goods (for
example, environmental standards) are also adapted and applied in Liechtenstein. For the
determination of the GHG emissions, Liechtenstein appreciates having been authorised to adopt a
number of Swiss methods and Swiss emission factors.

ES.1.3 Background information on supplementary information required under
Article 7.1. of the Kyoto Protocol (KP)

Chapter 11 of this NIR and Liechtenstein’s Second Initial Report under the Kyoto Protocol
(Government 2016) provide information on KP-LULUCF.

Liechtenstein only accounts for the mandatory activity Forest Management under Article 3,
paragraph 4 of the Kyoto Protocol. In accordance with Annex | to Decision 2/CMP.7 (Annex |, Para
13), credits from Forest Management are capped in the second commitment period. Thus for
Liechtenstein the cap amounts to 3.5% of the 1990 emissions (excluding LULUCF).

Liechtenstein will choose to account over the entire commitment period for emissions and removals
from activities under Article 3, paragraphs 3 and 4, of the Kyoto Protocol. In addition to the
mandatory submission of the inventory years 2013 and 2014, data for the years 2008-2012 are
available and shown in Liechtenstein's NIR.

ES.2 Summary of national emission and removal-related trends as well as
emissions and removals from KP-LULUCF activities

ES.2.1 GHG inventory
National total emissions

Liechtenstein’s greenhouse gas emissions in the year 2014 amount to 205.1 kt CO; equivalent
excluding LULUCF. This refers to 0.0055 kt CO; equivalent per capita. Total emissions declined by
10.5% compared to 1990 and by 12.6% compared to 2013 when excluding LULUCF categories. This
decrease is less pronounced when including LULUCF (1990-2014: 7.3%).

Uncertainties

. An uncertainty analysis approach 1 is carried out and presented in Chapter 1.6.1.3. In 2014, it
estimates a level uncertainty of total CO, equivalent emissions excluding the LULUCF sector of
5.46% (level uncertainty) and the trend uncertainty 1990-2014 of 5.49%.

° Including the LULUCF categories, the level uncertainty is 5.38%, trend uncertainty 5.43%.

Executive Summary May 2016
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Recalculations

16

Some emissions have been recalculated due to updates in respective sectors. The results are
discussed in Chapter 10. For the base year 1990, recalculations lead to a decrease of 0.2% in the
national total emissions in both cases, when excluding and when including LULUCF. Also the national
total emissions of the year 2013 show a decrease of 0.8% in both cases, excluding and including

LULUCF activities.

ES.2.2 KP-LULUCEF activities

Liechtenstein reports LULUCF activities Afforestation and reforestation, deforestation, forest
management including the forest management reference level (FMRL) and harvested wood products
(HWP) from forest management. ES Table 1-1 shows the result for the KP-LULUCF Inventory year
2014. The total net COzeq removals add up to -2.03 kt. In total net emissions of 7.49 kt occurred in

2014. The level uncertainty (Approach 1) is estimate as 52.8%.

ES Table 1-1: Summary table afforestation and reforestation, deforestation, forest management and HWP.

Activity, year 2014 Area Net CO, N,O emission Net CO, eq
emission/removal emission/removal
kha kt CO, kt N,O kt CO, eq
A.1 Afforestation 0.036 -0.27 NO -0.27
A.2 Deforestation 0.174 4.32 0.00021 4.38
B.1 Forest managment (FM) 6.127 5.14 NO 5.14
B.1.1 minus FMRL -0.36 NO -0.36
4.C HWP from FM - -1.40 NO -1.40
Total emission/removal 7.42 0.00021 7.49

ES.3. Overview of source and sink category emission estimates and trends

including KP-LULUCF activities

ES.3.1 GHG inventory

ES Figure 1-1 shows the emissions in 2014 by gases. The main GHG is CO; with a share of 78.8%. CH,
and N,O contribute with 10.2% and 5.1%, F-gases with 6.0%, respectively.
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Emmissions 2014 excluding LULUCF

Total: 100% = 205.1 kt CO2eq

HFCs;5.9% FCs; 0.0%

SF6;0.1%

N20;5.1%

CH4,;10.2%

C02;78.8%

ES Figure 1-1 Liechtenstein's GHG emissions by gas (excluding LULUCF) in 2014.

ES Figure 1-2 illustrates that the 2014 shares are typical for the period 1990-2014. After increasing
emissions between 1990 and 1998, the emissions fluctuate between 1998 and 2006 without any
significant trend. After 2006 emissions show a decreasing trend while still showing fluctuations
driven by the mean temperatures of winter seasons and fuel prices. In 2014, emissions reach an all
time low due to the exceptionally warm winter season.
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ES Figure 1-2 Trend of Liechtenstein's greenhouse gas emissions by gases 1990-2014. CO,, CHsand N,O correspond to the
respective total emissions excluding LULUCF.

Over the period 1990-2014, the share of CO; fluctuated between 88.1% (1993) and 78.8% (2014).
The share of CH, increased from 8.3% in 1990 to 10.2% in 2014. Simultaneously, the share of N,O
slightly increased from 4.9% (1990) to 5.1% (2014) and the share of F-gases clearly increased from

0.0% (1990) to 6.0% (2014). See ES Table 1-2.
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ES Table 1-2 Summary of Liechtenstein’s GHG emissions in CO; equivalent (kt) by gas, 1990-2014. The last column shows
the percentage change in emissions in 2014 as compared to the base year 1990. The percentage change of
HFCs amounts 116’335%.
Greenhouse Gas Emissions 1990 1991 | 1992 | 1993 1994 | 1995 1996 1997 1998 | 1999
CO, equivalent (kt)
CO, emissions including net CO, from LULUCF 203.0 2133 213.9 222.4 208.9 2113 213.6 226.7 237.4 234.7
CO, emissions excluding net CO, from LULUCF 198.8 206.1 206.8 214.9 201.0 204.1 205.8 218.2 229.1 226.4
CH, emissions including CH, from LULUCF 19.1 18.9 18.5 17.7 17.8 17.7 18.1 17.8 17.6 16.9
CH, emissions excluding CH, from LULUCF 19.1 18.9 18.5 17.7 17.8 17.7 18.1 17.8 17.6 16.9
N,0 emissions including N,O from LULUCF 115 11.7 116 11.4 11.3 11.2 11.2 11.2 10.9 10.7
N,O emissions excluding N,O from LULUCF 11.2 11.4 11.3 111 11.0 109 109 10.9 10.6 10.3
HFCs 0.0 0.0 0.1 0.2 0.5 1.4 17 2.1 2.7 33
PFCs NO 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
SFg NO NO NO NO NO NO NO NO NO 0.0
Total (including LULUCF) 233.6 2440 2441 251.7 238.6 241.6 244.7 257.8 268.6 265.7
Total (excluding LULUCF) 229.0 236.5 236.7 243.8 2303 234.0 236.6 249.1 260.0 257.1
Greenhouse Gas Emissions 2000 2001 | 2002 | 2003 2004 | 2005 2006 2007 2008 | 2009
CO, equivalent (kt)
CO, emissions including net CO, from LULUCF 224.8 224.0 229.6 239.5 239.0 238.5 239.7 209.6 228.6 219.9
CO, emissions excluding net CO, from LULUCF 216.8 2146 219.9 229.3 2293 229.0 2312 200.9 219.7 205.6
CH,4 emissions including CH, from LULUCF 16.7 17.3 17.6 17.8 17.9 18.6 19.3 19.7 20.0 19.7
CH, emissions excluding CH, from LULUCF 16.7 17.3 17.6 17.8 17.9 18.6 19.3 19.7 20.0 19.7
N,0 emissions including N,O from LULUCF 10.6 10.6 10.8 10.8 10.5 10.7 10.8 10.9 111 11.0
N,O emissions excluding N,O from LULUCF 10.2 10.3 10.4 10.4 10.1 10.3 10.4 10.5 10.7 10.6
HFCs 4.1 4.9 5.5 6.1 7.0 7.4 7.8 8.5 9.2 9.3
PFCs 0.0 0.0 0.0 0.0 0.0 0.1 0.1 0.1 0.1 0.1
SFe 0.1 0.2 0.2 0.2 0.3 0.3 0.1 0.1 0.3 0.1
Total (including LULUCF) 256.2 257.1 263.7 274.5 274.6 275.4 277.7 248.9 269.3 260.1
Total (excluding LULUCF) 247.9 247.3 253.7 263.9 264.5 265.5 268.9 239.8 260.0 245.4
Greenhouse Gas Emissions 2010 2011 | 2012 | 2013 2014 1990-2014
CO, equivalent (kt) %
CO, emissions including net CO, from LULUCF 205.4 188.2 196.9 204.1 172.6 -15.0%
CO, emissions excluding net CO, from LULUCF 191.0 177.1 185.6 192.9 161.5 -18.7%
CH, emissions including CH, from LULUCF 19.1 19.6 20.0 19.2 209 9.3%
CH,4 emissions excluding CH, from LULUCF 19.1 19.6 20.0 19.2 20.9 9.3%
N,0 emissions including N,O from LULUCF 10.7 111 11.1 10.8 10.8 -5.6%
N,0 emissions excluding N,O from LULUCF 10.3 10.7 10.6 10.4 10.4 -7.0%
HFCs 10.3 10.8 115 12.0 12.1 see caption
PFCs 0.1 0.1 0.1 0.1 0.0 -
SFe 0.0 0.0 0.0 0.2 0.1 -
Total (including LULUCF) 245.6 229.8 239.5 246.3 216.7 -7.3%
Total (excluding LULUCF) 230.8 218.2 227.8 234.6 205.1 -10.5%
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ES Table 1-3 represents the GHG emissions and removals by categories. Sector 1 Energy is the largest
source of national emissions, contributing to 80.1% of the emissions (excluding LULUCF) in 2014.
Emissions caused within the energy sector decreased by 18.3% over the period 1990-2014. The
emissions from sector 2 Industrial processes and product use increased by a factor of almost 27
(2'664%) due to a more frequent use of F-gases. Compared to total emissions, F-gas emissions still
are of a minor importance. In sector 3 Agriculture, emissions are below the 1990 level (-4.4%).
Emissions and removals in the sector 4 LULUCF form a net source in 2014 and show an increase of
152.3% compared to 1990. The emissions from sector 5 Waste have also increased since 1990, but
notably they encompass only a small amount of emissions because municipal solid waste is exported
to a Swiss incineration plant.

