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Preface 

The United Nations Framework Convention on Climate Change (UNFCCC) and the Kyoto Protocol to 

the Convention requires the parties to develop and to submit annually to the UNFCCC national 

inventories of anthropogenic emissions by sources and removals by sinks of all greenhouse gases not 

controlled by the Montreal Protocol. 

To comply with this requirement, Iceland has prepared a National Inventory Report (NIR) for the year 

2016. The NIR together with the associated Common Reporting Format tables (CRF) and the Standard 

9ƭŜŎǘǊƻƴƛŎ ŦƻǊƳŀǘ ό{9Cύ ƛǎ LŎŜƭŀƴŘΩǎ ŎƻƴǘǊƛōǳǘƛƻƴ ǘƻ ǘƘƛǎ ǊƻǳƴŘ ƻŦ ǊŜǇƻǊǘing under the Convention in 

the period 1990 ς 2014.  

The NIR is written by the Environment Agency of Iceland (EA), with major contributions by the 

Agricultural University of Iceland (AUI), Icelandic Forest Research (IFR), and the Soil Conservation 

Service of Iceland (SCSI). 

 
 
 
 
 
 
 
 
 
 

Environment Agency of Iceland, Reykjavík, 6 May 2016. 
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Executive Summary 

ES.1 Background 

The 1992 United Nations Framework Convention on Climate Change (UNFCCC) and the Kyoto 

Protocol requires that the Parties report annually on their greenhouse gas emissions by sources and 

removals by sinks. In response to these requirements, Iceland has prepared the present National 

Inventory Report (NIR).  

The IPCC Good Practice Guidance, IPCC Good Practice Guidance for LULUCF, the Revised 1996 

Guidelines, the 2006 IPCC Guidelines for National Greenhouse Gas Inventories, and national 

estimation methods are used in producing the greenhouse gas emissions inventory. The 

responsibility of producing the emissions data lies with the Environment Agency of Iceland (EA), 

which compiles and maintains the greenhouse gas inventory. Emissions and removals from the Land 

use, Land use change and forestry (LULUCF) sector are compiled by the Agricultural University of 

Iceland. The national inventory and reporting system is continually being developed and improved. 

Iceland is a party to the UNFCCC and acceded to the Kyoto Protocol on May 23rd, 2002. Earlier that 

year the government adopted a climate change policy that was formulated in close cooperation 

between several ministries. The aim of the policy is to curb emissions of greenhouse gases so they do 

not exceed the limits of LŎŜƭŀƴŘΩǎ ƻōƭƛƎŀǘƛƻƴǎ ǳƴŘŜǊ ǘƘŜ Yȅƻǘƻ tǊƻǘƻŎƻƭΦ ! ǎŜŎƻƴŘ ƻōƧŜŎǘƛǾŜ ƛǎ ǘƻ 

increase the level of carbon sequestration through afforestation and revegetation programs. In 

February 2007 a new climate change strategy was adopted by the Icelandic government. The strategy 

sets forth a long-term vision for the reduction of net emissions of greenhouse gases by 50-75% by 

the year 2050, using 1990 emissions figures as a baseline. An Action plan for climate change 

mitigation was adopted in 2010. The Action Plan builds on an expert study on mitigation potential 

and cost from 2009 and takes account of the 2007 climate change strategy and likely international 

commitments. In 2012 the first yearly progress report was published, where the emissions and 

removals are compared with the goals put forward in the Action plan.  

The Kyoto Protocol commits Annex I Parties to individual, legally binding targets for their greenhouse 

gas emissions. LŎŜƭŀƴŘΩǎ ƻōƭƛƎŀǘƛƻƴǎ ŀŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ Yȅƻǘƻ tǊƻǘƻŎƻƭ ƘŀǾŜ ōŜŜƴ ŀƴŘ ŀǊŜ ŀǎ ŦƻƭƭƻǿǎΥ 

- For the first commitment period, from 2008 to 2012, the greenhouse gas emissions were not 

to increase by more than 10% from the level of emissions in 1990. Iceland AAUs for the first 

ŎƻƳƳƛǘƳŜƴǘ ǇŜǊƛƻŘ ǿŜǊŜ ŘŜŎƛŘŜŘ ƛƴ LŎŜƭŀƴŘΩǎ Lƴƛǘƛŀƭ wŜǇƻǊǘ ǳƴŘŜǊ ǘƘŜ Yȅƻǘƻ tǊƻǘocol and 

amounted to 18,523,847 tonnes of CO2-equivalents. 

- Decision 14/CP.7 ƻƴ ǘƘŜ άLƳǇŀŎǘ ƻŦ ǎƛƴƎƭŜ ǇǊƻƧŜŎǘ ƻƴ ŜƳƛǎǎƛƻƴǎ ƛƴ ǘƘŜ ŎƻƳƳƛǘƳŜƴǘ ǇŜǊƛƻŘέ 

allowed Iceland to report certain industrial process carbon dioxide emissions separately and 

not include them in national totals; to the extent they caused Iceland to exceed its assigned 

amount. For the first commitment period, from 2008 to 2012, the carbon dioxide emissions 

falling under decision 14/CP.7 were not to exceed 8,000,000 tonnes. 

- In 2015 an agreement between the European Union, its Member States and Iceland 

concerning Iceland´s participation in the joint fulfilment of commitments of the Union, the 

Member States and Iceland in the second commitment period of the Kyoto Protocol entered 

into force. Therein the Parties agree to fulfil their quantified emission limitation and 

reduction commitments for the second commitment period inscribed in the third column of 

Annex B to the Kyoto Protocol jointly. 
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ES.2 Summary of national emission and removal related trends 

In 1990, the total emissions of greenhouse gases (excluding LULUCF) in Iceland were 3,633 kt of CO2-

equivalents. In 2014, total emissions were 4,597 kt CO2-equivalents. This is an increase of 26.5% over 

the time period.  

A summary of the Icelandic national emissions for 1990, 2005, 2010, 2013 and 2014 is presented in 

Table ES. 1 (without LULUCF). 

Table ES. 1 Total GHG emissions by gas  1990, 2005, 2010, 2013 and 2014 in kt CO2-eq (excluding LULUCF). 

 1990 2005 2010 2013 2014 Changes 
´90-´14 

Changes 
´13-´14 

CO2 2,106 2,797 3,384 3,301 3,271 55% -1% 

CH4  522 562 584 546 592 13% 8% 

N2O  510 432 436 426 468 -8% 10% 

PFCs 495 31 172 88 99 -80% 12% 

HFCs 0 69 146 171 164 NA -4% 

SF6 1 3 5 3 2 102% -31% 

Total emissions 3,633 3,894 4,726 4,536 4,597 27% 1% 

 

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

The largest contributor of greenhouse gas emissions in Iceland in 2014 when excluding LULUCF were 

Industrial Processes, followed by the Energy sector, then Agriculture, Waste, and Solvent and other 

Product Use (Table ES. 2). From 1990 to 2014, the contribution of Industrial Processes increased from 

26% to 42%, emissions from the Energy sector decreased from 50% to 38% during the same period. 

Table ES. 2 Total GHG emissions by source 1990, 2005, 2010, 2013 and 2014 (kt. CO2-eq.). 

 1990 2005 2010 2013 2014 Changes 
´90-´14 

Changes 
´13-´14 

Energy 1,738 2,024 1,825 1,674 1,680 -3% 0% 

Industrial Processes 948 953 1,942 1,944 1,915 102% -2% 

Agriculture 780 674 713 688 747 -4% 9% 

LULUCF 11,495 11,652 11,857 11,872 11,868 3% 0% 

Waste 168 246 243 229 255 52% 12% 

Total emissions w/o LULUCF 3,633 3,896 4,723 4,536 4,597 27% 1% 

 

The distribution of total greenhouse gas emissions over the UNFCCC sectors (dissecting the energy 

sector into fuel combustion and geothermal energy and excluding LULUCF) in 2014 is shown in Figure 

ES.  1. Emissions from the Energy sector account for 36% (fuel combustion 31% and geothermal 

energy 5%) of the national total emissions, industrial processes account for 42% and agriculture for 

16% and the Waste sector accounts for 6%. 
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Figure ES.  1 Emissions of GHG by sector, without LULUCF, from 1990 to 2014 in CO2-eq. 

 

ES.4 Other information ς Kyoto Accounting  

LŎŜƭŀƴŘΩǎ ƛƴƛǘƛŀƭ !!¦ǎ ŦƻǊ ǘƘŜ ŦƛǊǎǘ ŎƻƳƳƛǘƳŜƴǘ ǇŜǊƛƻŘ ŀƳƻǳƴǘŜŘ to 18,523,847 tonnes of CO2-

equivalents for the period or 3,704,769 tonnes per year on average. Added to that are a total of 

1,541,960 RMUs from Art. 3.3 and Art. 3.4 activities and total of 33,125 AAUs, CERs and ERUs from 

Joint Implementation projects, resulting in an available assigned amount of 20,098,931 AAUs.  

Emissions from Annex A sources during CP1 were 23,356,071 tonnes CO2-eq. This means that Annex 

A emissions were 3,257,140 tonnes CO2 in excess of Iceland´s available assigned amount. 

Total CO2 emissions falling under Decision 14/CP.7 during CP1 were 5,912,964 tonnes CO2. Therefore, 

in order to comply with its goal for CP1, Iceland reported 3,257,140 tonnes of the CO2 emissions 

falling under decision 14/CP.7 separately and not include them in national totals Table ES. 3 and  

Figure ES.  2 demonstrate this. 

The CRF tables accompanying the 2016 NIR, however, still contain Iceland´s Annex A emissions in 

their entirety.   
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Table ES. 3 Summary of Kyoto Accounting for CP1. 

  2008 2009 2010 2011 2012 CP1 

Initial assigned amount AAUs 3,704,769 3,704,769 3,704,769 3,704,769 3,704,769 18,523,847 

KP-LULUCF Art. 3.3 RMUs 103,268 115,465 135,426 153,265 172,805 680,229 

KP-LULUCF Art. 3.4 RMUs 152,293 159,608 171,719 184,453 193,658 861,730 

Available assigned amount AAUs 3,960,330 3,979,843 4,011,914 4,042,487 4,071,233 20,065,807 

Emissions from Annex A sources t CO2 eq. 5,021,786 4,779,267 4,646,161 4,441,127 4,467,730 23,356,071 

Difference AAU - Annex A 
emissions 

t CO2 eq. 1,061,456 799,424 634,247 398,639 396,497 3,290,264 

Emissions falling under Decision 
14/CP.7 

t CO2 eq. 1,160,862 1,205,354 1,225,141 1,209,095 1,278,871 6,079,323 

Emissions falling under Decision 
14/CP.7  reported under 
national totals 

t CO2 eq. 99,406 405,930 590,894 810,456 882,373 2,789,059 

Emissions falling under Decision 
14/CP.7 not reported under 
national totals 

t CO2 eq. 1,061,456 799,424 634,247 398,639 396,497 3,290,264 

 

 

Figure ES.  2 Summary of Kyoto Accounting for CP1. 

As part of its submission to UNFCCC, Iceland submits SEF tables for the Kyoto Protocol units issued in 

2015 for the second commitment period (CP2). There were no annual external transactions made 

and at the end of the reported year there were no units in the party holding account.
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1 Introduction 

1.1 Background Information 

The 1992 United Nations Framework Convention on Climate Change (UNFCCC) was ratified by 

Iceland in 1993 and entered into force in 1994. One of the requirements under the Convention is that 

Parties are to report their national anthropogenic emissions by sources and removals by sinks of all 

greenhouse gases (GHG) not controlled by the Montreal Protocol, using methodologies agreed upon 

by the Conference of the Parties to the Convention (COP).  

In 1995 the Government of Iceland adopted an implementation strategy based on the commitments 

of the Framework Convention. The domestic implementation strategy was revised in 2002, based on 

the commitments of the Kyoto Protocol and the provisions in the Marrakech Accords. Iceland 

acceded to the Kyoto Protocol on May 23rd 2002. The Kyoto Protocol commits Annex I Parties to 

ƛƴŘƛǾƛŘǳŀƭΣ ƭŜƎŀƭƭȅ ōƛƴŘƛƴƎ ǘŀǊƎŜǘǎ ŦƻǊ ǘƘŜƛǊ ƎǊŜŜƴƘƻǳǎŜ Ǝŀǎ ŜƳƛǎǎƛƻƴǎΦ LŎŜƭŀƴŘΩǎ ƻōƭƛƎŀǘƛƻƴǎ ŀŎŎƻǊŘƛƴƎ 

to the Kyoto Protocol have been and are as follows: 

- For the first commitment period, from 2008 to 2012, the greenhouse gas emissions shall 

were not to increase by more than 10% from the level of emissions in 1990. Iceland AAUs for 

the first commitment period were decided in IceƭŀƴŘΩǎ Lƴƛǘƛŀƭ wŜǇƻǊǘ ǳƴŘŜǊ ǘƘŜ Yȅƻǘƻ 

Protocol and amounted to 18,523,847 tonnes of CO2-equivalents. 

- Decision 14/CP.7 ƻƴ ǘƘŜ άLƳǇŀŎǘ ƻŦ ǎƛƴƎƭŜ ǇǊƻƧŜŎǘ ƻƴ ŜƳƛǎǎƛƻƴǎ ƛƴ ǘƘŜ ŎƻƳƳƛǘƳŜƴǘ ǇŜǊƛƻŘέ 

allowed Iceland to report certain industrial process carbon dioxide emissions separately and 

not include them in national totals; to the extent they caused Iceland to exceed its assigned 

amount. For the first commitment period, from 2008 to 2012, the carbon dioxide emissions 

falling under decision 14/CP.7 were not to exceed 8,000,000 tonnes. 

- In 2015 an agreement was concluded between the European Union, its Member States and 

Iceland concerning Iceland´s participation in the joint fulfilment of commitments of the 

Union, the Member States and Iceland in the second commitment period of the Kyoto 

Protocol. Therein the Parties agree to fulfil their quantified emission limitation and reduction 

commitments for the second commitment period inscribed in the third column of Annex B to 

the Kyoto Protocol jointly. 

 

A new climate change strategy was adopted by the Icelandic government in February 2007. The 

Ministry for the Environment formulated the strategy in close collaboration with the ministries of 

Transport and Communications, Fisheries, Finance, Agriculture, Industry and Commerce, Foreign 

!ŦŦŀƛǊǎ ŀƴŘ ǘƘŜ tǊƛƳŜ aƛƴƛǎǘŜǊΩǎ hŦŦƛŎŜΦ ¢ƘŜ ƭƻƴƎ-term strategy is to reduce net greenhouse gas 

emissions in Iceland by 50 ς 75% by 2050, compared to 1990 levels. In the shorter term, Iceland aims 

to ensure that emissions of greenhouse gases will ƴƻǘ ŜȄŎŜŜŘ LŎŜƭŀƴŘΩǎ ƻōƭƛƎŀǘƛƻƴǎ ǳƴŘŜǊ ǘƘŜ Yȅƻǘƻ 

Protocol in the first commitment period. In November 2010, the Icelandic government adopted a 

Climate Change Action Plan in order to execute the strategy (Ministry for Environment, 2010). The 

action plan proposes 10 major tasks to curb and reduce GHG emissions in six sectors, as well as 

provisions to increase carbon sequestration resulting from afforestation and revegetation programs. 

The main tasks are: 
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a) Implementing the EU Emission Trading Scheme (ETS) 

b) Implementing carbon emission charge on fuel for domestic use 

c) Changing of tax systems and fees on cars and fuel 

d) Enhance the use of environmentally-friendly vehicles at governmental and municipality 

bodies 

e) Promote alternative transport methods like walking, cycling, and public transport 

f) Use of biofuel in the fishing fleet 

g) Using electricity as an energy resource in the fishmeal industry 

h) Increase afforestation and revegetation 

i) Restoring wetlands 

j) Increase research and innovation regarding climate issues 

 

In 2012 the first yearly progress report was published, where the emissions and removals are 

compared with the goals put forward in the Action plan.  

The greenhouse gas emissions profile for Iceland is unusual in many respects. First, emissions from 

generation of electricity and from space heating are very low owing to the use of renewable energy 

sources (geothermal and hydropower). Second, almost 80% of emissions from the Energy sector 

stem from mobile sources (transport, mobile machinery and commercial fishing vessels). Third, 

emissions from the LULUCF sector are relatively high. Recent research has indicated that there are 

significant emissions of carbon dioxide from drained wetlands. These emissions can be attributed to 

drainage of wetlands in the latter half of the 20th Century, which had largely ceased by 1990. These 

emissions of CO2 continue for a long time after drainage. The fourth distinctive feature is that 

individual sources of industrial process emissions have a significant proportional impact on emissions 

at the national level. Most noticeable are increased emissions from aluminium production associated 

ǿƛǘƘ ǘƘŜ ŜȄǇŀƴŘŜŘ ǇǊƻŘǳŎǘƛƻƴ ŎŀǇŀŎƛǘȅ ƻŦ ǘƘƛǎ ƛƴŘǳǎǘǊȅΦ ¢Ƙƛǎ ƭŀǎǘ ŀǎǇŜŎǘ ƻŦ LŎŜƭŀƴŘΩǎ ŜƳƛǎǎƛƻƴ ǇǊƻŦƛƭŜ 

made it difficult to set meaningful targets for Iceland during the Kyoto Protocol negotiations. This 

fact was acknowledged in Decision 1/CP.3 paragraph 5(d), which established a process for 

considering the issue and taking appropriate action. This process was completed with Decision 

14/CP.7 on the Impact of single projects on emissions in the commitment period. 

The fundamental issue associated with the significant proportional impact of single projects on 

emissions is the question of scale. In small economies such as Iceland, a single project can dominate 

the changes in emissions from year to year. When the impact of such projects becomes several times 

larger than the combined effects of available greenhouse gas abatement measures, it becomes very 

difficult for the party involved to adopt quantified emissions limitations. It does not take a large 

source to strongly influence the total emissions from Iceland. A single aluminium plant can add more 

ǘƘŀƴ мр҈ ǘƻ ǘƘŜ ŎƻǳƴǘǊȅΩǎ ǘƻǘŀƭ ƎǊŜŜƴƘƻǳǎŜ Ǝŀǎ ŜƳƛǎǎƛƻƴǎΦ ! Ǉƭŀƴǘ ƻŦ ǘƘŜ ǎŀƳŜ ǎƛze would have 

negligible effect on emissions in most industrialized countries. Decision 14/CP.7 sets a threshold for 

significant proportional impact of single projects at 5% of total carbon dioxide emissions of a party in 

1990. Projects exceeding this threshold shall be reported separately and carbon dioxide emissions 

from them shall not be included in national totals to the extent that they would cause the party to 

exceed its assigned amount. The total amount that can be reported separately under this decision is 

set at 8 million tonnes of carbon dioxide. The scope of Decision 14/CP.7 is explicitly limited to small 

economies, defined as economies emitting less than 0.05% of total Annex I carbon dioxide emissions 

in 1990. In addition to the criteria above, which relate to the fundamental problem of scale, 

additional criteria are included that relate to the nature of the project and the emission savings 
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resulting from it. Only projects where renewable energy is used and where this use of renewable 

energy results in a reduction in greenhouse gas emissions per unit of production will be eligible. The 

use of best environmental practice (BEP) and best available technology (BAT) is also required. It 

should be underlined that the decision only applies to carbon dioxide emissions from industrial 

processes. Other emissions, such as energy emissions or process emissions of other gases, such as 

PFCs, will not be affected. 

The industrial process carbon dioxide emissions falling under Decision 14/CP.7 cannot be transferred 

by Iceland or acquired by another Party under Articles 6 and 17 of the Kyoto Protocol. If carbon 

dioxide emissions are reported separately according to the Decision that will imply that Iceland 

cannot transfer assigned amount units to other Parties through international emissions trading. 

The Government of Iceland notified the Conference of the Parties with a letter, dated October 17th 

2002, of its intention to avail itself of the provisions of Decision 14/CP.7. Emissions that fall under 

Decision 14/CP.7 are not excluded from national totals in this report, as Iceland undertook the 

accounting with respect to the Decision at the end of the commitment period. The projects, from 

which emissions fulfil the provisions of Decision 14/CP.7, are described in Chapter 4.5 and Fact 

sheets for the project can be found in Annex IV.  

The present report together with the associated Common Reporting Format tables (CRF) is Iceland's 

contribution to this round of reporting under the Convention, and covers emissions and removals in 

the period 1990-2014. The methodologies used in calculating the emissions is according to the 

revised 1996 and 2006 IPCC Guidelines for National Greenhouse Gas Inventories as set out by the 

IPCC Good Practice Guidance and Good Practice Guidance for Land Use, Land-Use Change and 

Forestry.  

As part of its submission to UNFCCC Iceland submits SEF tables for the Kyoto Protocol units issued in 

2014. Annual external transactions consisted of additional 182 AAUs from SE and 5087 ERUs from 

EU, no subtractions were made. The total quantities of Kyoto Protocol units in Party holding accounts 

at the end of reported year were 18,524,029 AAUs and 5,087 ERUs. 

The greenhouse gases included in the national inventory are the following: carbon dioxide (CO2), 

methane (CH4), nitrous oxide (N2O), hydrofluorocarbons (HFCs), perfluorocarbons (PFCs) and sulphur 

hexafluoride (SF6). Emissions of the precursors NOX, NMVOC and CO as well as SO2 are also included, 

in compliance with the reporting guidelines.  

 

1.2 National System for Estimation of Greenhouse Gases 

1.2.1 Institutional Arrangement 
The Environment Agency of Iceland (EA), an agency under the auspices of the Ministry for the 

Environment and Natural Resources, carries the overall responsibility for the national inventory. EA 

compiles and maintains the greenhouse gas emission inventory, except for LULUCF which is compiled 

by the Agricultural University of Iceland (AUI). EA reports to the Convention. Figure  1.1 illustrates the 

flow of information and allocation of responsibilities. 
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Figure  1.1  Information flow and distribution of responsibilities in the Icelandic emission inventory system for reporting to 
the UNFCCC. 

A Coordinating Team was established in 2008 as a part of the national system and operated until 

2012. The team had representatives from the Ministry for the Environment, the EA and the AUI not 

directly involved in preparing the inventory. Its official roles was to review the emissions inventory 

before submission to UNFCCC, plan the inventory cycle and formulate proposals on further 

development and improvement of the national inventory system. During each inventory cycle in the 

period 2008 to 2012 the Coordinating Team held several meetings, of which some meetings were 

ƻƴƭȅ ǿƛǘƘ ǘƘŜ /ƻƻǊŘƛƴŀǘƛƴƎ ¢ŜŀƳΩǎ ƳŜƳōŜǊǎ ŀƴŘ ƻǘƘŜǊ ƳŜŜǘƛƴƎǎ ǿŜǊŜ held with the team members 

as well as major data providers. The work of the team led to improvement in cooperation between 

the different institutions involved with the inventory compilation, especially with regards to the 

LULUCF and Agriculture sectors. Some improvements proposed by the team were also incorporated 

into the inventory. The Coordinating Team ceased to operate in 2012 when a new Act no. 70/2012 

on climate change was passed by the Icelandic legislature Althingi. 
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1.2.2 The Climate Change Act No 70/2012 
In June 2012 the Icelandic Parliament passed a new law on climate change (Act No 70/2012). The 

Climate Change Act was passed in 2012 and the objectives of the Act are the following: 

- Reducing greenhouse gas emissions efficiently and effectively, 

- To increase carbon sequestration from the atmosphere, 

- Promoting mitigation to the consequences of climate change, and 

- To create conditions for the government to fulfil its international obligations regarding 

climate change. 

 

Act No 70/2012 supersedes Act No 65/2007 on which basis the Environment Agency made formal 

agreements with the necessary collaborating agencies involved in the preparation of the inventory to 

cover responsibilities such as data collection and methodologies, data delivery timelines and 

uncertainty estimates. The data collection for the first commitment period of the Kyoto protocol was 

based on these agreements. Articles 7 to 15 of Act No 65/2007 regarding the allocation of allowances 

in the period 2008 to 2012 were in effect until the completion of reporting obligations for the period.   

Regulation No 244/2009, put forward on basis of Act No 65/2007 further elaborated on the reporting 

of information from the industrial plants falling under that part of Act No 65/2007. Based on Act No 

65/2007 a three-member Emissions Allowance Allocation Committee, appointed by the Minister for 

the Environment with representatives of the Ministry of Industry, Ministry for the Environment and 

the Ministry of Finance, allocated emissions allowance for operators falling within the scope of the 

Act during the period 1 January 2008 to 31 December 2012. 

Act No 70/2012 establishes the national system for the estimation of greenhouse gas emissions by 

sources and removals by sinks, a national registry, emission permits and establishes the legal basis 

for installations and aviation operators participating in the EU ETS. The Act specifies that the EA is the 

responsible authority for the national accounting as well as the inventory of emissions and removals 

of greenhouse gases according to Iceland's international obligations.  

Article 6 of Act No 70/2012 addresses Iceland´s greenhouse gas inventory. It states that the 

Environment Agency (EA) compiles Iceland´s GHG inventory in accordance with Iceland´s 

international obligations. Act No 70/2012 changes the form of relations between the EA and other 

bodies concerning data handling. The Act states that the following institutions are obligated to 

collect data necessary for the GHG inventory and report it to the EA, further to be elaborated in 

regulations set by the Minister for the Environment and Natural Resources: 

- Iceland Forest Service (IFS) 
- National Energy Authority (NEA) 
- Agricultural University of Iceland (AUI) 
- Iceland Food and Veterinary Authority 
- Statistics Iceland 
- The Road Traffic Directorate 
- The Icelandic Recycling Fund 
- Directorate of Customs 

The relevant regulation regarding manner and deadlines of the said data has been drafted by the EA 

and sent to the Ministry for Environment and Natural Resources. From 2016 onwards, however, 

Iceland will submit its GHG inventory to the European Union before submitting it to the UNFCCC. The 
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deadline for submission of GHG data and a NIR draft to the EU is January 15th. This makes it necessary 

to change dates proposed in the regulation draft. This will be done in unison with the main data 

providers later this year. Therefore the regulation has not been published, yet. It is foreseen that the 

new regulation will facilitate the responsibilities, the data collection process and the timelines.  

As the prospective regulation on data collection, based on Act No 70/2012, formalizes the 

cooperation and data collection process between the EA and all responsible institutions, it takes over 

the role of the Coordinating Team regarding the cooperation between different institutions.  The 

other role of the Coordinating Team, i.e. reviewing the GHG inventory and facilitating improvements, 

has been taken over on a more informal basis by other employees of the EA not directly involved in 

the inventory preparation process. The scheduled cooperation with the EU regarding the GHG 

inventory entails elaborated QA/QC procedures by the EU and will lighten the need for domestic 

QA/QC procedures to some extent. 

 

1.2.3 Joint Fulfilment Agreement 
According to Article 4, cf. Annex I, of the 2015 Joint Fulfilment Agreement on Iceland´s participation 

in the joint fulfilment of the commitments of the European Union, its Member States and Iceland in 

the second commitment period of the Kyoto Protocol, Regulation (EU) No 525/20131 and current and 

future Delegated and Implementing Acts based on Regulation (EU) No 525/2013 shall be binding 

upon Iceland. The legal acts were rendered applicable in Iceland in 2015 with an amendment to Act 

No 70/2012.  

 

1.2.4 Green Accounting 
According to Icelandic Regulation No. 851/2002 on green accounting, industry is required to hold, 

and to publish annually, information on how environmental issues are handled, the amount of raw 

material and energy consumed, the amount of discharged pollutants, including greenhouse gas 

emissions, and waste generated. Emissions reported by installations have to be verified by 

independent auditors, who need to sign the reports before their submission to the Environment 

Agency. The green accounts are then made publicly available at the website of the EA. 

 

1.3 Process of Inventory Preparation 

The EA collects the bulk of data necessary to run the general emission model, i.e. activity data and 

emission factors. Activity data is collected from various institutions and companies, as well as by EA 

directly. The National Energy Authority (NEA) collects annual information on fuel sales from the oil 

companies. This information was until 2008 provided on an informal basis. From 2008 and onwards, 

Act No. 48/2007 enables the NEA to obtain sales statistics from the oil companies. Until 2011 the 

Farmers Association of Iceland (FAI), on behalf of the Ministry of Agriculture, was responsible for 

assessing the size of the animal population each year, when the Food and Veterinary Authority took 

over that responsibility. On request from the EA, the FAI assisted to come up with a method to 

                                                           
1 Regulation (EU) No 525/2013 of the European Parliament and of the Council of 21 May 2013 on a mechanism for monitoring 

and reporting greenhouse gas emissions and for reporting other information at national and Union level relevant to climate 
change and repealing Decision No 280/2004/EC, OJ 2013 L165/13, as amended by Regulation (EU) No 662/2014, OJ 2014 
L189/155.  
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account for young animals that are mostly excluded from national statistics on animal population. 

Animal statistics have been further developed to better account for replacement animals in 

accordance with recommendations from the ERT that came to Iceland for an in-country review in 

2011. Statistics Iceland provides information on population, GDP, production of asphalt, food and 

beverages, imports of solvents and other products, the import of fertilizers and on the import and 

export of fuels. The EA collects various additional data directly. Annually an electronic questionnaire 

on imports, use of feedstock, and production and process specific information is sent out to 

industrial producers, in accordance with Regulation no. 244/2009. Green Accounts submitted under 

Regulation no. 851/2002 from the industry are also used. For this submission the data contained in 

applications for free allowances under the EU ETS is also used. Importers of HFCs submit reports on 

their annual imports by type of HFCs to the EA. The Icelandic Directorate of Customs supplies the EA 

with information on the identity of importers of open and closed-cell foam. The EA also estimates 

activity data with regard to waste. Emission factors are taken mainly from the revised 1996 IPCC 

Guidelines for National Greenhouse Gas Inventories, IPCC Good Practice Guidance, IPCCC Good 

Practice Guidance for LULUCF, and the 2006 IPCC Guidelines for National Greenhouse Gas 

Inventories, since limited information is available from measurements of emissions in Iceland.  

The AUI receives information on revegetated areas from the Soil Conservation Service of Iceland and 

information on forests and afforestation from the Icelandic Forest Service. The AUI assesses other 

land use categories on the basis of its own geographical database and other available supplementary 

land use information. The AUI then calculates emissions and removals for the LULUCF sector and 

reports to the EA. 

The annual inventory cycle (Figure  1.2) describes individual activities performed each year in 

preparation for next submission of the emission estimates.  
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Figure  1.2 The annual inventory cycle. 

 

A new annual cycle begins with an initial planning of activities for the inventory cycle by the 

inventory team and major data providers as needed (NEA, AUI, IFS and SCSI), taking into account the 

outcome of the internal and external review as well as the recommendations from the UNFCCC 

review. The initial planning is followed by a period assigned for compilation of the national inventory 

and improvement of the National System.  

After compilation of activity data, emission estimates and uncertainties are calculated and quality 

checks performed to validate results. Emission data is received from the sectoral expert for LULUCF. 

All emission estimates are imported into the CRF Reporter software.  

A series of internal review activities are carried out annually to detect and rectify any anomalies in 

the estimates, e.g. time series variations, with priority given to emissions from industrial plants falling 

under Decision 14/CP.7, other key source categories and for those categories where data and 

methodological changes have recently occurred.  

After an approval by the director and the inventory team at the EA, the greenhouse gas inventory is 

submitted to the UNFCCC by the EA. 

 

1.4 Methodologies & Data Sources 

The estimation methods of all greenhouse gases are harmonized with the IPCC Guidelines for 

bŀǘƛƻƴŀƭ DǊŜŜƴƘƻǳǎŜ Dŀǎ LƴǾŜƴǘƻǊƛŜǎ ŀƴŘ ŀǊŜ ƛƴ ŀŎŎƻǊŘŀƴŎŜ ǿƛǘƘ Lt//Ωǎ DƻƻŘ tǊŀŎǘƛŎŜ DǳƛŘŀƴŎŜΦ  
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The general emission model is based on the equation: 

Emission (E) = Activity level (A) · Emission Factor (EF) 

 

The model includes the greenhouse gases and in addition the precursors and indirect greenhouse 

gases NOx, SO2, NMVOC and CO, as well as some other pollutants (POPs).  

Methodologies and data sources for LULUCF are described in Chapter 0. 

1.5 Archiving 

Gopro.net, a document management system running on .NET, is used to store email communications 

concerning the GHG inventory.  Paper documents, e.g. written letters, are scanned and also stored in 

Gopro.net.  The system runs on its own virtual server and uses a MS SQL server 2012 running on a 

separate server. Both servers are running Windows Server 2012 R2.  

Each staff member at EA has online Office 365 subscription and are emails sent and received using 

Microsoft Office 365 servers hosted in Ireland. 

Numerical data, calculations and other related documents are stored on a fileserver running 

Windows Server 2012 R2.  EA´s virtual servers are using VMWare software running on Dell Blade 

Servers.  

Advania, a local IT company, hosts EA´s servers. Their hosting is fully ISO-9001 and ISO-27001 

certified. Their hosting rooms are in two locations in Hafnarfjordur, a town very close to Reykjavik. 

One room is the primary server room while the other is a secondary backup room storing off-site 

backups, the rooms are separated by roughly 5 km.  

Backups are taken daily and stored for 30 days.  Every 3 months a full backup is taken and stored for 

18 months. Backups are done with solutions from Veeam Backup & Replication using reverse 

incremental backup. 

Hard copies of all references listed in the NIR are stored in the EA. The archiving process has 

improved over the last years, i.e. the origin of data dating years back cannot always be found out. 

The land use database IGLUD is stored on a server of the Agricultural University of Iceland (AUI). All 

other data used in LULUCF as well as spread sheets containing calculations are stored there as well. 

This excludes data regarding Forestry and Revegetation which is stored on servers of the Icelandic 

Forestry Service and Soil Conservation Service of Iceland, respectively. 

 

1.6 Key Source Categories 

According to IPCC definition, a key source category is one that is prioritized within the national 

inventory system ōŜŎŀǳǎŜ ƛǘǎ ŜǎǘƛƳŀǘŜ Ƙŀǎ ŀ ǎƛƎƴƛŦƛŎŀƴǘ ƛƴŦƭǳŜƴŎŜ ƻƴ ŀ ŎƻǳƴǘǊȅΩǎ ǘƻǘŀƭ ƛƴǾŜƴǘƻǊȅ ƻŦ 

direct greenhouse gases in terms of the absolute level of emissions, the trend in emissions, or both. 

In the Icelandic Emission Inventory key source categories are identified by means of the Tier 1 

method. The results of the key source analysis prepared for the 2016 submission are shown in Table 

1.1 .Tables showing the key source analysis (trend and level assessment) can be found in Annex I. The 

key source analysis includes LULUCF greenhouse gas sources and sinks. 
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Table 1.1 Key source categories of Iceland's 2016 GHG inventory.V= Key source category.  

IPCC source category  
Level 
1990 

Level 
2014 

Trend 

Energy (CRF sector 1) 

1.A.2 
1.A.2 
1.A.3.b 
1.A.3.d  
1.A.4 
1.B.2.d 
2.A.1  
2.C.2  
2.C.3 
2.C.3  
2.F.1  
3.A  
3.B 
3.B 
3.D.1  
3.D.2  
5.A 

Fuel combustion - Manufacturing Industries and 
Construction - Liquid Fuels 
 

CO2 V  V 

1.A.2 
 

Fuel combustion - Manufacturing Industries and 
Construction - Solid Fuels 
 

CO2 V  V 

1.A.3.b 
 

Road Transportation 
 

CO2 V V V 

1.A.3.d  
 

Domestic Navigation - Liquid Fuels CO2 V   

1.A.4 Other Sectors - Liquid Fuels CO2 V V V 

1.B.2.d Fugitive Emissions from Fuels - Other CO2 V V V 

IPPU (CRF sector 2) 

2.A.1 Cement Production CO2 V   

2.C.2 Ferroalloys Production CO2 V V V 

2.C.3 Aluminium Production CO2 V V V 

2.C.3 Aluminium Production PFCs V V V 

2.F.1 Refrigeration and Air conditioning 
Aggregate  
F-gases 

 V V 

Agriculture (CRF sector 3) 

3.A Enteric Fermentation CH4 V V V 

3.B Manure Management CH4 V   

3.B Manure Management N2O V V V 

3.D.1 Direct N2O Emissions From Managed Soils N2O V V V 

3.D.2 Indirect N2O Emissions From Managed Soils N2O V V  

Land use, Land use change and Forestry (CRF sector 4) 

4.A.2 Land Converted to Forest Land CO2  V V 

4.B.1 Cropland Remaining Cropland CO2 V V V 

4.B.2 Land Converted to Cropland CO2 V  V 

4.C.1 Grassland Remaining Grassland CO2 V V V 

4.C.2 Land Converted to Grassland CO2 V V V 

4.D.1.3 Other Wetlands Remaining Other Wetlands CO2    

4(II). 
Emissions and removals from drainage and rewetting 
and other management of organic and mineral soils 

CO2    

4(II). Emissions and removals from drainage and rewetting 
and other management of organic and mineral soils 

CH4 V V V 

4(III). 
Direct N2O emissions from N 
mineralization/immobilization 

N2O V V V 

Waste (CRF sector 5) 

5.A Solid Waste Disposal CH4 V V V 

1.7 Quality Assurance & Quality Control (QA/AC) 

The objective of QA/QC activities in national greenhouse gas inventories is to improve transparency, 

consistency, comparability, completeness, accuracy, confidence and timeliness. A QA/QC plan for the 

annual greenhouse gas inventory of Iceland has been prepared and can be founŘ ƻƴ ǘƘŜ 9!Ωǎ ǿŜōǎƛǘŜ 

(ust.is/library/Skrar/Atvinnulif/Loftslagsbreytingar/Iceland_QAQC_plan.pdf). The document 

describes the quality assurance and quality control programme. It includes the quality objectives and 

an inventory quality assurance and quality control plan. It also describes the responsibilities and the 

time schedule for the performance of QA/QC procedures. The QC activities include general methods 

http://www.ust.is/library/Skrar/Atvinnulif/Loftslagsbreytingar/Iceland_QAQC_plan.pdf
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such as accuracy checks on data acquisition and calculations and the use of approved standardised 

procedures for emission calculations, measurements, estimating uncertainties, archiving information 

and reporting. Source category specific QC measures have been developed for several key source 

categories.  

A quality manual for the Icelandic emission inventory has been prepared and can also be found on 

ǘƘŜ 9!Ωǎ ǿŜōǎƛǘŜ (ust.is/library/Skrar/Atvinnulif/Loftslagsbreytingar/Iceland_QAQC_manual.pdf). To 

further facilitate the QA/QC procedures all calculation sheets have been revised. They include a brief 

description of the method used. They are also provided with colour codes for major activity data 

entries and emissions results to allow immediate visible recognition of outliers.  

1.8 Uncertainty Evaluation 

Uncertainty estimates are an essential element of a complete inventory and are not used to dispute 

the validity of the inventory but rather help prioritise efforts to improve the accuracy of the 

inventory. Here, the uncertainty analysis is according to the Tier 1 method of the IPCC Good Practice 

Guidance and Uncertainty Management in National Greenhouse Gas Inventories where different 

gases are reviewed separately as CO2-equivalents. Total base and current years´ emissions within a 

greenhouse gas sector, category or subcategory are used in the calculations as well as corresponding 

uncertainty estimate values for activity data and emission factors used in emission calculations. 

Uncertainties were estimated for all greenhouse gas source and sink categories (i.e. including 

LULUCF) according to the IPCC Good Practice Guidance. Estimates for activity data uncertainties are 

mainly based on expert judgement whereas emission factor uncertainties are mainly based on IPCC 

source category defaults. Errors in the determination of EF uncertainty factors for the Agriculture and 

Waste sectors were corrected. All source category uncertainties were first weighted with 2012 

emission estimates and then summarized using error propagation. This calculation yielded an overall 

uncertainty of the 2012 emission estimate of 33.5%.  

Uncertainty estimates introduced on the trend of greenhouse gas emission estimates by 

uncertainties in activity data and emission factors are combined and then summarized by error 

propagation to obtain the total uncertainty of the trend. This calculation yielded a total trend 

uncertainty of 16%. The decrease from the value of the 2014 submission (16.7%) is caused by the 

above mentioned correction of errors.  

The results of the uncertainty estimate can be found in Annex II.  

 

1.9 General Assessment of Completeness 

!ƴ ŀǎǎŜǎǎƳŜƴǘ ƻŦ ǘƘŜ ŎƻƳǇƭŜǘŜƴŜǎǎ ƻŦ ǘƘŜ ŜƳƛǎǎƛƻƴ ƛƴǾŜƴǘƻǊȅ ǎƘƻǳƭŘΣ ŀŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ Lt//Ωǎ DƻƻŘ 

Practice Guidance, address the issues of spatial, temporal and sectoral coverage along with all 

underlying source categories and activities.  

In terms of spatial coverage, the emissions reported under the UNFCCC covers all activities within 

LŎŜƭŀƴŘΩǎ ƧǳǊƛǎŘƛŎǘƛƻƴΦ  

In the case of temporal coverage, CRF tables are reported for the whole time series from 1990 to 

2014.  

With regard to sectoral coverage few sources are not estimated. 

http://www.ust.is/library/Skrar/Atvinnulif/Loftslagsbreytingar/Iceland_QAQC_manual.pdf
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The main sources not estimated are: 

- Emissions of CO2 and CH4 from road paving with asphalt (2D3b).  

- In the LULUCF sector the most important estimates remaining are the ones regarding 

emissions/removals of mineral soil in few categories. 

 

The reason for not including the above activities/gases in the present submission is a lack of data 

and/or that additional work was impossible due to time constraints in the preparation of the 

emission inventory. 

1.10 Planned and Implemented Improvements 

PlannŜŘ ŀƴŘ ƛƳǇƭŜƳŜƴǘŜŘ ƛƳǇǊƻǾŜƳŜƴǘǎ ǘƻ LŎŜƭŀƴŘΩǎ DID LƴǾentory can be found in chapter 8 

Recalculations and Improvements.  
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2 Trends in Greenhouse Gas Emissions 
 

2.1 Emission Trends in Aggregated GHG Emissions 

Total amounts of greenhouse gases emitted in Iceland during the period 1990-2014 are presented in 

the following tables and figures, expressed in terms of contribution by gas and source.  

Table 2.1 presents emission figures for greenhouse gases by sector in 1990, 2005, 2013 and 2014 

expressed in kt CO2-equivalents along with percentage changes for both time periods 1990-2014 and 

2013-2014. Table 2.2 presents emission figures for all greenhouse gases by gas in 1990, 2005, 2013, 

and 2014 expressed in kt CO2-equivalents along with percentage changes for both time periods 1990-

2014 and 2013-2014.  

Table 2.1 Emissions of greenhouse gases by sector in Iceland during the period 1990-2014 (kt CO2-eq.) 

  1990 2000 2010 2013 2014 
Changes 
´90-´14 

Changes 
´13-´14 

1.  Energy 1,738 2,000 1,825 1,674 1,680 -3.5% 0.4% 

1.A Fuel combustion 1,676 1,849 1,635 1,498 1,493 -10.9% -0.3% 

1.B Geothermal 62 155 195 177 187 201.6% 5.6% 

2.  Industrial Processes 948 1,010 1,942 1,945 1,914 101.9% -1.5% 

2.D, 2.G.  Solvent and Other 
Product Use 

4 5 4 4 5 5.4% 6.1% 

3.  Agriculture 780 719 713 688 748 -4.1% 8.7% 

4.  Land Use, Land Use 
Change and Forestry 

11,495 11,652 11,653 11,871 11,868 3.2% -0.03% 

5.  Waste 168 230 246 229 255 51.8% 11.4% 

Total emissions without 
LULUCF 

3,633 3,959 4,726 4,536 4,597 26.5% 1.3% 

 

Table 2.2 Emissions of greenhouse gases by gas in Iceland during the period 1990-2014 (without LULUCF) in kt CO2-
equivalents. 

  1990 2000 2010 2013 2014 
Changes 
´90-´14 

Changes 
´13-´14 

CO2 2,106 2,729 3,384 3,290 3,272 55.4% -0.9% 

CH4  522 559 584 546 592 13.5% 8.3% 

N2O  510 477 436 440 468 -8.2% 10.0% 

PFCs 494.6 149.9 171.7 88.2 99.0 -80.0% 12.3% 

HFCs NO 43 146 171 164 NA -3.9% 

SF6 1.1 1.3 4.7 3.2 2.2 102.1% -30.8% 

Total emissions 3,633 3,959 4,726 4,536 4,597 26.5% 1.3% 

 

In 1990 total GHG emissions (excluding LULUCF) in Iceland were 3,633 kt CO2-equivalents. In 2014 

total emissions were 4,597 kt CO2-equivalents. This is tantamount to an increase of 26.5% over the 

whole time period. Total emissions show a slight decrease between 1990 and 1994, with the 



   National Inventory Report, Iceland 2016 

 

14 
 

exception of 1993. From 1995-1999 total emissions increased by about 5% per year, then plateau 

from 2000 to 2005. Between 2005 and 2008 emissions increased rapidly or by 10% per year. 

Between 2008 and 2010 annual emissions decreased again by on average 4% per year.  Emissions 

decreased by 1.76% between 2013 and 2014. 

By the middle of the 1990s economic growth started to gain momentum in Iceland. Until 2007 

Iceland experienced one of the highest GDP growth rates among OECD countries. In the autumn of 

2008, Iceland was hit by an economic crisis when three of the largest banks collapsed. The blow was 

particularly hard owing to the large size of the banking sector in relation to the overall economy as 

the sector´s worth was about ten times the annual GDP. The crisis resulted in a serious contraction of 

the economy followed by an increase in unemployment, a depreciation of the Icelandic króna (ISK), 

and a drastic increase in external debt. Private consumption contracted by 20% between 2007 and 

2010. Emissions of greenhouse gases decreased from most sectors between 2008 and 2011. 

The main driver behind increased emissions since 1990 has been the expansion of the metal 

production sector. In 1990, 87,839 tonnes of aluminium were produced in one aluminium plant in 

Iceland. A second aluminium plant was established in 1998 and a third one in 2007.  In 2014, 839,449 

tonnes of aluminium were produced in three aluminium plants. Parallel investments in increased 

power capacity were needed to accommodate for this roughly nine fold increase in aluminium 

production. The size of these investments is large compared to the size of Iceland´s economy.  

The increase in GDP since 1990 further explains the general growth in emissions as well as the fact 

that the Icelandic population has grown by roughly 28% from 1990 to 2014. This has resulted in 

higher emissions from most sources, but in particular from transport and the construction sector. 

Emissions from the transport sector have risen considerably since 1990, as a larger share of the 

population uses private cars for their daily travel. Since 2008 fuel prices have risen significantly 

leading to lower emissions from the sector compared to preceding years. A knock-off effect of the 

increased levels of economic growth until 2007 was an increase in construction, especially residential 

building in the capital area. The construction of a large hydropower plant (Kárahnjúkar, building time 

from 2002 to 2007) led to further increase in emissions from the sector. The construction sector 

collapsed in late 2008. Emissions from fuel combustion in the transport and construction sector 

decreased in 2008 by 5% compared to 2007, in 2009 by 8% compared to 2008, in 2010 by 7% 

compared to 2009 and in 2011 by 5% compared to 2010, because of the economic crises. This has 

turned around again and between 2013 and 2014 there was an increase of 2.4%. The total emissions 

in 2014 are still 18% below the peak in 2007. Emissions from Cement production had decreased by 

69% since 2007 (process emissions and emissions from fuel consumption) also as a result of the 

economic crises and the collapse of the construction sector. Cement production was shut down in 

late 2011. 

The overall increasing trend of greenhouse gas emissions until 2005 was counteracted to some 

extent by decreased emissions of PFCs, caused by improved technology and process control in the 

aluminium industry. Increased emissions due to an increase in production capacity of the aluminium 

industry (since 2006) led to a trend of overall increase in greenhouse gas emissions between 2006 

and 2008, when emissions from the aluminium sector peaked. In 2014 total emissions from the 

aluminium sector were 14% lower than in 2008 due to less PFC emissions from the sector. 

2.2 Emission Trends by Gas 

All values in this chapter refer to Iceland´s total GHG emissions without LULUCF. As shown in Figure  

2.1the largest contributor by far to total GHG emissions is CO2 (71%), followed by CH4 (13%), N2O 
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(10%) and fluorinated gases (PFCs, HFCs, and SF6, 6%). In the year 2014, the changes in gas emissions 

compared to 1990 levels for CO2, CH4, N2O, and fluorinated gases were 55.4%, 13.5%, -8.2%, and  

-80%, respectively ( Table 2.2 and Figure  2.1). 

 

Figure  2.1 Distribution of emissions of GHG by gas in 2014. 

 

 

Figure  2.2 Percentage changes in emissions of GHG by gas 1990-2014, compared to 1990 levels. 
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Figure  2.3 Emissions of greenhouse gases by gas, 1990-2014. 

2.3 Carbon Dioxide (CO2) 

Industrial processes, road transport and commercial fishing are the three main sources of CO2 

emissions in Iceland. Since emissions from electricity generation and space heating are low, as they 

are generated from renewable energy sources, emissions from stationary combustion are dominated 

by industrial sources. Thereof, the fishmeal industry is by far the largest user of fossil fuels. Emissions 

from mobile sources in the construction sector are also significant (though much lower since 2008 

than in the years before). Emissions from geothermal energy exploitation are considerable. Other 

sources consist mainly of emissions from non-road transport and waste incineration. Table 2.3 lists 

CO2 emissions from the main source categories for the period 1990-2014. Figure  2.4 shows the 

percentage change in emissions of CO2 by source from 1990 to 2014 compared with 1990 levels. 

Table 2.3 Emissions of CO2 by sector 1990-2014 in kt. 

  1990 2005 2010 2013 2014 

Fishing 652 623 532 474 438 

Road vehicles 509 747 794 787 765 

Stationary combustion, liquid fuels 202 171 71 49 25 

Industrial processes 399 846 1,616 1,678 1,646 

Construction 120 214 102 87 128 

Geothermal 61 118 190 172 182 

Other 163 78 79 53 88 

Total CO2 emissions 2,106 2,798 3,384 3,301 3,272 
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Figure  2.4 Percentage changes in emissions of CO2 by major sources 1990-2014, compared to 1990. 

 

Figure  2.5 Distribution of CO2 emissions by source in 2014. 
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significantly higher fuel prices, owing to the depreciation of the Icelandic króna since 2008, and by an 

increasing share of fuel efficient vehicles in the fleet. This can also be seen in decreased international 

aviation in 2008 and 2009 (Table 2.15). In 2009, 2010 and 2011 fuel prices continued to rise. In recent 

years more fuel efficient vehicles have been imported ς a turn-over of the trend from the years 2002 

to 2007 when larger vehicles were imported.  This can be seen in less fuel consumption in 2010 than 

in 2009 despite the fact that driven mileage stayed almost the same. Driven mileage decreased by 5% 

for gasoline passenger cars and by 6% for diesel fueled cars between 2011 and 2012 but is on the rise 

again. Emissions from stationary combustion of liquid fuels decreased by 46.1% from 2013 to 2014. 

Emissions from construction increased by 47% and emissions from other sources increased by 73.3% 

during the same time period. 

The increase in CO2 emissions between 1990 and 2014 can be explained by increased emissions from 

industrial processes (312%), road transport (50%), construction (6%) and geothermal energy 

utilisation (196%). Total CO2 emissions from the commercial fishing on the other hand declined by 

32% respectively. In 2007 residual oil use in energy industries increased significantly due to 

insufficient supply of electricity 

The main driver behind increased emissions from industrial processes since 1990 has been the 

expansion of the metal production sector, in particular the aluminium sector. In 1990, 87,839 tonnes 

of aluminium were produced in one aluminium plant in Iceland. A second aluminium plant was 

established in 1998 and a third one in 2007.  In 2014, a total of 839,449 tonnes of aluminium were 

produced in these three aluminium plants, slightly less than in 2013.  

CO2 emissions from road transport have increased by 50% since 1990, owing to increases in 

population, number of cars per capita, more mileage driven, and - until 2007 - an increase in the 

share of larger vehicles. Since 1990 the vehicle fleet in Iceland has increased by 78%. Emissions from 

both domestic flights and navigation have declined since 1990. 

Emissions from geothermal energy exploitation have increased by 196% since 1990. Electricity 

production using geothermal energy has increased from 283 GWh in 1990 to 5,238 GWh in 2014, or 

more than 18-fold.  

CO2 emissions from commercial fishing rose from 1990 to 1996 because a substantial portion of the 

fishing fleet was operating in distant fishing grounds. From 1996 the emissions decreased again 

reaching 1990 levels in 2001. Emissions then increased again by 10% between 2001 and 2002, but in 

2003 they dropped to 1990 levels. In 2014, the emissions were 33% below the 1990 levels and 7% 

below the 2014 levels. Annual changes in emissions reflect the inherent nature of the fishing 

industry.  

Emissions from other sources decreased from 1990 to 2003, but rose again between 2004 and 2007 

when they were 18% above the 1990 level. This is mainly due to changes in the cement industry 

where production had been slowly decreasing since 1990. The construction of the Kárahnjúkar 

hydropower plant (building time from 2002 to 2007)  increased demand for cement, and the 

production at the cement plant increased again between 2004 and 2007, although most of the 

cement used in this project was imported. In 2011, emissions from cement production were 67% 

lower than in 2007, due to the collapse of the construction sector. The sole cement plant ceased 

operation in late 2011. CO2 emissions from other sources in 2014 were 4.7% below the 1990 levels 

however emissions increased from 2013 to 2014 by 73.3% which is mostly related to growth in the 

economy. 
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2.4 Methane (CH4) 

Agriculture and waste treatment have been the main sources of methane emissions since 1990. In 

2014 they comprised 62% and 36% of total methane emissions, respectively (Table 2.4 and Figure 

2.6). The main methane source in the agriculture sector is enteric fermentation, the main source in 

the waste sector is solid waste disposal on land. Together they accounted for roughly 98% of sector 

methane emissions.  

Methane emissions from agriculture decreased by 5% between 1990 and 2014 due to a decrease in 

livestock population. Emissions from waste, on the other hand, increased by 34% during the same 

period. Emissions from waste treatment increased sharply from 1990 to 2007 although the amount 

of waste landfilled had been oscillating between 300 and 350 kt from 1986 to 2005. The increase was 

due to an increasing share of waste landfilled in well managed solid waste disposal sites which are 

characterised by a higher methane correction factors than unmanaged sites. The decrease in 

methane emissions from the waste sector since 2007 by 18% is due to a decrease in the amount of 

waste landfilled since 2005 (Table 2.4). 

Table 2.4 Emissions of CH4 by sector 1990-2014 (kt CO2-eq.). 

  1990 1995 2000 2005 2010 2013 2014 

Agriculture 364 338 332 322 342 323 344 

Waste 150 195 219 232 231 215 239 

Other 7 7 7 8 10 9 9 

Total 522 540 559 562 584 546 592 

 

 

Figure 2.6 Distribution of CH4 emissions by source in 2014. 
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Figure  2.7 Percentage changes in emissions of CH4 by major sources 1990-2014, compared to 1990 levels. 

 

2.5 Nitrous Oxide (N2O) 

Agriculture has been the main source of N2O emissions in Iceland and accounted for 87% of nitrous 

oxide emissions in 2014 (Table 2.5 and Figure  2.8). Direct and indirect N2O emissions from 

agricultural soils were the most prominent emission contributors, followed by emissions from 

unmanaged manure and manure managed in solid storage. Emissions from the agriculture sector 

decreased by 10% since 1990. This development was mainly due to a decrease in livestock 

populations accompanied by a decrease in manure production. The second most important source of 

N2O, since the shutdown of the fertilizer plant in 2001, is road transport. Emissions increased rapidly 

when catalytic converters became obligatory in all new vehicles in 1995. N2O is a by-product of NOx 

reduction in catalytic converters. Total nitrous oxide emissions have decreased by 9.7% since 1990. 

Table 2.5 Emissions of N2O by sector 1990-2014 (kt CO2-equivalents). 

  1990 1995 2000 2005 2010 2013 2014 

Agriculture 415 370 387 352 370 365 403 

Road transport 15 20 31 38 37 34 34 

Other fuel combustion 21 25 31 32 18 15 20 

Chemical industry 46 41 18 NO NO NO NO 

Other 12 11 11 10 11 11 11 

Total 510 466 477 432 436 426 468 
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Figure  2.8 Distribution of N2O emissions by source in 2014. 

 

 

Figure  2.9 Changes in N2O emission for major sources between 1990 and 2014. 
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2.6 Perfluorocarbons (PFCs) 

The emissions of the perfluorocarbons, i.e. tetrafluoromethane (CF4) and hexafluoroethane (C2F6) 

from the aluminium industry were 82.5 and 16.4 kt CO2-equivalents respectively in 2014, or roughly 

99 kt CO2-equivalents in total.  Emissions of PFCs (PFC 116 and PFC 218) from consumption of 

halocarbons in refrigeration and air conditioning equipment were 0.007 kt CO2-equivalents in 2014 

(Table 2.6). 

Total PFC emissions decreased by 80% in the period of 1990-2014. The emissions decreased steadily 

from 1990 to 1996 with the exception of 1995, as can be seen from Figure  2.10. At that time one 

aluminium plant was operating in Iceland. PFC emissions per tonne of aluminium are generally high 

during start up and usually rise during expansion. The emissions therefore rose again due to the 

expansion of the Rio Tinto Alcan aluminium plant in 1997 and the establishment of the Century 

Aluminium plant in 1998. The emissions showed a steady downward trend between 1998 and 2005. 

The PFC reduction was achieved through improved technology and process control and led to a 98% 

decrease in the amount of PFC emitted per tonne of aluminium produced during the period of 1990 

to 2005. The PFC emissions rose significantly in 2006 due to an expansion of the Century Aluminium 

facility. The extent of the increase can be explained by technical difficulties experienced during the 

expansion. PFC emissions per tonne of aluminium went down from 2007 to 2010 and reached 2005 

levels in 2010 at the Century Aluminium plant. The Alcoa Fjarðarál aluminium plant was established 

in 2007 and reached full production capacity in 2008. The decline in PFC emissions in 2009, 2010 and 

2011 was achieved through improved process control at both Century Aluminium plant and Alcoa 

Fjarðarál (except in December at Alcoa), as the processes have become more stable after a period of 

start-up in both plants. In December 2010 a rectifier was damaged in fire at Alcoa. This led to 

increased PFC emissions leading to higher emissions at the plant in 2010 than in 2009. 

To a very small extent PFCs have also been used as refrigerants. C2F6 has been used in refrigeration 

and air conditioning equipment since 2002 (0.001 to 0.007 kt CO2-equivalents per year) and C3F8 was 

used in refrigeration and air conditioning equipment for the first time in 2009.  

Table 2.6. Emissions of PFCs 1990-2014 (kt CO2-equivalents). 

  1990 1995 2000 2005 2010 2013 2014 

CF4 412 58 125 26 143 73 83 

C2F6 82 12 25 5 29 15 16 

C3F8 NO NO NO NO 0.01 0.00 0.01 

Total 495 69 150 31 172 88 99 
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Figure  2.10 Emissions of PFCs from 1990 to 2014, kt CO2-equivalents. 

2.7 Hydrofluorocarbons (HFCs) 

Total actual emissions of HFCs, used as substitutes for ozone depleting substances (ODS), amounted 

to 164 kt CO2-equivalents in 2014 (Table 2.7). The import of HFCs started in 1993 and has increased 

until 2010 in response to the phase-out of ODS like chlorofluorocarbons (CFCs) and 

hydrochlorofluorocarbons (HCFCs). Import numbers decreased strongly in 2011, causing only a slight 

decrease in emissions due to the time lag between refrigerant use and leakage. Refrigeration and air-

conditioning were by far the largest sources of HFC emissions and the fishing industry plays an 

eminent role. 

Over the years, the use of ozone depleting substances (ODS) in the fishing industry has been 

decreasing due to restrictions on ODS import. The ban on importing new R-22, which became 

effective in 2010 and the impending ban on importing recovered R-22 mean a price increase for R-22 

and add urgency to the process of retrofitting and replacing refrigerant systems in the fishing 

industry (Figure  2.7Figure  2.11). HFC-23, HFC-32, HFC-152 and HFC-227 cannot be seen in Figure  

2.11 due to proportionally low levels compared to three major HFCs. Between 2008 and 2010 the 

import of HFCs had increased more than twofold.  Total HFC emissions amounted to to 164 kt in 

2014 which is lower compared to 2013. 

Table 2.7. Emissions of HFCs 1990-2014 (kt CO2-equivalents). 

  1990 1995 2000 2005 2010 2013 2014 

HFC-23 NO NO NO 0.02 0.02 0.01 0.01 

HFC-32a  NO NO 0.01 0.03 0.05 0.17 0.22 

HFC-125  NO 5.08 17.47 25.32 53.21 63.65 64.79 

HFC-134a  NO 1.92 7.48 13.13 21.41 22.42 22.45 

HFC-143 NO 2.46 17.46 30.52 70.73 84.08 76.06 

HFC152a NO 0.04 0.07 0.05 0.02 0.01 0.01 

HFC-227ea NO NO NO 0.08 0.03 0.28 0.00 

Total NO 9.50 42.49 69.15 145.47 170.61 163.54 
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Figure  2.11 Emissions of HFCs 1990-2014 (kt CO2-equivalents). 

2.8 Sulphur Hexafluoride (SF6) 

The sole source of SF6 emissions in Iceland is leakage from electrical equipment. Total emissions in 

2014 were 97 kg SF6 which is tantamount to 2.2 kt CO2-equivalents. Emissions have increased by 

102% since 1990. This increase reflects the expansion of the Icelandic electricity distribution system 

since 1990 which is accompanied by an increase in SF6 used in high voltage gear. The emission peak 

in 2010 was caused by two unrelated accidents during which the SF6 amounts contained in the gear 

affected by the accidents was emitted (Figure  2.12). The emission peak in 2012 was caused by 

increased leakage in the transmission grid of Landsnet LLC. 

 

Figure  2.12 Emissions of SF6 from 1990 to 2014 (kt CO2-equivalants). 
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2.9 Emission Trends by Source 

Industrial processes are the largest contributor of greenhouse gas emissions in Iceland (without 

LULUCF), followed by Energy, Agriculture, and Waste. The contribution of Industrial Processes to 

total net emissions (without LULUCF) increased from 25% in 1990 to 41% in 2014. The contribution of 

the Energy sector decreased from 51% in 1990 to 38% in 2013. Agriculture and the Waste sector 

accounted for 17% and 5% of 2014 emissions, respectively (cf. Table 2.1 and Figure  2.13). 

 

Figure  2.13 Emissions of GHG by sector, without LULUCF, from 1990 to 2014 (CO2-equivalents). 

 

 

Figure  2.14 Emissions of greenhouse gases by UNFCCC sector in 2014. 
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Figure  2.15 Percentage changes in total GHG emissions by UNFCCC source categories 1990-2014, compared to 1990 levels. 
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The Energy sector in Iceland is unique in many ways. Iceland ranks 1st among OECD countries in the 

per capita consumption of primary energy and in 2013 the consumption per capita was about 796 GJ. 

However, the proportion of domestic renewable energy in the total energy budget is 85%, which is a 

much higher share than in most other countries. The cool climate and sparse population calls for high 

energy use for space heating and transport. Also, key export industries such as fisheries and metal 

production are energy-intensive. The metal industry used around 75% of the total electricity 

produced in Iceland in 2014. Iceland relies heavily on its geothermal energy sources for space heating 

(over 90% of all homes) and electricity production (30% of the electricity) and on hydropower for 

electricity production (70% of the electricity).  

The development of the energy sources in Iceland can be divided into three phases. The first phase 

covered the electrification of the country and harnessing the most accessible geothermal fields, 

mainly for space heating. In the second phase, steps were taken to harness the resources for power-

intensive industry. This began in 1966 with agreements on the building of an aluminium plant, and in 

1979 a ferrosilicon plant began production. In the third phase, following the oil crisis of 1973-1974, 

efforts were made to use domestic sources of energy to replace oil, particularly for space heating and 

fishmeal production. Oil has almost disappeared as a source of energy for space heating in Iceland, 

and domestic energy has replaced oil in industry and in other fields where such replacement is 

feasible and economically viable.  

2.9.1.1 Fuel Combustion 

The total emissions of greenhouse gases from fuel combustion in the Energy sector over the period 

1990 to 2014 are listed in Table 2.8. Emissions from fuel combustion in the Energy sector accounted 

for 32% of the total greenhouse gas emissions in Iceland in 2014.  
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Table 2.8 shows the distribution of emissions in 2014 by different source categories. The percentage 

change in the various source categories in the Energy sector between 1990 and 2014, compared with 

1990, is illustrated in Figure  2.16.  

Table 2.8. Total emissions of GHG from the fuel combustion in the Energy sector in 1990-2014( CO2-equivalents). 

  1990 1995 2000 2005 2010 2013 2014 

Energy industries 14 20 9 11 7 3 3 

Manufacturing industry and 
construction 

250 226 248 217 104 80 40 

Transport 619 624 662 836 890 859 861 

Road 527 557 622 787 833 824 800 

 Other  92 67 40 48 56 35 61 

Other sectors 840 970 971 888 668 587 604 

Fishing 659 776 723 629 538 478 443 

Residential/ 
commercial 

47 28 29 19 16 10 18 

Total 1723 1840 1890 1953 1669 1529 1508 

 

 

Figure  2.16 Greenhouse gas emissions in the Energy sector 2014, distributed by source categories. 
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Figure  2.17 Percentage changes in emissions for source categories in the Energy sector during 1990-2014, compared to 
1990. 