ES Table 1-3 Summary of Liechtenstein’s GHG emissions by source and sink categories in CO2 equivalent (kt), 1990-2014.
The last column indicates the percent change in emissions in 2014 as compared to the base year 1990.

Source and Sink Categories 1990 N 1991 | 1992 N 1993 | 1994 | 1995 | 1996 | 1997 I 1998 | 1999
€O, equivalent (kt)
1Energy 201.1 208.6 209.4 217.6 203.6 206.8 208.6 221.2 232.1 229.4
1Al Energy industries 0.2 0.9 1.9 2.0 18 2.1 2.6 25 29 29
1A2 Manufacturing industries and construction 36.3 36.0 363 376 35.6 35.7 35.8 376 40.4 39.9
1A3 Transport 76.7 90.1 89.4 87.2 79.9 819 83.2 86.8 86.4 90.5
1A4 Other sectors 87.4 813 813 90.2 85.7 86.5 86.4 93.5 101.6 95.3
1A5 Other NO NO NO NO NO NO NO NO NO NO
1B Fugitive emissions from fuels 04 0.4 0.5 0.5 0.6 0.6 0.7 0.7 0.7 0.8
21PPU 0.5 0.4 0.5 0.6 0.9 1.7 2.1 2.4 3.0 3.6
3 Agriculture 25.5 25.5 24.8 23.8 23.8 23.7 23.9 23.5 23.0 221
5 Waste 2.0 19 1.9 1.9 2.0 1.9 2.0 1.9 1.9 1.9
Total (excluding LULUCF) 229.0 236.5 236.7 243.8 230.3 234.0 236.6 249.1 260.0 257.1
4 LULUCF 4.6 7.4 7.4 79 8.2 7.5 8.1 8.8 8.6 86
Total (including LULUCF) 2336 244.0 244.1 251.7 238.6 2416 2447 257.8 268.6 265.7
Source and Sink Categories 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
€O, equivalent (kt)
1Energy 219.9 217.6 222.8 232.2 232.0 231.8 234.1 203.9 222.8 208.6
1A1 Energy industries 2.8 29 2.5 2.8 3.0 3.1 29 26 29 3.0
1A2 Manufacturing industries and construction 365 36.4 379 41.2 39.9 39.2 40.6 33.9 36.4 27.6
1A3 Transport 91.4 88.0 839 83.7 823 820 79.5 83.7 882 82.2
1A4 Other sectors 88.4 89.3 97.6 103.4 105.8 106.3 110.0 82.4 94.0 94.6
1AS5 Other NO NO NO NO NO NO NO NO NO NO
1B Fugitive emissions from fuels 08 09 09 1.0 1.0 12 12 12 13 1.2
21PPU 4.5 5.4 6.0 6.7 7.5 7.9 8.2 8.9 9.8 9.7
3 Agriculture 215 225 229 23.0 23.0 235 24.6 24.9 25.1 25.0
5 Waste 2.0 19 20 21 2.0 22 20 21 23 20
Total (excluding LULUCF) 247.9 247.3 253.7 263.9 264.5 265.5 268.9 239.8 260.0 245.4
4 LULUCF 8.4 9.8 10.0 10.6 10.1 9.9 8.9 9.1 9.3 14.7
Total (including LULUCF) 256.2 257.1 263.7 2745 2746 2754 277.7 2489 269.3 260.1
Source and Sink Categories 2010 2011 2012 2013 2014 1990-2014
€O, equivalent (kt) %
1 Energy 194.1 180.1 188.7 195.9 164.3 -18.3%
1A1 Energy industries 33 3.1 2.8 3.0 25 1329.1%
1A2 Manufacturing industries and construction 26.1 23.6 25.8 26.4 27.2 -25.2%
1A3 Transport 781 773 80.3 80.0 74.4 -3.1%
1A4 Other sectors 85.4 749 786 85.1 59.0 -32.5%
1AS Other NO NO NO NO NO
1B Fugitive emissions from fuels 1.2 1.2 1.2 1.2 1.2 229.6%
21PPU 105 110 118 12.4 125 2663.6%
3 Agriculture 242 24.9 251 24.0 24.4 -4.4%
5 Waste 2.0 22 2.2 23 4.0 95.2%
Total (excluding LULUCF) 230.8 218.2 227.8 2346 205.1 -10.5%
4 LULUCF 14.8 115 1.8 11.7 11.6 152.3%
Total (including LULUCF) 245.6 229.8 239.5 246.3 216.7 -7.3%
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KCA:

In 2014, 12 among 196 categories were identified as key categories in level and trend analysis for
Liechtenstein (excluding LULUCF), covering 96.2% of total greenhouse gas (GHG) emissions (CO;
equivalent). There are three major sources, all from the energy sector, category 1A Fuel combustion,
summing up to a contribution of 64.3% of the national total emissions:

° 1A3b Road transportation, CO,,
° 1A4 Other sectors, liquid fuels, CO,,

° 1A4 Other sectors, gaseous fuels, CO,.

When including LULUCF categories in the analysis, 21 among 223 categories are key. Seven of the key
categories are from the LULUCF sector. The largest category is 4B1 Cropland remaining cropland.

ES.3.2 KP-LULUCF activities
See ES 2.2 for KP-LULUCF overview.

ES.4. Other information

Liechtenstein is member to the Geneva Convention on Long-range Transboundary Air Pollution
(CLRTAP) and submits emission data on precursor gases. For the substances NOy, CO and NMVOC as
well as for the gas SO,, the emissions are shown in ES Figure 1-3 (and described in chp. 2), but they
are not integrated in the reporting tables under the UNFCCC (CRF). Note that a number of
improvements had been carried out for the submissions of 15" and 22" February 2016 to the
CLRTAP resulting in a recalculation of the time series of several pollutants. In addition, further
improvements were realised since February, which has the consequence that the numbers in ES
Figure 1-3 slightly deviate from those submitted to CLRTAP.
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ES Figure 1-3Trend of emissions of precursor gases NO,, CO, NMVOC and SO, 1990-2014.

Executive Summary May 2016



National Inventory Report of Liechtenstein 2016 22

Acknowledgement

Liechtenstein’s Office of Environment (OE) highly appreciates the generous support by the members
of the GHG Inventory Core Group at the Swiss Federal Office of Environment (FOEN). The free use of
methods and tools developed by the FOEN has been essential during the permanent development of
Liechtenstein’s GHG inventory and its NIR.

The OE also gratefully acknowledges the support of the Agroscope Reckenholz-Tanikon Research
Station. The use of the model developed by Agroscope greatly facilitated the calculation process of
agricultural emissions and their uncertainties. Personal and close contacts between the GHG
specialists of Switzerland and Liechtenstein developed during this work laid the basis for a very
promising and fruitful cooperation both on a technical and political level.

The OE also thanks the data suppliers of Liechtenstein: Office of Economic Affairs (OEA), Office of
Statistics (OS), Office of Construction and Infrastructure (OCl), Liechtenstein's Gas Utility (LGV) and
Electric Power Company (LKW), Liechtenstein’s Wastewater Administration Union (AZV), Swiss
Helicopter AG, Swiss Federal Office of Civil Aviation (FOCA), Swiss Federal Office for the Environment
(FOEN), the sectoral experts and the NIR authors. Their effort made it possible to finalise the
inventory and the NIR even under difficult circumstances in the year 2016.

Executive Summary May 2016



National Inventory Report of Liechtenstein 2016 23

PART 1
Annual inventory submission

1 Introduction

1.1 Background information on Liechtenstein’s greenhouse gas inventory,
climate change and supplementary information of the Kyoto Protocol
(kP)

1.1.1 Background information on climate change

In recent years, various research programs on the effects of global climate warming in the alpine
region have been conducted (e.g. CH2014-Impacts 2014; CH2011 2011). The development so far and
projections indicate that noticeable effects are to be expected. Changes to the permafrost line and
water drainages will play a central role in this regard (North et al. 2007). Liechtenstein is also affected
by these developments.

The expected impacts of climate change have primarily been studied in Switzerland, which is beside
Austria one of the two neighbouring countries of Liechtenstein, and draw to a large extent on the
findings of reports prepared by the Swiss Advisory Body on Climate Change (OcCC 2007; OcCC 2008;
OcCC 2012) and the latest findings by the CH2014-Impacts study (CH2014-Impacts 2014) and the
CH2011 (CH2011 2011) report, which documents the present state of knowledge. Also results of a
report of the International Bodensee Conference have been considered with specific findings for
Liechtenstein (IBK 2007).

In 2013 the Swiss Federal Office for the Environment FOEN and Meteoswiss (the Federal Office of
Meteorology and Climatology) published a report, which shows the numerous indicators that
demonstrate the changes in the climate in Switzerland, whether in the cryosphere, the hydrosphere,
vegetation, human health, the economy or the society (FOEN/Meteoswiss 2013). Impacts are
analysed quantitatively in the CH2014-Impacts (2014) study. The results are also representative for
Liechtenstein. In addition, a climate risk analysis has been done for the alpine region of Switzerland
(INFRAS/Egli Engineering 2015) in particular for the canton of Uri. The conditions in Liechtenstein are
comparable with them of the Swiss Alps. The results can therefore give valuable insights about
climate change related future risks.

Impacts

The mean annual temperature of Liechtenstein (location Vaduz) currently is 10.1°C (MeteoSwiss
2015a) for the reference period 1981-2010. The mean annual temperature increased by 0.7°C
compared to the reference period 1961-1990 (MeteoSwiss 2015b). According to the Swiss Climate
Change Scenarios CH2011 (2011) the future climate of Liechtenstein is expected to change
significantly from present and past conditions. Depending on the scenarios the mean temperature
will very likely increase by 2.7-4.8 °C until the end of the century. Figure 1-1 illustrates the past and
future changes in seasonal temperature (left) and precipitation (right) over northeastern Switzerland.
Summer mean precipitation is projected to decrease by 18-28%, depending on the considered
scenario.
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Figure 1-1  Past and future changes in seasonal temperature (°C) and precipitation (%) over northeastern Switzerland. The

changes are relative to the reference period 1980-2009. The thin coloured bars display the year-to-year
differences with respect to the average of observations within the reference period, the heavy black lines are
the corresponding smoothed 30-year averages. The grey shading indicates the range of year-to-year
differences as projected by climate models for the A1B climate scenario. The thick coloured bars show best
estimates of the future projections, and associated uncertainty ranges, for selected 30-years time-periods and
for three greenhouse gas emission scenarios (from CH2011, 2011).

Along with these changes in the mean temperature and precipitation, the nature of extreme events
is also expected to change towards more frequent, intense and longer-lasting summers and heat
waves (accompanied with drought events). The number of cold winter days and nights is expected to
decrease. It is documented that the days with snow have decreased by 5 days per decade since 1960
in Switzerland (FOEN/Meteoswiss 2013). In addition, a shift from solid (snow) to liquid (rain)
precipitation is expected, which would increase flood risk primarily in the lowlands (CH2011
2011).The warming trend and changing precipitation patterns are also expected to have significant
effects on ecosystems. The Biodiversity Monitoring Switzerland® reports that impacts of climate
change are being observed even within limited time frames. For instance, typical alpine vascular
plants have shifted their distribution in the uphill direction during the past few years and
phenological observations show that the biological beginning of spring has been advancing by 1.5 —
2.5 days per decade.

The expected increased intensity of storms and reduced snowfall and snow cover duration are
particularly important for alpine areas, tourism and forestry due to more frequent floods, landslides
and debris flows and an increase of threats by avalanches.

A risk analysis in Switzerland for the alpine canton Uri in Switzerland shows increasing risks for
infrastructures because of rising flood and landslide intensity as well as an increasing number of hot
days for the lower parts of the canton with significant impacts on human health (INFRAS/Egli

1 http://www.biodiversitymonitoring.ch/en/home.html
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Engineering 2015). The climate-related risks for Liechtenstein are expected to be similar but are not
yet studied in detail.

Vulnerability assessments

It is difficult to transfer the consequences of global climate warming calculated on the basis of
models to the spatial scale of Liechtenstein (160 km?). The available climate models are not yet able
to predict detailed regional consequences. Overall, the following general effects can be expected as a
consequence of further increasing CO, concentrations and the associated rise in temperature.

Health: the increase in intensity of heat waves in combination with high tropospheric ozone
concentrations represents the greatest risk that climate change poses to people’s health (see
INFRAS/Egli Engineering 2015). Another important health risk of climate change is the occurrence of
vector-borne diseases. There is still predominant uncertainty about what future developments will
trigger further health issues.

Ecosystems: temperature warming changes the composition of forest and grasslands vegetation.
Deciduous trees may become more important than today. Additional weather instabilities (e.g.
storms, avalanches, and debris flows) may have further negative effects on forest and vegetation in
general. The invasion of non-native species is a further unknown risk in terms of the overall forest
and grassland composition. The same risks apply to the fauna.

Water cycles and soil: the increasing weather instabilities may lead to floods in winter and droughts
in summer time. A great danger in this regard exists in the narrow Alpine valleys (mountain streams),
where various protective measures (e.g. rock fall barriers and water course corrections) become
vital. A further danger is posed by the Rhine: Although regulated, the river may endanger the
intensively used valley floor in the event of a flood.

Tourism: within the next decades Liechtenstein’s tourism sector will have to deal with great
challenges caused by climate change related developments in Liechtenstein’s ecosystems. Especially
winter tourism will be hit by higher temperatures and the rise of the freezing level will lead to higher
snow lines.

Other economic sectors: global climate warming will affect further economic sectors in Liechtenstein.
Because of the processes described above, agriculture and forestry will be affected directly. A rise in
temperature may have a negative effect on the productivity of grain cultivation in the long term but
could also bring positive effects. The expected increase in elevation of the snow lines and increasing
weather instability also have an effect on the economically important recreation resorts in Malbun
and Steg. The international engagement of the insurance sector will likely suffer the most severe
negative consequences from an increase in the probability of losses.

Adaptation/mitigation

The projected consequences of an ongoing climate change require the immediate implementation of
the so called Two-Pillar-Strategy — Mitigation (Pillarl) and Adaptation (Pillar 2).

Mitigation: reduction of greenhouse gas emissions can only be achieved if concrete measures are
implemented in due time. Liechtenstein has launched a set of measures to address the problem of
growing greenhouse gas emissions such as the most recent Energy Strategy 2020 (Government
2012), Emissions Trading Act (Government 2012), Energy Efficiency Act (Government 2008), CO»-Act
(OE 2013b), Environmental Protection Act (OEP 2008b), National Transport Policies, National Climate
Protection Strategy (Government 2015) and Action Plan on Air (OEP 2007e). Liechtenstein’s climate
policy goal is — in the midterm — to fulfil the obligations originating from the Kyoto Protocol. The
mitigation measures however will be further developed, especially with respect to sectors that have
not yet been totally included into strict climate change regulation (e.g. traffic and transportation).
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Adaptation: it is already known that certain consequences related to climate change will become
irreversible. Therefore, pillar 2 deals with the question of how these future threats could be
addressed and how potential future damages can be limited or even avoided. Liechtenstein’s Climate
Change Adaptation strategy is currently in preparation.

Natural hazard: Liechtenstein has established so called “Geological Risk Maps” with a special focus on
residential areas. These maps provide regional information on specific risks from avalanches, rock-
and landslides and flooding.

Agriculture: identified adaptation measures are an increased use of appropriate corn provenances
that have already anticipated future conditions of the changing environment. However, the use of
genetically modified crops is not foreseen. Irrigation of agricultural fields will increase resulting in
conflicts with other public interests, especially during longer draught periods.

Forestry: increase of draught periods with respective damages caused by insects, pathogens (viruses,
bacteria, fungus), fire or storms will lead to a decrease of the protection functions of forests in
Liechtenstein. Adaptation measures that address the problems of these projected situations and
which are already implemented are the conversion of spruce and fir stocks into mixed deciduous and
coniferous forests.

Tourism: in this sector further efforts need to be considered within the next years. The production of
artificial snow, as currently practiced, is not considered to be a sustainable solution to address the
lack of snow in skiing resorts. Various municipalities and institutions have already introduced new
options for winter and summer tourism in order to counter potential revenue losses. Thereby, the
focus lies on strategies to promote a "gentle tourism".

1.1.2 Background information on greenhouse gas inventory
Framework

In 1995, the Principality of Liechtenstein ratified the United Nations Framework Convention on
Climate Change (UNFCCC). Furthermore in 2004, Liechtenstein ratified the Kyoto Protocol to the
UNFCCC. A National Inventory System (NIS) according to Article 5.1 of the Kyoto Protocol has been
implemented. On 23 April 2015 Liechtenstein submitted its “Intended Nationally Determined
Contribution (INDC)” to the UNFCCC, which aims at a reduction of greenhouse gases by 40%
compared to 1990 by 2030.

Former submissions and submissions under the first commitment period (2008-2012)

In 1995, 2001, 2005, 2010 and 2014 Liechtenstein submitted its National Communication Reports to
the secretariat of the UNFCCC. Greenhouse Gas Inventories and National Inventory Reports were
submitted in the following years:

. 2005: The first Greenhouse Gas Inventory of Liechtenstein was submitted in the Common
Reporting Format (CRF) without National Inventory Report.

. 2006: The first submission took place on May 31 including the national greenhouse gas
inventory for 1990 and 2004 as well as the National Inventory Report. A re-submission on 22
December 2006 contained the national greenhouse gas inventory for the whole time period
1990-2004, the National Inventory Report 2006 (OEP 2006) and the Initial Report under Article
7, paragraph 4 of the Kyoto Protocol including a Corrigendum (OEP 2006a, 2007a, 2007b).

° 2007: Submission of the Greenhouse Gas Inventory 1990-2005 together with the National
Inventory Report 2007 on 10 May 2007 (OEP 2007).
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. 2008: Submission of the Greenhouse Gas Inventory 1990-2006 together with the National
Inventory Report 2008 prepared under the UNFCCC and under the Kyoto Protocol on 29
February 2008 (OEP 2008).

. 2009: Submission of the Greenhouse Gas Inventory 1990-2007 together with the National
Inventory Report 2009 prepared under the UNFCCC and under the Kyoto Protocol on 2 April
2009 (OEP 2009). Furthermore, the Standard Electronic Format application (SEF) was
submitted.

. 2010: Submission of the Greenhouse Gas Inventory 1990-2008 together with the National
Inventory Report 2010 prepared under the UNFCCC and under the Kyoto Protocol on 11 March
2010 (OEP 2010). Additionally, the Standard Electronic Format application (SEF) was submitted.
Submission 2010 incorporated the new guidelines: Annotated outline of the National Inventory
Report including reporting elements under the Kyoto Protocol (IPPC 2009).

° 2011: Submission of the Greenhouse Gas Inventory 1990-2009 together with the National
Inventory Report 2011 prepared under the UNFCCC and under the Kyoto Protocol on 11 March
2011 (OEP 2011). Additionally, the Standard Electronic Format application (SEF) was submitted.

° 2012: Submission of the Greenhouse Gas Inventory 1990-2010 together with the National
Inventory Report 2012 prepared under the UNFCCC and under the Kyoto Protocol on 11 March
2012 (OEP 2012b). Additionally, the Standard Electronic Format application (SEF) was
submitted.

° 2013: Submission of the Greenhouse Gas Inventory 1990-2011 together with the National
Inventory Report 2013 prepared under the UNFCCC and under the Kyoto Protocol on 15 March
2013 (OE 2013). Additionally, the Standard Electronic Format application (SEF) was submitted.