Table 2.8 and Figure  2.17 show that emissions from road vehicles have increased by 52% since 1990 

as emissions from fishing have decreased by 33%. Emissions from energy industries are 82% below 

1990 levels and emissions from manufacturing industries and construction are 7% below 1990 levels. 

Energy industries include emissions from electricity and heat production. Iceland relies heavily on 

renewable energy sources for electricity and heat production, thus emissions from this sector are 

very low. Since 1997 emissions have been around 40% lower in normal years than in 1990. Emissions 

ŦǊƻƳ ŜƴŜǊƎȅ ƛƴŘǳǎǘǊƛŜǎ ŀŎŎƻǳƴǘŜŘ ŦƻǊ лΦн҈ ƻŦ ǘƘŜ ǎŜŎǘƻǊΩǎ ǘƻǘŀƭ ŀƴŘ лΦм҈ ƻŦ ǘƘŜ ǘƻǘŀƭ DID ŜƳƛǎǎƛƻƴǎ 

in Iceland in 2013. Electricity is produced with fuel combustion at 2 locations, which are located far 

from the distribution system (two islands, Flatey and Grimsey). Some electricity facilities have backup 

systems using fuel combustion which they use if problems occur in the distribution system. Some 

district heating facilities that lack access to geothermal energy sources use electric boilers to produce 

heat from electricity. They depend on curtailable energy. These heat plants have back-up fuel 

combustion in case of an electricity shortage or problems in the distribution system. Emissions from 

the energy industries sector have generally decreased since 1990. In 1995 there were issues in the 

electricity distribution system (snow avalanches in the west fjords and icing in the northern part of 

the country) that resulted in higher emissions that year. Unusual weather conditions during the 

winter of 1997/1998 led to unfavorable water conditions for the hydropower plants. This created a 

shortage of electricity which was met by burning oil for electricity and heat production. In 2007 a 

new aluminium plant was established. Because the Kárahnjúkar hydropower project was delayed, 

the aluminium plant was supplied for a while with electricity from the distribution system. This led to 

electricity shortages for the district heating systems and industry depending on curtailable energy, 

leading to increased fuel combustion and emissions. This also has an effect on the implied emission 

factor (IEF) for energy industries, as waste and residual fuel oil have different emission factors. In 

years where more oil is used in the sector the IEF is considerably higher than in normal years.  
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Increased emissions from the manufacturing industries and construction source category over the 

period 1990 to 2007 are explained by the increased activity in the construction sector during the 

period. The knock-off effect of the increased levels of economic growth was increased activity in the 

construction sector. Emissions rose until 2007, where the rise, particularly in the years prior to 2007, 

ǿŀǎ ǊŜƭŀǘŜŘ ǘƻ ǘƘŜ ŎƻƴǎǘǊǳŎǘƛƻƴ ƻŦ LŎŜƭŀƴŘΩǎ ƭŀǊƎŜǎǘ ƘȅŘǊƻǇƻǿŜǊ Ǉƭant (Kárahnjúkar, building time 

from 2002 to 2007). The construction sector collapsed in fall 2008 due to the economic crises and the 

emissions from the sector decreased by 55% between 2007 and 2011. Emissions from fuel 

combustion at the cement plant decreased rapidly due to the collapse of the construction sector and 

in 2011 the plant closed down. The fishmeal industry is the second most important source within 

manufacturing industries and construction. Emissions from fishmeal production decreased over the 

period due to replacement of oil with electricity as well as a drop in production.  

Emissions from the Transport sector increased by 39% from 1990 to 2014. Emissions from road 

transport have increased by 52% since 1990, owing to an increase in the number of cars per capita, 

more mileage driven and until 2007 an increase in larger vehicles. Since 1990 the vehicle fleet in 

Iceland has increased by 78%. Also, the Icelandic population has grown by 28% from 1990 to 2014. 

Emissions from road vehicles peaked in 2007 and have decreased by 14% since then. In recent years 

more fuel economic vehicles have been imported ς a turn-over of the trend from the years 2002 to 

2007 when larger vehicles were imported.  Another factor in reducing fuel consumption is the fact 

that the mean mileage per vehicle has been in decline from 2010-2014. Emissions from both 

domestic flights and navigation have declined since 1990 and this decrease in navigation and aviation 

has compensated for rising emissions in the transport sector to some extent.  

The fisheries dominate the Other sector as heating in Iceland relies on renewable energy sources. 

Emissions from fisheries rose from 1990 to 1996 because a substantial portion of the fishing fleet 

was operating in unusually distant fishing grounds. From 1996, the emissions decreased again 

reaching 1990 levels in 2001. Emissions increased again by 10% between 2001 and 2002. In 2003 

emissions again reached the 1990 level. In 2014 emissions were 33% below the 1990 level and 5% 

below the 2013level. Annual changes are inherent to the nature of fisheries.  

2.9.1.2 Geothermal Energy 

Emissions from geothermal energy utilization accounts for 4% of the total greenhouse gas emissions 

in Iceland in 2014. Iceland relies heavily on geothermal energy for space heating (over 90% of the 

homes) and electricity production (27% of the total electricity production). The emissions from 

geothermal power plants are considerably less, or 19 times lower, than from fossil fuel power plants. 

Table 2.9 shows the emissions from geothermal energy from 1990 to 2014. Electricity production 

using geothermal power increased more than 18-fold during this period from 283 to 5,238 GWh. 

Emissions during the same time increased by 180%. Emissions from geothermal utilization are site 

and time-specific, and can vary greatly between areas and the wells within an area as well as by the 

time of extraction. 

Table 2.9. Emissions from geothermal energy from 1990-2014 (kt CO2-equivalents). 

 1990 1995 2000 2005 2010 2013 2014 

Geothermal energy 62 83 154 121 195 177 187 

 

2.9.1.3 Distribution of oil products 

Emissions from distribution of oil products are a minor source in Iceland. Emissions are around 0.3 to 

0.5 kt per year. 
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2.9.2 Industrial Processes 
Production of raw materials is the main source of industrial process related emissions for both CO2 

and other greenhouse gases such as N2O and PFCs. Emissions also occur as a result of the 

consumption of HFCs as substitutes for ozone depleting substances and SF6 from electrical 

equipment. The Industrial Process sector accounts for 43% of the national greenhouse gas emissions. 

As can be seen in Table 2.10 and Figure  2.18 emissions from industrial processes decreased from 

1990 to 1996, mainly because of a decrease in PFC emissions. Increased production capacity has led 

to an increase in industrial process emissions since 1996, especially after 2005 as the production 

capacity in the aluminium industry has increased. By 2014, emissions from the industrial processes 

sector were 102% above the 1990 level. 

Table 2.10. Emissions from industrial processes 1990-2014 (kt CO2-equivalents). 

  1990 1995 2000 2005 2010 2013 2014 

Mineral products 52 38 65 55 10 1 1 

Chemical industry 47 41 18 NO NO NO NO 

Metal production 842 466 878 823 1,778 1,767 1,746 

-          Ferroalloys 208 243 375 375 369 405 367 

-          Aluminium 634 223 503 448 1,409 1,362 1,379 

  Aluminium CO2 139 154 353 417 1,238 1,274 1,280 

  Aluminium PFC 495 69 150 31 172 88 99 

Non-Energy Products from 
Fuels and Solvent Use 

4 5 5 5 4 4 5 

Product Uses as Substitutes 
for Ozone Depleting 
Substances 

0 2 43 69 146 171 164 

Other Product Manufacture 
and Use 

7 5 6 6 8 6 5 

Total 948 560 1,010 953 1,942 1,945 1,915 
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Figure  2.18 Total GHG emissions in the Industrial Process sector during 1990-2014 (kt CO2-equivalents). 

The most significant category within the Industrial Processes sector is metal production, which 

ŀŎŎƻǳƴǘŜŘ ŦƻǊ уу҈ ƻŦ ǘƘŜ ǎŜŎǘƻǊΩǎ ŜƳƛǎǎƛƻƴǎ ƛƴ мффл ŀƴŘ фн҈ ƛƴ нлмпΦ !ƭǳƳƛƴƛǳƳ ǇǊƻŘǳŎǘƛƻƴ ƛǎ ǘƘŜ 

main source within the metal production category, accounting for 67% of the total Industrial 

Processes emissions. Aluminium is produced at three plants, Rio Tinto Alcan at Straumsvík, Century 

Aluminium at Grundartangi, and Alcoa Fjarðaál at Reyðarfjörður. The production technology in all 

aluminium plants is based on using prebaked anode cells. The main energy source is electricity, and 

industrial process CO2 emissions are mainly due to the anodes that are consumed during the 

electrolysis. In addition, the production of aluminium gives rise to emissions of PFCs. From 1990 to 

1996 PFC emissions were reduced by 94%. Because of the expansion of the existing aluminium plant 

in 1997 and the establishment of a second aluminium plant in 1998, emissions increased again from 

1997 to 1999. From 2000, the emissions showed a steady downward trend until 2005. The PFC 

reduction was achieved through improved technology and process control and led to a 98% decrease 

in the amount of PFC emitted per tonne of aluminium produced during the period of 1990 to 2005; 

from 4.78 tonnes CO2-equivalents in 1990 to 0.10 tonnes CO2-equivalents in 2005. In 2006 the PFC 

emissions rose significantly due to an expansion at Century Aluminium. The extent of the increase 

can be explained by technical difficulties experienced during the expansion. PFC emissions per tonne 

of aluminium at the Century Aluminium plant went down from 2007 to 2011 through improved 

process technology, reaching 0.12 tonnes CO2-equivalents per tonne aluminium in 2011. The Alcoa 

Fjarðaál aluminium plant was established in 2007 and reached full production capacity in 2008. PFC 

emissions per tonne of aluminium are generally high during start up and usually rise during 

expansion. PFC emission declined in 2009 and 2010 through improved process technology until 

December 2010 at Alcoa Fjarðaál, when a rectifier was damaged in fire.  This led to increased PFC 

emissions leading to higher emissions at the plant in 2010 than in 2009. In 2011 PFC emissions per 

tonne of aluminium at the Alcoa Fjarðaál went down to 0.07 tonnes CO2-equivalents per tonne 

aluminium before increasing again to 0.2 tonnes CO2-equivalents per tonne aluminium in 2014. 
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Production of ferroalloys is another major source of emissions, accounting for 19% of Industrial 

Processes emissions in 2014. CO2 is emitted due to the use of coal and coke as reducing agents and 

from the consumption of electrodes. In 1998 a power shortage caused a temporary closure of the 

ferrosilican plant, resulting in exceptionally low emissions that year. In 1999, however, the plant was 

expanded (addition of the third furnace) and emissions have therefore increased considerably, or by 

76% since 1990. Emissions in 2014 were 4% higher than in 2013. 

Production of minerals accounted for only 0.1% of the emissions in 2011. Cement production was the 

dominant contributor until 2011 when the sole cement plant shut down. CO2 derived from carbon in 

the shell sand used as raw material is the source of CO2 emissions from cement production. Emissions 

from the cement industry reached a peak in 2000 but declined until 2003, partly because of cement 

imports. In 2004 to 2007 emissions increased again because of increased activity related to the 

construction of the Kárahnjúkar hydropower plant (built 2002 to 2007) although most of the cement 

used for the project was imported.  

Production of fertilizers, which used to be the main contributor to the process emissions from the 

chemical industry was closed down in 2001. No chemical industry has been in operation in Iceland 

after the closure of a silicon production facility in 2004. 

Imports of HFCs started in 1993 and have increased steadily since then. HFCs are used as substitutes 

for ozone depleting substances that are being phased out in accordance with the Montreal Protocol. 

Refrigeration and air conditioning are the main uses of HFCs in Iceland and the fishing industry plays 

a preeminent role. HFCs stored in refrigeration units constitute banks of refrigerants which emit HFCs 

during use due to leakage. The process of retrofitting older refrigeration systems and replacing ODS 

as refrigerants is still on-going which means that the size of the refrigerant bank is still increasing, 

causing an accelerated increase of emissions since 2008. The amount of HFCs emitted by mobile air 

conditioning units in vehicles has also been increasing steadily (Table 2.11). 

The sole source of SF6 emissions is leakage from electrical equipment. Emissions have been 

increasing since 1990 due to the expansion of the Icelandic electricity distribution (Table 2.11). The 

peak in 2010 was caused by two unrelated accidents during which the SF6 contained in equipment 

leaked into the atmosphere. The peak in 2012 was caused by increased emissions from the operator 

of the Icelandic grid Landsnet LLC. 

Table 2.11. HFC and SF6 emissions from consumption of HFC and SF6 (kt-CO2 equivalents). 

 1990 1995 2000 2005 2010 2013 2014 

HFCs (refrigeration) 0.0 9.5 42.5 69.2 145.7 171.1 164.4 

SF6 (electrical equipment) 1.1 1.3 1.4 2.6 4.9 3.2 2.2 

 

2.9.3 Solvent and other Product Use 
The use of solvents and products containing solvents leads to emissions of non-methane volatile 

organic compounds (NMVOC), which are regarded as indirect greenhouse gases. The NMVOC 

compounds are oxidized to CO2 in the atmosphere over time. Also included in this sector are 

emissions of N2O from product uses and emissions of CO2 from paraffin wax use. N2O is used mainly 

for medical purposes. To a smaller extent it is also used in car racing and fire extinguishing.  

Total NMVOC emissions from solvent and other product use amounted to 4.4 kt CO2-equivalents in 

2014 (less than 0.1% of total GHG emissions), which was 1% below the 1990 level and the same as 

2013. This development was mainly due to a decrease in paint application. Emissions from N2O use 



   National Inventory Report, Iceland 2016 

 

33 
 

decreased by 55% between 1990 and 2014 due to decreasing imports for medical purposes 

(anaesthesia). 

2.9.4 Agriculture 
Emissions from agriculture are closely coupled with livestock population sizes, especially cattle and 

sheep. Since emission factors were assumed to be stable during the last two decades (with the 

exception of gross energy intake of dairy cows, whose increase reflects an increase in milk 

production), changes in activity data translated into proportional emission changes. The only other 

factor that had considerable impact on emission estimates was the amount of nitrogen in fertilizer 

applied annually to agricultural soils. A 17% decrease in livestock population size of sheep between 

1990 and 2005 ς partly counteracted by increases of livestock population sizes of horses, swine, and 

poultry - led to emission decreases from all subcategories and resulted in a 13% decrease of total 

agriculture emissions during the same period (Table 2.12 and Figure 2.19) 

Since 2005 emissions from agriculture have increased by 7% due to an increase in livestock 

population size but still remain 4% below 1990 levels. This general trend is modified by the amount 

of synthetic nitrogen applied annually to agricultural soils. The amount was highest in 2008, when it 

amounted to more than 15,300 tonnes, but has decreased to less than 15,300 tonnes in 2014. This 

development was due to the economic crisis in Iceland which was accompanied by a weakening of 

the Icelandic króna thus increasing the price of imported fertilizer. The largest sources of agricultural 

greenhouse gas emissions in 2014 were nitrous oxide emissions from agricultural soils: direct soil N2O 

emissions, indirect soils N2O emissions, and N2O emissions from pasture and range manure 

accounted for 49% of total agriculture emissions (Figure  2.19). The remaining 51% were made up of 

methane emissions from enteric fermentation and methane and nitrous oxide emissions from 

manure management (i.e. before the manure is applied to soils). 

 

Figure  2.19 GHG emissions from the agriculture sector 2014, distributed by source categories. 

  

Manure 
management; 

12%

Direct soil emissions; 
19%

Pasture and range 
manure; 11%

Indirect soil 
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Table 2.12. Total GHG emissions from agriculture in 1990-2014 (kt CO2-equivalents). 

  1990 1995 2000 2005 2010 2013 2014 

Manure management 101 87 89 86 91 88 92 

Direct soil emissions 143 130 138 120 126 129 145 

Pasture and range manure 86 79 79 78 81 74 80 

Indirect soil emissions 136 122 129 115 122 121 136 

Enteric fermentation 314 290 285 276 293 276 294 

Total emissions 780 708 719 674 713 688 747 

 

 

 

Figure  2.20 Total GHG emissions from agriculture 1990-2014, (kt CO2-equivalents). 

 

2.9.5 Land Use, Land-Use Change and Forestry (LULUCF) 
Net emissions from the LULUCF sector in Iceland are high; the sector had the highest net emission 

1990-2014. A large part of the absolute value of emissions from the sector in 2014 was from cropland 

and grassland on drained organic soil. The emissions can be attributed to drainage of wetlands in the 

latter half of the 20th century, which had largely ceased by 1990. Emissions of CO2 from drained 

wetlands continue for a long time after drainage. 

Net emissions (emissions ς removals) in the sector have decreased over the time period, as can be 

seen in Table 2.13. This is explained by increased removals through afforestation and revegetation as 

well as a decrease in emissions from land converted to cropland. Increased removals in afforestation 

and revegetation are explained by the increased activity in those categories and changes in forest 

growth with stand age. 
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Table 2.13. GHG emissions from the LULUCF sector from 1990-2014 (kt CO2-equivalents). 

 1990 1995 2000 2005 2010 2013 2014 

Forest Land  -44 -66 -100 -150 -203 -249 -271 

Cropland 2,014 1,963 1,912 1,859 1,804 1,772 1,761 

Grassland 8,388 8,428 8,614 8,842 9,207 9,335 9,369 

Wetlands 1,125 1,129 1,109 1,082 1,043 1,030 1,027 

Settlements 13 6 15 20 5 5 5 

Harvested Wood Products NE NE NE NE NE NE NE 

Net emissions LULUCF 11,496 11,460 11,549 11,652 11,857 11,891 11,890 

 

Analyses of trends in emissions of the LULUCF sector must be interpreted with care as some 

potential sinks and sources are not included. Uncertainty estimates for reported emissions are 

considerable and observed changes in reported emissions therefore not necessarily significantly 

different from zero.  

 

2.9.6 Waste 
Emissions from the Waste sector accounted for 5.5% of total GHG emissions in 2014. About 91% of 

these emissions were methane emissions from solid waste disposal on land.  4.4% were CH4 and N2O 

emissions from wastewater treatment and 3.1% were CO2, CH4 and N2O emissions from waste 

incineration. The remaining 1.5% originated from biological treatment of waste, i.e. composting. 

Emissions from the waste sector increased steadily from 1990 to 2007 due to an increase in 

emissions from solid waste disposal on land (SWD) (Table 2.14 and Figure  2.21). This increase was 

caused by the accumulation of degradable organic carbon in recently established managed, 

anaerobic solid waste disposal sites which are characterised by higher methane production potential 

than the unmanaged SWDS they succeeded. The decrease in emissions from the waste sector since 

2007 is caused by a decrease in SWD emissions which is due to a rapidly decreasing share of waste 

landfilled since 2005 and by an increase in methane recovery at SWDS. The total increase of SWD 

emissions between 1990 and 2014 amounted to 45%.  

Table 2.14. Total emissions from the Waste sector from 1990-2014 (kt CO2-equivalents). 

  1990 1995 2000 2005 2010 2013 2014 

Solid waste disposal 142 188 214 225 225 209 232 

Wastewater 7 8 9 12 11 11 11 

Incineration 19 13 7 5 7 8 8 

Composting NO 0 0 1 3 3 4 

Total emissions 168 209 230 243 246 229 255 
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Figure  2.21 Aggregated GHG emissions of the Waste sector 1990-2014 (kt CO2-equivalents). 

Total wastewater handling emissions increased by 63% since 1990 due to increasing N2O and CH4 

emissions. The increase in N2O emission estimates is proportional to an increase in population. The 

increase in methane emissions is mainly due to an increase in the share of wastewater treated in 

septic systems. All other wastewater discharge pathways were assumed to emit no methane since 

the wastewater is either treated aerobically or discharged into fast running rivers or straight into the 

sea. 

Emissions from waste incineration decreased by 58% between 1990 and 2014 due to a decrease in 

the amount of waste incinerated and a change in waste incineration technology. During the early 

1990s waste was either burned in open pits or in waste incinerators at low or varying temperatures. 

Since the mid-1990s increasing amounts of waste are incinerated in proper waste incinerators that 

control combustion temperatures which lead to lower emissions of CO2, CH4 and N2O per waste 

amount incinerated (Figure  2.22). 

The CO2 emission factor for waste incineration is slightly higher than for open burning of waste 

(oxidisation factor of 1 vs. 0.58), but the CH4 emission factor for open burning of waste is, however, 

27 times higher and the N2O emission factor 2.5 times higher than the one for waste incineration. 
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Figure  2.22 Emissions from incineration and open burning of waste 1990-2014 (kt CO2-equivalents). 

Emissions from composting have been steadily increasing from 1995 when composting started. 

Between 1995 and 2014 composting emissions increased tenfold due to increasing amounts of waste 

composted. 

2.9.7 International Bunkers 
Emissions from international aviation and marine bunker fuels are excluded from national totals as is 

outlined in the IPCC Guidelines. These emissions are presented separately for information purposes 

and can be seen in Table 2.15. 

In 2014, greenhouse gas emissions from ships and aircrafts in international traffic bunkered in 

Iceland amounted to a total of 788 kt CO2-equivalents, which corresponds to about 17% of the total 

Icelandic greenhouse gas emissions. Greenhouse gas emissions from marine and aviation bunkers 

increased by 147% from 1990 to 2014; with an 11% increase between 2013 and 2014.  

Looking at these two categories separately, it can be seen that greenhouse gas emissions from 

international marine bunkers increased by 131% from 1990 to 2014, while emissions from aircrafts 

increased by 155% during the same period. Between 2013 and 2014 emissions from marine bunkers 

decreased by 9% while emissions from aviation bunkers increased by 12%. Emissions from 

international bunkers are rising again after decline since 2007.  Foreign commercial fishing vessels 

dominate the fuel consumption from marine bunkers. 

Table 2.15. GHG emissions from international aviation and marine bunkers 1990-2014 (kt CO2-equivalents). 

  1990 1995 2000 2005 2010 2013 2014 

Aviation 219 236 407 421 376 498 559 

Marine 99 143 218 111 182 210 229 

Total 318 379 624 531 559 707 788 

 

2.10 Emission Trends for Indirect Greenhouse Gases and SO2 

Nitrogen oxides (NOx), non-methane volatile organic compounds (NMVOC) and carbon monoxide 

(CO) have an indirect effect on climate through their influence on greenhouse gases, especially 
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ozone. Sulphur dioxide (SO2) affects climate by increasing the level of aerosols that have in turn a 

cooling effect on the atmosphere.  

2.10.1 Nitrogen Oxides (NOx) 
The main sources of nitrogen oxides in Iceland are commercial fishing, transport, and the 

manufacturing industry and construction, as can be seen in Figure  2.23. The NOx emissions from 

commercial fishing rose from 1990 to 1996 when a substantial portion of the commercial fishing fleet 

was operating in distant fishing grounds. From 1996 emissions decreased, reaching the 1990 levels in 

2001. Emissions rose again in 2002 but have declined since with exception of 2009 due to less fuel 

consumption.  Emissions in 2014 were 33% below the 1990 level. Annual changes are inherent to the 

nature of fisheries. Emissions from transport are dominated by road transport. These emissions have 

decreased rapidly (by 23%) after the use of catalytic converters in all new vehicles became obligatory 

in 1995, despite the fact that fuel consumption has increased by 48%. The rise in emissions from the 

manufacturing industries and construction until 2007 are dominated by increased activity in the 

construction sector during the period. In 2008 the construction sector collapsed leading to much 

lower emissions from the sector.  In 2014 emissions from manufacturing industry and construction 

were 52% lower than in 1990.  This is due to the collapse of the construction sector (including lower 

emissions from the cement plant) and to less fuel consumption at fishmeal plants where fuel has 

been replaced with electricity and production has decreased.  Total NOx emissions, like the emissions 

from fishing, increased until 1996 and decreased thereafter until 2001. Emission rose again between 

2001 and 2004 and then decreased again. Total NOx emissions in 2014 were 27% below the 1990 

level. 

  

 

Figure  2.23 Emissions of NOx by sector 1990-2014 in kt. 
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2.10.2 Non-Methane Volatile Organic Compounds (NMVOC) 
The main sources of non-methane volatile organic compounds are transport and solvent use, as can 

be seen in Figure 2.24. Emissions from transport are dominated by road transport. These emissions 

decreased rapidly after the use of catalytic converters in all new vehicles became obligatory in 1995. 

Emissions from solvent use have been around 1 kt and show a downward trend in recent years. 

Other emissions include emissions from industrial processes, where food and drink production is the 

most prominent contributor. The total emissions showed a downward trend from 1994 to 2014. The 

emissions in 2014 were 50% below the 1990 level. 

 

 

Figure  2.24 Emissions of NMVOC by sector 1990-2014 in kt. 

 

2.10.3 Carbon Monoxide (CO) 
Industrial Processes is the most prominent contributor to CO emissions in Iceland, as can be seen in 

Figure 2.25. , being responsible for over 88% of total CO emissions. It is worth mentioning that 

emissions from road transport have decreased rapidly after the use of catalytic converters in all new 

vehicles became obligatory in 1995. The emissions in 2014 were 101% above the 1990 level. 
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Figure  2.25 Emissions of CO by sector 1990-2014 in kt. 

 

2.10.4 Sulphur Dioxide (SO2) 
Geothermal energy exploitation is by far the largest source of sulphur emissions in Iceland. Sulphur 

emitted from geothermal power plants is in the form of H2S. Emissions have increased by 251% since 

1990 due to increased activity in this field, as electricity production at geothermal power plants has 

increased more than 18-fold since 1990. Other significant sources of sulphur dioxide in Iceland are 

industrial processes, manufacturing industry and construction, as can be seen in Figure 2.26. 

Emissions from industrial processes are dominated by metal production. Until 1996 industrial process 

sulphur dioxide emissions were relatively stable. Since then, the metal industry has expanded. In 

1990, 87,839 tonnes of aluminium were produced at one plant and 62,792 tonnes of ferroalloys at 

one plant. In 2014 839,449 tonnes of aluminium were produced at three plants and 107,785 tonnes 

of ferroalloys were produced at one plant. This led to increased emissions of sulphur dioxide (400% 

increase from 1990 levels). The fishmeal industry is the main contributor to sulphur dioxide 

emissions from fuel combustion in the sector Manufacturing Industries and Construction. Emissions 

from the fishmeal industry increased from 1990 to 1997 but have declined since as fuel has been 

replaced with electricity and production has decreased; the emissions were 88% below the 1990 

level in 2014.  

Sulphur emissions from the fishing fleet depend upon the use of residual fuel oil.  When fuel prices 

rise, the use of residual fuel oil rises and the use of gas oil drops.  This leads to higher sulphur 

emissions as the sulphur content of residual fuel oil is significantly higher than in gas oil. The rising 

fuel prices since 2008 have led to higher sulphur emissions from the commercial fishing fleet in 

recent years.  Emissions from the fishing fleet in 2014 were 7% below 1990 level although fuel 

consumption was 28% less.  

In 2014 total sulphur emissions in Iceland, calculated as SO2, were in 210% above the 1990 level, but 

142% when excluding emissions from geothermal power plants. 
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Figure  2.26 Emissions of S (sulphur) by sector 1990-2014 (kt SO2-equivalents). 

In 2010 the volcano Eyjafjallajökull started eruption.  The eruption lasted from 14th of April until 23rd 

of May.  During that time 127 kt of SO2 were emitted or 71% more than total anthropogenic 

emissions in 2010.  In 2011 the volcano Grímsvötn started erupting. The eruption lasted from 21st 

until 28th of May. During that time around 1000 kt of SO2 were emitted or 12 times more than total 

man made emissions in 2011. These emissions are given here for information purposes and are not 

included in the inventory.  

 

 

  

0

10

20

30

40

50

60

70

80

90

1
9

9
0

1
9

9
1

1
9

9
2

1
9

9
3

1
9

9
4

1
9

9
5

1
9

9
6

1
9

9
7

1
9

9
8

1
9

9
9

2
0

0
0

2
0

0
1

2
0

0
2

2
0

0
3

2
0

0
4

2
0

0
5

2
0

0
6

2
0
0
7

2
0

0
8

2
0
0
9

2
0

1
0

2
0
1
1

2
0

1
2

2
0

1
3

2
0

1
4

K
ilo

to
n

n
e
s 

(k
t)

Geothermal energy Manufacturing industries and construction

Transport Industrial Processes

Other



   National Inventory Report, Iceland 2016 

 

42 
 

3 Energy (CRF sector 1) 

3.1 Overview 

The Energy sector in Iceland is unique in many ways. Iceland ranks the 1st among OECD countries in 

the consumption of primary energy per capita. The per capita consumption in 2014 was around 796 

GJ. However, the proportion of domestic renewable energy in the total energy budget is about 85%, 

which is a much higher share than in most other countries. The cool climate and sparse population 

calls for high energy use for space heating and transport. Also, key export industries such as fisheries 

and metal production are energy-intensive. The metal production industry used around 75% of the 

total electricity produced in Iceland in 2014. Iceland relies heavily on its geothermal energy sources 

for space heating (over 90% of all homes) and electricity production (30% of the electricity) and on 

hydropower for electricity production (70% of the electricity). Only 0.01% of the electricity in 2014 

was produced with fossil fuels. 

The Energy sector accounts for 36.0% (fuel combustion 32%, geothermal energy 4%, fugitive 

emissions from fuels 0%) of the GHG emissions in Iceland. Total energy related emissions decreased 

by 7% from 1990 to 2014. Emissions from fuel combustion decreased by 14% from 1990 to 2014 

while emissions from geothermal energy increased by 196.7%. From 2013 to 2014 the emissions 

from fuel combustion decreased by 1.5%, while emissions from geothermal energy increased by 5%. 

Total emissions related to energy decreased by 0.8% from 2013 to 2014. Fisheries and road traffic 

ŀǊŜ ǘƘŜ ǎŜŎǘƻǊΩǎ ƭŀǊƎŜǎǘ ǎƛƴƎƭŜ ŎƻƴǘǊƛōǳǘƻǊǎΦ /ƻƳōǳǎǘƛƻƴ ƛƴ ƳŀƴǳŦŀŎǘǳǊƛƴƎ ƛƴŘǳǎǘǊƛŜǎ and construction 

is also an important source. No recalculations have been made in the Energy sector since last 

submission.    

 

3.1.1 Methodology 
Emissions from fuel combustion activities are estimated at the sector level based on methodologies 

suggested by the 2006 IPCC Guidelines. They are calculated by multiplying energy use by source and 

sector with pollutant specific emission factors. Activity data is provided by the National Energy 

Authority (NEA), which collects data from the oil companies on fuel sales by sector. The division of 

fuel sales by sector does not reflect the 2006 IPCC sectors perfectly so EA has made adjustments to 

the data where needed to better reflect the IPCC categories. This applies for the sectors 1A1a Energy 

industries, 1A2 Manufacturing industry (stationary combustion) and 1A4 Residential. Tables 

ŜȄǇƭŀƛƴƛƴƎ ǘƘƛǎ ŀŘƧǳǎǘƳŜƴǘ ŀǊŜ ƛƴ !ƴƴŜȄ LLLΦ ¢ƘŜ ŦƛǊǎǘ ǘŀōƭŜ ƛƴ !ƴƴŜȄ LLL ƛǎ ƴŀƳŜŘ άCǳŜƭ ǎŀƭŜǎ όƎŀǎ ƻƛƭ ŀƴŘ 

residual fuel oil) by sectors 1A1a, 1A2 (stationary) and 1A4 (stationary) ς as provided by the National 

9ƴŜǊƎȅ !ǳǘƘƻǊƛǘȅέΦ ¢Ƙƛǎ ǘŀōƭŜ Ŏƻƴǘŀƛƴǎ ǘƘŜ ƻǊƛƎƛƴŀƭ ǾŀƭǳŜǎΦ ¢ƘŜ ŀŘƧǳǎǘƳŜƴǘ ƛǎ ŘƻƴŜ ƛƴ ǘƘŜ ŦƻƭƭƻǿƛƴƎ 

way for gasoil: First fuel consumption needed for the known electricity production with fuels is 

calculated (1A1a ς electricity production), assuming 34% efficiency of the diesel engines. The values 

calculated are compared with the fuel sales for the category 10X60 Energy industries (nomenclature 

from the NEA).  

- In years where there is less fuel sale to energy industries, according to the sales statistics 

(1,423 tonnes in 2014), as would be needed for the electricity production (603 tonnes in 

2014), the fuel needed to compensate is taken from the category 10X90 Other; and if that is 

not sufficient from the category 10X40 House heating and swimming pools. 