° 2014: Submission of the Greenhouse Gas Inventory 1990-2012 together with the National
Inventory Report 2014 prepared under the UNFCCC and under the Kyoto Protocol on 15 March
2014 (OE 2014). Additionally, the Standard Electronic Format application (SEF) was submitted.
The submission 2014 was simultaneously the ending of the first commitment period.

Review processes of former submissions and submissions under the first commitment period
(2008-2012)

From 11 to 15 June 2007 an individual review (in-country review) took place in Vaduz: the submission
documents, the Initial Report and the GHG inventory 1990-2004 including CRF tables and National
Inventory Report were objects of the review. Following the recommendations of the expert review
team, some minor corrections were carried out in the emission modelling, leading to recalculations
and some methodological changes (revision of the definition of forests). The consequences are
documented in the reports of the review of the initial report of Liechtenstein (FCCC/IRR 2007) and of
the individual review of the greenhouse gas inventory of Liechtenstein submitted in 2006 (FCCC/ARR
2007). Due to the recalculation, the time series of the national total of emissions slightly changed and
therefore, Liechtenstein’s assigned amount has been adjusted by -0.407%. The modifications are
documented in a Response by Party and a Corrigendum to the Initial Report (OEP 2007a, 2007b).

Furthermore, in September 2008, a centralized review of Liechtenstein’s GHG inventories and NIRs of
2007 and 2008 took place in Bonn, Germany with results documented in FCCC/ARR (2009). Further
centralized reviews took place in September 2009 (inventory and NIR of 2009, FCCC/ARR 2010), in
September 2010 (inventory and NIR 2010, FCCC/ARR 2010a), in September 2011 (inventory 1990—
2009 and NIR 2011, FCCC/ARR 2011) and in September 2012 (inventory 1990-2010 and NIR 2012,
FCCC/ARR 2012).

Between 2 and 6 September 2013 a second individual (in-country) review took place in Vaduz. Again,
the submission documents, GHG inventory 1990-2011 including CRF tables and the National
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Inventory Report were examined during the review. Following the recommendations of the expert
review team, numerous improvements were implemented in the submission 2014. Amongst others,
this included methodological changes where data is delineated from the Swiss inventory (sectors
Energy, Industrial processes and Solvents) and complementation of the text in the NIR for
transparency reasons. The recommendations by the ERT are documented in the report of the
individual review of the greenhouse gas inventory of Liechtenstein submitted in 2013 (FCCC/ARR
2013). However, since the report was finalized late in the update phase of the NIR, not all of the
recommendations were already implemented for the submission 2014. Furthermore
recommendations from ARR 2012 and from discussions during the in-country review were
considered for the report 2014. From the in-country review no Friday Paper? resulted and no
resubmission of the inventory 2011 was requested for the submission 2014.

The latest centralized review took place in September 2014 focused on issues related to the end of
the first commitment period 2008-2012 and compliance of the guidelines (FCCC/ARR 2014). The ERT
found potential underestimations within the agricultural, LULUCF and waste sectors. Liechtenstein
followed the recommendations of the ERT and recalculated the emissions of these specific sectors.
The resubmission of 03 November 2014 took the specific recommendations into account (OE 2014b).

Submissions under the second commitment period (2013-2020)

During its October 2014 session the Liechtenstein Parliament approved the second commitment
period of the Kyoto Protocol accepting a 20% reduction until 2020.

° 2016: Submission of the Greenhouse Gas Inventory 1990-2013 together with the National
Inventory Report 2015 prepared under the UNFCCC and under the Kyoto Protocol on 15 April
2016 (OE 2016a).

. The present report is Liechtenstein’s 11* National Inventory Report, NIR 2016, prepared under
the UNFCCC and under the Kyoto Protocol. The present report includes, as separate files,
Liechtenstein’s 1990-2014 Inventory in the CRF Reporter format and the updated Standard
Electronic Format application (SEF). As there were no CP2 transactions so far, no SEF reports for
CP2 were submitted.

Review processes and the second commitment period (2013-2020)

No review has been conducted so far under the second commitment period. The review of the GHG
inventory and NIR 2015 will take place simultaneously to the review of the GHG inventory and NIR
2016 due to the postponed submission 2015.

1.1.3 Background information on supplementary information required under Art.
7.1. KP

Chapter 11 of this NIR and Liechtenstein’s Second Initial Report under the Kyoto Protocol
(Government 2016) provide information on KP-LULUCF.

Liechtenstein only accounts for the mandatory activity Forest Management under Article 3,
paragraph 4 of the Kyoto Protocol. In accordance with Annex | to Decision 2/CMP.7 (Annex |, Para
13), credits from Forest Management are capped in the second commitment period. Thus for
Liechtenstein the cap amounts to 3.5% of the 1990 emissions (excluding LULUCF).

2 A list of potential problems from the ERT formulated at the end of the 2013 review, for which party’s responses to the ERT are
required within 6 weeks.
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Liechtenstein will choose to account over the entire commitment period for emissions and removals
from activities under Article 3, paragraphs 3 and 4, of the Kyoto Protocol. In addition to the
mandatory submission of the inventory years 2013 and 2014, data for the years 2008-2012 are
available and shown in Liechtenstein's NIR.

1.2 National inventory arrangements

1.2.1 Institutional, legal and procedural arrangements

The Office of Environment (OE) is in charge of compiling the emission data and bears overall
responsibility for Liechtenstein’s national greenhouse gas inventory. In addition to the OE, the Office
of Economic Affairs (OEA), the Office of Statistics (OS) and the Office of Construction and
Infrastructure (OCI) participate directly in the compilation of the inventory. Several other
administrative and private institutions are involved in inventory preparation.

Liechtenstein is a small central European State in the Alpine region with a population of 37’366
inhabitants (2014) and with an area of 160 km?. Liechtenstein and its neighbouring country
Switzerland form a customs and monetary union governed by a customs treaty (Government 1980).
On the basis of this union, Liechtenstein is linked to Swiss foreign trade strategies, with few
exceptions, such as trade with the European Economic Community: Liechtenstein — contrary to
Switzerland — is a member of the European Economic Area. The Customs Union Treaty with
Switzerland impacts greatly on environmental and fiscal strategies. Many Swiss levies and regulations
for special goods, for example, environmental standards for motor vehicles and quality standards for
fuels are also adapted and applied in Liechtenstein. For the determination of the GHG emissions,
Liechtenstein appreciates having been authorised to adopt a number of Swiss methods and Swiss
emission factors.

As part of a comprehensive project, the Government mandated its Office of Environment (OE) in
2005 to design and establish the NIS in order to ensure full compliance with the reporting
requirements of the UNFCCC and its Kyoto Protocol. With regard to the provisions of Art. 5.1 of the
Kyoto Protocol, the project encompasses the following elements:

. Collaboration and cooperation of the different offices involved in data collection,
° Upgrading and updating of central GHG emissions data base,
° Setting up a simplified QA/QC system,

. Official consideration and approval of the data.

1.2.2 Overview of inventory planning, preparation and management

Note that the inventory planning for the current submission 2016 was performed in a different
manner than in the preceding years of the first commitment period. Due to the transition to the new
UNFCCC and IPCC guidelines (see chp. 1.2.4) and subsequent delay in the preparation of the CRF
Reporter software, the preparation and the submission of the GHG inventory was shifted accordingly
for several months from autumn/winter 2015/2016 to winter/spring 2016:

° January-March 2016 Emission modelling, CRF tables

° April 2016 QC GHG inventory, KCA; uncertainty analysis
° April-May 2016 NIR editing, internal review, QA/QC procedures
. end of May 2016 Submission of GHG inventory and NIR
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For the former inventory cycles, the process of inventory planning, preparation and management in
Liechtenstein is well-established. Inventory planning, preparation, and management follow an annual
cycle according to an official schedule (Table 1-1). The planning of the inventory starts with the initial
reporting meeting in June where the head of the inventory group and quality manger, the project
manager and NIC, the project manager assistant as well as the emission modeler and the NIR authors
participate. At the initial meeting the work scheduled and priorities with regard to inventory
development are set. Decisions regarding planned improvements are taken as well using the latest
key category analysis to prioritize the enhancements. Source and sink categories which are key
categories and hence need an additional improvement because of the recommendation by the ERT
are usually planned to implement in the next annual submission (priority 1) unless specified
otherwise. All other potential improvements are planned to implement (priority 2) depending on
available resources (see IDP in Annex 8.3). The entire data compilation process lasts from June to
October including multiple quality control activities, in particular including quality checks of different
versions of the reporting tables (CRF) from October to December. At the end of the annual process,
the official UN review process in August and September provides further input for inventory
improvements and therefore, also for the inventory development plan (IDP).

After inventory preparation the NIR is passed through a multistage quality control cycle too (see
Table 1-1). NIR authors, the emission modeler, the head of the inventory group, the project manager
and the project manager assistant as well as additional people of the Office of Environment (OE) and
sector experts review the drafts of the NIR mutually. Thus, a maximum of quality assurance can be
achieved. If the internal review suggests large revisions, they are taken up in the inventory
development plan for future improvements too. Archiving of inventory material is made after
submission by the OE and sectoral experts, by the contributing authors and by the QA/QC officer.

Table 1-1  Annual cycle of inventory planning, preparation and management. The inventory cycles in 2015 and 2016
deviated uniquely (see text) due to the transition to the new UNFCCC and IPCC guidelines.

Process Month

June July August September | October November | December January February March April May

Initial meeting

Data compilation

CRF as 1st draft version
QC of the CRF 1st draft version

CRF as complete draft
QC of the complete CRF draft

Final CRF version

Preparation of the NIR

1st draft version NIR

QC 1st draft version NIR
2nd draft version NIR
QC 2nd draft version NIR

Final version NIR

Submission final NIR and final CRF's

Official UN review process

Archiving

Further inventory preparation and management activities are described in chapter 1.3.

1.2.3 Quality assurance, quality control and verification plan

According to the 2006 IPCC Guidelines for National Greenhouse Gas Inventories (IPCC 2006) the
major elements of a QA/QC and verification system are:

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;
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e A QA/QCplan;

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

e QA and review procedures;

e QA/QC system interaction with uncertainty analyses;

e Verification activities;

e Reporting, documentation, and archiving procedures.

The implementation status of these quality elements is described in the following chapters. One has
to note that Liechtenstein’s QA/QC system accounts for the specific circumstances of the Principality
of Liechtenstein: Due to the smallness of the State, not every process, data flow and arrangement
needs to be established by a formal agreement due to short “distances” within the administration
and due to a high degree of acquaintance between the persons involved. Therefore, the National
System manages with little number of written documents.

The QA/QC activities are coordinated by the quality manager of the GHG Inventory Group. The
responsible person is Mr. Andreas Gstoehl, head of the Environmental Protection unit (e-mail:
Andreas.gstoehl@llv.li, phone: +423 236 61 86) in the Office of Environment (OE). The QA/QC
activities are organised within the Inventory Group, see National System depicted in Figure 1-2.

Operational tasks are delegated to the NIR lead author. He distributes checklists to the project
manager being also the National Inventory Compiler, to the sectoral experts and to other NIR
authors. They fill in the procedures that they carried out. The lists are then sent back to the quality
manager, who confirms the performance of the QA/QC activities. The activities are documented in
the NIR (see Annex 8).

The quality management shall enable the party to principally fulfil the requirements of the articles 3,
5 and 7 of the Kyoto Protocol. Specifically, it shall ensure and improve the quality of GHG inventory
that means a continuous improvement of transparency, consistency, comparability, completeness
and confidence. In detail, it serves

e for providing checks to ensure data integrity, correctness and completeness;
e to identify errors and omissions;
e to reduce the uncertainties of the emission estimates;

e to document and archive inventory material.

1.2.3.1 Quality assurance/quality control (QA/QC) procedures applied

Quality assurance (QA)

According to IPCC (2006) quality assurance (QA) comprises activities outside of the actual inventory
compilation. QA procedures include 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 are used in addition to the general and category-specific QC procedure. It is
important to use QA reviewers that have not been involved in preparing the inventory (IPCC 2006).

Liechtenstein’s NIS quality management system follows a Plan-Do-Check-Act-Cycle (PDCA-cycle),
which is a generally accepted model for pursuing a systematic quality performance according to
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international standards. This approach is in accordance with procedures described in decision
19/CMP.1 and in the 2006 IPCC Guidelines (IPCC 2006).

Liechtenstein carries out the following QA activities:

Internal review: The draft NIR is passing an internal review. The project manager also being the
NIC, the project manager assistant, specialised staff members of the climate unit and other
staff member of the OE are proofreading the NIR or parts of it (all personnel not directly
involved in the preparation of a particular section of the inventory). They document their
findings in checklists, which are sent back to the NIR authors (see Annex 8).

The Swiss inventory management involves external experts for sectoral QA activities to review
the Swiss GHG inventory. Since a number of Swiss methods and Swiss emission factors are used
for the preparation of the Liechtenstein inventory as well, the results of the Swiss QA activities
are checked and analysed by Liechtenstein’s experts as well. Positive reviews may be
interpreted as positive for Liechtenstein too, and problematic findings must not only be taken
into account in Switzerland but also in Liechtenstein. The following sectors have already been
reviewed:

- A consulting group (not involved in the GHG emission modelling) was mandated to
review the two sectors Energy and former Industrial Processes with respect to
methods, activity data, emission factors, CRF tables and NIR chapters (Eicher and Pauli
2006). The results were documented in a review report and communicated to
Liechtenstein’s Inventory Group. Regarding the topics, influencing GHG emissions, only
minor issues were identified. The main issue of the Swiss inventory was the problem of
transparency which has been solved in recent years. Concerning Industrial Processes of
Liechtenstein, emissions in 2F1 and 2F7 were affected from the findings above. Other
industrial processes are not occurring in Liechtenstein. The consequences for the main
findings were evaluated for Liechtenstein’s GHG inventory and for the NIR for
submission December 2006.

- The Swiss Federal Institute of Technology (ETH) was mandated to review the methane
emissions of agriculture with respect to methods, activity data and emission factors.
The results were documented in two reports (Soliva 2006, 2006a) and communicated
to Liechtenstein’s Inventory Group. The consequences for the main findings have been
evaluated for Liechtenstein’s GHG inventory and for the NIR for submission December
2006.

- The waste sector of Switzerland was reviewed by a peer expert group in 2009. The
reviewers concluded that waste related emissions are calculated in a plausible way and
that results from the report are plausible. The emission factors as well as activity data
are based on reliable and solid sources. For details see Rytec (2010). Furthermore in
the so called FOCAWIN study by EMPA (Mohn 2011), the share of fossil matter in
municipal waste in 2011, has been reviewed. The consequences for the main findings
had been evaluated for Liechtenstein’s GHG inventory and had been accounted for in
the submission April 2013.

- An expert peer review of the LULUCF sector of the Swiss GHG inventory took place in
2010. The reviewers concluded that “the LULUCF sector of the Swiss greenhouse gas
inventory is proved to be of superior quality, good applicatory characteristics and
scientifically sound applied definitions and methodology”. For details see vTI (2011).

- Furthermore, in 2012 a Swiss national review of the former sector 2 Industrial
Processes took place (CSD 2013). The final report has been evaluated and suggestions
for improvement were implemented in the subsequent submissions of both,
Switzerland’s and Liechtenstein’s, reports.
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- For the Swiss NIR, an annual internal review takes place shortly before the submission.
Every chapter of the NIR is being proofread by specialists not involved in the emission
modelling or in the NIR editing. The internal review is organised by the quality officer
and the results are compiled by the same person that is also compiling Liechtenstein’s
NIR (lead author J. Heldstab, INFRAS). The results of the Swiss review are therefore
communicated to Liechtenstein’s Inventory Group. If methods and results are affected,
which are relevant for Liechtenstein too, the consequences are taken into account
accordingly. This procedure has been performed in the last and the current submissions
(May and December 2006, May 2007, February 2008 and in April for the years 2009-
2016). It will also be repeated for future submissions.

The applicability of Swiss methodologies and emission factors to Liechtenstein’s GHG inventory
was reviewed as well: before Swiss methods were applied, they were discussed with the
experts of Liechtenstein’s administration. This process had taken place before the submission
in December 2006 for the sectors energy, former industrial processes, former solvent and other
product use, agriculture and waste, for the sector LULUCF before the submission in February
2008. Since then, the issue is a permanent point on the agenda of the annual kick-off meetings
of the Inventory Group. Potential modifications or updates of the Swiss emission factors are
discussed and checked upon their applicability for Liechtenstein’s GHG inventory

For the sector LULUCF a new external reviewer were mandated in 2012 (Meteotest 2012). The
entire LULUCF sector was revised and brought in line with the IPCC methodology.

Quality control (QC)

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
(IPCC 2006).

The following QC activities are carried out:

The annual cycle for inventory preparation contains meetings of the inventory group and
meetings of governmental and other data suppliers with the OE. In these meetings the
activities, responsibilities and schedule for the inventory preparation process are being
organised and determined.

Regular meetings within the Office of Environment (OE) in particular between Heike Summer
(project manager) and Andreas Gstohl (head of the Environmental Protection unit / head of the
inventory group / quality manager) take place. Beside technical issues also political topics are
discussed. As needed, important information is referred to the department or ministry. To this
regular meetings between Andreas Gstohl and Helmut Kindle (chief officer/ national focal
point) take place as well.

The project manager, also operating as the national inventory compiler (NIC), the sectoral experts,
and the NIR authors accomplish a number of QC activities:

The NIR authors check the emission results produced by the sectoral experts, for consistency of
cross-cutting parameters, correctness of emissions aggregation, and completeness of the GHG
inventory. They compare the methods used with 2006 IPCC Guidelines (IPCC 2006), check the
correct compiling of the methods in the NIR, the correct transcription of CRF data into NIR data
tables and figures, the consistency between data tables and text in the NIR as well as the
completeness of references in the NIR. Furthermore, they are responsible for the correctness
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of the key source, the uncertainty analysis and the complete implementation of specific
planned improvements of the inventory development plan.

. The sectoral experts check the description of methods, numbers and figures in the NIR. They
further incorporate recommendations by the ERT into respective text passages.

. The NIC checks the integrity of the database files, the consistency of time series, the correct
and complete inputs into the CRF Reporter. A final data check is done by comparison of random
data fields with the provided data data modelling.

. Further staff members of the OE carry out a proof reading of single sectors.

. The project manager executes an overall checking function for the GHG inventory and the NIR:
monitoring of the GHG emission modelling and key category analysis. The project manager
checks the NIR for correctness, completeness, transparency and quality, checks for the
complete archiving of documents and the completeness of the CRF submission documents.

° It may be mentioned that the OE raised its number of staff in the Climate Protection unit in the
beginning of 2007 by two employees. They are responsible for emission modelling, GHG
inventory, implementation of the emission trading system, national emissions trading registry,
national allocation of emission quotas and the Kyoto mechanisms (JI, CDM).

° In order to provide an overview and to increase transparency, all authors, experts, and involved
staff members of Liechtenstein’s government are listed in a separate table together with
specific descriptions about their responsibilities. This table is available for the entire reporting
period and helps to improve the QC management in general.

° The CRF Reporting Tables for the current submission, exported from the CRF Reporter
software, underwent an iterative quality control in a triple check:

- The emissions of the year 2014 were compared with those of the year 2013 within the
current Reporting Table Summary?2.

- The emissions of the year 2013 were compared between the current Reporting Table
Summary?2 of submission 2016 and the Reporting Table Summary2 of submission 2015.

- The emissions of the base year 1990 were compared between the current Reporting
Table Summary2 and the Reporting Table Summary2 of the submission 2015.

The CRF Reporting Tables Summary2 are compared using Excel. For the comparable emissions
and sinks the ratios in percent were calculated and the deviations from 100% were analysed.
The findings due to this check were discussed among the core group members and the
modelling specialists. Anomalies in data were investigated and explanations for those were
sought. This procedure led to the identification of several errors in data, which were
subsequently corrected before the current submission.