- In years where there is surplus, the extra fuel is added to the category 10X40 House heating 

and swimming pools. In 2014 there was a surplus in the energy industries category, so 820 
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tonnes were added to the category 10X40 House heating and swimming pools. So now the 

category 10X40 has 3929 tonnes in 2014 (3109+820). 

- NEA has estimated that the fuel use by swimming pools (1A4a), but it should be noted that 

the majority of swimming pools in Iceland have geothermal water. The estimated fuel use 

values are given in the lower table of Annex III. It is 300 tonnes in 2014. These values are 

subtracted from the adjusted 10X40 category, leaving 3,629 tonnes in the category in 2014 

(3,929-300). This rest is then 1A4c ς Residential.  

- For years where there is still fuel in the category 10X90 Other (214 tonnes were left in that 

category in 2014), this is added to the 10X5X Industry (originally with 4357 tonnes in 2014). 

This is the fuel use in 1A2 ς Industry (4357+214=4571 tonnes in 2014).  

Explanation for the adjustment for residual fuel oil is given in Annex III. 

 

Fuel combustion activities are divided into two main categories; stationary and mobile combustion. 

Stationary combustion includes Energy Industries, Manufacturing Industries and a part of the Other 

sectors (Residential and Commercial /Institutional sector). Mobile combustion includes Civil Aviation, 

Road Transport, Navigation, Fishing (part of the Other sectors), Mobile Combustion in Construction 

(part of Manufacturing Industries and Construction sector) and International Bunkers.  

3.1.2 Key Source Analysis 
The key source analysis performed for 2014 has revealed, as indicated in Table 1.1, that in terms of 

total level and/or trend uncertainty the key sources in the Energy sector are the following: 

Table 3.1 Key Categories for Energy 1990, 2014 and trend (excluding LULUCF). 

IPCC source category  
Level 
1990 

Level 
2014 

Trend 

Energy (CRF sector 1) 

1.A.2 
1.A.2 
1.A.3.b 
1.A.3.d  
1.A.4 
1.B.2.d 
2.A.1  
2.C.2  
2.C.3 
2.C.3  
2.F.1  
3.A  
3.B 
3.B 
3.D.1  
3.D.2  
5.A 

Fuel combustion - Manufacturing Industries and 
Construction - Liquid Fuels 
 

CO2 V  V 

1.A.2 
 

Fuel combustion - Manufacturing Industries and 
Construction - Solid Fuels 
 

CO2 V  V 

1.A.3.b 
 

Road Transportation 
 

CO2 V V V 

1.A.3.d  
 

Domestic Navigation - Liquid Fuels CO2 V   

1.A.4 Other Sectors - Liquid Fuels CO2 V V V 

1.B.2.d Fugitive Emissions from Fuels - Other CO2 V V V 
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3.1.3 Completeness 
Table 3.2 gives an overview of the IPCC source categories included in this chapter and presents the 

status of emission estimates from all sub-sources in the Energy sector.  

Table 3.2 Energy - completeness (E:estimated, NE: not estimated, NA: not applicable). 

 

 

 Greenhouse gases Other gases 

Sector CO2 CH4 N2O HFC PFC SF6 NOx CO NMVOC SO2 

Energy industries 

- Public electricity and heat 
production 

E E E NA NA NA E E E E 

- Petroleum refining N O T  O C C U R R I N G 

- Manufacture of Solid Fuels N O T  O C C U R R I N G 

Manufacturing Industries and Construction 

- Iron and Steel E E E NA NA NA E E E E 

- Non-ferrous metals E E E NA NA NA E E E E 

- Chemicals E E E NA NA NA E E E E 

- Pulp, paper and print N O T  O C C U R R I N G 

- Food Processing, Beverages and 
Tobacco  

E E E NA NA NA E E E E 

- Other E E E NA NA NA E E E E 

Transport 

- Civil Aviation E E E NA NA NA E E E E 

- Road Transportation E E E NA NA NA E E E E 

- Railways N O T  O C C U R R I N G 

- Navigation E E E NA NA NA E E E E 

- Other Transportation N O T  O C C U R R I N G 

Other Sector 

- Commercial/Institutional E E E NA NA NA E E E E 

- Residential E E E NA NA NA E E E E 

- Agriculture/Forestry/Fisheries E E E NA NA NA E E E E 

Other N O T  O C C U R R I N G 

Fugitive Emissions from Fuels 

- Solid Fuels N O T  O C C U R R I N G 

- Oil and Natural Gas E E NA NA NA NA NA NA E NA 

- Geothermal Energy E NA NA NA NA NA NA NA NA E 

International Transport 

- Aviation E E E NA NA NA E E E E 

- Marine E E E NA NA NA E E E E 
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3.1.4 Source Specific QA/QC Procedures 
The QC activities include general methods such as accuracy checks on data acquisition and 

calculations and the use of approved standardised procedures for emission calculations, estimating 

uncertainties, archiving information and reporting, as further elaborated in the QA/QC manual. No 

source specific QA/QC procedures have yet been developed for the Energy sector.  

 

3.2 Fuel Combustion (CRF sector 1A) 

3.2.1 Energy Industries (CRF 1A1) 
Iceland has extensively utilised renewable energy sources for electricity and heat production, thus 

emissions from this sector is low. Emissions from electricity and heat production accounted for 0.15% 

of the energy industry total and 0.05% of the total GHG emissions in Iceland in 2014.  

Activity data for the electricity and heat production are based on data provided by the NEA and 

adjusted by EA, see Annex III. The CO2 emission factors reflect the average carbon content of fossil 

fuels. They are taken from the 2006 IPCC Guidelines for National Greenhouse Gas Inventories and 

presented in Table 3.5along with sulphur content of the fuels. Emissions of SO2 are calculated from 

the S-content of the fuels. Emission factors for other pollutants are taken from the 2006 IPCC 

Guidelines. The EF for CH4 is based on the one for large diesel fuel engines (4 kg/TJ). Default emission 

factors (EFs) were used where EFs are missing. It has to be noted that only 0.01% of the electricity in 

Iceland is produced with fuel combustion and less than 5% of buildings in Iceland are heated with 

fossil fuels. The CO2 emission factor for waste incineration was calculated using Tier 2 methodology 

and default values from the 2006 Guideline. The IEF for energy industries is affected by the different 

consumption of waste and fossil fuels, as waste, gasoil and residual fuel oil have different EF. In years 

where more oil is used the IEF is considerably higher than in normal years. 

3.2.2 Main Activity Electricity and Heat Production (CRF 1A1a) 

3.2.2.1 Electricity Generation 

Electricity was produced from hydropower, geothermal energy, fuel combustion and wind power in 

2014 (Table 3.3) with hydropower as the main source of electricity (Orkustofnun, 2014). Emissions 

from hydropower reservoirs are included in the LULUCF sector and emissions from geothermal 

power plants are reported in sector 1B3. Electricity was produced with fuel combustion at two places 

that are located far from the distribution network (two islands, Grimsey and Flatey). Some public 

electricity facilities have emergency backup fuel combustion power plants which they can use when 

problems occur in the distribution system. Those plants are however very seldom used, apart from 

testing and during maintenance. In 2013 the first wind turbines were connected and used for public 

electricity production. In 2014 there were two (900kW capacity) wind turbines, both owned by 

Landsvirkjun and stationed within the construction area of Búrfell Power Station in the south of 

Iceland. 

Table 3.3 Electricity production in Iceland (GWh). 

 1990 1995 2000 2005 2010 2013 2014 

Hydropower 4,159 4,678 6,352 7,014 12,592 12,863 12,873 

Geothermal 283 288 1,323 1,658 4,465 5,245 5,238 

Fuel combustion 5.6 8.4 4.4 7.8 1.7 2.8 2.4 

Wind power NO NO NO NO NO 5.5 8.1 

Total 4,447 4,977 7,679 8,680 17,059 18,116 18,120 
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Activity Data 

Activity data for electricity production is calculated from the information on electricity production, 

from the energy content of the gasoil (43.00 TJ/kt) assuming 34% efficiency. In 2014 only 0.01% of 

the electricity in Iceland is produced with fuel combustion. Activity data for fuel combustion and the 

resulting emissions are given in Table 3.4.  

Table 3.4 Fuel use (kt) and result in emissions (GHG total in kt CO2-eq.) from electricity production. 

 1990 1995 2000 2005 2010 2013 2014 

Gas/Diesel oil (kt) 1.4 2.1 1.1 2.0 0.4 0.7 0.6 

Emissions (kt) 4.5 6.8 3.6 6.3 1.4 2.2 1.9 

 

Emission Factor 

The CO2 emission factors (EF) used reflect the average carbon content of fossil fuels. They are taken 

from the revised 2006 IPCC Guidelines for National Greenhouse Gas Inventories and the Good 

Practice Guidance. They are presented in Table 3.5along with sulphur content of the fuels. 

Table 3.5 Emission factors for CO2 from fuel combustion and S-content of fuel. 

 NCV [TJ/kt] 
Carbon EF        

[t C/TJ] 
Fraction 
oxidised 

CO2 EF                         
[t CO2/t fuel]  

S-content 
[%] 

Gas/Diesel oil 43.00 20.20 0.98 3.18 0.2 

 

The resulting greenhouse gas emissions from electricity produced from fuels in CO2 equivalent per 

kWh amount to 790 g of CO2 per kWh.  

Emissions from hydropower reservoirs amounted to 20.4 kt of CO2-equivalents and emissions from 

geothermal power plants to 186 kt of CO2-equivalents, in 2014. The resulting emissions of GHG per 

kWh amount to 1.6 g CO2-equivalents/kWh for hydropower plants and to 35.5 g CO2-

equivalents/kWh for geothermal energy. The weighted average GHG emissions from electricity 

production in Iceland in 2014 were thus 11.8 g/kWh. 

Uncertainties 

The estimate of quantitative uncertainty has revealed that the uncertainty of CO2 emissions from 

electricity production with fuels is 7% (with an activity data uncertainty of 5% and emission factor 

uncertainty of 5%), the uncertainty of CH4 emissions is 100% (with an activity data uncertainty of 5% 

and emission factor uncertainty of 100%), and for N2O emissions it is 150% (with an activity data 

uncertainty of 5% and emission factor uncertainty of 150%). This can be seen in the quantitative 

uncertainty table in Annex II. 

3.2.2.2 Heat Plants 

Geothermal energy was the main source of heat production in 2014. Some district heating facilities, 

which lack access to geothermal energy sources, use electric boilers to produce heat from electricity. 

They depend on curtailable energy. These heat plants have back up fuel combustion in case of 

electricity shortages or problems in the distribution system. Three district heating stations burned 

waste to produce heat and were connected to the local distribution system. They stopped 

production in 2012. Emissions from these waste incineration plants are reported here.  
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Activity Data 

Activity data for heat production with fuel combustion and waste incineration and the resulting 

emissions are given in Table 3.6.  No fuel consumption for heat production was reported by the NEA 

for 2010. According to Annex II in the waste framework Directive 2008/98/EC incineration facilities 

dedicated to the processing of municipal solid waste need to have their energy efficiency equal or 

above 60%-65% in order to qualify as recovery operations. Since 2013 there has been only one 

incineration facility, Kalka, in Iceland and it does not qualify as a recovery operation. For the years 

2013 and 2014 no solid waste was used for the production of heat.  

Table 3.6 Fuel use (kt) and resulting emissions (GHG total in kt. CO2-eq.) from heat production. 

 1990 1995 2000 2005 2007 2008 2009 2010 2013 2014 

Residual fuel oil 3.0 3.1 0.1 0.2 4.5 0.1 0.1 - 0.1 0.2 

Gas/Diesel oil - - - - - - - - - - 

Solid waste - 4.7 6.1 5.4 12.0 10.3 9.5 8.2 - - 

Emissions (GHG) 9.2 12.3 3.8 3.1 21.3 6.0 6.7 5.5 0.4 0.6 

 

Emission Factors 

Fuel combustion used for CO2 emission factors (EF) reflects the average carbon content of fossil fuels. 

They are taken from the revised 2006 IPCC Guidelines for National Greenhouse Gas Inventories and 

the Good Practice Guidance. They are presented in Table 3.7 along with the sulphur content of the 

fuels. The CO2 emission factor for waste incineration was calculated using Tier 2 methodology and 

default values from the 2006 GL. Therefore the waste amounts incinerated are dissected into eleven 

categories. The dry matter content, total, and fossil carbon fractions are calculated separately for 

each waste category and then added up. In the years that have higher fractions of fossil carbon 

containing waste categories such as plastics the EF is higher than in other years since the EF is related 

to the total amount of waste incinerated. CO2 EF varied between 0.44 and 0.78 t CO2 per tonne waste 

(cf. chapter 7.4.3).  

Table 3.7 Emission factors for CO2 from fuel combustion and S-content of fuel. 

 NCV [TJ/kt] 
Carbon EF      

[t C/TJ] 
Fraction 
oxidised 

CO2 EF             
[t CO2/t fuel]  

S-content [%] 

Residual fuel oil 40.4 21.10 0.99 3.13 1.8 

Gas/Diesel oil 43.00 20.20 0.99 3.18 0.2 

Solid waste 10.70 14.53 1 0.601 0.17 
1 mean value. Annual values vary between 0.44 and 0.78 t CO2/t waste depending on fossil carbon content of waste 

incinerated 

Uncertainties 

The estimate of quantitative uncertainty has revealed that the uncertainty of CO2 emissions from 

heat production with fuels is 7% (with an activity data uncertainty of 5% and emission factor 

uncertainty of 5%), the uncertainty of CH4 emissions is 100% (with an activity data uncertainty of 5% 

and emission factor uncertainty of 100%), and for N2O emissions it is 150% (with an activity data 
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uncertainty of 5% and emission factor uncertainty of 150%). This can be seen in the quantitative 

uncertainty table in Annex II. 

3.3 Manufacturing Industries and Construction (CRF 1A1a) 

Emissions from the Manufacturing Industries and Construction account for 10.68% of the Energy 

ǎŜŎǘƻǊΩǎ ǘƻǘŀƭ ŀƴŘ оΦ50% of total GHG emissions in Iceland in 2014. Mobile Combustion in the 

Construction sector accounts for 79.5% of the total emissions from Manufacturing Industries and the 

Construction sector. 

3.3.1 Manufacturing Industries, Stationary Combustion 

3.3.1.1 Activity Data 

Information about the total amount of fuel used by the manufacturing industries was obtained from 

the National Energy Authority and adjusted by EA (see Annex III). The sales statistics for the 

manufacturing industry (as adjusted by EA) are given for the sector as a total. There is thus a given 

total, which the usage in the different subcategories must sum up to. The sales statistics do not 

specify the fuel consumption by the different industrial sources. This division is made by EA on basis 

of the reported fuel use by all major industrial plants falling under Act 70/2012 (metal production, 

cement) and from green accounts submitted by the industry in accordance with regulation no. 

851/2002. All major industries, falling under Act 70/2012 report their fuel use to the EA along with 

other relevant information for industrial processes. Fuel consumption in the fishmeal industry from 

1990 to 2002 was estimated from production statistics, but the numbers for 2003 to 2014 are based 

on data provided by the industry (application for free allowances under the EU ETS for the years 2005 

to 2010, information from the Icelandic Association of Fishmeal Manufacturers for 2003, 2004, 2011 

and 2012 and from EU ETS annual reporting for 2013 and 2014). The difference between the given 

total for the sector and the sum of the fuel use of the reporting industrial facilities are categorized as 

1A2f other non-specified industry. Emissions are calculated by multiplying energy use with a 

pollutant specific emission factor (Table 3.8 and Table 3.9). Emissions from fuel use in the ferroalloys 

production is reported under 1A2a, Iron and Steel. 

Table 3.8 Fuel use (kt) and emissions (GHG total in kt.CO2-eq.) from stationary combustion in the manufacturing industry. 

 1990 1995 2000 2005 2010 2013 2014 

Gas/Diesel oil 5.1 1.1 10.3 22.2 9.4 7.6 4.6 

Residual fuel oil 55.9 56.2 46.2 25.0 16.5 13.8 3.8 

LPG 0.5 0.4 0.9 0.9 1.0 1.3 1.2 

Electrodes (residue) 0.8 0.3 1.5 - 0.4 - - 

Steam Coal 18.6 8.6 13.3 9.9 3.6 - - 

Petroleum coke - - - 8.1 - - - 

Waste oil - 5.0 6.0 1.8 1.4 2.1 0.9 

Total Emissions 241 210 228 205 97 80 40 

 

3.3.1.2 Emission Factors 

The CO2 emission factors (EF) used reflect the average carbon content of fossil fuels. They are, with 

the exception of NCV for steam coal, which was obtained from the cement industry which uses the 

coal, taken from the 2006 IPCC Guideline. They are presented in Table 3.9 along with Sulphur content 

of the fuels.  
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Table 3.9 CO2 emission factors from fuel combustion and S-content of fuel (IE: Included Elsewhere). 

 
NCV 

[TJ/kt] 

Carbon 
Content    
[t C/TJ] 

Fraction 
oxidised 

CO2 EF             
[t CO2/t 

fuel] 

S-content 
[%] 

Kerosene (heating and aviation) 44.1 19.5 0.99 3.15 0.2 

Gasoline 44.3 18.9 0.99 3.07 0.035 

Gas/Diesel oil 43.0 20.2 0.99 3.18 0.2 

Residual fuel oil 40.4 21.1 0.99 3.13 1.8 

Petroleum coke 32.5 26.6 0.99 3.17 IE1 

LPG 47.3 17.2 0.99 2.98 0.05 

Waste oil 40.2 20.0 0.99 2.95 NE 

Electrodes (residue) 31.35 31.42 0.98 3.61 1.55 

Steam coal 27.6 25.8 0.98 2.61 0.9 

1: Sulphur emissions from use of petroleum coke occur in the cement industry. Further waste oil has mainly been used in the 

cement industry. Emission estimates for SO2 for the cement industry are based on measurements. 

 

SO2 emissions are calculated from the S-content of the fuels. Emission factors for CH4 and N2O are 

taken from Table 2.7 and 2.8 of the 2006 IPCC Guideline. Where EFs were not available the default EF 

from Table 2.3 was used. Table 3.10 gives an overview of the EFs used. 

Table 3.10 Emission factors CH4 and N2O in the manufacturing industry. 

 CH4   [kg/TJ] N2O   [kg/TJ] 

Gasoil: cement and silicium production  1.0 0.6 

Gasoil: other use 3.0 0.6 

Residual fuel oil: cement and silicium production 1.0 0.6 

Residual fuel oil: fishmeal production, steam boilers 3.0 0.3 

Residual fuel oil: fishmeal production, heaters 1.0 0.6 

Residual fuel oil: other use 3.0 0.6 

Waste oil: fishmeal production 3.0 0.3 

Waste oil: cement production  1.0 0.6 

LPG 1.0 0.1 

Petroleum coke: cement production 1.0 0.6 

Petroleum coke, coal, electrodes residues: cement production  1.0 1.5 

 

3.3.1.3 Uncertainties 

The estimate of quantitative uncertainty has revealed that the uncertainty of CO2 emissions from 

manufacturing industries and constructions is 7% (with an activity data uncertainty of 5% and 

emission factor uncertainty of 5%), the uncertainty of CH4 emissions is 100% (with an activity data 

uncertainty of 5% and emission factor uncertainty of 100%), and for N2O emissions it is 150% (with 

an activity data uncertainty of 5% and emission factor uncertainty of 150%). This can be seen in the 

quantitative uncertainty table in Annex II. 
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3.3.2 Manufacturing Industries, Mobile Combustion 

3.3.2.1 Activity Data 

Activity data for mobile combustion in the construction sector is provided by the NEA. Oil, which is 

reported to fall under vehicle usage, is in some instances actually used for machinery and vice versa 

as machinery sometimes tanks its fuel at a tank station, (thereby reported as road transport), as well 

as it happens that fuel sold to contractors, for use on machinery, is used for road transport (but 

reported under construction). This is, however, very minimal and the deviations is believed to level 

each other out. Emissions are calculated by multiplying energy use with a pollutant specific emission 

factor. Activity data for fuel combustion and the resulting emissions are given in Table 3.11. 

Table 3.11 Fuel use (kt) and resulting emissions (GHG total in kt. CO2-eq.) from mobile combustion in the construction 
industry. 

 1990 1995 2000 2005 2010 2013 2014 

Gas/Diesel oil 38 47 62 68 32 27.6 40.5 

Emissions 136 167 222 243 115 97 143 

 

3.3.2.2 Emission Factors 

The CO2 emission factors used reflect the average carbon content of fossil fuels. Emission factors for 

other pollutants are taken from Table 1.49 in the revised 1996 IPCC Guidelines for National 

Greenhouse Gas Inventories: Reference Manual. EF for CO2, CH4 and N2O are presented in Table 3.12. 

Table 3.12 Emission factors for CO2, CH4 and N2O from combustion in the construction sector. 

 
NCV 

[TJ/kt] 
Carbon EF 

[t C/TJ] 
Fraction 
oxidised 

CO2 EF            
[t CO2/t fuel]  

CH4 EF               
[t CH4/kt fuel]  

N2O EF                  
[t N2O/kt fuel]  

Gas/Diesel Oil 43.00 20.20 0.99 3.18 0.7 1.3 

 

3.3.2.3 Uncertainties 

The estimate of quantitative uncertainty has revealed that the uncertainty of CO2 emissions from 

manufacturing industries and constructions is 7% (with an activity data uncertainty of 5% and 

emission factor uncertainty of 5%), the uncertainty of CH4 emissions is 100% (with an activity data 

uncertainty of 5% and emission factor uncertainty of 100%), and for N2O emissions it is 150% (with 

an activity data uncertainty of 5% and emission factor uncertainty of 150%). This can be seen in the 

quantitative uncertainty table in Annex II. 

3.4 Transport (CRF sector 1A3) 

9Ƴƛǎǎƛƻƴǎ ŦǊƻƳ ¢ǊŀƴǎǇƻǊǘ ŀŎŎƻǳƴǘŜŘ ŦƻǊ рлΦо҈ ƻŦ ǘƘŜ 9ƴŜǊƎȅ ǎŜŎǘƻǊΩǎ ǘƻǘŀƭ ŀƴŘ 18.1% of the total 

GHG emissions in Iceland in 2014. Road Transport accounts for 92.9% of the emissions in the 

transport sector.  

3.4.1 Civil Aviation (CRF 1A3a) 
Emissions are calculated by using Tier 1 methodology, thus multiplying energy use with a pollutant 

specific emission factor.  

3.4.1.1 Activity Data 

Total use of jet kerosene and gasoline is based on the NEA's annual sales statistics for fossil fuels. 

Activity data for fuel combustion and the resulting emissions are given in Table 3.13. 
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Table 3.13 Fuel use (kt) and resulting emissions (GHG total in kt. CO2-eq.) from domestic aviation. 

 1990 1995 2000 2005 2008 2009 2010 2013 2014 

Jet kerosene  8.409 8.253 7.728 7.390 7.601 6.271 6.066 5.735 12.300 

Gasoline 1.681 1.131 1.102 0.872 0.731 0.649 0.648 0.494 0.500 

Emissions 32 30 28 26 26 22 21 20 40 

 

3.4.1.2 Emission Factors 

The emission factors are taken from the revised 1996 IPCC Guidelines for National Greenhouse Gas 

Inventories and are presented in Table 3.14. Emissions of SO2 are calculated from S-content in the 

fuels. 

Table 3.14 Emission factors for CO2 and other pllutants for aviation. 

 
NCV 

[TJ/kt] 
C EF         [t 

C/TJ] 
Fraction 
oxidised 

EF CO2     [t 
CO2/t]  

NOx        

[kg/
TJ] 

CH4        

[kg/
TJ] 

NMV
OC 

[kg/T
J] 

CO 
[kg/
TJ] 

N2O 
[kg/
TJ] 

Jet 
kerosene 

44.1 19.50 0.99 3.15 300 0.5 50 100 2 

Gasoline 44.3 19.10 0.99 3.07 300 0.5 50 100 2 

 

3.4.1.3 Uncertainties 

The estimate of quantitative uncertainty has revealed that the uncertainty of CO2 emissions from 

domestic aviation is 7% (with an activity data uncertainty of 5% and emission factor uncertainty of 

5%) and for CH4 emissions it is 200% (with an activity data uncertainty of 5% and emission factor 

uncertainty of 200%). This can be seen in the quantitative uncertainty table in Annex II. 

3.4.1.4 Planned Improvements 

Planned improvements involve moving emission estimates from aviation to the Tier 2 methodology 

by next submission. 

3.4.2 Road Transportation (CRF 1A3b)  
Emissions from Road Traffic are estimated by multiplying the fuel use by type of fuel and vehicle, and 

fuel and vehicle pollutant specific emission factors. Iceland has plans of setting up COPERT in order to 

estimate pollution from road transportation more accurately.  

3.4.2.1 Activity Data 

Total use of diesel oil and gasoline are based on the NEA's annual sales statistics for fossil fuels (Table 

3.15).  

Table 3.15 Fuel use (kt) and resulting emissions (GHG total in kt CO2-eq) from road transport. 

 1990 1995 2000 2005 2010 2013 2014 

Gasoline  127.812 135.601 142.599 156.730 148.214 134.941 132.046 

Diesel oil 36.567 36.862 47.463 83.478 106.433 117.052 112.746 

Emissions 527 553 610 772 819 811 788 

 

NEA estimates on how the fuel consumption is divided between different vehicles groups, i.e. 

passenger cars, light duty vehicles and heavy duty vehicles are used for the period 1990 to 2005.  

From 2006 to 2014 EA estimated how the fuel consumption is divided between the different vehicles 



   National Inventory Report, Iceland 2016 

 

52 
 

groups, using information on the number of vehicles in each group and the driven mileage in each 

group from the Road Traffic Directorate, using average fuel consumption based on the 1996 IPCC 

Guidelines regarding average fuel consumption per group.  The data for 2006 to 2014 also contains 

information on motorcycles. The Road Traffic Directorate does not have similar data for previous 

years.  Therefore the time series is not fully consistent as two different methodologies are used.    

The EA has estimated the amount of passenger cars by emission control technology. The proportion 

of passenger cars with three-way catalysts has steadily increased since 1995 when they became 

mandatory in all new cars. The assumptions are shown in Figure  3.1. 

 

Figure  3.1 Passenger cars by emission control technology. 

3.4.2.2 Emission Factors 

Emission factors for CO2, CH4 and N2O depend upon vehicle type and emission control. They are 

taken from the revised 1996 IPCC Guidelines for National Greenhouse Gas Inventories and are 

presented in Table 3.16.  

Table 3.16 Emission factors for GHG from European vehicles, g/kg fuel. 

 CH4 N2O CO2 

Passenger car ς gasoline, uncontrolled  1.5 0.1 3,070 

Passenger car ς gasoline, non catalyst control  1.1 0.4 3,070 

Passenger car ς gasoline, three way catalyst 1.1 0.4 3,070 

Light duty vehicle ς gasoline 0.2 0.3 3,070 

Heavy duty vehicle ς gasoline 0.7 0.04 3,070 

Motorcycles - gasoline 5.0 0.07 3,070 

Passenger car ς diesel 0.2 0.2 3,190 

Light duty vehicle ς diesel  0.2 0.2 3,190 

Heavy duty vehicle ς diesel  0.2 0.2 3,190 

 

3.4.2.3 Uncertainties 

The estimate of quantitative uncertainty has revealed that the uncertainty of CO2 emissions from 

road vehicles is 7% (with an activity data uncertainty of 5% and emission factor uncertainty of 5%). 

For N2O, both activity data and emission factors are quite uncertain. The uncertainty of N2O 
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emissions from road vehicles is 50% (with an activity data uncertainty of 5% and emission factor 

uncertainty of 50%) and for CH4 emissions it is 40% (with an activity data uncertainty of 5% and 

emission factor uncertainty of 40%). This can be seen in the quantitative uncertainty table in Annex 

II. 

3.4.2.4 Planned Improvements 

It is planned to implement COPERT, a software tool used worldwide to calculate air pollutant and 

greenhouse gas emissions from road transport, in the 2017 submission. 

3.4.3 Navigation (shipping) (CRF 1A3d) 
Emissions are calculated by multiplying energy use with a pollutant specific emission factor.  

3.4.3.1 Activity Data 

Total use of residual fuel oil and gas/diesel oil for national navigation is based on NEA's annual sales 

statistics for fossil fuels. Activity data for fuel combustion and the resulting emissions are given in 

Table 3.17. 

Table 3.17 Fuel use (kt) and resulting emissions (GHG total in kt CO2-equivalents) from national navigation. 

 1990 1995 2000 2005 2010 2013 2014 

Gas/Diesel oil 11.749 7.043 3.425 6.199 8.464 3.725 4.287 

Residual fuel oil  7.170 4.755 0.542 0.881 2.612 1.236 2.137 

Emissions 60 37 13 23 35 16 20 

 

3.4.3.2 Emission Factors 

The emission factors are taken from the revised 1996 IPCC Guidelines for National Greenhouse Gas 

Inventories for ocean-going ships and are presented in Table 3.18. 

Table 3.18. Emission factors for CO2, CH4 and N2O for ocean-going ships. 

 
NCV 

[TJ/kt] 
C EF    [t 

C/TJ] 
Fraction 
oxidised 

EF CO2          
[t CO2/t]  

EF N2O             
[kg 

N2O/TJ] 

N2O EF    
[kg 

N2O/t]  

EF CH4                    
[kg 

CH4/TJ] 

EF CH4      

[kg 
CH4/t]  

Gas/Diesel Oil 43.00 20.20 0.99 3.18 2 0.086 7 0.30 

Residual fuel oil 40.4 21.10 0.99 3.13 2 0.084 7 0.28 

 

3.4.4 Uncertainties 
The estimate of quantitative uncertainty has revealed that the uncertainty of CO2 emissions from 

national navigation is 7% (with an activity data uncertainty of 5% and emission factor uncertainty of 

5%). This can be seen in the quantitative uncertainty table in Annex II. 

3.4.5 International Bunker Fuels (CRF 1A3di) 
Emissions are calculated by multiplying energy use with pollutant specific emission factors. Activity 

data is provided by the NEA, which collects data on fuel sales by sector. These data distinguish 

between national and international usage. In Iceland there is one main airport for international 

flights, Keflavík Airport. Under normal circumstances almost all international flights depart and arrive 

from Keflavík Airport, except for flights to Greenland, the Faroe Islands, and some flights with private 

airplanes which depart/arrive from Reykjavík airport. Domestic flights sometimes depart from 

Keflavík airport in case of special weather conditions. Oil products sold to Keflavík airport are 

reported as international usage. The deviations between national and international usage are 
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believed to level out.  Emission estimates for aviation will be moved to Tier 2 methodology by next 

submissions.  A better methodology for the fuel split between international and domestic aviation 

will be developed in the near future as Iceland will take part in the EU ETS for aviation from 2012 

onward and better data will become available. Emission factors for aviation bunkers are taken from 

the IPCC. Planned improvements are using data from Eurocontrol in order for more accurate 

estimates. This will be furthŜǊ ƛƴǘǊƻŘǳŎŜŘ ƛƴ ƴŜȄǘ ȅŜŀǊΩǎ bLwΦ 

The reported fuel use numbers are based on fuel sales data from the retail suppliers. The retail 

supplier divides their reported fuel sales between international navigation (including foreign fishing 

vessels) and national navigation based on identification numbers which differ between Icelandic and 

foreign companies. The emission factors for marine bunkers are taken from the revised 1996 IPCC 

Guidelines for National Greenhouse Gas Inventories for ocean-going ships and are presented in Table 

3.18 above.  

3.5 Other Sectors (CRF sector 1A4) 

Sector 1A4 consists of fuel use for commercial, institutional, and residential heating as well as fuel 

use in agriculture, forestry, and fishing. Since Iceland relies largely on its renewable energy sources, 

fuel use for residential, commercial, and institutional heating is low. Residential heating with 

electricity is subsidized and occurs in areas far from public heat plants. Commercial fuel combustion 

includes the heating of swimming pools, but only a few swimming pools in the country are heated 

with oil. Emissions from the fishing sector are high, since the fishing fleet is large. Emissions from fuel 

use in agriculture and forestry are included elsewhere; mainly in the Construction sector as well as in 

ǘƘŜ wŜǎƛŘŜƴǘƛŀƭ ǎŜŎǘƻǊΦ 9Ƴƛǎǎƛƻƴǎ ŦǊƻƳ ǘƘŜ hǘƘŜǊ ǎŜŎǘƻǊ ŀŎŎƻǳƴǘŜŘ ŦƻǊ нтΦп҈ ƻŦ ǘƘŜ 9ƴŜǊƎȅ ǎŜŎǘƻǊΩǎ 

total and for 9.86% of total GHG emissions in Iceland 2014. Fishing accounted for 95.7% of the Other 

ǎŜŎǘƻǊΩǎ ǘƻǘŀƭΦ  

3.5.1 Commercial, Institutional, and Residential Fuel Combustion 
The emissions from this sector are calculated by multiplying energy use with a pollutant specific 

emission factor.  