The current NIR passes several quality controls. Table 1-1 illustrates the official quality control
procedure of Liechtenstein’s NIR. The first internal NIR draft is cross-checked by the NIR authors in
terms of correctness, completeness, consistency and layout. The Office of environment (OE) and the
emission modeller review the entire NIR as external experts because experts of the OE are not
directly involved in updating the NIR. They check the first draft of the NIR in detail and provide a
detailed feedbacks on data, interpretation, completeness, consistency, transparency and
implementation of the issues given by Liechtenstein’s inventory development plan (see chapter
1.2.3.2). The review forms for the OE experts and the emission modeller are attached in Annex 8.
Afterwards, the NIR authors improve the NIR considering the revisions made by the OE experts and
prepare the second internal draft, which also undergoes an internal cross-check. This second NIR
draft again is reviewed by the OE and the emission modeller. Their inputs are implemented within
the NIR too. The NIR authors complete the final NIR version including last internal cross-checks. The
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Office of Environment (OE) then submits the official National Inventory Report (NIR). This process
guarantees the compliance of the QA/QC requirements according to the IPCC guidelines (IPCC 2006).

1.2.3.2 QA/QC plan

The QA/QC activities are well established and part of the entire inventory process. For detailed
information see chapters above. Planned improvements are also documented in Liechtenstein’s
inventory development plan (IDP). The IDP summarizes all issues resulted from internal and external
QA/QC activities, in particular from recommendations made by the ERT. As described above, future
improvements are prioritized according to the latest key category analysis.

The inventory development plan (IDP) has been revised for submission 2016. Beside information
about the current improvements also information about improvements of previous submissions has
been included in the IDP (see Annex 8.3 and 8.4).

Former reviews and recommendations made by the ERT

From 11 to 15 June 2007 an individual review (in-country review) took place in Vaduz: The
submission documents, the Initial Report and the GHG inventory 1990-2004 including CRF tables and
National Inventory Report were objects of the review. Following the recommendations of the expert
review team, some minor corrections were carried out in the emission modelling leading to
recalculations and some methodological changes (revision of the definition of forests). Due to the
recalculation, the time series of the national total of emissions slightly changed and therefore,
Liechtenstein’s assigned amount has been adjusted by -0.407%. After this correction, Liechtenstein’s
assigned amount has been fixed to 1055.623 Gg CO, equivalents.

Between 2" and 6™ September 2013 the second in-country review was conducted in Vaduz as
mentioned in Chapter 1.1.2. The recommendations by the ERT are documented in the report of the
individual review of the greenhouse gas inventory of Liechtenstein submitted in 2013 (FCCC/ARR
2013).

In September 2008, 2009, 2010, 2011, 2012 and 2013 centralized reviews of Liechtenstein’s GHG
inventories and NIRs of 2007/2008, 2009, 2010, 2011, 2012 and 2013 took place in Bonn, Germany.
Important recommendations were integrated in former versions of Liechtenstein’s IDP.

The latest centralized review of Liechtenstein’s GHG inventory and NIR of the submission 2014 took
place in September 2014. The findings were summarized in the latest ARR (FCCC/ARR 2014).
Although the report was published before the final submission 2015 not all recommendations are
incorporated in the current inventory development plan due to focus on the implementation of
Liechtenstein’s emissions into the current CRF reporter as well as on the implementation of the
requirements related to the new reporting guidelines (IPCC 2006) in the NIR. More details see next
paragraph.

Inventory development plan (IDP)

In the NIR 2015, IDP tables depicted recommendations and encouragements from the ERT and other
improvements concerning the NIR which

° had been incorporated into the NIR 2015, see pp. 32-35 of OE 2016a,
. planned improvements for future submissions, p. 273 of OE 2016a
. improvements not yet implemented, see p. 275 of OE 2016a

° improvements that will not be implemented, see pp. 276-277 of OE 2016a
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° improvements that had been implemented in former submissions (2104 and before), see pp.
273-283 of OE 2016a

From the planned improvements mentioned above the following have been realised for the current
submission 2016:

. Sector Energy: Liechtenstein plans to use NCV and CO, emission factors according to the official
energy statistics (see chp.3.2.4.1).

. Sector Energy and Waste: Implementation of biogas production from a waste water treatment
plant including processing of the sewage gas to the quality of natural gas and supply into the
gas distribution system.

Planned improvements see sector chapters and a summary in chp. 10.4 of this NIR. Improvements
that will not be implemented, see. Annex A8.3.

Switzerland’s QC-plan with implications for Liechtenstein

In addition, Liechtenstein will also benefit from Switzerland’s future QA activities and its QA plan, as
described in chp. 1.2.3.1. Because all important sectors were already reviewed by external experts,
no future reviews are planned so far.

1.2.3.3 Verification activities

Verification activities were conducted in various steps of the development of the inventory. As
Liechtenstein compiles its inventory in close collaboration with Switzerland concerning the methods
and models used, continuous comparison between the two inventories is taking place.

In many cases the same emission factors as in the Swiss NIR are applied. Therefore, those factors are
checked when copied from the Swiss NIR and correlation thus depends on activity data. As both
countries have used similar methodologies, comparable economic structure, similar liquid/gaseous
fuels mixes and vehicle fleet composition, the comparison of total per capita CO, emission indicates
completeness of source categories:

° If the national total emissions (without LULUCF) of the two countries are compared, very
similar and highly correlated trends may be found. In 1990, Liechtenstein’s emissions were
0.430% of the Swiss emissions. After a slight increase between 1993 and 2009, the share in
2014 reached 0.422%. In the same period, the share of inhabitants increased slightly from
0.43% to 0.45%. This correlation may be interpreted as a simple form of verification, since
Liechtenstein has used the same or similar methods and EF for many sectors, in which activity
data is linked to the number of inhabitants.

° Another indirect verification may be derived from the ambient air pollutant concentration
measurements. Liechtenstein is integrated in a monitoring network of the Eastern cantons of
Switzerland (www.ostluft.ch). The results are commonly analysed and published (OSTLUFT
2015). They show that the local air pollution levels of NO,, Oz and PM10 in Liechtenstein vary in
the same range as in the Swiss neighbouring measurement sites.

1.2.3.4 Treatment of confidentiality issues

In Liechtenstein all activity data and emission factors are publicly available and not subject to
confidentiality treatment. However, some emission factors used from Switzerland might see
confidentiality restrictions in the Swiss NIR and thus also for this report.
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1.2.4 Changes in national inventory arrangements since previous inventory
submission

Changes to institutional, legal and procedural arrangements (24/CP.19, 22. (a))

There are no changes to arrangements with other institutions. The agreements regarding
responsibilities and deliverables are maintained. On the other hand, the NIR authors and the
emission modeller remained the same as for previous submissions?. This also guaranteed continuity
in inventory preparation.

Changes in staff and capacity (24/CP.19, 22. (b)

No changes.

Changes to national entity with overall responsibility for the inventory (24/CP.19, 22.
(c))

No changes.

Changes to the process of inventory planning (24/CP.19, 22.(d,e)/23./24.)

No changes.

Changes to the process of inventory preparation (24/CP.19, 25./26.)

Due to the new reporting guidelines and the new CRF Reporter, changes in the emission modelling
database and its export functionality were required. Delays and errors in CRF releases also affected
the regular inventory preparation cycle of the current submission. It was not possible to start with
regular reporting process until (presumably) September 2015. Therefore, the final submission was
delayed by approximately 8 months.

Changes to the process of inventory management (24/CP.19, 27.)

No changes.

1.3 Inventory preparation, and data collection, processing and storage

1.3.1 GHG Inventory and KP-LULUCF inventory

Figure 1-3 gives a schematic overview of the institutional setting of the process of inventory
preparation within the NIS.

3 For the current submission, M. Sommerhalder is a “new” author, but he actually acted as NIR author of the submissions
from 2006 to 2009.

Introduction May 2016



National Inventory Report of Liechtenstein 2016 38

Government of the Principality of Liechtenstein

Governmental

Office of Environment (OE) data suppliers

OEA
OE
OFIVA
oS
National Registry ocCl
Project Management

Inventory Group

Swiss
FOEN
and
[ [ FOCA

further data
National Registry Sectoral NIR suppliers: AZV,

A/QC NIC [
Adminstration a/a experts authors LGV, LKW, Rotex
Helicopter AG,

Swiss Helicopter
AG,
GHFL (until

mandate

<+— data flow

< — — data+method flow
<— coordination

Figure 1-2  National Inventory System: Institutional setting and data suppliers. OE: Office of Environment; OEA: Office of
Economic Affairs; OFIVA: Office of Food Inspections and Veterinary Affairs; OS: Office of Statistics: OCI: Office
of Construction and Infrastructure; AZV: Liechtenstein’s wastewater administration union; GHFL: Coorporate
society for the Storage of Gas Qil in the Principality of Liechtenstein; LGV: Liechtenstein’s gas utility; LKW:
Liechtenstein’s electric power company; FOEN: Swiss Federal Office of the Environment; FOCA: Swiss Federal
Office of Civil Aviation.

The Government of the Principality of Liechtenstein bears the overall responsibility for the NIS. By
Liechtenstein's Emission Trading Act (Emissionshandelsgesetz, Government 2012), the Office of
Environment (OE) is in charge of establishing emission inventories and is therefore also responsible
for all aspects concerning the establishing of the National Inventory System (NIS) under the Kyoto
Protocol. The responsibility of the OE for establishing the NIS is also described in the report of the
Government to the parliament for ratifying the Kyoto Protocol. The Government mandated the
realisation of the NIS to its Office of Environment (OE). Please note that the Office of Environment is
reorganized since 2013. The Office of Agriculture (OA), the Office of Forest, Nature and Land
Management (OFNLM) and the Office of Environmental Protection (OEP) have been merged to the
Office of Environment (OE). The former Office of Land Use Planning (SLP) is reorganized since 2013
and the Local Land Use Planning Bureau is now incorporated into the Office of Construction and
Infrastructure (OCl).