3.5.1.1 Activity Data 

Activity data is provided by the NEA, which collects data on fuel sales by sector. EA adjusts the data 

provided by the NEA as further explained in Annex III.  Activity data for fuel combustion the 

Commercial/Institutional sector and the resulting emissions are given in Table 3.19. 

Table 3.19. Fuel use (kt) and resulting emissions (GHG total in kt CO2-equivalents) from the commercial/institutional sector. 

 1990 1995 2000 2005 2010 2013 2014 

Gas/Diesel oil 1.8 1.6 1.6 1.0 0.3 0.3 0.3 

Waste oil 3.3 - - - - - - 

LPG 0.3 0.3 0.5 0.5 0.2 0.5 0.3 

Solid waste - 0.5 0.6 0.6 0.3 - - 

Emissions 12.3 6.3 6.8 4.9 1.7 2.5 2.0 

 

Activity data for fuel combustion in the Residential sector and the resulting emissions are given in 

Table 3.20. As can be seen in the table the use of kerosene increased substantially from 2008 to 

2011. Kerosene is used in summerhouses, but also to some extent in the Commercial sector for 

heating of commercial buildings.  The usage has been very low over the years and therefore the 

kerosene utilization has all been allocated to the Residential sector.  The increase in usage in the 
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years 2008 to 2011 is believed to be attributed to rapidly rising fuel prices for the Transport sector.  

This has motivated some diesel car owners to use kerosene on their cars as the kerosene did not 

have CO2 tax, despite the fact that it is not good for the engine. Since 2012 the CO2 tax also covers 

kerosene and the use decreased rapidly again. In the beginning of 2014 the fuel use increased again 

due to insufficient supply of electricity which forced heat plants to use oil for heating. 

Table 3.20. Fuel use (kt) and resulting emissions (GHG total in kt CO2-equivalents) from the residential sector. 

 

3.5.1.2 Emission Factors 

The CO2 emission factors (EF) used reflect the average carbon content of fossil fuels. They are taken 

from the revised 1996 IPCC Guidelines for National Greenhouse Gas Inventories and the Good 

Practice Guidance. They are presented in Table 3.21 along with Sulphur content of the fuels. 

Emissions of SO2 are calculated from the S-content of the fuels. Emission factors for other pollutants 

are taken from Table 1.18 and 1.19 of the revised 1996 IPCC Guidelines for National Greenhouse Gas 

Inventories: Reference Manual. Default EFs from Tables 1.7 to 1.11 in the Reference Manual were 

used in cases where EFs were not available. Table 3.21 gives an overview of the used EFs.  

Table 3.21. Emission factors for CH4 and N2O in the residential, commercial and institutional sector 

 CH4 [kg/TJ] N2O [kg/TJ] 

Gasoil 0.7 0.6 

LPG 1.1 NA 

Kerosene 0.7 0.6 

Waste oil 10.0 0.6 

 

The CO2 emission factor for waste incineration was calculated using Tier 2 methodology and default 

values from the 2006 GL. Therefore the waste amounts incinerated are dissected into eleven 

categories. The dry matter content, total, and fossil carbon fractions are calculated separately for 

each waste category and then added up. In years that have higher fractions of fossil carbon 

containing waste categories such as plastics the EF is higher than in other years since the EF is related 

to the total amount of waste incinerated. CO2 EF varied between 0.44 and 0.69 t CO2 per tonne waste 

(cf. chapter 7.4.4). The IEF for the sector shows fluctuations over the time series.  From 1993 

onwards waste has been incinerated to produce heat at two locations (swimming pools, school 

building).  The IEF for waste is considerably higher than for liquid fuel.  Further waste oil was used in 

the sector from 1990 to 1993.  This combined explains the rise in IEF for the whole sector.  

3.5.1.3 Uncertainties 

The estimate of quantitative uncertainty has revealed that the uncertainty of CO2 emissions from 

Commercial/Institutional and Residential sector is 7% (with an activity data uncertainty of 5% and 

emission factor uncertainty of 5%), for CH4 emissions it is 100% (with an activity data uncertainty of 

5% and emission factor uncertainty of 100%), and for N2O emissions it is 150% (with an activity data 

uncertainty of 5% and emission factor uncertainty of 150%). This can be seen in the quantitative 

uncertainty table in Annex II. 

 1990 1995 2000 2005 2010 2013 2014 

Gas/Diesel oil 8.8 6.4 6.0 3.2 1.9 1.7 3.6 

LPG 0.4 0.5 0.7 0.9 1.4 0.7 0.8 

Kerosene 0.5 0.2 0.1 0.2 1.2 0.1 0.8 

Emissions 30.6 22.1 21.8 13.6 14.3 7.7 16.3 
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3.5.2 Agriculture, Forestry and Fishing (CRF 1A4c)  
Emissions from fuel use in agriculture and forestry are included elsewhere, mainly within the 

construction and Residential sectors; thus, emissions reported here only stem from the fishing fleet. 

Emissions from fishing are calculated by multiplying energy use with a pollutant specific emission 

factor.  

3.5.2.1 Activity Data 

Total use of residual fuel oil and gas/diesel oil for the fishing is based on the NEA's annual sales 

statistics for fossil fuels. Activity data for fuel combustion in the Fishing sector and the resulting 

emissions are given in Table 3.22. 

Table 3.22. Fuel use (kt) and resulting emissions (GHG total in kt CO2-equivalents) from the fishing sector. 

 1990 1995 2000 2005 2010 2013 2014 

Gas/Diesel oil 174.9 191.3 211.1 171.7 128.2 112.8 102.2 

Residual fuel oil 32.4 53.4 16.0 26.3 41.4 38.2 37.4 

Emissions 662.3 779.8 727.5 632.9 540.2 478.5 442.6 

3.5.2.2 Emission Factors 

The emission factors are taken from the revised 1996 IPCC Guidelines for National Greenhouse Gas 

Inventories for ocean-going ships and are presented in Table 3.18 above. 

3.5.2.3 Uncertainties 

The estimate of quantitative uncertainty has revealed that the uncertainty of CO2 emissions from 

fishing is 6% (with an activity data uncertainty of 3% and emission factor uncertainty of 5%), for CH4 

emissions it is 100% (with an activity data uncertainty of 3% and emission factor uncertainty of 

100%), and for N2O emissions it is 150% (with an activity data uncertainty of 3% and emission factor 

uncertainty of 150%). This can be seen in the quantitative uncertainty table in Annex II 

3.6 Cross-Cutting Issues  

3.6.1 Sectoral versus Reference Approach 
As explained in Chapter 1, a formal agreement has been made between the EA and the National 

Energy Authority (NEA) to cover the responsibilities of NEA in relation to the inventory process. 

According to the formal agreement the NEA is to provide an energy balance every year, but has not 

yet fulfilled this provision. EA has therefore compiled data on import and export of fuels, made 

comparison with sales statistics, and assumptions regarding stock change. Exact information on stock 

change does not exist. This has been used to prepare the reference approach. As explained in 

Chapter 1.2.2 Act 70/2012 changes the form of relations between the EA and the NEA concerning 

data handling. The law states that the NEA, among other institutions, is obligated to collect data 

necessary for the GHG inventory and report it to the EA, further to be elaborated in regulations set 

by the Minister for the Environment and Natural Resources. The relevant regulation will be in place 

for the next inventory cycle and will clarify the role of NEA in the inventory process, so better data 

for use in the reference approach (energy balance) as well as better data for the fuel split for the 

sectoral approach will be obtained. The NEA has already started some projects to fulfil these 

commitments, with the aim to have a complete energy balance within two years.   

Iceland is not a member of the International Energy Agency (IEA).  The NEA has provided data to IEA 

on a voluntary basis.  The data is provided in physical units and IEA uses its own conversion factors to 

estimate energy units.  Further the IEA rounds the numbers provided by Iceland. In many cases the 
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numbers are quite low so this rounding can have significant percentage difference. This explains 

partially the differences with the data used for the annual submission under UNFCCC.    

3.6.2 Feedstock and Non-Energy Use of Fuels 
Emissions from the Use of Feedstock are according to the Good Practice Guidance accounted for in 

the Industrial Processes sector in the Icelandic inventory. This includes all use of coking coal, coke-

oven coke, and electrodes, except residues of electrodes combusted in the cement industry, which 

are accounted for under the Energy sector (Manufacturing industry and construction). 

When compiling the data on import and export of fuels an error in the data has been discovered, as 

stocks of coking coal seem to have been building up since 2007 and at the same time as less import 

than use of coke has occurred. This can be explained by mistakes at the custom reports, where 

certain coke (imported cargo from Alabama) has been registered as coal instead of coke. Some 

mistakes seem to have occurred as well when registering steam coal and coking coal. As stated 

before the NEA is working on preparing an energy balance. In that work these issues will be tackled.  

Iceland uses a carbon storage factor of 1 for bitumen and 0.5 for lubricants for the Non-Energy Use in 

the Reference Approach, CRF Table 1(A)d.   

3.7 Fugitive Emissions From Fuels (CRF sector 1B) 

3.7.1 Distribution of oil products (CRF 1B2av)  
CO2 and CH4 emissions from distribution of oil products are estimated by multiplying the total 

imported fuel with emission factors. The emission factors are taken from Table 2.16 in the 2000 IPCC 

GPG; the CO2 EF is 2.3E-06 kt per 1000 m3 and the CH4 EF is 2.5E-05 kt per 1000 m3 transported by 

tanker truck. Data on total import of fuels are taken from Statistics Iceland. Activity data and 

resulting emissions are provided in Table 3.23. 

Table 3.23. Fuel use (kt) and resulting emissions from distribution of oil products. 

3.7.2 Geothermal Energy (CRF 1B2d) 

3.7.2.1 Overview 

Iceland relies heavily on geothermal energy for space heating (90%) and to a significant extent for 

electricity production (30% of the total electricity production in 2014). Geothermal energy is 

generally considered to have a relatively low environmental impact. Emissions of CO2 are commonly 

considered to be among the negative environmental effects of geothermal power production, even 

though they have been shown to be considerably less than from fossil fuel power plants, or 19 times 

(Baldvinsson, Þórisdóttir, & Kristjánsson, 2011). Very small amounts of methane but considerable 

quantities of Sulphur in the form of hydrogen sulphide (H2S) are emitted from geothermal power 

plants.   

 1990 1995 2000 2005 2010 2013 2014 

Gasoline 129.35 132.19 153.42 164.17 144.53 132.81 133.39 

Jet Kerosene 78.70 72.28 146.55 139.37 120.36 167.11 187.67 

Other Kerosene 0.03 0.02 0.00 0.01 0.00 0.12 0.01 

Gas/Diesel oil 335.78 309.35 427.92 418.23 292.31 273.19 288.09 

Residual Fuel Oil 105.96 151.92 64.08 62.90 93.05 108.85 90.39 

LPG 1.29 1.32 1.68 2.46 2.62 3.07 2.45 

Emissions 0.49 0.50 0.60 0.60 0.49 0.52 0.53 
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3.7.2.2 Key Source Analysis 

The key source analysis performed for 2014 has revealed that geothermal energy is a key source in 

terms of both level and trend, as indicated in Table 1.1. 

3.7.2.3 Methodology 

Geothermal systems can be considered as geochemical reservoirs of CO2. Degassing of mantle-

derived magma is the sole source of CO2 in these systems in Iceland. CO2 sinks include calcite 

precipitation, CO2 discharge to the atmosphere and release of CO2 to enveloping groundwater 

systems. The CO2 concentration in the geothermal steam is site and time-specific, and can vary 

greatly between areas and the wells within an area as well as by the time of extraction.  

The total emissions estimate of CO2 is based on direct measurements. The enthalpy and flow of each 

well are measured and the CO2 concentration of the steam fraction determined at the wellhead 

pressure. The steam fraction of the fluid and its CO2 concentration at the wellhead pressure and the 

geothermal plant inlet pressure are calculated for each well. Information about the period each well 

discharged in each year is then used to calculate the annual CO2 discharge from each well and finally 

the total CO2 is determined by adding up the CO2 discharge from individual wells.   

Emissions of CH4 and H2S are also calculated in a similar way that CO2 is calculated, i.e. based on 

direct measurements.  H2S has been measured for the whole time series.  Methane was measured in 

2010, 2011 and 2012.  Older measurements exist for the years 1995 to 1997.  Based on the 

measurements from 1995 to 1997 and 2010 an average methane emission factor was calculated and 

used for the years where no information has been provided.  The methane emissions for those years 

(1995, 1996, 1997 and 2010) range from 35.5 to 55.8 kg/GWh, with an average of 45.7 kg/GWh.     

Table 3.24 shows the electricity production with geothermal energy and the total CO2, CH4 and 

Sulphur emissions (calculated as SO2).  

Table 3.24. Electricity production and emissions from geothermal energy in Iceland. 

 1990 1995 2000 2005 2010 2013 2014 

Electricity production (GWh) 283 288 1323 1658 4465 5245 5238 

Carbon dioxide emissions (kt) 61 82 153 116 189 172 182 

Methane emissions (kt CO2 eq) 0.3 0.3 1.5 1.9 4.4 3.6 4.1 

Sulphur emissions (as SO2, kt) 13 11 26 30 58 53 47 

 

3.7.3 Uncertainties 
The estimate of quantitative uncertainty has revealed that the uncertainty of CO2 emissions from 

geothermal energy is 10% (with an activity data uncertainty of 10% and emission factor uncertainty 

of 1%). The uncertainty of CH4 emissions from geothermal energy is 10% (with an activity data 

uncertainty of 6% and emission factor uncertainty of 8%). This can be seen in the quantitative 

uncertainty table in Annex II. 
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4 Industrial Processes (CRF sector 2) 

4.1 Overview 

The production of raw materials is the main source of Industrial Process related emissions for CO2, 

N2O and PFCs. Emissions also occur as a result of the use of HFCs as substitutes for ozone depleting 

substances and SF6 from electrical equipment. The Industrial Processes sector accounted for 43% of 

the GHG emissions in Iceland in 2014. By 2014, emissions from the industrial processes sector were 

102% above the 1990 level. This is mainly due to the expansion of energy intensive industry. The 

dominant category within the Industrial Process sector is metal production, which accounted for 92% 

ƻŦ ǘƘŜ ǎŜŎǘƻǊΩǎ ŜƳƛǎǎƛƻƴǎ ƛƴ нлмпΦ Figure 4.1 shows the location of major industrial plants in Iceland.  

 

 

Figure  4.1 Location of major industrial sites in Iceland. 

4.1.1 Methodology 
Greenhouse gas emissions from industrial processes are calculated according to methodologies 

suggested by the 2006 IPCC Guidelines and the IPCC Good Practice Guidance. 

 

4.1.2 Key Source Analysis 
The key source analysis performed for 2014 has revealed the following greenhouse gas sources from 

the Industrial Processes Sector as key sources in terms of total level and/or trend (Table 1.1). 
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Table 4.1 Key source analysis for Agriculture, 1990, 2014 and trend (excluding LULUCF). 

IPCC source category  
Level 
1990 

Level 
2014 

Trend 

IPPU (CRF sector 2) 

2.A.1 Cement Production CO2 V   

2.C.2 Ferroalloys Production CO2 V V V 

2.C.3 Aluminium Production CO2 V V V 

2.C.3 Aluminium Production PFCs V V V 

2.F.1 Refrigeration and Air conditioning 
Aggregate  
F-gases 

 V V 

 

4.1.3 Completeness 
Table 4.2 gives an overview of the 2006 IPCC source categories included in this chapter and presents 

the status of emission estimates from all subcategories in the Industrial Process and Product Use 

sector. NF3 emissions have not been estimated, but are most likely minimum or not occurring. 

Table 4.2 Industrial Processes - Completeness (E: estimated, NE: not estimated, NA: not applicable, IE: included elsewhere). 

 Greenhouse gases Other gases 

Sector CO2 CH4 N2O HFC PFC SF6 NOX CO NMVOC SO2 

2A   Mineral Industry 

2A1 
Cement Production (until 
2011) 

E NE NA NA NA NA NA NA NA IE1 

2A2 Lime Production NOT OCCURRING 

2A3 Glass Production NOT OCCURRING 

2A4(a-c) 
Other Process Uses of 
Carbonates  

NOT OCCURRING 

2A4d 
Other: Mineral Wool 
Production 

E NE NE NA NA NA NE E NE E 

2B   Chemical Industry 

2B1 Ammonia Production (IE)3 NA NA E NA NA NA E NA NA NA 

2B2 Nitric Acid Production NOT OCCURRING 

2B3 Adipic Acid Production NOT OCCURRING 

2B4 
Caprolactam, Glyoxal and 
Glyoxylic Acid Production 

NOT OCCURRING 

2B5 Carbide Production NOT OCCURRING 

2B6 
Titanium Dioxide 
Production 

NOT OCCURRING 

2B7 Soda Ash Production NIOT OCCURRING 

2B8 
Pertochemical and Carbon 
Black Production 

NOT OCCURRING 

2B9 Fluorochemical Production NOT OCCURRING 

2B10 
Other: Silicium Production 
ς until 2004 

E NE NE NA NA NA E NE NE NE 

2B10 
Other: Fertilizer 
Production ς until 2001 

NA NE E NA NA NA E NE NE NE 

2C   Metal Industry 

2C1 Iron and Steel Production NOT OCCURRING 

2C2 Ferroalloys Production E E NA NA NA NA E E E E 

2C3 Aluminium Production E NE NE NA E NA NE NE NE E 

2C4 Magnesium Production NOT OCCURRING 

2C5 Lead Production NOT OCCURRING 

2C6 Zinc Production NOT OCCURRING 

2C7 Other NOT OCCURRING 
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2D   Non-Energy Products from Fuels and Solvent Use 

2D1 Lubricant Use NOT ESTIMATED 

2D2 Paraffin Wax Use E NE NE NA NA NA NE NE NE NE 

2D3 Solvent Use E NA NA NA NA NA NA NA E NA 

2D4 Other NE NE NE NA NA NA NA NA E NA 

2E   Electronics Industry 

2E1 
Intergraded Circuit or 
Semiconductor 

NOT OCCURRING 

2E2 TFT Flat Panel Display NOT OCCURRING 

2E3 Photovoltaics NOT OCCURRING 

2E4 Heat Transfer Fluid NOT OCCURRING 

2E5 Other NOT OCCURRING 

2F   Product Uses as Substitutes for Ozone Depleting Substances 

2F1 
Refrigeration and Air 
Conditioning 

NA NA NA E E NA NA NA NA NA 

2F1a 
Refrigeration and 
Stationary Air Conditioning 

NA NA NA E NO E NA NA NA NA 

2F2b Mobile Air Conditioning NA NA NA E NO E NA NA NA NA 

2F2 Foam Blowing Agents NOT OCCURING 

2F3 Fire Production NOT OCCURING 

2F4 Aerosols NA NA NA E NO E NA NA NA NA 

2F5 Solvents NOT OCCURING 

2F6 Other Applications NOT OCCURING 

2G   Other Product Manufacture and Use 

2G1 Electrical Equipment NOT OCCURING 

2G1b Use of Electric Equipment NA NA NA NA NE E NA NA NA NA 

2G2 
SF6 and PFCs from Other 
Product Uses 

NOT ESTIMATED 

2G3 N2O from Product Use E NA NA NA NA NA NA NA E NA 

2G4 Other E NA NA NA NA NA NA NA E NA 

2H   Other 

2H1 Pulp and Paper Industry NOT OCCURING 

2H2 
Food and Beverage 
Industry 

NE NA NA NA NA NA NA NA E NA 

2H3 Other NOT ESTIMATED 
1 SO2 emissions from cement production are reported under the Energy sector, based on measurements. 

2 Soda Ash was used at the Silicon plant which closed down in 2004, resulting CO2 emissions from soda ash use are reported under silicon 

production. 

3 Ammonia was produced at the fertilizer production plant that closed down in 2001.  Resulting emissions of N2O and NOx are reported under 

fertilizer production. 

 

4.1.4 Source Specific QA/QC Procedures 
The QC activities include general methods such as accuracy checks on data acquisition and 

calculations and the use of approved standardised procedures for emission calculations, estimating 

uncertainties, archiving information and reporting. Activity data from all major industry plants is 

collected through electronic surveys, allowing immediate QC checks. QC tests involve automatic t/t 

checks on certain emissions and activity data from this industry. Further information can be found in 

the QA/QC manual.  

 

4.2 Mineral Products (CRF sector 2A) 

4.2.1 Cement Production (CRF 2A1) 
The single operating cement plant in Iceland was closed down in 2011. The plant produced cement 

from shell sand and rhyolite in a rotary kiln using a wet process. Emissions of CO2 originate from the 
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calcination of the raw material, calcium carbonate, which comes from shell sand in the production 

process. The resulting calcium oxide is heated to form clinker and then crushed to form cement. 

Emissions are calculated according to the Tier 2 method of the 2006 IPCC Guideline (Equation 2.2), 

based on clinker production data and data on the CaO content of the clinker. Cement Kiln Dust (CKD) 

is non-calcined to fully calcined dust produced in the kiln. CKD may be partly or completely recycled 

in the kiln. Any CKD that is not recycled can be considered lost to the system in terms of CO2 

emissions. Emissions are thus corrected with plant specific cement kiln dust correction factor. 

Equation 2.2 
 

CO2 Emissions = Mcl × EFcl × CFckd 
Where: 

- CO2 Emissions = emissions of CO2 from cement production, tonnes 

- Mcl = weight (mass) of clinker production, tonnes 

- EFcl = clinker emission factor, tonnes CO2/tonnes clinker; EFcl = 0.785 × CaO content 

- CFckd = emissions correction factor for non-recycled cement kiln dust, dimensionless 

 
 

 

4.2.1.1 Activity Data 

Process-specific data on clinker production, the CaO content of the clinker and the amount of non-

recycled CKD are collected by the EA directly from the cement production plant. Data on clinker 

production is only available from 2003 onwards. Historical clinker production data has been 

calculated as 85% of cement production, which was recommended by an expert at the cement plant.  

This ratio is close to the average proportion for the years 2003 and 2004.  

The production at the cement plant decreased slowly from 2000 - 2004. The construction of the 

Kárahnjúkar hydropower plant (building time from 2002 to 2007) along with increased activity in the 

construction sector (from 2003 to 2007) increased demand for cement, and the production at the 

cement plant increased again between 2004 and 2007, although most of the cement used in the 

country was imported. In 2011, clinker production at the plant was 69% less than in 2007, due to the 

collapse of the construction sector. Late 2011 the plant ceased operation.  
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Table 4.3 Clinker production and CO2 emissions from cement production from 1990-2011. The cement factory closed down in 
2011. 

 

Year 

Cement 
production [t] 

Clinker 
production [t] 

CaO content 
of clinker 

EFcl CFckd 
CO2       

emissions 
[kt]  

1990 114,100 96,985 63% 0.495 107.5% 51.6 

1991 106,174 90,248 63% 0.495 107.5% 48.0 

1992 99,800 84,830 63% 0.495 107.5% 45.1 

1993 86,419 73,456 63% 0.495 107.5% 39.1 

1994 80,856 68,728 63% 0.495 107.5% 36.5 

1995 81,514 69,287 63% 0.495 107.5% 36.8 

1996 90,325 76,776 63% 0.495 107.5% 40.8 

1997 100,625 85,531 63% 0.495 107.5% 45.5 

1998 117,684 100,031 63% 0.495 107.5% 53.2 

1999 133,647 113,600 63% 0.495 107.5% 60.4 

2000 142,604 121,213 63% 0.495 107.5% 64.4 

2001 127,660 108,511 63% 0.495 107.5% 57.7 

2002 84,684 71,981 63% 0.495 107.5% 38.3 

2003 75,314 60,403 63% 0.495 107.5% 32.1 

2004 104,829 93,655 63% 0.495 107.5% 49.8 

2005 126,123 99,170 63% 0.495 110% 53.9 

2006 147,874 112,219 63% 0.495 110% 61.0 

2007 148,348 114,668 64% 0.501 110% 63.2 

2008 126,070 110,240 63.9% 0.502 110% 60.8 

2009 59,290 51,864 63.9% 0.502 108% 28.1 

2010 33,389 18,492 63.3% 0.497 108% 9.9 

2011 38,048 35,441 64.2% 0.504 110% 19.6 

2012 - - - - - - 

 

4.2.1.2 Emission Factors 

It has been estimated by an expert at the cement production plant that the CaO content of the 

clinker was 63% for all years from 1990 to 2006. From 2007 the CaO content is based on chemical 

analysis at the plant, as presented in. The CO2 emission factor for clinker (EFcl) is thus 0.495 from 

1990-2006, 0.501 in 2007, 0.502 in 2008 and 2009, 0.497 in 2010 and 0.504 in 2011. The correction 

factor for cement kiln dust (CFckd) was 107.5% for all years from 1990 to 2004, 110% from 2005 - 

2008 and 108% in 2009 and 2010. In 2011 the CFckd correction factor was 110%. 

 

4.2.2 Lime Production (CRF 2A2) 
Limestone has been used at the Elkem Iceland Ferrosilicon plant since 1999. Emissions are calculated 

based on the consumption of limestone and emission factors from the IPCC Guidelines. The 

consumption of limestone is collected from Elkem Iceland by EA through an electronic reporting 

form, based on the EU ETS. The emission factor is 440 kg CO2 per tonne limestone, assuming the 

fractional purity of the limestone is 1.   
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4.2.3 Other: Mineral Wool Production (CRF 2A5) 
There is one Mineral Wool Production Plant in operation in Iceland. Emissions of CO2 are calculated 

from the carbon content and the amount of shell sand and electrodes used in the production 

process. Emissions of SO2 are calculated from the S-content of electrodes and amount of electrodes 

used. Emissions of CO are based on measurements performed at the plant in the year 2000 and 

mineral wool production. Activity data are provided by the plant (application for free allowances 

under the EU ETS for the years 2005 to 2010 and reporting under the EU ETS after that). 

 

4.3 Chemical Industry (CRF sector 2B) 

4.3.1 Methanol Production (CRF 2B8a) 
A methanol production facility started its operation in 2012. The facility uses CO2 from a geothermal 

power plant as a source of carbon. Emissions of CO2 from this facility are, for now, allocated to the 

geothermal power plant and reported in the Energy Sector (CRF subcategory 1B2d). Future 

improvements involve an estimation of emissions from the methanol production facility and 

consequently the reduced emissions from the upstream geothermal power plant. 

 

4.3.2 Other (CRF 2B10) 
The only chemical industries that have existed in Iceland involve the production of silicium and 

fertilizer. The fertilizer production plant was closed in 2001 and the silicium production plant was 

closed in 2004.  

At the silicium production plant, sludge containing silicium was burned to remove organic material. 

Emissions of CO2 and NOx were estimated on the basis of the C-content and N-content of the sludge. 

Emissions also occur from the use of soda ash in the production process and those emissions are 

reported here. The uncertainty of the CO2 estimate is 3%, see Annex II. 

When the fertilizer production plant was operational it reported its emissions of NOx and N2O to the 

EA. The uncertainty of the N2O estimate is 50%, see Annex II. 

 

4.4 Metal Production (CRF 2C) 

4.4.1 Ferroalloys Production (CRF 2C2) 
Ferrosilicon (FeSi, 75% Si) is produced at one plant, Elkem Iceland at Grundartangi. The raw material 

used is quartz (SiO2). In the production raw ore, carbon material and slag forming materials are mixed 

and heated to high temperatures for reduction and smelting. Ready-to-use carbon free iron pellets 

for the production are imported, so no additional emissions occur from the iron part of the FeSi 

production. The carbon materials used are coal, coke, and wood. Electric (submerged) arc furnaces 

with consumable Soederberg electrodes are used. The furnaces are semi-covered.  

Emissions of CO2 originate from the use of coal and coke as reducing agents, as well as from the 

consumption of electrodes. Emissions are calculated according to the Tier 3 method from the 2006 

IPCC Guidelines, based on the consumption of reducing agents and electrodes and plant specific 

carbon content. The amount of carbon in the ferrosilicon produced and coarse and fine microsilica is 

subtracted. The carbon content of electrodes and reducing agents is calculated by using equation 

4.19 of the 2006 IPCC Guidelines, based on measurements at the plant.  
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The IEF fluctuates over the time series depending on the consumption of different reducing agents 

and electrodes (3.13 ς 3.6 t CO2/t FeSi). CO2 emissions resulting from the use of wood and charcoal 

are calculated but not included in national totals. Non CO2-emissions from the use of wood and 

charcoal are included in national totals. 

Limestone has been used at the Elkem Iceland Ferrosilicon plant since 1999. Emissions are calculated 

based on the consumption of limestone and emission factors from the IPCC Guidelines. Emissions 

from limestone use is reported under Lime Production (CRF sector 2A2). 

4.4.1.1 Activity Data 

The consumption of reducing agents and electrodes are collected from Elkem Iceland by EA through 

an electronic reporting form based on the EU ETS. Activity data for raw materials, products and the 

resulting emissions are given in Table 4.4. 

Table 4.4 Raw materials (kt), production (kt) and resulting emissions (kt CO2-eq) from Elkem Iceland. 

 1990 1995 2000 2005 2010 2013 2014 

Electrodes 3.8 3.9 6.0 6.0 4.79 5.1 4.3 

Coking coal 45.1 52.4 88.0 86.9 96.1 111.0 103 

Coke oven coke 24.9 30.1 35.8 42.6 30.3 33.7 29.5 

Char coal - - - 2.1 - - - 

Waste wood 16.7 7.7 16.2 15.6 11.3 26.4 25.7 

Limestone - - 0.5 1.6 0.5 2.3 2.1 

Production (FeSi) 62.8 71.4 108.4 111.0 102.2 119.6 107.8 

Coarse Microsilica 0.9 1.0 1.4 1.6 1.1 1.4 1.4 

Fine Microsilica 13.2 15.0 21.4 24.3 17.0 23.7 21.0 

Emissions 207.4 242.4 373.5 373.6 367.6 402.5 364.9 

 

4.4.1.2 Emission Factors 
Plant and year specific emission factors for CO2 are based on the carbon content of the reducing agents, electrodes, the 
ŦŜǊǊƻǎƛƭƛŎƻƴ ŀƴŘ ƳƛŎǊƻǎƛƭƛŎŀΦ ¢Ƙƛǎ ƛƴŦƻǊƳŀǘƛƻƴ ǿŀǎ ǘŀƪŜƴ ŦǊƻƳ 9ƭƪŜƳΩǎ ŀǇǇƭƛŎŀǘƛƻƴ ŦƻǊ ŦǊŜŜ ŀƭƭƻǿŀƴŎŜǎ ǳƴŘŜǊ ǘƘŜ 9¦ 9¢{ ŦƻǊ 
the years 2005 to 2010. Upon request by the EA, Elkem provided this information for the years 2000 to 2004 and 2011. In 
2013 and 2014 the information came from the electronic reports submitted under the EU ETS and Green Accounting. Carbon 
content of coking coal, coke and charcoal are based on routine measurements of each lot at the plant. These measurements 
are available for the years 2000 to 2013. For the years 1990 to 1999 the average values for the years 2005 to 2010 were 
used. The carbon content of the electrodes is measured by the producer of the electrodes. Carbon content of wood is taken 
from a Norwegian report (SINTEF. Data og informasjon om skogbruk og virke, Report OR 54.88 ). Carbon content of products 
(ferrosilicon, coarse and fine microsilica) is based on measurements at the plant. The carbon content is presented in  

Table 4.5. The emission factor for the major source streams coal and coke are plant and year specific. 

The implied emission factor differs from year to year based on different carbon content of inputs and 

outputs as well as different composition of the reducing agents used, from 3.13 tonne CO2 per tonne 

Ferrosilicon in 1998, to 3.66 tonne CO2 per tonne Ferrosilicon in 2005.  

Emission factors for CH4, NOx, and NMVOC are taken from Tables 1.7, 1.9, and 1.11 in the IPCC 

Guidelines Reference Manual. Values for NCV are from the Good Practice Guidance. Emissions of SO2 

are calculated from the sulphur content of the reducing agents and electrodes. The emission factor 

for CO comes from Table 2.16 in the Reference Manual of the 1996 IPCC Guidelines. These emission 

factors will be updated in the 2017 submission, in accordance with the 2006 IPCC Guidelines.  
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Table 4.5 Carbon content of raw material and products at Elkem Iceland. 