The Office of Environment (OE) plays a major role in the National Inventory System and is acting as
the National Registry Administrator. Its representative, the head of the OE, is the registered National
Focal Point. He also coordinates in cooperation with the responsible head of the unit the data flow
from the governmental data suppliers to the Inventory Group.

The Inventory group consists of the project manager, the person responsible for the QA/QC
activities, the National Inventory Compiler (NIC) who is represented by the project manager and his
assistant. Furthermore, several external experts belong to the Inventory Group: Sectoral specialists
for modelling the greenhouse gas emissions and removals and the NIR authors.

Among the governmental data suppliers are
e Office of Economic Affairs (OEA)
e Office of Statistics (OS)
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e Office of Construction and Infrastructure (Local Land Use Planning Bureau)

e Office of the Environment (OE)

Further data suppliers are
e Liechtenstein's Gas Utility / Liechtensteinische Gasversorgung (LGV)
e Electric power company / Liechtensteinische Kraftwerke (LKW)
e Abwasserzweckverband (AZV)
e Heliport Balzers (Swiss Helicopter AG and Rotex Helicopter AG)
e Swiss Federal Office for the Environment (FOEN)

e Swiss Federal Office of Civil Aviation (FOCA)

In former years, the cooperative society for the storage of gas oil in the Principality of Liechtenstein
(Genossenschaft fiir Heizol-Lagerhaltung im Fiirstentum Liechtenstein, GHFL) delivered data about
the annual storage of fuels. However, the cooperative society was closed in 2008.

Cooperation with the Swiss Federal Office for the Environment

The Swiss Federal Office for the Environment (FOEN) is the agency that has the lead within the Swiss
federal administration regarding climate policy and its implementation. The FOEN and
Liechtenstein’s OE cooperate in the inventory preparation.

e Due to the Customs Union Treaty of the two states, the import statistics in the Swiss overall
energy statistics (SFOE 2015) also includes the fossil fuel consumption of the Principality of
Liechtenstein, except for gas consumption of Liechtenstein, which is excluded from SFOE
(2015). FOEN therefore corrects its fuel consumption data by subtracting Liechtenstein’s
liquid fuel consumption from the data provided in the Swiss overall energy statistics to avoid
double-counting. To that aim, OE calculates its energy consumption and provides FOEN with
the data.

e FOEN, on the other hand, provides a number of methods and emission factors to OE, mainly
for transportation, agriculture, LULUCF, F-gases, and industrial processes and product use.
Liechtenstein has benefited to a large extend from the methodological support by the
inventory core group within the FOEN and its willingness to share data and spreadsheet-tools
in an open manner. Its kind support is herewith highly appreciated.

1.3.2 Data Collection, processing and storage, including for KP-LULUCF inventory

Figure 1-4 illustrates the simplified data flow leading to the CRF tables required for reporting under
the UNFCCC and under the Kyoto Protocol. For roles and responsibilities of the contributors see
Figure 1-3

Introduction May 2016



National Inventory Report of Liechtenstein 2016 40

Governmental data suppliers:
Office of Environment (Divisions Forests and | i
Landscape, Agriculture, Environmental — S -_— Internal GHG Files
Protection), OEA, OFIVA, OCI, OS
experts *
Further daﬁlta suppliers: A.ZV, LG.V, LKW, Acontec
Rotex Helikopter AG, Swiss Helicopter AG, INFRAS . NIC
GHFL (until 2008) Meteotest
CcsD *
. , CRF Reporter/Tables
Swiss FOEN UNFCCC GHG Inventory

Figure 1-3  Data suppliers and data collection for setting up the UNFCCC GHG Inventory (see Glossary for abbreviations).

Documentation and archiving procedures

For the submission 2008, the QC activities had been documented for the first time through the use of
checklists. These lists are now updated for the current submission and are shown in Annex 8. The
classification of the QC activities follows the IPCC Guidelines (IPCC 2006). The following persons are
involved in the QC activities:

e Sectoral experts
e NIC/ Project manager

e NIR authors

Special attention of the QC activities for emissions has been directed to the key categories.

The electronic files of Liechtenstein’s GHG inventory are all saved by the backup system of
Liechtenstein’s administration.

Every computer belonging to the administration, including the computers of the Office of
Environment, are connected to a central network. The data of the server systems, file-clusters and
database servers, are being saved in a tape-library. For safety reasons, the tape-library is not in the
computing centre but in the national police building: In case of a total loss of the computing centre,
the data are still available.

There are several backups
e daily incremental, saved up to one month (4 weeks)
o  Weekly full backup, saved up to two months

e Monthly full backup, saved up to one year

The backup files are being initialised via scheduler of the master server. The data are written via
network onto one of the LTO 2 Drives (tape). The master server manages the handling of the tapes.
Backups are checked daily via Activity Monitor. If a backup is not carried out, it may be caught up
manually. Since daily restores of user data are carried out, there is a guarantee for keeping the data
readable.
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For archiving reasons, the backup tapes are being doubled four times a year. The duplicates are not
being overwritten during five years.

In addition to the administrational archiving system, the external experts of Acontec AG, who are
mandated with the emission modelling and CRF generation, save all CRF and background tables
yearly on CD ROM/DVD ROM. The disks are stored in a bank safe of the Liechtensteinische
Landesbank (Liechtenstein’s National Bank). Also, the data generated in the NIR compilation process
such as the NIR itself, QA/QC documents, KCA files, uncertainty analysis, review documents are safed
by INFRAS within its archiving system that is maintained in the ISO 9001 quality management system
by INFRAS (IQNet 2014).

Finally, the entire information exchange by email between all people involved in updating the NIR
2014 is stored in the so-called PST format.

Therefore, archiving practices are in line with paragraph 16(a) of the annex to decision 19/CMP.1
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1.4 Methodologies and data sources

1.4.1 GHG inventory

1.4.1.1 General description

The emissions are mainly calculated based on the standard methods and procedures of the 2006
IPCC Guidelines for National Greenhouse Gas Inventories (IPCC 2006) as adopted by the UNFCCC in
its Decision 24/CP.19 (UNFCCC 2014).

The emissions are modelled by using country-specific activity data. Country-specific emission factors
are applied if available. A number of default emission factors from IPCC are used. For a majority of
emission sources, however, emission factors are adopted from the Swiss GHG inventory after
checking their applicability. In those cases, the emission factors are reported as country-specific. It is
noteworthy that there is a very close relationship between Liechtenstein and Switzerland based on
the Customs Union Treaty between the two countries (see Section 1.2.1). The Customs Union Treaty
with Switzerland has a significant impact on environmental and fiscal strategies. Many Swiss
environmental provisions and climate-protection regulations are also applicable in Liechtenstein or
are implemented into Liechtenstein law on the basis of specific international treaty rules. Therefore,
a number of emission factors are adopted from Switzerland assuming that the Swiss emission
factors actually represent the emission standards more accurately than default emission factors.
This assumption especially holds for:

° the sector Energy due to the same fuel quality standards and regulations standards for exhaust
gases of combustion and motor vehicles,

. the emission of F-gases due to similar consumer’s product and attitude,
. agriculture emissions due to similar stock farming and cultivation of land,

° the sector LULUCF due to — again — similar geographic, meteorological and climatic
circumstances for forestry.

In the following paragraph, a short summary of the methods used is given for each sector.

1 Energy

° Emissions from 1A Fuel combustion: Activity data is taken from the National Energy Statistics
(including consistency modifications) and from census for the fuel sales of gasoline and diesel
oil. The methods are country-specific.

. Emissions from 1B Fugitive emissions from fuels: The Swiss method is applied corresponding to
country-specifics.

2 Industrial processes and product use

. HFC and PFC emissions from 2F1 Refrigeration and air conditioning are reported and are
calculated with the rule of proportion applied on the Swiss emissions using country-specific
activity data as representative for the conversion (e.g. no. of inhabitants).

° SFs emissions from 2G1 Electrical equipment are reported based on country-specific data.
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. N,O emissions from product uses (2G3) are reported and are calculated with the rule of
proportion applied on the Swiss emissions using country-specific activity data (no. of
inhabitants) as representative for the conversion.

. CO and NMVOC emissions from 2D3b Road paving with asphalt and 2D3c Asphalt roofing. The
emissions are estimated from the Swiss emissions using the number of inhabitants as a
reference value for the rough estimate of Liechtenstein's emissions

. Emissions 2D3: The NMVOC emissions are delineated from the Swiss emissions using the
number of inhabitants as a reference value for the rough estimate of Liechtenstein's emissions.

° Other emissions from industrial processes and product use (CO,, CHs, N>O) are not occurring.

3 Agriculture

° Emissions are reported for 3A Enteric fermentation, 3B Manure management and 3D
Agricultural soils by applying Swiss methods (country-specific) combined with Liechtenstein
specific activity data as far as available.

4 LULUCF

° Emissions and removals are reported for 4A to 4G, 4(lll) and 4(IV). Most of the methods and the
emission factors are adopted from Switzerland, for forest land also data from Liechtenstein's
National Forest Inventory are used (country-specific).

5 Waste

° 5A is estimated by applying a FOD Model according to IPCC (1997) and specific activity data for
Liechtenstein. Emissions in the sector 5B-5E are calculated by applying Swiss methods (country-
specific) combined with Liechtenstein specific activity data.

1.4.1.2 Specific assumptions for the year 2014

For the modelling of its emissions, Liechtenstein uses several emission factors originating from the
Swiss GHG inventory. Currently, the emissions 2014 of the Swiss inventory 2016 were available in the
EMIS (Swiss Emission Information System)database of the Swiss Federal Office for the Environment
dated from April 2016 corresponding to the emission data which Switzerland submitted in April 2016
in its NIR to the UNFCCC.
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Table 1-2  Notation keys for applied methods and emission factors 2014 (see also CRF tables Summary3s1, Summary3s2).