 1990 1995 2000 2005 2010 2013 2014 

Electrodes 94% 94% 94% 94% 94% 94% 95% 

Coking coal 74.8% 74.8% 79.0% 75.5% 74.6% 72.6% 72.2% 

Coke oven coke 78.8% 78.8% 76.6% 73.8% 80.9% 74.6% 73.6% 

Char coal - - - 80.9% 84.3% - - 

Waste wood 48.7% 48.7% 48.7% 48.7% 48.7% 50.0% 50.0% 

Production (FeSi) 0.1% 0.1% 0.1% 0.1% 0.1% 0.1% 0.1% 

Coarse Microsilica 18% 18% 18% 18% 18% 18% 18% 

Fine Microsilica 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 

 

4.4.1.3 Uncertainties 

The estimate of quantitative uncertainty has revealed that the uncertainty of CO2 emissions from 

ferroalloys production is 1.8% (with an activity data uncertainty of 1.5% and emission factor 

uncertainty of 1%). It is estimated that the uncertainty of the CH4 emission factor is 100%. In 

combination with above mentioned activity data uncertainty this leads to a combined uncertainty of 

100%. This can be seen in the quantitative uncertainty table in Annex II. 

4.4.1.4 Source specific QA/QC procedures 

Activity data is collected through electronic reporting form, allowing immediate QC checks. QC tests 

involve automatic t/t checks on certain emissions and activity data from this industry. Further 

information can be found in the QA/QC manual. 

 

4.4.2 Aluminium Production (CRF 2C3) 
Aluminium is produced in 3 smelters in Iceland, Rio Tinto Alcan at Straumsvík, Century Aluminium at 

Grundartangi and Alcoa Fjarðaál at Reyðarfjörður (See location of major industrial sites in Iceland in 

Figure 4.1). They all use the Centre Worked Prebaked Technology. Primary aluminium production 

results in emissions of CO2 and PFCs. The emissions of CO2 originate from the consumption of 

electrodes during the electrolysis process. Emissions are calculated according to the Tier 3 method 

from the 2006 IPCC Guidelines, based on the quantity of electrodes used in the process and the plant 

and year specific carbon content of the electrodes.  

PFCs are produced during anode effects (AE) in the prebake cells, when the voltage of the cells 

increases from the normal 4 - 5 V to 25 - 40 V. Emissions of PFCs are dependent on the number of 

anode effects and their intensity and duration. Anode effect characteristics vary from plant to plant. 

The PFCs emissions are calculated according to the Tier 2 Slope Method, using equation 4.26 from 

the 2006 IPCC Guideline. Default coefficients are taken from table 4.16 in the 2006 IPCC Guideline for 

Centre Worked Prebaked Technology. 
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EQUATION 4.26 
 

ECF4 = SCF4 · AEM · MP 
and 

EC2F6 = ECF4 · F C2F6/CF4 

Where: 

- ECF4 = emissions of CF4 from aluminium production, kg CF4 

- EC2F6 = emissions of C2F6 from aluminium production, kg C2F6 

- SCF4 = slope coefficient for CF4, ( kg CF4/tonne Al)/(AE-Mins/cell-day) 

- AEM = anode effects per dell-day, AE-Mins/cell-day 

- MP = metal production, tonnes Al 

- F C2F6/CF4 = weight fraction of C2F6/ CF4, kg C2F6/kg CF4 

 

4.4.2.1 Activity Data 

The EA collects annual process specific data from the aluminium plants, through electronic reporting 

forms in according to the EU ETS. Activity data and the resulting emissions can be found in Table 4.6. 

Table 4.6 Aluminium production, CO2 and PFC emissions, IEF for CO2 and PFC 1990-2014. 

 

Year 
Aluminium 

production [kt] 
CO2 emissions 

[kt] 

 

PFC emissions [kt 
CO2-eq] 

 

CO2 [t/t Al]  

 

PFC [t CO2-eq/t 
Al] 

1990 87.839 139.2 494.6 1.58 5.63 

1991 89.217 142.0 410.6 1.59 4.60 

1992 90.045 136.8 183.0 1.52 2.03 

1993 94.152 141.6 88.2 1.50 0.94 

1994 98.595 151.0 52.5 1.53 0.53 

1995 100.198 154.0 69.4 1.54 0.69 

1996 103.362 160.3 29.6 1.55 0.29 

1997 123.562 192.8 97.1 1.56 0.79 

1998 173.869 271.1 212.3 1.56 1.22 

1999 222.014 354.3 204.2 1.60 0.92 

2000 226.362 353.0 149.9 1.57 0.66 

2001 244.148 382.4 108.0 1.57 0.44 

2002 264.107 401.2 85.5 1.52 0.32 

2003 266.611 410.2 70.5 1.54 0.26 

2004 271.384 415.9 45.5 1.53 0.17 

2005 272.488 417.1 30.8 1.53 0.11 

2006 326.270 516.4 392.8 1.58 1.20 

2007 455.761 693.0 331.4 1.52 0.73 

2008 781.151 1186.8 411.4 1.52 0.53 

2009 817.281 1231.5 180.0 1.51 0.22 

2010 818.859 1237.6 171.7 1.51 0.21 

2011 806.319 1214.3 74.5 1.51 0.09 

2012 821.021 1244.2 94.0 1.52 0.11 

2013 840.975 1274.2 88.2 1.51 0.10 

2014 839.975 1279.5 99.0 1.52 0.12 
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4.4.2.2 Emission Factors 

Emission factors for CO2 are based on the plant and year specific carbon content of the electrodes. 

¢Ƙƛǎ ƛƴŦƻǊƳŀǘƛƻƴ ǿŀǎ ǘŀƪŜƴ ŦǊƻƳ ǘƘŜ ŀƭǳƳƛƴƛǳƳ ǇƭŀƴǘǎΩ ŀǇǇƭƛŎŀǘƛƻƴǎ ŦƻǊ ŦǊŜŜ ŀƭƭƻǿŀƴŎŜǎ ǳƴŘŜǊ ǘƘŜ 9¦ 

ETS for the years 2005 to 2010. Upon request by the EA, the aluminium plants also provided 

information on carbon content of the electrodes for all other years in which the corresponding 

aluminium plant was operating in the time period 1990 to 2012. In 2013 and 2014 the information 

comes from submitted data from the operators under the EU ETS. The weighted average carbon 

content of the electrodes ranges from 98.0% to 98.8%.  

The default slope and weight fraction coefficients for the calculation of PFC emissions come from the 

2006 IPCC Guideline for Centre Worked Prebaked Technology (0.143 for CF4 and 0.121 for C2F6/CF4). 

For high performing facilities that emit very small amounts of PFCs, the Tier 3 method will probably 

not provide a significant improvement in the overall facility GHG inventory in comparison with the 

Tier 2 Method. Consequently, it is good practice to identify these facilities prior to selecting methods 

in the interest of prioritising resources. The status of a facility as a high performing facility should be 

assessed annually because economic factors, such as the restarts of production lines after a period of 

inactivity or process factors, such as periods of power curtailments might cause temporary increases 

in anode effect frequency. In addition, over time, facilities that might not at first meet the 

requirements for high performers may become high performing facilities through implementation of 

new technology or improved work practices.  

4.4.2.3 Uncertainties 

The estimate of quantitative uncertainty has revealed that the uncertainty of CO2 emissions from 

aluminium production is 1.8% (with an activity data uncertainty of 1% and an emission factor 

uncertainty of 1.5%). This can be seen in the quantitative uncertainty table in Annex II. 

The emission factors for calculating PFC emissions have more uncertainty. The preliminary estimate 

of quantitative uncertainty has revealed that the uncertainty of PFC emissions from aluminium 

production is 6% for CF4 and 11% for C2F6. 

4.4.2.4 Source specific QA/QC procedures 

Activity data is collected through electronic reporting forms, allowing immediate QC checks. QC tests 

involve automatic t/t checks on certain emissions and activity data from this industry. Further 

information can be found in the QA/QC manual.  

 

4.5 Non-Energy Products from Fuels and Solvent Use (CRF 2D) 

4.5.1 Lubricant Use (CRF 2D1) 
Lubricants are mostly used in industrial and transportation applications. Lubricants are produced 

either at refineries through separation from crude oil or at petrochemical facilities. They can be 

subdivided into (a) motor oils and industrial oils, and (b) greases, which differ in terms of physical 

characteristics (e.g., viscosity), commercial applications, and environmental fate (IPCC, 2006).   

Preliminary estimations of the remaining CO2 emissions from lubricant use for non-energy use in 

2014 are 1.2 kt CO2 which is below 0.05 % of total emissions in 2014. These emissions are omitted for 

the current submission and future improvements involve, in addition to a better estimate of the 

emissions, a review of activity data related to this category.    
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4.5.2 Paraffin Wax Use (CRF 2D2) 

4.5.2.1 Overview 

Paraffin waxes are used in applications such as: candles, corrugated boxes, paper coating, board 

sizing, food production, wax polishes, surfactants (as used in detergents) and many others. Emissions 

from the use of waxes derive primarily when the waxes or derivatives of paraffins are combusted 

during use (e.g., candles), and when they are incinerated with or without heat recovery or in 

wastewater treatment (for surfactants). In the cases of incineration and wastewater treatment the 

emissions should be reported in the Energy or Waste Sectors, respectively (IPCC, 2006). 

The emissions from Paraffin Wax Use were estimated to be 0.31 kt CO2 in 1990 and 0.25 kt CO2 in 

2014. Activity data for this category is limited and improvements are discussed section 4.5.2.5. 

4.5.2.2 Methodology 

CO2 Emissions from paraffin wax use are calculated using equation 5.4 (Tier 1) in the IPCC 2006 

guidelines (IPCC, 2006).  

 

 

EQUATION 5.4 

CO2 Emissions = (PW · CCWAX · ODUWAX · 44/12)/1000 

Where: 

- CO2 emissions = emissions of CO2 from paraffin waxes, kt CO2 

- PW = Total paraffin wax consumption, TJ 

- CCWAX = Carbon content of paraffin wax, tonne C/TJ 

- ODUWAX Ґ άhȄƛŘƛȊŜŘ ŘǳǊƛƴƎ ǳǎŜέ-factor for paraffin wax, fraction 

- 44/12 = mass ratio of CO2/C 

- /1000 = conversion from tonnes to kilotonnes. 

 

For calculating the total paraffin wax consumption, PW, in energy units, the activity data given in 

tons are multiplied by the Net Calorific Value of 40.2 TJ/kt given in table 1.2 in the IPCC 2006 

guidelines. The default CCWAX factor of 20.0 kg C/GJ (on a Lower Heating Value basis) and the default 

ODUWAX factor of 0.2 (Tier 1) given in the IPCC 2006 guidelines is applied. The proportion of paraffin 

candles used is assumed to be 66%, taken from the Norwegian Inventory Report for 2015 as the 

activity data does not distinguish between paraffin candles and others. 

4.5.2.3 Activity data 

Activity data for the imports and exports of candles exist from 2004 and is published by Statistics 

Iceland (Statistics Iceland, 2015). For 1990-2003, the 2004 values are used. Activity data for the 

production of candles is missing. Imported and exported paraffin (less than 0.75% oil) is also 

published by Statistics Iceland from 2004. For 1990-2003 the 2004 values are used. Activity data for 

paraffin production is missing but is considered insignificant based on expert judgement.  

4.5.2.4 Emissions 

The emissions from Paraffin Wax Use were estimated to be 0.31 kt CO2 in 1990 and 0.25 kt CO2 in 

2014. 
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4.5.2.5 Planned improvements 

Better activity data for all sources of paraffin wax use in Iceland. Activity data should furthermore 

distinguish between paraffin candles and other types of candles. 

 

4.5.3 Solvent use (CRF 2D3)  

4.5.3.1 Overview  

This section describes non-methane volatile organic compounds (NMVOC) emissions from solvents 

use. NMVOC are not considered direct greenhouse gases but once they are emitted, they will oxidize 

to CO2 in the atmosphere over a period of time. They are therefore considered as indirect 

greenhouse gases. NMVOCs also act as precursors to the formation of ozone. When volatile 

chemicals are exposed to air, emissions are produced through evaporation of the chemicals. The use 

of solvents and other organic compounds in industrial processes and households is an important 

source of NMVOC emissions. 

In 1990 emissions Solvent Use was 4.43 kt CO2 equivalents. Emissions increased by 5.4 % between 

1990 and 2014 and were 4.66 kt CO2 equivalents in 2014 accounting for roughly 0.1% of the total 

greenhouse gas emissions of Iceland in 2014.  

4.5.3.2 Methodology 

NMVOC emissions are estimated according to the EMEP/EEA air pollutant emission inventory 

guidebook (EMAP/EEA, 2013)Φ ¢ƘŜ ǎƻǳǊŎŜ ŎŀǘŜƎƻǊȅ άǎƻƭǾŜƴǘ ǳǎŜέ ƛǎ ŘƛǾƛŘŜŘ ƛƴǘƻ ǎǳōŎŀǘŜƎƻǊƛŜǎ ƛƴ 

accordance with the EMEP guidebook classification, as the nature of this source requires somewhat 

different approaches to calculate emissions than other emissions categories. 

4.5.3.3 Key source analysis 

The key source analysis performed for 2014 has revealed that the sector Non-Energy Products from 

Fuels and Solvent Use is neither a key source category in level nor in trend. 

4.5.3.4 Source specific QA/QC procedures 

The QC activities include general methods such as accuracy checks on data acquisition and 

calculations as well as the use of approved standardised procedures for emission calculations, 

estimating uncertainties, archiving information and reporting. Further information can be found in 

the QA/QC manual. 

4.5.3.5  Road Paving with Asphalt (CRF 2D3b) 

Asphalt road surfaces are composed of compacted aggregate and asphalt binder. Gases are emitted 

from the asphalt plant itself, the road surfacing operations and subsequently from the road surface. 

Information on the amount of asphalt produced comes from Statistics Iceland. The emission factors 

for NMVOC (0.016 kg/t asphalt) are taken from Table 3.1, in chapter 2D3b in the EMEP/EEA emission 

inventory guidebook (EMAP/EEA, 2013). Emissions of SO2, NOx and CO are expected to originate 

mainly from combustion and are therefore not estimated here but accounted for under sector 1A2f.  

4.5.3.6 Paint applicants (2D3d) 

The EMEP/EEA guidebook (EMAP/EEA, 2013) provides emission factors based on amounts of paint 

applied. Data exists on imported paint since 1990 (Statistics Iceland, 2015) and on domestic 

production of paint since 1998 (Icelandic Recycling Fund, 2014). The Tier 1 emission factor refers to 

all paints applied, e.g. waterborne, powder, high solid and solvent based paints. The existing activity 

data on production and imported paints, however, makes it possible to narrow the activity data 
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down to conventional solvent based paints. Subsequently, Tier 2 emission factors for conventional 

solvent based paints could be applied. The activity data does not permit a distinction between 

decorative coating application for construction of buildings and domestic use of paints. Their NMVOC 

emission factors, however, are identical: 230 g/kg paint applied. It is assumed that all paint imported 

and produced domestically is applied domestically during the same year. Therefore the total amount 

of solvent based paint is multiplied with the emission factor. For the time before 1998 no data exists 

about the amount of solvent based paint produced domestically. Therefore the domestically 

produced paint amount of 1998, which happens to be the highest of the time period for which data 

exists, is used for the period from 1990-1997. The amounts of solvent based paint produced 

domestically and imported are shown Figure  4.2. 

 

Figure  4.2 Amounts of imported solvent based paints and produced domestically 1990-2014. 

 

4.5.3.7 Degreasing and dry cleaning (2D3e, 2D3f) 

The EMEP/EEA guidebook (EMAP/EEA, 2013) provides a Tier 1 emission factor for degreasing based 

on amounts of cleaning products used. Data on the amount of cleaning products imported is 

provided by Statistics Iceland. Activity data consisted of the chemicals listed by the EMEP/EEA 

guidebook (EMAP/EEA, 2013) methylene chloride (MC), tetrachloroethylene (PER), trichloroethylene 

(TRI) and xylenes (XYL). In Iceland, though, PER is mainly used for dry cleaning (expert judgement). In 

order to estimate emissions from degreasing more correctly without underestimating them, only half 

of the imported PER was allocated to degreasing. Emissions from dry cleaning are estimated without 

using data on solvents used (see below). The use of PER in dry cleaning, though, is implicitly 

contained in the method. In Iceland, Xylenes are mainly used in paint production (expert judgement). 

In order to estimate emissions from degreasing more correctly without underestimating them, only 

half of the imported xylenes were allocated to degreasing. Emissions from paint production are 

estimated without using data on solvents used but xylene use is implicitly contained in the method. 

In addition to the solvents mentioned above, 1,1,1-trichloroethane (TCA), now banned by the 

Montreal Protocol, is added for the time period during which it was imported and used. Another 

category included is paint and varnish removers. The amount of imported solvents for degreasing 

was multiplied with the NMVOC Tier 1 emission factor for degreasing: 460 g/kg cleaning product. 
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Emissions from dry cleaning were calculated using the Tier 2 emission factor for open-circuit 

machines provided by the EMEP/EEA guidebook. Activity data for calculation of NMVOC emissions is 

the amount of textile treated annually, which is assumed to be 0.3 kg/head (EMAP/EEA, 2013) and 

calculated using demographic data. The NMVOC emission factor for open-circuit machines is 177g/kg 

textile treated. Since all dry cleaning machines used in Iceland are conventional closed-circuit PER 

machines, the emission factor was reduced using the respective EMEP/EEA guidebook (EMAP/EEA, 

2013) reduction default value of 0.89. NMVOC emissions from dry cleaning were calculated thus: 

 

 

 
E NMVOC όǘύ Ґ ǇƻǇǳƭŀǘƛƻƴ όǘύ ω лΦо ω όмттκмлллύ ω όм-0.89) 

 
Where: 

- E NMVOC (t) = emissions of NMVOC in year t, kg 

- Population (t) = population in year t 

- 0.3 = amount of textiles treated inhabitant/year, kg 

- 177 = g NMVOC emissions/kg textile treated 

- 0.89 = abatement efficiency of closed circuit PER machines 

 

 

4.5.3.8 Chemical products, manufacturing and processing (2D3g) 

The only activity identified for the subcategory chemical products, manufacture and processing is 

manufacture of paints. NMVOC emissions from the manufacture of paints were calculated using the 

EMEP/EEA guidebook (EMAP/EEA, 2013)Tier 2 emission factor of 11 g/kg product. The activity data 

consists of the amount of paint produced domestically.  

4.5.3.9 Other use of solvent and related activates (2D3a, 2D3h, 2D3i) 

NMVOC emissions for printing were calculated using the EMEP/EEA guidebook (EMAP/EEA, 2013) 

Tier 1 emission factor of 500g/kg ink used. Import data on ink was received from Statistics Iceland 

(Statistics Iceland, 2015). 

NMVOC emissions from other domestic use were calculated using the EMEP/EEA guidebook 

(EMAP/EEA, 2013) emission factor of 2.7 kg/inhabitant/year. 

Emissions from wood preservation were calculated using the EMEP/EEA guidebook (EMAP/EEA, 

2013) Tier 2 emission factors for creosote preservative type (105 g/kg creosote) and organic solvent 

borne preservative (945 g/kg preservative). Import data on both wood preservatives was received 

from Statistics Iceland (Statistics Iceland, 2015).  

4.5.3.10 Emissions  

Figure 4.3 shows NMVOC emissions from the sector from 1990-2014. NMVOC emissions were around 

1.4 kt from 1990 to 1995. Between 1996 and 2007 emissions oscillated between 1.5 and 1.8 kt. The 

decrease of emissions during the last years is mainly due to decreasing emissions from paint 

application, printing and organic wood preservatives.  
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Figure  4.3 NMVOC emissions from solvent and other product use (kt/year) from 1990-2014. 

NMVOC emissions will oxidize to CO2 in the atmosphere over a period of time. This conversion has 

been estimated with the following equation: 

 
E NMVOC (t Emissions from NMVOCs in CO2-equivalents 

 
CO2 ŜǉǳƛǾŀƭŜƴǘǎ Ґ лΦур ω ba±h/t ω ппκмнύ Ґ ǇƻǇǳƭŀǘƛƻƴ όǘύ ω лΦо ω όмттκмлллύ ω όм-0.89) 

 
Where: 

- 0.85 = Carbon content fraction of NMVOC 

- NMVOCt = Total NMVOC emissions in the year t 

- 44/12 = Conversion factor 

 

4.5.3.11 Uncertainties 

Uncertainty estimates for emissions from Solvent use were revised in response to a remark by the 

ERT during the review of Iceland´s 2013 submission. NMVOC emissions along with respective 

uncertainty estimates were calculated for nine subcategories. Subsector AD and EF uncertainties 

were combined by multiplication using equation 3.1 (page 3.28) of the 2006 IPCC Guideline. The 

main source for EF uncertainties were uncertainties and value ranges given in the EMEP GB. The 

combined subsector uncertainties were then combined into one value due to the relative 

insignificance of CO2 emissions from this sector. Combination of uncertainties was achieved by using 

equation 3.2 (page 6.28) using 2013 emissions as uncertain quantities. Combined AD uncertainty for 

the sector was 59%, combined EF uncertainty 170%. This resulted in 180% total uncertainty for CO2 

emission from the sector. Table 4.7 shows the uncertainties for the subsectors and the respective 

references. 
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Table 4.7. Subsector AD and EF uncertainties for CO2 emissions from solvent use 

Subsector AD uncertainty EF uncertainty 

Paint application 100a 57b 

Degreasing 200a 96b 

Dry cleaning 1000b 105b 

Chemical products 20a 500b 

Printing 50a 320b 

Other domestic use 5a 200b 

Other product use: wood preservation, creosote 100a 36b 

Other product use: wood preservation, organic solvent borne 
preservative 

100a 44b 

Other product use: tobaccoc 50a 108b 
a = expert judgement; b = EMEP GB; c= reported in 2G 

 

4.6 Product Uses as Substitutes for Ozone Depleting Substances (CRF sector 2F) 

4.6.1 Overview 
Lƴ LŎŜƭŀƴŘ IȅŘǊƻŦƭǳƻǊƻŎŀǊōƻƴǎ όIC/ǎύ ŀǊŜ ǳǎŜŘ ŦƛǊǎǘ ŀƴŘ ŦƻǊŜƳƻǎǘ ƛƴ ǊŜŦǊƛƎŜǊŀƴǘǎΦ IC/ǎ ǎǳōǎǘƛǘǳǘŜǎΩ 

ozone depleting substances like the chlorofluorocarbon (CFC) R-12 and the hydrochlorofluorocarbons 

(HCFCs) R-22 and R-502, which are being phased out by the Montreal Protocol.  

HFCs were first imported to Iceland in 1993. The use of fluorinated gases were regulated in 1998 with 

the implementation of regulation 230/1998 later repealed with regulation no. 834/2010. 

Regulation 834/2010 bans production, import and sale of HFCs (and CFCs) or products containing 

HFCs with the exception of HFCs used in refrigerants, air conditioning equipment and in metered 

dose inhalers (MDIs). This diction thus implies a ban of HFC use as foam blowing agent and HFC 

contained in hard cell foams imported (2F2), its use in fire protection (2F3), as aerosols (2F4) with the 

exception of metered dose inhalers and as solvents (2F5). The bans of production, import and sale of 

HFCs reached to the year 2013 and have not been re-established. 

The use of HFCs in the refrigeration and air conditioning sector (2F1) spans the following 

applications: 

- domestic refrigeration,  
- commercial refrigeration,  
- transport refrigeration, 
- industrial refrigeration,  
- Residential and Commercial AC, including heat pumps 
- mobile air conditioning (MAC).  

 

HFCs are also used in metered dose inhalers (2F4). The structure of the source category consumption 

of product uses as substitutes for ozone depleting substances is shown in Table 4.8. Use of HFCs in 

other sub-source categories is not occurring. 
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Table 4.8 Source category structure of product uses as substitutes for ozone depleting substances. 

GHG source 
category 

GHG sub-source category Further specification 

2F1                
Refrigeration and 
Air Conditioning 

Refrigeration and 
Stationary Air 
Condition (2F1a) 

Domestic Refrigeration  

Commercial 
Refrigeration 

Combination of stand-alone 
and medium & large 
commercial refrigeration 

Transport Refrigeration 
Reefers 

Fishing vessels 

Industrial Refrigeration 
Food industries such as fish 
farming, meat processing, and 
vegetable production 

Residential and 
Commercial AC, 
including heat pumps 

 

2F1b                                                              
Mobile Air Conditioning (MAC) (2F1b) 

Passenger cars 

Trucks 

Coaches 

2F4             
Aerosols 

Metered Dose Inhalers (MDI) 

 

The commercial fishing industry is one of Iceland´s most important industry sectors, yielding total 

annual catches between one and two million tonnes since 1990. Directly after catch and processing, 

fish is either cooled or frozen and shipped to the market. A substantial part of the Icelandic fleet 

replaced refrigeration systems that used CFCs and HCFCs as refrigerants with systems that use 

ammonia. Some ships, especially smaller ones, retrofitted their systems with HFCs due to the fact 

that the additional space requirements of ammonia based systems exceeded available space. The 

phase of retrofitting and replacing refrigerant systems in the fishing industry is still on-going. A ban of 

importing new R-22, became effective in 2010 and the impending ban on importing recovered R-22 

leads to a price increase for R-22 and adds urgency to the process. 

Refrigeration systems on-board ships are fundamentally different from systems on land regarding 

their susceptibility to leakage. Therefore they are allocated to transport refrigeration, as are 

refrigerated containers (reefers). Industrial refrigeration, on the other hand, comprises refrigeration 

systems used in food industries such as fish farming, meat processing, and vegetable production.  

The most commonly used HFCs are HFC-125, HFC-134a, and HFC-143a. They are imported in bulk and 

in equipment such as domestic refrigerators, vehicle air conditionings, reefers and MDIs. All other 

HFCs are imported in bulk only. 

In this chapter the American Society of Heating, Refrigerating and Air-Conditioning Engineers 

(ASHRAE) Standard 34 is used to label HCFCs and HFCs (ASHRAE, 2007). It consists of the letter R and 

additional numbers and letters. HFC notations are used later on when the R-blends have been 

disaggregated by calculations into the HFCs contained in them.   
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4.6.2  Refrigeration and Air Conditioning (CRF 2F1) 

4.6.2.1 Methodology 

Emissions for the refrigeration and air conditioning sector are estimated using the 2006 IPCC 

Guideline Tier 2a - Emission-factor approach. For some sectors, however, the approach had to be 

modified since no information on the amount of units and their average charge could be collected. 

Instead the bulk import of HFCs was allocated to sub-source categories based on expert judgement. 

This will be explained in more detail in the chapter on activity data.  

4.6.2.2 Source specific QA/QC procedures 

The spread sheets employed in the calculation of HFC emissions from refrigeration and air 

conditioning equipment were designed thus that they included error diagnoses and control 

mechanisms. An example for such a control mechanism is the comparison between the HFC amounts 

imported for a certain refrigeration sub-source until 2013 and the sum of all sub-source emissions 

until 2013 and the amount allocated to the sub-sources 2014 stock. This difference had to be zero.  

4.6.2.3 Activity data 

All HFCs used in Iceland are imported, the majority of which in bulk. The amounts imported are 

recorded by Customs Iceland whence it is reported to the EA. Since 1995 importers also have to 

apply at the EA for permits to import HFCs. R-134A and R-404A are also imported in equipment such 

as reefers, vehicle ACs and domestic refrigerators. 

The bulk import of refrigerants is subdivided thusly into the following applications: 

- All R-407C and R-410A amounts are allocated to Residential and Commercial AC, including heat 
pumps. 

- Since reefers are refilled, the amount of R-134A and R-404A leaking from reefers is replaced 
by corresponding amounts of imported R-134A and R-404A. 

- 65% of the import of each remaining refrigerant - all refrigerants with the exceptions of R-
407C, R-410A and fractions of R-134A and R-404A - are allocated to fishing vessels (transport 
refrigeration) 

- 20% of all remaining refrigerants are allocated to industrial refrigeration 
- 15% of all remaining refrigerants are allocated to commercial refrigeration 

 

This division is based on two sources of information: A) sales data supplied by the main importers of 

refrigerants as well as B) a poll of the majority of companies designing, installing and servicing a 

broad range of refrigeration systems. Nevertheless, the EA is aware that this method simplifies the 

sector. Figure  4.4 shows the quantity of HFCs introduced to Iceland in bulk between 1993 and 2014.  
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Figure  4.4 Quantity of HFCs imported in bulk to Iceland between 1993 and 2014. 

Information on the amount of reefers in stock along with information on the sort of refrigerants 

contained in them was obtained from major stakeholders. During the 1990s R-12 in reefers was 

replaced by R-134A. Today reefers contain either R-134A or R-404A. The average refrigerant charge 

per reefer is 5 kg refrigerant. Due to the limited amount of stakeholders involved in the sector, 

further information is confidential. 

Information on registered vehicles was obtained from the Road Traffic Directorate. This data 

consisted of annual information dating back to 1995 on the number of registered vehicles subdivided 

by vehicle classes and their first registration year. Vehicle classes were aggregated based on 

estimated refrigerant charges:   

- EU classes M1, M2, and N1: GPG default of 0.8 kg for passenger cars 
- EU classes N2 and N3 (trucks): GPG default of 1.2 kg for trucks 
- EU class M3 (coaches): country specific value of 10 kg (expert judgement) 

 

¢ƘŜ ƛƴŦƻǊƳŀǘƛƻƴ ƻƴ ǾŜƘƛŎƭŜǎΩ ŦƛǊǎǘ ǊŜƎƛǎǘǊŀǘƛƻƴ ȅŜŀǊǎ ǿŀǎ ǳǎŜŘ ǘƻ ŜǎǘƛƳŀǘŜ ǘƘŜ ŀƳƻǳƴǘ ƻŦ ǾŜƘƛŎƭŜǎ 

equipped with (R-134A containing) MACs. Based on a study by the EU (Schwarz et al., 2011) it is 

assumed that 80% of all vehicles manufactured today (i.e. since 2010) contain MACs. This value was 

reduced linearly to 5% in 1995, the first year in which the automobile industry used R-134A in new 

vehicles. 

Based on expert judgement it is assumed that all domestic refrigerators imported to Iceland from the 

US since 1993 contain R-134A as refrigerant whereas refrigerators from elsewhere contain non-HFC 

refrigerants. The average charge per refrigerator is estimated at 0.25 kg. This estimation is in line 

with the range given by the 2006 IPCC GL 0.05-0.5 kg (Table 7.9, page 7.52). 

 

4.6.2.4 Emission factors 

Total emissions from refrigeration and air conditioning equipment are calculated using equation 7.4 

from the 2006 IPCC Guideline (p. 7.17). 
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EQUATION 7.4 

 
Total Emissions = Assembly/Manufacture Emissions + Operation Emissions + Disposal Emissions 

 

 

Assembly or Manufacture emissions include the emissions associated with product manufacturing or 

when new equipment is filled with chemical for the first time.  

Operation emissions include annual leakage or diffusion from equipment stock in use as well as 

servicing emissions.  

Disposal emissions occur when the product or equipment reaches its end-of-life and is 

decommissioned and disposed of.  

Assembly or manufacture emissions are calculated by multiplying the amount of HFC and PFC 

charged into new equipment with an emission factor k that represents the percentage of initial 

charge that is released during assembly of the e.g. refrigeration system (equation 7.12 in the 2006 

IPCC Guideline). Sub-source values used as k are presented in Table 4.9.  

Operation emissions are calculated by multiplying the amount of HFC and PFC in stock with an annual 

leak rate x (equation 7.13 in the 2006 IPCC Guideline). Sub-source values used for x are shown in 

Table 4.9. 

The calculation of disposal emissions requires information on the average lifetime n of equipment, 

see equation 7.14. The average lifetime is not only necessary to allocate disposal emissions to an 

appropriate year but also to estimate the charge remaining in equipment (y) by continually 

discounting the original charge with n years. If refrigerants are recovered during disposal, the 

disposal emissions have to be reduced with a recovery efficiency factor z. This factor will be zero if no 

refrigerant recycling takes place. Recovery efficiency factors used are also shown in Table 4.9 

(Sources for the majority of values are taken for the 2006 IPCC Guideline, Tables 7.9 pages 7.52.). 

 

The equation for disposal emissions is shown below: 

 
EQUATION 7.14 

 
Disposal Emissions = (HFC and PFC Charged in year t ς ƴύ ω όȅ κ мллύ ω όм ς z / 100) ς (Amount of 

Intentional Destruction) 
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Table 4.9 Values used for charge, lifetime and emission factors for stationary refrigeration equipment and mobile air 
conditioning. 