GREENHOUSE GAS SOURCE AND SINK co, CH, N,O
CATEGORIES Method applied | Emission factor | Method applied | Emission factor | Method applied | Emission factor
1. Energy D, T1,T2 CS,D D, T1,T2,T3 CS,D D,T1,T2,T3 CS,D
A. Fuel combustion D, T1,T2 CS,D D, T1,T2,T3 CS,D D,T1,T2,T3 CS,D
1. Energy industries T2 CS T2 CS T2 CS,D
2. Manufacturing industries and construction T1,T2 CS,D T1,T2 CS T1,T2 CsS,D
3. Transport D, T1,T2 CSD D, T2, T3 CS,D D, T2, T3 Cs,D
4. Other sectors T1,T2 CS,D T1,T2 CS T1,T2 CS,D
B. Fugitive emissions from fuels NA NA T3 CS NA NA
1. Solid fuels NA| NA| NA NA NA NA
2. Oil and natural gas NA NA T3 CS NA NA
C. CO2 transport and storage NA| NA|
2. Industrial processes NA NA NA NA CS CS
A. Mineral industry NA NA|
B. Chemical industry NA NA NA NA NA NA
C. Metal industry NA NA NA NA
D. Non-energy products from fuels and solvent use NA| NA| NA NA NA NA
G. Other product manufacture and use NA NA NA NA CS CS
H. Other
3. Agriculture D, T2 CS,D Tib D
A. Enteric fermentation D, T2 CS,D
B. Manure management T2 D
C. Rice cultivation NA NA
D. Agricultural soils(3) Tlb D
F. Field burning of agricultural residues NA NA NA NA
G. Liming NA NA
1. Other carbon-containing fertilizers NA| NA|
4. Land use, land-use change and forestry T2 CS,NA T2 CS
A. Forest land T2 CS NA NA
B. Cropland T2 CS,NA| T2 CS
C. Grassland T2 CS T2 CS
D. Wetlands NA NA NA NA
E. Settlements T2 CS T2 CS
F. Other land T2 CS
G. Harvested wood products T2 CS
5. Waste CS CS CS,T2 CS CS,D CS,D
A. Solid waste disposal NA| NA| T2 CS
B. Biological treatment of solid waste CS CS CS CS
C. Incineration and open burning of waste CS CS CS CS CS D
D. Waste water treatment and discharge CS CS D D
6. Other (as specified in summary 1.A) D D D D D D
2. Industrial processes HFCs PFCs SFs
Method applied | Emission factor | Method applied | Emission factor | Method applied | Emission factor
E. Electronic industry NA| NA|
F. Product uses as ODS substitutes CS CS CS CS CS CS
G. Other product manufacture and use T3 Cs

1.4.1.3 Reference approach for the energy sector

Liechtenstein carried out the reference approach to estimate energy consumption and CO, emissions
for the energy sector. The results are shown in 3.2.1.

1.4.2 KP-LULUCF Inventory

The information in this Inventory is provided in accordance with Decision 2/CMP.7 and the KP-
Supplement (IPCC 2014) and based on the information given in Liechtenstein’s Initial Report (OEP
2006a), the Corrigendum to the Initial Report of 19 Sep 2007 (OEP 2007b) and Liechtenstein's second
Initial Report (OE 2016).

Liechtenstein had to determine for each activity of the LULUCF sector whether removal units (RMUs)
shall be issued annually or for the entire commitment period. Liechtenstein will choose to account
over the entire commitment period for emissions and removals from activities under Article 3,
paragraphs 3 and 4, of the Kyoto Protocol (see OE 2016).The decision remains fixed for the entire
second commitment period.
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Liechtenstein adopts the forest definition of the Swiss Land Use Statistics (AREA) of the Swiss Federal
Statistical Office. AREA provides an excellent data base to derive accurate, detailed information not
only for forest areas, but for all types of land use and land cover. Thus, AREA offers a comprehensive,
consistent and high quality data set to estimate the surface area of the different land use categories
in reporting under the Kyoto Protocol. For Liechtenstein, the Land Use Statistics has been built up
identically to Switzerland (same method and data structures, same realisation).

The following forest definition has been used (OEP 2007b):
° minimum area of land: 0.0625 hectares (with a minimum width of 25 m)
° minimum crown cover: 20 per cent

. minimum height of the dominant trees: 3 m (dominant trees must have the potential to reach
3 m at maturity in situ)

1.5 Brief Description of Key Categories

The key category analysis (KCA) is performed based on the automatic KCA implemented in the CRF
Reporter Software. The software indicates to every source and sink category whether it is key or not.
The method corresponds to an Approach 1 level and trend assessment methodology with the
proposed threshold of 95% as recommended by the 2006 IPCC Guidelines (IPCC 2006).The result of
the KCA performed by the CRF Reporter (CRF Table7) was not correct in Liechtenstein’s CRF re-
submission after the 15" April 2016. However, Table 7 displayed correct results as it was exported
separately in the CRF app. The KCA for the current submission was performed according to this
separate version of CRF Table7.

The analyses lead to four results:

° Base year 1990 level assessment without LULUCF categories

. Base year 1990 level assessment with LULUCF categories

. Reporting year 2014 level and trend assessment without LULUCF categories
° Reporting year 2014 level and trend assessment with LULUCF categories

To every source and sink category identified as key, the corresponding emission or sink is attributed.
The data of the four analyses are shown in Table 1-3 to Table 1-6.

An Approach 2 level and trend assessment has not been carried out in the current submission. The
identified key categories and especially new key categories are analysed in more detail in order to
identify the reasons of the category to be key as well as possible needed improvements.

1.5.1 GHG Inventory

1.5.1.1 KCA excluding LULUCF categories

For 2014, among a total of 196 categories, 12 have been identified as Approach 1 key categories by
the CRF Reporter Software (see Table7 of the reporting tables) with an aggregated contribution of

96.2% of the national total emissions (see Table 1-3). 11 categories are key categories according to
level assessment and 9 according to trend assessment.

From 12 key categories, 6 are from the energy sector, contributing 78.7% to total CO, equivalent
emissions in 2014. The other key categories are from the sectors Agriculture (11.2%), Industrial
Processes and Product Use IPPU (5.8%) and Waste (0.5%).
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The three major sources, all from the energy sector, sum up to a contribution of 64.3% of the
national total emissions:

. 1A3b Road transportation, CO,,1A4 Other sectors, liquid fuels, CO,,
° 1A4 Other sectors, gaseous fuels, CO..

Compared to the previous submission for the reporting year 2013, two categories are not key
anymore in 2014:

. 1B2b Fugitive emissions from fuels, Oil and natural gas and other emissions from energy
production, CHa,

° 3B Manure management, N,O.
On the other hand, one additional category is key in 2014:
. 5D Wastewater treatment and discharge, CHa.

Further details are shown in Table 1-3 below.

For the base year 1990, the level key category analysis is given in Table 1-4 below. There are 8 level
key categories. Compared to the previous submission, one category is not key anymore in 1990:

° 3D2 Indirect N,O emissions from managed soils, N,O

Table 1-3 List of Liechtenstein's Approach 1 key categories 2014 excluding LULUCF. Sorted by share of total emissions.

Key Category Analysis 2014 (excluding LULUCF) GHG Emissions 2014 | Share of Total | Cumulative | Result of Assessment
IPCC Source Categories (and fuels if applicable) [kt CO,eq] Emissions Total

1.A.3.b Road Transportation C02 73.72 35.9% 35.9%|KC Level & KC Trend
1.A.4 Other Sectors - Liquid Fuels C02 29.25 14.3% 50.2%|KC Level & KC Trend
1.A.4 Other Sectors - Gaseous Fuels C02 28.93 14.1% 64.3%|KC Level & KC Trend
1.A.2 Fuel combustion - Manufacturing Industries and Construction - Gaseous Fuels C02 15.51 7.6% 71.9%|KC Level & KC Trend
3.A Enteric Fermentation CH4 13.54 6.6% 78.5%|KC Level & KC Trend
2.F.1 Refrigeration and Air conditioning F-gases 11.95 5.8% 84.3%|KC Level & KC Trend
1.A.2 Fuel combustion - Manufacturing Industries and Construction - Liquid Fuels CO2 11.52 5.6% 89.9%|KC Level & KC Trend
3.D.1 Direct N20 Emissions From Managed Soils N20 4.81 2.3% 92.3%|KC Level

3.B Manure Management CH4 2.72 1.3% 93.6%|KC Level

1.A.1 Fuel combustion - Energy Industries - Gaseous Fuels CO2 2.48 1.2% 94.8%|KC Level & KC Trend
3.D.2 Indirect N20 Emissions From Managed Soils N20 1.90 0.9% 95.7%|KC Level

5.D Wastewater Treatment and Discharge CH4 0.97 0.5% 96.2%|KC Trend

Table 1-4  List of Liechtenstein's Approach 1 key categories in 1990 excluding LULUCF. Sorted by share of total emissions.

Key Category Analysis 1990 (excluding LULUCF) GHG Emissions 1990 | Share of Total | Cumulative | Result of Assessment
IPCC Source Categories (and fuels if applicable) [kt CO,eq] Emissions Total

1.A.4 Other Sectors - Liquid Fuels CO2 76.71 33.5% 33.5%|KC Level

1.A.3.b Road Transportation C02 75.29 32.9% 66.4%|KC Level

1.A.2 Fuel combustion - Manufacturing Industries and Construction - Liquid Fuels CO2 20.99 9.2% 75.5%|KC Level

1.A.2 Fuel combustion - Manufacturing Industries and Construction - Gaseous Fuels CO2 15.20 6.6% 82.2%|KC Level

3.A Enteric Fermentation CH4 13.66 6.0% 88.1%|KC Level

1.A.4 Other Sectors - Gaseous Fuels Co2 10.21 4.5% 92.6%|KC Level

3.D.1 Direct N20 Emissions From Managed Soils N20 5.19 2.3% 94.9%|KC Level

3.B Manure Management CH4 3.06 1.3% 96.2%|KC Level

1.5.1.2 KCA including LULUCF categories

According to 2006 IPCC Guidelines (IPCC 2006), the set of key categories consists of all non-LULUCF
key catego