 

The lifetime for domestic refrigerators is at the lower end of the range given by the 2006 IPCC 

Guideline. The lifetime EF and the efficiency of recovery at end of life are 2006 IPCC Guideline default 

ǾŀƭǳŜǎΦ Lƴƛǘƛŀƭ ŜƳƛǎǎƛƻƴǎ ŀǊŜ ƴƻǘ ƻŎŎǳǊǊƛƴƎ ŀǎ ŘƻƳŜǎǘƛŎ ǊŜŦǊƛƎŜǊŀǘƛƻƴ ŜǉǳƛǇƳŜƴǘΩǎ ŀǊŜ ŀǎǎŜƳōƭŜŘ ǇǊƛƻǊ 

to import. The same applies for reefers and MACs. Transport refrigeration equipment on fishing 

vessels, commercial and industrial refrigeration equipment as well as residential ACs; however they 

are assembled on site and are therefore attributed with initial EFs. These initial EFs as well as 

lifetimes for other sub-source categories are taken from the ranges given in the 2006 IPCC Guideline 

default values. Stand-alone and medium & large commercial refrigeration are combined into one 

sub-source. Both commercial and industrial refrigeration lifetime EFs are estimated at 10%. Thus they 

are in the lower half of the ranges given by the 2006 IPCC Guideline (both commercial applications 

together have a lifetime EF range from 1-35%). The value was chosen based on information from the 

poll of the Icelandic refrigeration sector mentioned above. 

Leakage on shipping vessels has decreased to a considerable extent in the last decades. This is mainly 

a consequence of the higher prices of HFC refrigerants compared to the prices of their predecessors. 

Higher refrigerant prices make leakage detection and reduction more feasible. The employments of 

leak detectors and routine leakage searches have become common practice on fishing vessels. 

Therefore it can be assumed that the lifetime EF of shipping vessels has decreased since the 

introduction of HFCs. The lifetime EF of shipping vessels for the beginning of the period is assumed to 

be at the upper end of the range for transport refrigeration (50%). This EF is lowered linearly to 20% 

in 2012, which equals 1.6% decrease each year. The latter value was determined after evaluation of 

information from the above mentioned poll. 

Values for residential AC are default values given by the 2006 IPCC Guideline as are the recovery 

efficiencies for all applications. 

Application 
HFC 

charge 
(kg/unit) 

Lifetime 
n (years) 

Initial EF k 
(% of initial charge) 

Lifetime EF x 
(%/year) 

End-of-life EF z 
(% recovery 
efficiency) 

Domestic 
refrigeration 

0.25 12 NO 0.3% 70% 

Commercial 
refrigeration 

NE 9 2% 10% 80% 

Transport ref.: 
reefers 

5 NE NO 15% NE 

Transport ref.: 
fishing vessels 

NE 7 2% 
Linear decrease 

from 50% in 1993 
to 20% in 2012 

75% 

Industrial 
refrigeration 

NE 15 2% 10% 85% 

Residential AC NE 12 1% 3% 75% 

MAC: 
passenger 
cars 

0.8 14 NO 10% 0% 

MAC: trucks 1.2 14 NO 10% 0% 

MAC: coaches 10 14 NO 10% 0% 
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No HFC charge amounts are given for commercial refrigeration, fishing vessels, industrial 

refrigeration and residential AC. No information exists on the average charge and the number of 

units for these sub-source categories. Therefore the bottom-up approach was modified. Instead of 

estimating sub-source specific HFC amounts by multiplying units with their average charge, imported 

HFC bulk amounts were divided between sub-sources using fractions (cf. explanations above). The 

bulk import is then treated as the equipment in which it is contained thus that it is attributed with a 

sub-source specific lifetime n. After n years the part of initially imported HFC not yet emitted is 

disposed of or rather recovered. The poll revealed that the majority of refrigerants are recovered. 

Therefore it is assumed that the share not lost during recovery (1-z) is reused thus remaining in the 

same sub-source´s stock. 

Reefers are periodically refilled. Therefore their initial charge is deemed constant and the amount 

emitted (and refilled) is subtracted from the amounts of R-134A and R-404A imported in bulk during 

the same year. Based on expert judgment the lifetime EF for reefers is estimated to be 15%. This 

method implies end-of-life emissions in lifetime emissions: by assuming refill the charge of each 

reefer is renewed every 6-7 years. 

The lifetime of vehicles is based on information collected by the Icelandic recycling fund. The average 

age of vehicles at end-of-life is 14 years. The lifetime EF is at the lower end of the range given in the 

2006 IPCC Guideline. This is justified by the prevailing cold temperate climate which limits AC use. 

The recovery efficiency is set to zero since no refrigerant recovery takes place when vehicles are 

prepared for destruction. 

4.6.2.5 Emissions 

Emitted refrigerants are dissected into constituent HFCs. HFC emissions are aggregated by 

multiplying individual HFCs with respective GWPs leading to totals in CO2 eq. All values and fractions 

below relate to aggregated emissions are expressed in CO2 eq. 

Total emissions from all refrigeration and air conditioning equipment amounted to 170.1 kt in 2013 

which is 0.4% decrease compared to 2012 emissions Figure  4.5.  
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Figure  4.5 HFC stock (primary y-axis) and emissions (secondary y-axis) from refrigeration and air conditioning equipment. 
Included are domestic refrigeration, commercial refrigeration, industrial refrigeration (fishing vessels and reefers), 
residential ACs and MACs. 

Lifetime emissions are 94.3% of total emissions, 3.1% are end-of-life emissions and 2.6% are initial 

emissions. The low fraction of initial emissions is mainly caused by comparably low initial EFs and to a 

lesser extent by the fact that equipment of some sub-sources is assembled outside Iceland. The low 

fraction of end-of-life emissions is caused by the fact that the majority of refrigerants are recovered 

at-end-of-life. Another factor is that the amount of imported HFCs has been steadily increasing since 

their introduction. The amount of equipment being retired now, i.e. equipment imported or installed 

during the late 90s and early 2000s is therefore comparatively low. This also means that end-of-life 

emissions will increase in years to come.  

Almost two thirds of the 2014 emissions stem from refrigeration systems on fishing vessels. Total 

transport refrigeration emissions, i.e. including reefers, account for 65% of all HFC emissions. Other 

important sectors are industrial refrigeration (17%), commercial refrigeration (13%), and MACs (4%). 

Residential AC emission shares are within 1% of total refrigeration and AC emissions due to low EFs 

and no sub-source HFC import until 1999. Emissions from domestic refrigeration constitute less than 

0.1% of total refrigeration emissions due to the insignificance of imported refrigerant amounts 

(Figure  4.6).  
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Figure  4.6 2014 emission distribution of refrigeration and AC sub-source categories. 

The relations between imports, stock development and emission trends are shown below for fishing 

vessels and MAC. The stock of HFCs in refrigeration systems on fishing vessels (Figure 4.7) shows a 

distinct increase between 2008 and 2010 an again in 2012. This is caused by a stark import increase 

of especially R-404A and R-507A, two refrigerants with high GWPs. The import decrease in 2011 

which slows the growth of the sub-source´s HFC stock but the record import of bulk HFC in 2012 

accelerates stock growth again. Lifetime emissions increase between 2013 and 2014 (although the EF 

is being decreased from 21.6% to 20%) due to greater amounts in stock. End-of-life emissions start in 

1999 when the first equipment containing HFC imported in 1993 is retired (after emitting lifetime 

emissions for 7 years). The imports, stock development and emission trends for commercial and 

industrial refrigeration follows the same trends on different scales and with different onset years for 

end-of-life emissions. 

 

Figure  4.7 Import, stock development and emissions from refrigeration systems on fishing vessels between 1993 and 2014.  

0,02%

13,14%

64,97%

17,28%

0,52%
3,97%

Domestic refrigeration Commercial refrigeration Transport refrigeration

Industrial Refrigeration Residential AC MAC

0

100

200

300

400

500

600

1
9

9
3

1
9

9
4

1
9

9
5

1
9

9
6

1
9

9
7

1
9

9
8

1
9

9
9

2
0

0
0

2
0

0
1

2
0

0
2

2
0

0
3

2
0

0
4

2
0

0
5

2
0

0
6

2
0

0
7

2
0

0
8

2
0

0
9

2
0

1
0

2
0

1
1

2
0

1
2

2
0

1
3

2
0

1
4

I
C
/
 
ό
ƪ
ǘ
 
/
h
і
 
Ŝ
ǉ
Φ
ύ

Bullk import

In stock

Initial emissions

Lifetime
emissions



   National Inventory Report, Iceland 2016 

 

83 
 

The graph for MACs (Figure  4.8) does not show import quantities as information exists on the vehicle 

stock. HFC amount in stock rises between 1995 and 2007 not only because of the assumed linear 

increase in the share of vehicles with ACs but also because of a 75% increase in fleet size. Since 2007 

the fleet size has been more or less stagnant at around 240,000 vehicles. The stable fleet size from 

2007 to 2011, in interaction with a stagnant vehicle AC share of 80% since 2010, led to a decrease in 

stock until 2011 which was caused by the precedence of lifetime emissions over additions to the 

stock in form of new vehicles. The vehicle fleet size increased again in 2013 leading to a stock 

increase during the same year. 

 

Figure  4.8 Emissions from mobile air conditioning (MACs). 

4.6.2.6 Uncertainties 

Emission factor uncertainty of the refrigeration and air conditioning sector were calculated by 

relating the lifetime emission factor ranges given in tables 3.22 and 3.23 to the respective values 

used. Initial and end-of-life emission factors were not considered since they play a very minor role 

when compared to lifetime emissions and activity data uncertainty. The only exception to this rule is 

domestic refrigeration where end-of-life emissions outweigh lifetime emissions. Their relative share 

of total refrigeration emissions, however, is only 0.02%.  

AD uncertainty was estimated by expert judgement and is deemed to be a factor of one or two for 

most sub-source categories. In order to comply with the methodology of uncertainty calculations for 

the inventory as a whole, sub-source EF and AD uncertainties were first summarized separately by 

weighting them with 2013 emission quantities. The resulting EF and AD certainties were then 

combined by multiplication. Uncertainty factors are summarized in Table 4.10. 
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Table 4.10 Lifetime EFs used along with EF ranges given in the GPG; calculated EF uncertainties and estimated AD 
uncertainties as well as 2014 emission shares used to weight uncertainties. 

Value ranges 
(Lifetime EF) 

EF, lower 
bound 

EF, upper 
bound 

Lifetime EF 
used 

EF 
uncertainty 

(%) 

AD 
uncertainty 

(%) 

2014 
emission 

share 

Combined 
unceratinty 

(%) 

Domestic ref. 0.1 0.5 0.3 67 500 0.0%  

Commercial ref. 5.5 20 10 100 200 12.7%  

Fishing vessels 15 50 35 57 200 C  

Reefers 5 20 10 100 50 C  

Industrial ref. 7 25 10 150 100 16.4%  

Residential AC 1 5 3 67 200 0.4%  

MAC 10 20 10 100 100 4.2%  

Weighted unc.    81 176  193 

 

4.6.2.7 Recalculations and improvements 

For the 2015 submissions, the GWP was updated in accordance with table 2.14 of the Fourth 

Assessment report (AR4). Minor recalculations took place between 2015 and 2016 submissions. 

Activity data for 2013 was updated according to reports submitted according to the EU-ETS. Refilling 

of HFC amounts leaked from reefers between 1993 and 1995 had not been dealt with in the 2016 

submission. In this submission the HFC 134A amount that had leaked from reefers between 1993 and 

1995 was subtracted from the bulk amount imported in 1995. This reduced HFC 134A import 

allocated to fishing vessels, commercial and industrial refrigeration and subsequent HFC emissions 

from these subsectors. The difference is greatest in the year of the reallocation (1995: 0.57 kt CO2 

eq.) but decreases with time due to the decreasing influence of stock changes in 1995 on more 

recent lifetime emissions. In 2012 the difference was less than 0.01 kt CO2 eq. 

4.6.3  Aerosols (CRF 2F4) 

Regulation 834/2010 bans the production, import, and sale of aerosols products containing HFCs 

with the exception of HFCs used metered dose inhalers (MDIs). 

4.6.3.1 Methodology 

Emissions from MDIs are calculated using equation 3.35 in the GPG.  

4.6.3.2 Activity data 

The Icelandic Medicines Agency records import of MDIs containing R-134A since 2002. The amount 

of R-134A in MDIs imported has been oscillating between 500 and 650 kg since that time. 

4.6.3.3 Emission factors 

According to GPG methodology it is good practice to use an EF of 50% for MDIs. This entails that 50% 

of R-134A imported in MDIs is emitted during the import year, whereas the remaining 50% are 

emitted during the following year along with 50% of that following year´s import. 

4.6.3.4 Emissions 

Emissions from MDIs in 2014 were 0.90 kt CO2 eq. which is similar to emissions since 2012. 

4.6.3.5 Uncertainties 

Uncertainty of HFC emissions from MDIs was not calculated separately. Although uncertainty of 

emission estimates for MDIs is deemed less than uncertainty of emission estimates for refrigeration 
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subsector uncertainty, it is implied in total HFC consumption uncertainty. This is justified by the 

relative insignificance of MDI emissions compared to refrigeration emissions. 

 

4.7 Other Product Manufacture and Use (CRF sector 2G)  

4.7.1 Electrical Equipment (CRF 2G1) 

4.7.1.1 Use of Electrical Equipment (2G1b) 

Overview 

Sulphur hexafluoride (SF6) is used as insulation gas in gas insulated switchgear (GIS) and circuit 

breakers. The number of SF6 users in Iceland is small. The bulk of SF6 used in Iceland is used by 

Landsnet LLC which operates Iceland´s electricity transmission system. Additionally, a number of 

energy intensive plants, like aluminium smelters and the aluminium foil producer have their own 

high voltage gear using SF6. 

Methodology 

SF6 nameplate capacity development data as well as SF6 quantities lost due to leakage were obtained 

from the above mentioned stakeholders. The data regarding leakage consisted of measured 

quantities as well as calculated ones. Measurements consisted mainly of weighing amounts used to 

refill or replace equipment after incidents. Quantities were calculated either by allocating periodical 

refilling amounts to the number of years since the last refilling or by assuming leakage percentages. 

This approach can best be described as a hybrid of GPG Tiers 2b and 3C.  

Emissions 

SF6 emissions amounted to 107.9 kg in 2014 which is tantamount to 2.5 kt CO2 eq. or less than 0.1% 

of Iceland´s total GHG emissions in 2014. Emissions increased by 124% since 1990. However, this 

increase is slightly less than proportional compared to the net increase in SF6 nameplate capacity 

since 1990.   

Figure 4.9 shows both nameplate capacity development and emissions between 1990 and 2014. The 

spike in 2010 is caused by two unrelated incidents during which switchgear was destroyed and SF6 

emitted. The spike in 2012 is caused by an increase of emissions from Landsnet LLC. 
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Figure  4.9 Total SF6 amounts contained in and SF6 leakage from electrical equipment (tonnes). 

 

Uncertainty 

Data regarding SF6 nameplate capacity development during the last years is deemed to be accurate 

but deemed to be less accurate for the 1990s. The same holds true for emission estimates from the 

1990s. Another source of uncertainty is a possible time lag between emissions and serving, i.e. that 

emissions detected by inspections performed less frequently than annual happened years ago. 

Monitoring devices, however, have greatly improved during the last years and the amounts in 

equipment and leaking from equipment are measured annually and known with good accuracy 

today. Uncertainty is divided into activity data uncertainty (measured amounts) and emission factor 

uncertainty (calculated amounts). By integrating the accuracy differences between more and less 

recent years AD uncertainty is estimated at 20% and EF uncertainty at 50% (expert judgement). 

Recalculations 

For the 2015 submissions, the GWP was updated in accordance with table 2.14 of the Fourth 

Assessment report (AR4). No recalculations were performed between 2013 and 2014 submissions. 

 

4.7.2 N2O from Product Use (CRF 2G3) 

4.7.2.1 Medical Applications (2G3a) 

Other (2G3c) 

N2O in Iceland is almost exclusively used as anaesthetic and analgesic in medical applications, or 

95%. Minor uses of N2O in Iceland comprise its use in fire extinguishers and as fuel oxidant in auto 

racing. 

N2O emissions from product uses were calculated using the 2006 guidelines. Activity data stems from 

import and sales statistics from the two importers of N2O to Iceland and is therefore confidential. It is 

assumed that all N2O is used within 12 months from import/sale. Therefore emissions were 

calculated using equation 8.24 of the 2006 IPCC guideline, which assumes that half of the N2O sold in 

year t are emitted in the same year and half of them in the year afterwards. 
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EQUATION 8.24 
 

EN2h όǘύ Ґ ʅƛ ϑ ώлΦр ω !ƛόǘύ Ҍ лΦр ω !ƛόǘ-мύ ϐ ω 9Cƛ ϒ 
 

Where: 

- EN2O(t) = emissions of N2O in year t, tonnes 

- Ai (t) = total quantity of N2O supplied in year t for application type i, tonnes 

- Ai (t-1) = total quantity of N2O supplied in year t-1 for application type i, tonnes 

- EFi = emission factor for application type i, fraction 

 

 

The 2006 IPCC Guideline recommends an emission factor of 1 for medical use of N2O. This emission 

factor is also used for other N2O uses. Total emissions from N2O use decreased from 19.4 tonnes N2O 

in 1990 to 9.7 tonnes N2O in 2014.  

Uncertainties 

The 2006 IPCC Guideline methodology accounts for a time lag between N2O sale and its application. 

Activity data used in the emission inventory did not consist of sales data but of import data. 

Therefore the time lag might be greater than the 12 months the methodology accounts for. 

Therefore AD uncertainty is estimated to be +- 20% accurate in spite of accurate data on imports 

(expert judgement). An EF uncertainty of 5% is estimated in compliance with the value used in 

Denmark´s NIR (Nielsen et al., 2012). Combined uncertainty for N2O emissions from other product 

use is therefore estimated to be 21%.  

 

4.7.3 Other: Tobacco combustion (CRF 2G4) 
NMVOC, NOx and CO emissions from tobacco combustion were calculated using the EMEP/EEA 

(EMAP/EEA, 2013) guidebook. Tier 2 emission factors for tobacco combustion were 4.84 g/tonne 

tobacco for NMVOC, 18,000 g/tonne tobacco for NOx and 55,100 g/tonne tobacco for CO. Activity 

data consisted of all smoking tobacco imported and was provided by Statistics Iceland (Statistics 

Iceland, 2015). 
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5 Agriculture (CRF sector 3) 

5.1 Overview 

Icelanders are self-sufficient in all major livestock products, such as meat, milk, and eggs. Traditional 

livestock production is grassland based and most farm animals are native breeds, i.e. dairy cattle, 

sheep, horses, and goats, which are all of an ancient Nordic origin, one breed for each species. These 

animals are generally smaller than the breeds common elsewhere in Europe. Beef production, 

however, is partly through imported breeds, as is most poultry and all pork production. There is not 

much arable crop production in Iceland, due to a cold climate and short growing season. Cropland in 

Iceland consists mainly of cultivated hayfields, but potatoes, barley, beets, and carrots are grown on 

limited acreage.  

The total GHG emissions from Agriculture amounted to 747 kt CO2-eq in the year 2014 and were 4% 

below the 1990 level. Emissions of CH4 and N2O accounted for around 99% of the total emissions and 

CO2, NOx and NMVOC accounted for the rest. The decrease of GHG emissions since 1990 is mainly 

due to a decrease in sheep livestock population, reducing methane emissions from enteric 

fermentation and reduced fertilizer application reducing N2O emissions from agricultural soils. 86% 

of CH4 emissions were caused by enteric fermentation, the rest by manure management. 88% of N2O 

emissions were caused by agricultural soils, the rest by manure management, i.e. storage of manure.  

 

5.1.1 Methodology 
The calculation of greenhouse gas emissions from agriculture is based on the methodologies 

suggested by the 2006 IPCC Guidelines (IPCC, 2006).  

The methodology for calculating methane emissions of cattle and sheep from enteric fermentation 

and manure management is based on the enhanced livestock population characterisation and 

therefore in accordance with tier 2 methodology. Tier 1 methodology is used to calculate methane 

emissions from enteric fermentation and manure management of other livestock. The methodology 

for calculating N2O emissions from agricultural soils is in accordance with the Tier 1a method of the 

IPCC Good Practice Guidance, GPG (IPCC, 2000). The sub-source N in crop residue returned to soils, 

however, was calculated using the Tier 1b method. Indirect N2O emissions from nitrogen used in 

agriculture were calculated using the Tier 1a method.  

5.1.2 Key Source Analysis 
The key source analysis performed for 2014 revealed the following greenhouse gas source categories 

from the agriculture sector to be key sources in terms of total level and/or trend: 

Table 5.1 Key source analysis for Agriculture, 1990, 2014 and trend (excluding LULUCF). 

IPCC source category  
Level 
1990 

Level 
2014 

Trend 

Agriculture (CRF sector 3) 

3.A Enteric Fermentation CH4 V V V 

3.B Manure Management CH4 V   

3.B Manure Management N2O V V V 

3.D.1 Direct N2O Emissions From Managed Soils N2O V V V 

3.D.2 Indirect N2O Emissions From Managed Soils N2O V V  
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5.1.3 Completeness 
Table 5.2 gives an overview of the IPCC source categories included in this chapter and presents the 

status of emission estimates from all sub-sources in the Agricultural sector. 

Table 5.2 Agriculture ς completeness (E: estimated, NE: not estimated, NA: not applicable, NO: not occurring). 

Sources CO2 CH4 N2O 

Enteric Fermentation (3A) NA E NA 

Manure Management (3B) NA E E 

Rice Cultivation (3C) NOT OCCURING 

Agricultural Soils (3D) NA NA E 

Other NOT OCCURING 

Prescribed burning of Savannas (3B) NOT OCCURING 

Field burning of Agricultural Residues (4F) NOT OCCURING 

Other (4G) NOT OCCURING 

 

5.2 Activity Data 

5.2.1 Animal Population Data 
The Icelandic Food and Veterinary Authority (IFVA) conducts an annual livestock census. For the 

census, farmers count their livestock once a year in November and send the numbers to the IFVA. 

Consultants from local municipalities visit each farm during March of the following year and correct 

the numbers from the farmers in case of discrepancies. The IFVA reports the census to Statistics 

Iceland which publishes them.  

This methodology provides greenhouse gas inventories which need information on livestock 

throughout the year with one problem: young animals that live less than one year and are 

slaughtered at the time of the census are not accounted for (lambs, piglets, kids, a portion of foals, 

and chickens). The population of lambs was calculated with information on infertility rates, single, 

double, and triple birth fractions for both mature ewes and animals for replacement, i.e. one year old 

ewes (Farmers Association of Iceland, written information, 2012). Number of piglets was calculated 

with data on piglets per sow and year (Farmers Association of Iceland, written information, 2012). 

Number of kids was calculated with information on birth rates received from Iceland´s biggest goat 

farmer (Þorvaldsdóttir, oral information, 2012). Numbers of foals missing in the census as well as 

hen, duck and turkey chickens were added with information received from the association of 

slaughter permit holders and poultry slaughterhouses. Numbers for young animals with a live span of 

less than one year were weighed with the respective animal ages at slaughter: 

- Lambs: 4.5 months 

- Piglets: 5.9 months (1990) ς 4.5 months (2010) 

- Foals: 5 months 

- Kids: 5 months 

- Chickens (hens): 1.1 months 

- Chickens (ducks): 1.7 months 

- Chickens (turkeys): 2.6 months 
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As a result, the numbers of several animal species are higher in the NIR than they are in the national 

census. While differences are small for horses (2% in 2014), they are considerably higher for sheep 

and poultry (36 and 250%, respectively). Number of swine, however, is twelve times higher in the NIR 

than in the national census.  

 

5.2.2 Livestock Population Characterization 
Enhanced livestock population characterisation was applied to cattle and sheep and subsequently 

used in estimating methane emissions from enteric fermentation and manure management. 

In accordance with the census there are five subcategories used for cattle in the livestock population 

characterisation: mature dairy cows, cows used for producing meat, heifers, steers used principally 

for producing meat, and young cattle. The subcaǘŜƎƻǊƛŜǎ άŎƻǿǎ ǳǎŜŘ ŦƻǊ ǇǊƻŘǳŎƛƴƎ ƳŜŀǘέ ŀƴŘ 

άƘŜƛŦŜǊǎΣ ŀƴŘ ǎǘŜŜǊǎ ǳǎŜŘ ǇǊƛƴŎƛǇŀƭƭȅ ŦƻǊ ǇǊƻŘǳŎƛƴƎ ƳŜŀǘέ ǿŜǊŜ ŀƎƎǊŜƎŀǘŜŘ ƛƴ ǘƘŜ ŎŀǘŜƎƻǊȅ άƻǘƘŜǊ 

ƳŀǘǳǊŜ ŎŀǘǘƭŜέΦ ¢ƘŜ ǎǳōŎŀǘŜƎƻǊȅ ǎǘŜŜǊǎ ǳǎŜŘ ǇǊƛƴŎƛǇŀƭƭȅ ŦƻǊ ǇǊƻŘǳŎƛƴƎ ƳŜŀǘ ǿŀǎ ǘƘŜ Ƴƻǎǘ 

heterogeneous in the census since it contains all steers between one year of age and age at slaughter 

(around 27 months) as well as heifers between one year of age and insemination (around 18 

months). The population data did not permit dividing this subcategory further. The share of females 

inside the category was estimated by assuming that there were as many cows as steers inside the 

subcategory, only for a shorter time (6 vs. 15 months). This results in a share of cows of 29%. The 

subcategory young cattle contained both male and female calves until one year of age. Fractions of 

male and female calves fluctuated slightly between years. 

For sheep, the subcategory lambs was added to the census data. The following four categories were 

used for the livestock population characterization: mature ewes, other mature sheep, animals for 

replacement and lambs.  

Table 5.3 shows the equations used in calculating net energy needed for maintenance, activity, 

growth, lactation, wool production and pregnancy for cattle and sheep subcategories. Equation 4.9 

was used to calculate the ratio of net energy available in the animals´ diets for maintenance to the 

digestible energy consumed and equation 4.10 from the GPG was used to calculate the ratio of net 

energy available in the animals´ diets for growth to the digestible energy consumed. Net energy 

needed and ratios of net energy available in diets to digestible energy consumed were subsequently 

used in equation 4.11 calculate gross energy intake for cattle and sheep subcategories. 
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Table 5.3. Overview of equations used to calculate gross energy intake in enhanced livestock population characterisation for 
cattle and sheep (NA: not applicable). 

Subcategory Equations from IPCC 2006 guidelines. Net energy for maintenance, activity, 
growth, lactation, wool, and pregnancy 

 maintenance activity growth lactation wool pregnancy 

Mature dairy cows 10.3 10.4 NA 10.8 NA 10.13 

Cows used for producing 
meat 

10.3 10.4 NA 10.8 NA 10.13 

Heifers 10.3 10.4 10.6 NA NA 4.8 

Steers used principally for 
producing meat 

10.3 10.4 10.6 NA NA NA 

Young cattle 10.3 10.4 10.6 NA NA NA 

Mature ewes 10.3 10.4 NA 10.10 10.12 10.13 

Other mature sheep 10.3 10.4 NA NA 10.12 NA 

Animals for replacement1 10.3 10.4 10.7 NA 10.12 10.13 

Lambs 10.3 10.4 10.7 NA 10.12 NA 

1: Animals for replacement are considered from their birth until they are one year of age, which is also when they give birth 
for the first time. Therefore net energy for pregnancy is calculated whereas net energy for lactation is not applicable. 

 

Table 5.4 shows national parameters that were used to calculate gross energy intake for cattle in 

2014. Not all parameters have been constant over the last two decades. The ones that have changed 

during that time period are months on stall, months on pasture and kg milk per day. 

 

Table 5.4. Animal performance data used in calculation of gross energy intake for cattle in 2014. (NA: Not applicable, NO: 
Not occurring). 

  
Mature 

dairy cows 
Cows for 

producing meat 
Heifers 

Steers for 
producing meat 

Young cattle 

Weight (kg) 430 500 370 328 126 

Months in stall 8.71 1 8 111 12 

Months on pasture 3.29 11 4 1 0 

Mature body weight (kg) 430 500 430 5152 5152 

Daily weight gain (kg) NO NO 0.5 1 0.5 

Kg milk per day 15.7 5.5 NA NA NA 

Fat content of milk (%) 4.2 4.2 NA NA NA 
1: Steers are not allowed outside. The young cows inside the category are grazing on pasture for 120 days. 2: average for cows 
and steers, not weighted. 
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Table 5.5 shows national parameters that were used to calculate gross energy intake for sheep in 

2014. 

Table 5.5. Animal performance data used in calculation of gross energy intake for sheep from 1990-2014 (no time 
dependent data). NA: Not applicable, NO: Not occurring 

  Mature ewes 
Other mature 

sheep 
Animal for 

replacement 
Lambs 

Weight (kg) 65 95 36 21 

Months in stall 7 7 7 0 

Months on flat pasture 2 2 2 1 

Months on hilly pasture 3 3 3 3 

Body weight at weaning (kg) NA NA 22 22 

Body weight at 1 year or old or at 
slaughter (kg) 

NA NA 55 38 

Birth weight (kg) 4 4 4 4 

Single birth fraction 0.21 NA 0.61 NA 

Double birth fraction 0.71 NA 0.1 NA 

Triple birth fraction 0.11 NA NO NA 

Annual wool production (kg) 3 3 2 2 

Digestible energy (in % of gross 
energy) 

64 64 64 77 

1: Difference between sum of birth fractions and one is due to infertility rates of 3.5% for mature ewes and 31% for animals 
for replacement. 

5.2.3 Feed Characteristics and Gross Energy Intake 
Submission characteristics of cattle and sheep build on feed composition, daily feed amounts, their 

dry matter digestibility and feed ash content. This information was collected by the AUI 

(Sveinbjörnsson, written communication) and is based on feeding plans and research. Feed ash 

content (instead of manure ash content) was used in all calculations in accordance with (Dämmgen 

et al. 2011). Dry matter digestibility and feed ash content were weighted with the respective daily 

feed amounts in order to calculate average annual values. This method included seasonal variations 

in feed, e.g. stall feeding versus grazing on pasture, lactation versus non-lactation period etc. Dry 

matter digestibility was transformed into digestible energy content using a formula from 

Guðmundsson and Eiríksson (1995). Table 5.6 shows dry matter digestibility, digestible energy and 

ash content of feed for all cattle and sheep categories. All values used as well as calculations and 

formulas for all cattle and sheep categories are reported in Annex V. These values are used for the 

2016 submission. 
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Table 5.6. Dry matter digestibility, digestible energy and ash content of cattle and sheep feed. 

  DMD (%) DE (%) Ash in feed (%) 

mature dairy cows 74 68 7 

cows used for producing meat 74 68 7 

heifers 74 68 7 

steers used principally for producing meat 73 66 7 

young cattle 80 73 8 

mature ewes 71 64 7 

other mature sheep 71 64 7 

animals for replacement 71 64 7 

lambs 84 77 7 

 

Figure 5.1 shows the gross energy intake (GE) in MJ per day for all cattle and sheep subcategories. As 

of the 2014 submission only mature dairy cattle have time dependent values for GE (see: 

chapter5.2.3). The GE of mature dairy cattle has increased from 200 MJ/day in 1990 to 239 MJ/day in 

2014. This increase is owed in small part to increased activity, i.e. more days grazing on pasture) and 

in large part to the increase in average annual milk production from 4.1 t in 1990 to 5.7 t in 2014.  

 

Figure  5.1 Gross energy intake (MJ/day) for cattle and sheep subcategories from 1990-2014. 

 

5.2.4 Planned Improvements 
For future submissions, characterization parameters for different animal types need to be revised. 

For example there is a need for updating the digestible energy content of feed for both cattle and 

sheep in order to reflect changes in animal nutrition that have occurred since 1990. Also there are 
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plans of reviewing the gross energy intake (GE) in MJ per day for all cattle and sheep subcategories 

and animal weights for all animal types.  

 

5.3 CH4 Emissions from Enteric Fermentation in Domestic Livestock  

The amount of enteric methane emitted by livestock is driven primarily by the number of animals, the 

type of digestive system, and the type and amount of feed consumed. Cattle and sheep are the largest 

sources of enteric methane emissions (IPCC, 2006). 

 

5.3.1 Emission Factors 
Livestock population characterisation was used to calculate gross energy intake of cattle and sheep. 

The values for gross energy intake were used to calculate emission factors for methane emissions 

from enteric fermentation. To this end equation 10.21 from the GPG was applied: 

EGUATION 10.21 
 

Emission factor development 
 

EF = (GE * Ym * 365 days/yr) / (55.65 MJ/kg CH4) 
 

Where: 

- EF = emission factor, kg CH4/head/yr 

- GE = gross energy intake, MJ/head/day 

- Ym = methane conversion rate which is the fraction of gross energy in feed converted to 

methane 

 

 

Gross energy intake is calculated in the livestock population characterisation. Methane conversion 

rate depends on several interacting feed and animal factors; good feed usually means lower 

conversion rates. Default values from the GPG were applied (Table 5.7). 

Table 5.7. Methane conversion rates for cattle and sheep (IPCC, 2006). 

Category/subcategory Cattle Mature sheep [ŀƳōǎ ό м ȅŜŀǊ ƻƭŘύ 

Ym 0.06 0.07 0.05 

 

For pseudo-ruminant and mono-gastric animal species methane emission factors were taken from 

the 2006 Guidelines. Values from the Norwegian NIR (2011) were used for poultry and fur animals as 

the agricultural practises and climate are similar and most Icelandic farmers take their further 

education in Norway.  
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5.3.2 Emissions 
Methane emissions from enteric fermentation in domestic livestock are calculated by multiplying 

emission factors per head for the specific livestock category with respective population sizes and 

subsequent aggregation of emissions of all categories.  

There is only one livestock subcategory that has a gross energy intake that varies over time and as a 

result a fluctuating emission factors: mature dairy cattle (mainly due to the increase in milk 

production during the last two decades). Therefore the fluctuations in methane emissions from 

enteric fermentation for all other livestock categories shown in Table 5.8 are solely based on 

fluctuations in population size. The population size of mature dairy cattle has decreased by 19% 

between 1990 and 2014. Methane emissions, however, have only decreased by 3% from 2.54 kt to 

2.46 kt during the same period due to the increase in the emission factor associated with the 

increase in milk production. The livestock category emitting most methane from enteric 

fermentation is mature ewes. Due to a proportionate decrease of population size, emissions from 

mature ewes decreased by 15% between 1990 and 2014 (from 5.4 to 4.6 kt). Similar decreases can 

be seen for other sheep subcategories. The only non-ruminant livestock category with substantial 

methane emissions is horses. Emissions from horses increased from 1.33 kt methane in 1990 to 1.20 

kt methane in 2014 due to an equal increase in population size.  

The decrease in methane emissions from cattle and sheep caused total methane emissions from 

enteric fermentation in agricultural livestock to drop from 12.6 kt in 1990 to 11.7 kt in 2014, or by 6% 

(Table 5.8). 

Table 5.8. Methane emissions from enteric fermentation from agricultural animals for years 1990, 1995, 2000, 2005 and 
2011-2014 in t CH4. 

livestock category 1990 1995 2000 2005 2010 2013 2014 

mature dairy cattle 2,540 2,395 2,267 2,201 2,323 2,251 2,463 

cows used for producing meat 0 49 64 91 112 115 123 

heifers 247 689 343 362 369 373 386 

steers used for producing meat 766 656 847 650 810 731 783 

young cattle 358 247 319 322 365 333 378 

mature ewes 5,437 4,541 4,553 4,397 4,567 4,512 4,634 

other mature sheep 171 159 156 144 150 149 151 

animals for replacement 651 535 582 604 679 648 687 

lambs 987 823 831 808 846 833 859 

swine 44 47 48 57 61 46 54 

horses 1,332 1,447 1,364 1,382 1,422 1,026 1,199 

goats 2 2 3 3 5 6 7 

fur animals 4 4 4 4 4 6 5 

poultry 13 7 11 15 14 16 17 

total methane emissions 12,553 11,601 11,390 11,041 11,725 11,045 11,746 

emission reduction (year-base 
year)/base year 

0% -8% -9% -12% -7% -12% -6% 
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5.3.3 Recalculations 
No recalculations were made for Enteric Fermentation in the 2016 submission. 

 

5.3.4 Uncertainties 
Uncertainties of CH4 emission estimates for enteric fermentation were assessed separately for cattle, 

sheep and other livestock categories. Cattle and sheep AD uncertainties were calculated as combined 

uncertainties of livestock population and livestock characterisation. Cattle and sheep population data 

were deemed reliable and were therefore attributed with an uncertainty of +-5% (expert judgement). 

Livestock characterisation uncertainty was calculated by propagating uncertainties of net and 

digestible energies. A +-20% uncertainty was attributed to all net energies used in the calculation. 

Digestible energy was attributed with an uncertainty of +-10% (expert judgement). Propagation of 

uncertainty throughout the calculation of gross energy led to AD uncertainties between 15 and 19% 

for cattle (mean weighted with 2013 emissions = 17.8%) and 16 and 22 % for sheep (weighted mean 

= 17.2%). The combination of AD and EF uncertainties for cattle and sheep were therefore estimated 

to be 27 and 26 %, respectively. These values are also shown in Annex II.  

Enteric fermentation emission estimates for other animals were calculated using Tier 1 methodology. 

This entailed that AD uncertainty stemmed from livestock population data only. Livestock population 

estimates of other livestock categories were deemed to be slightly more uncertain than the ones of 

cattle and sheep (+-20%, expert judgement). This is mainly due to the fact that the population of e.g. 

poultry at the time of the census does not allow for as good an estimate of the mean annual 

population as the population of other livestock categories. The GPG estimates EF accuracy between 

+-30 and +-50 % (page 4.27). This submission used a value of +-40%. This resulted in a combined 

uncertainty for CH4 emissions from other animals of +- 45%. 

 

5.4 CH4 Emissions from Manure Management (CRF 3B) 

Livestock manure is principally composed of organic material. When this organic material 

decomposes in an anaerobic environment, methanogenic bacteria produce methane. These 

conditions often occur when large numbers of animals are managed in confined areas, e.g. in dairy, 

swine and poultry farms, where manure is typically stored in large piles or disposed of in storage 

tanks (IPCC, 2006). 

5.4.1 Emission Factors 
Emission factors for manure management were calculated for cattle and sheep using data compiled 

in the livestock population characterization. For all other livestock categories IPCC default values 

were used. They originate from the 2006 Guidelines. In order to calculate emission factors from 

manure management, daily volatile secretion (VS) rates have to be calculated first.  VS are calculated 

using gross energy intake per day in the livestock population characterisation and national values for 

digestible energy and ash content of feed (cf. 5.2.3). Equation 4.16 from the GPG was used. 
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EGUATION 4.16 
 

Volatile solid excretion rates 
 

VS = GE * (1 kg-dm/18.45 MJ) * (1 ς DE/100) * (1 ς ASH/100) 
Where: 

- VS = volatile solid excretion per day on a dry-matter weight basis, kg-dm/day 

- GE = Estimated daily average feed intake in MJ/day 

- DE = Digestible energy of the feed in percent  

- ASH = Ash content of the manure in percent  

 

 

Volatile solid excretion per day is then used in equation 4.17 from the GPG to calculate emission 

factors for manure management. 

EGUATION 4.17 
 

Emission factor from manure management 
 

9Cƛ Ґ ±{ƛ ϝ оср ŘŀȅǎκȅŜŀǊ ϝ .ƻƛ ϝ лΦст ƪƎκƳо ϝ ʅόƧύ a/CƧ ϝ a{ ƛƧ 
 
Where: 

- EFi = annual emission factor for defined livestock population i, in kg 

- VSi = daily VS excreted for an animal within defined population i, in kg 

- Boi = maximum CH4 producing capacity for manure produced by an animal within defined 

- population i, m3/kg of VS 

- MCFj = CH4 conversion factors for each manure management system j  

- MSij Ґ ŦǊŀŎǘƛƻƴ ƻŦ ŀƴƛƳŀƭ ǎǇŜŎƛŜǎκŎŀǘŜƎƻǊȅ ƛΩǎ ƳŀƴǳǊŜ ƘŀƴŘƭŜŘ ǳǎƛƴƎ ƳŀƴǳǊŜ ǎȅǎǘŜƳ Ƨ  

 

 

Maximum methane producing capacity values are taken from the 2006 Guidelines. They are 0.17 

m3/kg VS for non-dairy cattle, 0.19 m3/kg VS for sheep, and 0.24 m3/kg VS for dairy cattle. Methane 

conversion factors (MCF) for the three manure management systems used in cattle and sheep 

farming, i.e. pasture/range/paddock, solid storage and liquid/slurry are taken from the 2006 

Guidelines.  

Table 5.9. Methane correction factors (fractions) included in 2006 Guidelines for different manure management systems. 

  Cattle Cattle Cattle Sheep 

 Conditions pasture/range solid storage liquid/ slurry 
all manure 

manag. systems 

2006 GL 
Average annual  
ǘŜƳǇŜǊŀǘǳǊŜ млϲ/ 

1% 2% 
10%1 

17%2 

same as for 
cattle 

1: with natural crust cover. 2: without natural crust cover; MCF used for liquid/slurry 
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5.4.2 Manure Management System Fractions 
The fractions of total manure managed in the different manure management systems impact not 

only CH4 emissions from manure management but also N2O emissions from manure management 

and, as a consequence, N2O emissions from agricultural soils. The fractions used are based on expert 

judgement (Sveinsson, oral communication; Sveinbjörnsson, oral communication; Dýrmundsson, oral 

communication) and are assumed to be constant since 1990 except for mature dairy cattle. The 

average amount of time mature dairy cattle spend on pasture has increased from 90 to 100 days 

over the last 20 years. Heifers spend 120 days per year on pasture whereas cows used for meat 

production spend 11 months on grazing pastures. Young cattle and steers are housed all year round. 

All cattle manure, i.e. not spread on site by the animals themselves, is managed as liquid/slurry 

without natural crust cover. Sheep spend 5.5 months on pasture and range; this includes the whole 

live span of lambs. 65% of the manure managed is managed as solid storage, the remaining 35% as 

liquid/slurry (Table 5.10).  

Table 5.10. Manure management system fractions for all livestock categories. 

  liquid/slurry solid storage 
pasture/ range/ 

paddock 

mature dairy cattle 73%  27% 

cows used for producing meat 8%  92% 

heifers 67%  33% 

steers used for producing meat 91%  9% 

young cattle 100%  0% 

mature ewes 19% 36% 45% 

other mature sheep 19% 36% 45% 

animals for replacement 19% 36% 45% 

lambs   100% 

goats  55% 45% 

horses  14% 86% 

young horses  14% 86% 

foals   100% 

sows 100%   

piglets 100%   

poultry, fur animals  100%  

 

Emission factors both calculated with volatile solid excretion rates, methane conversion factors, and 

manure management fractions as well as IPCC default values for other livestock categories than 

cattle and sheep were used to calculate methane emissions from manure management and are 

shown in Table 5.11. 

Mature dairy cows and steers have the highest emission factors for methane from manure 

management. Although mature dairy cows have a roughly 60% higher gross energy intake (average 

from 1990-2010), their emission factors are very similar. This is caused by two things: all steer 

manure is managed and therefore multiplied with a higher MCF than the share of manure 
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accumulated by mature dairy cattle during grazing on pasture. More importantly, their feed has a 

lower digestible energy content, which in turn increases volatile solid excretion. 

Table 5.11. Emission factors values, range and origin used to calculate methane emissions from manure management. 

livestock category emission factor 2014 emission factor range 1990-2014 source 

 (kg CH4/head year) (kg CH4/head year)  

mature dairy cattle 28.00 24.4-28.4 LPS 

cows used for producing meat 2.65  LPS 

heifers 10.70  LPS 

steers used for producing meat 11.84  LPS 

young cattle 4.23 4.23-4.27 LPS 

mature ewes 0.99  LPS 

other mature sheep 1.04  LPS 

animals for replacement 0.82  LPS 

lambs 0.05  LPS 

swine 6  2006 GL 

horses 1.09  2006 GL 

goats 0.13  2006 GL 

minks 0.68  2006 GL 

foxes 0.68  2006 GL 

rabbits 0.08  2006 GL 

poultry 0.08  2006 GL 

1: Livestock population characterisation 

5.4.3 Emissions 
As can be seen in Table 5.11 above, there are no emission factor fluctuations for most livestock 

categories and only minor fluctuations for the remaining cattle subcategories. This implies that 

fluctuations in methane emission estimates for all livestock subcategories except mature dairy cattle 

can be explained by fluctuations in population sizes. Three livestock categories alone are responsible 

for roughly two thirds of methane emissions from manure management: mature dairy cattle, steers 

used for producing meat and mature ewes. The high emission factor for mature dairy cattle and 

steers has already been addressed. Mature ewes have an emission factor that is roughly twenty 

times lower than the ones for dairy cattle and steers but have a much bigger population size. Other 

important livestock categories for methane emissions from manure management are young cattle, 

animals for replacement, swine, horses, and poultry. 

Total methane emissions from manure management drop from 2.026 kt in 1990 to 1.995 kt in 2014 

or by 2%. 
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Table 5.12. Methane emissions from manure management in tonnes. 

livestock category 1990 1995 2000 2005 2010 2013 2014 

mature dairy cattle 793 742 696 671 701 679 743 

cows used for producing meat 0 2 3 4 4 5 5 

heifers 49 137 68 72 73 74 77 

steers used for producing meat 213 182 235 180 225 203 212 

young cattle 86 59 76 77 87 80 90 

mature ewes 439 367 368 355 369 364 374 

other mature sheep 14 13 13 12 12 12 12 

animals for replacement 74 60 66 68 77 74 78 

lambs 16 13 14 13 14 14 14 

swine 178 187 194 231 243 183 217 

horses 81 87 82 84 86 62 72 

goats 0 0 0 0 0 0 0 

fur animals (minks and foxes) 32 26 28 25 25 44 35 

rabbits 0 0 0 0 0 0 0 

poultry 53 28 43 60 56 62 65 

total methane from manure management 2,026 1,904 1,883 1,852 1,973 1,855 1,995 

emission reduction (year-base year)/base year 0% -6% -7% -9% -3% -8% -2% 

 

5.4.4 Recalculations 
No recalculations were made for Manure Management for the 2016 submission. 

5.4.5 Uncertainties 
Uncertainties of CH4 emission estimates for manure management were assessed separately for 

cattle, sheep and other livestock categories. Cattle and sheep AD uncertainty was calculated as 

combined uncertainty of livestock population and volatile solid excretion rate uncertainty. Cattle and 

sheep population data were deemed reliable and were therefore attributed with an uncertainty of +-

5% (expert judgement). Uncertainty related to volatile solid excretion rates was calculated by 

propagating uncertainties throughout the calculation of VS: i.e. combination of gross energy intake 

uncertainty, feed digestibility uncertainty and ash content uncertainty (cf. chapter 6.3.3). VS 

uncertainties ranged between 26 and 33% for cattle and 23 and 36% for sheep. AD uncertainty 

category means were deducted by weighting means with 2013 emission estimates. The respective 

values for cattle and sheep were 28% and 24%, respectively. EF uncertainties were estimated by 

combining assumed uncertainties for maximum methane producing capacity and methane correction 

factor uncertainty. The latter was estimated to be higher (100%, expert judgement) than the former 

(30%, expert judgement).  

Emissions from other animals were attributed with a livestock uncertainty of 20% and an EF 

uncertainty of 200% (both expert judgement). 

The above mentioned AD and EF uncertainties were combined by weighting them with 2013 

emission estimates. This was done in order not to unnecessarily fragment categories for key source 
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and uncertainty analyses. Category AD uncertainty amounted to 25% and category EF uncertainty to 

121% combining to a total uncertainty of 124% for methane emission estimates from manure 

management. These values are summarized in Annex II. 

 

5.5 N2O Emissions from Manure Management (CRF 3B) 

The nitrous oxide estimated in this section is the N2O produced during the storage and treatment of 

manure before it is applied to land. The emission of N2O from manure during storage and treatment 

depends on the nitrogen and carbon content of manure, and on the duration of the storage and type 

of treatment (IPCC, 2000). In the case of animals whose manure is unmanaged (i.e. animals grazing 

on pasture or grassland, animals that forage or are fed in paddocks, animals kept in pens around 

homes) the manure is not stored or treated but is deposited directly on land. The N2O emissions 

generated by manure in the system pasture, range, and paddock occur directly and indirectly from 

the soil, and are therefore reported in chapters 5.6 and 5.7. 

 

5.5.1 Activity Data 
Equation 10.25 in the 2006 guidelines lists the input variables (printed in bold and discussed below) 

necessary to estimate N2O emissions from manure management. Note that all remaining formulae in 

this chapter report N2O emissions in units of nitrogen. N2O emissions are subsequently calculated by 

multiplying units of nitrogen with 44/28 (molar mass of N2O divided by molar mass of N2). 

 

EGUATION 10.25 
 

N2O EMISSIONS FROM MANURE MANAGEMENT 
(N2O-bύ Ґ ʅ(S) ϑώʅ (T) (N(T) ω bŜȄ(T) ω a{(T,S) ύϐ ω 9C(S)} 

Where: 

- (N2O-N) = N2O-N emissions from manure management in the country (kg N2O-N/yr) 

- N(T) = Number of head of livestock species/category T in the country 

- Nex(T) = Annual average N excretion per head of species/category T in the country (kg 

N/animal/yr) 

- MS(T,S) = Fraction of total annual excretion for each livestock species/category T that is 

managed in manure management system S in the country 

- EF(S) = N2O emission factor for manure management system S in the country (kg N2O-N/kg 

N in manure management system S) 

- S = Manure management system 

- T = Species/category of livestock 

 

Numbers for head of livestock species/category exist (with distinction between adult and young 

animals for all livestock categories with the exceptions of rabbits and fur animals). The manure 

management system fractions for cattle and sheep have been discussed in chapter 5.4.2. Two thirds 

of Icelandic horses are on pasture all year round. The remaining third spends around five months in 

stables, where manure is managed in solid storage. All swine manure is managed as liquid/slurry 
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whereas the manure of fur animals and poultry is managed in solid storage. Manure management 

system fractions are assumed to be stable during the past twenty years and were summarized above 

in Table 5.10.  

Average annual nitrogen excretion rates were calculated using 2006 GL default values (Table 5.13). The 

defaults relate to 1000 kg animal mass. This means that they account for two cows weighing 500 kg 

each or roughly 15 ewes weighing 65 kg each. The calculated default for dairy cattle was not used since 

national, time dependent values existed: Ketilsdóttir and Sveinsson (2010) measured the Annual N 

excretion rates for dairy cows. The resulting value of 94.8 kg N was applied to dairy cows from 2000-

2014. Since the value is based on new measurements for dairy cows with an annual milk production in 

excess of 5000 kg, it was adjusted for the 1990s (average milk production of 4200 kg) by interpolating 

linearly between it and a national literature value of 72 kg (Óskarsson and Eggertsson, 1991). 

Table 5.13  Nitrogen excretion rates (Nex). 

livestock category 

Nex default (kg 
N/1000 kg 

animal 
mass/day) 

animal weight 
(kg) 

annual N 
excretion rates 
(kg N/animal 

year) 

mature dairy cattle 0.48 430 75.31 

cows used for producing meat 0.33 500 60.2 

heifers 0.33 370 44.5 

steers used for producing meat 0.33 328 39.5 

young cattle 0.33 126 15.2 

mature ewes 0.85 65 20.2 

other mature sheep 0.85 95 29.5 

animals for replacement 0.85 36 11.1 

lambs 0.85 21 6.5 

sows 0.42 150 23.0 

piglets 0.51 41 7.6 

horses 0.26 375 35.6 

young horses 0.26 175 16.6 

foals 0.26 60 5.7 

goats 1.28 44 20.3 

minks 0.0 0 4.6 

foxes  0.0 0 12.1 

rabbits 0.0 0 8.1 

hens 0.96 4 1.4 

broilers 1.10 4 1.6 

pullets 0.55 3 0.6 

chickens 0.55 1 0.2 

ducks/geese 0.83 4 1.2 

turkeys 0.74 5 1.4 

1: National, time dependent values ranging from 72 to 94.8 kg N were used instead.  
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5.5.2 Emission Factors 
Emission factors are taken from the IPCC 2006 Guidelines, table 10.21: 0.001 kg N2O-N is emitted per 

kg nitrogen excreted when manure is managed as liquid slurry. 0.02 kg N2O-N is emitted per kg 

nitrogen excreted when manure is managed in solid storage as well as when it is unmanaged, i.e. 

deposited directly on soils by livestock. 

5.5.3 Emissions 
N2O emissions from the manure management systems liquid/slurry and solid storage amounted to 

142 tonnes N2O in 2014 and 168 tonnes in 1990 (-15%).  

Emissions from liquid systems make up only a small part of total emissions from managed systems or 

only 6% of total N2O emissions from manure management systems in 2014. This is because the 

emission factor is twenty times lower for liquid systems than for solid storage. The majority of 

emissions originated from the solid storage of sheep manure 72% in 2014, followed by solid storage 

of poultry manure (11.2%), horse manure (5.8%), and fur animal manure (5.2%).  

Figure 5.2 shows N2O emissions from liquid systems and solid storage. It also includes emissions from 

manure deposited directly onto soils from farm animals. Although they are reported under emissions 

from agricultural soils in national totals, they are included here to show their magnitude in 

comparison to other emissions. In 2014 N2O emissions from manure spread on pasture by livestock 

amounted to 267 tonnes or almost twice as much as aggregated emissions from liquid systems and 

solid storage. Emissions from sheep manure were 184 tonnes, emissions from horse manure were 52 

tonnes, and emissions from cattle manure amounted to 30 tonnes N2O. 

 

 

Figure  5.2 N2O emissions from manure management in kt N2O. 
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5.5.4 Uncertainties 
Uncertainty for N2O emissions from manure management was estimated by combining cattle, sheep 

and other animal uncertainties. AD uncertainty was calculated as combined uncertainty of livestock 

population, nitrogen excretion and manure management system uncertainties. Livestock population 

uncertainties were 5 % for cattle and sheep and 20 % for all other animals (expert judgement).  

Nitrogen excretion rates were drawn from the 2006 GL which state their uncertainty as +-50% (page 

10.66). Manure management system uncertainty is highest for sheep due to the variability in sheep 

manure management (25%) and less for other livestock categories (10%). These uncertainties were 

combined by multiplication for each of the three categories and then weighted by 2012 emission 

estimates, resulting in an AD uncertainty of 56%. Tables 4.12 and 4.13 in the 2006 GL attribute an EF 

uncertainty of 100% to N2O emission factors from manure management. The weighted combined 

uncertainty for N2O emissions from manure management was therefore estimated to be 114%.  

Uncertainty estimates for emissions from animal production were calculated analogously and 

weighted with emissions from pasture, range, and paddock manure yielding a combined uncertainty 

of 114%. 

5.5.5 Planned Improvements 
The nitrogen excretion rate for cattle and sheep will be recalculated using data on feed and crude 

protein intake developed in the livestock population characterisation and default N retention rates to 

recalculate nitrogen intake.  

 

5.6 Direct N2O Emissions from Agricultural Soils (CRF 3D) 

Nitrous oxide (N2O) is produced naturally in soils through the microbial processes of nitrification and 

denitrification. Agricultural activities like the return of crop residue, use of synthetic fertilizer and 

manure application add nitrogen to soils, increasing the amount of nitrogen (N) available for 

nitrification and denitrification, and ultimately the amount of N2O emitted. The emissions of N2O that 

result from anthropogenic N inputs occur through both a direct pathway (i.e. directly from the soils 

to which the N is added), and through two indirect pathways, i.e. through volatilisation as NH3 and 

NOx and subsequent redeposition and through leaching and runoff (IPCC, 2006). Direct N2O emissions 

from agricultural soils are described here, indirect emissions in chapter 5.7. 

 

5.6.1 Activity Data and Emission Factors 
Direct N2O emissions from agricultural soils are calculated with equation 11.2 from the 2006 GL. Of 

the five possible sources of input into soils four are applicable for Iceland: 

- Synthetic fertilizer nitrogen 

- Animal manure nitrogen used as fertilizer 

- Nitrogen in crop residues returned to soils 

- Cultivation of organic soils 
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EGUATION 11.2 
 

DIRECT N2O EMISSIONS FROM AGRICULTURAL SOILS (TIER 1a) 
 

N2ODirect -N = [(FSN + FAM + FBN + FCR ύ ω 9C1 ] + (FOS ω 9C2) 
Where: 

- N2ODirect -N = Emission of N2O in units of Nitrogen 
- FSN = Annual amount of synthetic fertiliser nitrogen applied to soils adjusted to 

account for the amount that volatilises as NH3 and NOx 
- FAM = Annual amount of animal manure nitrogen intentionally applied to soils adjusted 

to account for the amount that volatilises as NH3 and NOx 
- FBN = Amount of nitrogen fixed by N-fixing crops cultivated annually 
- FCR = Amount of nitrogen in crop residues returned to soils annually 
- FOS = Area of organic soils cultivated annually 
- EF1 = Emission factor for emissions from N inputs (kg N2O-N/kg N input) 
- EF2 = Emission factor for emissions from organic soil cultivation (kg N2O-N/ha-yr) 

-  

 

5.6.2 Synthetic Fertilizer Nitrogen (FSN) 
Activity data comes from the Icelandic Food and Veterinary Authority (IFVA) and consists of the 

amount of nitrogen in synthetic fertilizer applied to soils with the exception of the amount of 

fertilizer applied in forestry (Figure  5.3). The amount has to be adjusted for the amount that 

volatilizes as NH3 and NOx. The IPCC default for volatilization of synthetic fertilizer N is 0.1. 

 

5.6.3 Animal Manure Nitrogen (FAM) 
Animal manure nitrogen is calculated by multiplying Nitrogen excretion rates per head and year for 

livestock species/categories with the respective population sizes (see chapter: 5.5.2). The amounts 

have to be adjusted for N that volatilizes as NH3 and NOx. The IPCC default for volatilization of animal 

manure N is 0.2. The nitrogen amount from manure has to be further reduced by the amount 

deposited onto soils by grazing livestock, which is accounted for separately. Activity data 

development can be seen in Figure  5.3. 
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Figure  5.3 Amounts of nitrogen from synthetic fertilizer and animal manure application. Solid lines show nitrogen amounts 
adjusted for volatilization. Total N amounts are shown in dashed lines of same colour. 

 

5.6.4 Nitrogen in crop residues returned to soils (FCR) 
There are four crops cultivated in Iceland: potatoes, barley, beets and carrots. After harvest crop 

residues are returned to soils. The amount of residue returned to the soils are derived from crop 

production data. Statistics Iceland has production data for the four crops. The amount of residue per 

crop returned to soils is calculated using equation 11.6 for the 2006 GL. 

Residue/crop ratio, dry matter fraction and nitrogen fraction are IPCC default values. Dry matter 

fraction defaults, though, do not exist for potatoes and beet. By expert judgement, they are 

estimated to be 0.2 for both crops. No defaults exist for carrots. Therefore beet defaults are applied. 

It is estimated that 80% of barley residue is used as fodder. Crop produce amounts are shown in 

(Figure  5.4). 

 

Figure  5.4 Crop produce in kilotonnes for 1990-2014. 
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The amount of nitrogen in crop residues returned to soils was lowest in 1993, when it amounted to 

roughly 5 tonnes and highest in 2008 when it amounted to roughly 27 tonnes. It has to be noted, 

however, that there is a difference in scale between amounts of nitrogen in crop residues returned 

to soils and N amounts in synthetic fertilizer and animal manure applied to soils. Whereas the first 

amount ranges between 10 and 20 tonnes, the latter range from 5,000 ς 15,000 tonnes annually. 

5.6.5 Cultivation of organic soils 
In response to a remark of the review of the Icelandic 2010 submission, the N2O emissions from 

cultivated organic soils were included under the Agriculture sector. Data about the area of cultivation 

of organic soils, including histosols, histic andosols, and hydric andosols, is supplied by the 

Agricultural University of Iceland. The area estimate for cultivated organic soils in 1990 was 65 kha. 

This area has decreased steadily since then and was estimated to be less 56.6 kha in 2014.  

Emission Factors 

The common emission factor for FSN, FAM, and FCR was the IPCC default value of 1.25% kg N2O-N/kg 

N. 

A country specific emission factor of 0.97 kg N2O-N per ha was used as organic soil emission factor. It 

is based on measurements in a recent project where N2O emissions were measured on drained 

organic soils. In this project, at total of 231 samples were taken from drained organic soils in every 

season over three years. The results have shown that the EF is higher for cultivated drained soils 

(0.97 kg N2O-N per ha) than other drained soils (0.01 and 0.44 kg N2O-N per ha) and much lower than 

the EF for tilled drained soils (8.36 kg N2O-N per ha). This research was conducted in Iceland over the 

period from 2006 to 2008 and is considered to be reliable. The results have not been published in 

peer reviewed papers, yet, but publication is in preparation. Results are available in a project report 

to the Icelandic Research Council (Guðmundsson, 2009). 

Emissions 

The product of nitrogen amounts and respective emission factors was subsequently transformed into 

N2O emissions by multiplying units of nitrogen with 44/28 (molar mass of N2O divided by molar mass 

of N2). Direct emission from agricultural soils amounted to 486 tonnes N2O in 2014, which meant an 

increase of 1.5% in comparison to 1990 emissions. The main driver behind the increase was 

increased amounts of synthetic fertilizer. A decrease is observed in animal manure applied to soils as 

well as in the total area of cultivated soils. 52% of 2014 emissions originated from synthetic fertilizer 

application, 30% from animal manure application and 18% from organic soils. The contribution of N 

in crop residues returned to soils is extremely low (0.1%). Annual fluctuations in emissions are mainly 

caused by the amount of fertilizer applied to soils (Figure  5.5). 
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Figure  5.5 Direct N2O emissions from soils (kt). 

 

5.6.6 Uncertainties 
Uncertainties from direct soil emissions were estimated for the category as a whole. To this end AD 

and EF uncertainties of fertilizer nitrogen, manure nitrogen, and area of organic soils cultivated 

annually were first weighted with respective 2013 emissions and then combined by multiplication in 

order to result in combined uncertainty estimates for the emission category. The amount of N in 

fertilizer applied was deemed to be known with an uncertainty of +-20% mainly stemming from 

possible differences between annual import and final application (expert judgement). The 

uncertainty in the amount of nitrogen in manure applied to soils was with higher (54%) as a result of 

multiplying NEX uncertainties (as described in chapter 6.5.4) with a livestock population uncertainty 

of 20%. The area of cultivated organic soils was attributed with an uncertainty of +-20% in 

accordance with area uncertainty estimates for cropland in LULUCF. Total AD uncertainty for direct 

N2O emissions from soils weighted with 2012 emission estimates was therefore 31%. 

AD uncertainty, however, is overshadowed by emission factor uncertainty related to nitrogen 

application to soils. According to the GPG the best estimate of the 95% confidence interval range 

from one fifth to five times the EF of 1.25%, i.e. 400% uncertainty. Uncertainty for the country 

specific value for N2O emissions from cultivated organic soils is 25%. EF uncertainty was weighted in 

the same way as AD uncertainty resulting in a value of 326%. Combination of AD and EF uncertainties 

for direct soil emissions yielded a value of 328%. 

5.6.7 Planned improvements 
For the next submission it is planned to update the emission factor for N2O such that the default factor 
will be used.  
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5.7 Indirect N2O emissions from nitrogen used in agriculture 

5.7.1 Activity data and emission factors 
Indirect N2O emissions originate from three sources: 

- Volatilization of applied synthetic fertilizer and animal manure and subsequent atmospheric 

deposition 

- Leaching and runoff of applied fertiliser and animal manure and 

- Discharge of human sewage nitrogen into rivers or estuaries 

 

The last source is covered in chapter 6. The first two sources are covered here. 

 

5.7.2 N2O from atmospheric deposition 
Atmospheric deposition of nitrogen compounds such as nitrogen oxides (NOx) and ammonium (NH4) 

fertilises soils and surface waters, which results in enhanced biogenic N2O format According to the 

1996 guidelines, the amount of applied agricultural N that volatilizes and subsequently deposits on 

nearby soils is equal to the total amount of synthetic fertiliser nitrogen applied to soils plus the total 

amount of animal manure nitrogen excreted in the country multiplied by appropriate volatilisation 

factors  (IPCC, 1996). That means that this emission source shares activity data with direct emissions 

from agricultural soils. Here, this includes manure deposited on pasture by grazing livestock. The 

amounts of nitrogen that were subtracted from total N in order to adjust for volatilization from 

fertilizer and animal manure application in chapter 5.6 ά5ƛǊŜŎǘ ŜƳƛǎǎƛƻƴǎ ŦǊƻƳ ŀƎǊƛŎǳƭǘǳǊŀƭ ǎƻƛƭǎέ 

constitute activity data for N2O from atmospheric deposition. That means that N amounts in fertilizer 

are multiplied with 0.1 and amounts in animal manure with 0.2 in order to calculate N2O from 

atmospheric deposition. This is summarized in equation 4.31 of the GPG. The IPCC emission factor for 

estimating indirect emissions due to atmospheric deposition of N2O is 0.01 kg N2O-N/kg NH4-N & 

NOx-N deposited. 

 
EQUATION 11.9 

 
N2O FROM ATMOSPHERIC DEPOSITION OF N (TIER 1a) 

N2O(G)-N = [(NFERT ω CǊŀŎGASF ύ Ҍ όʅ¢όb(T) ω bŜȄ(T)ύ ω CǊŀŎGASMύϐ ω лΦлм 
 
Where: 

- N2ODirect -N = Emission of N2O in units of Nitrogen 
- FSN = Annual amount of synthetic fertiliser nitrogen applied to soils adjusted to 

account for the amount that volatilises as NH3 and NOx 
- FAM = Annual amount of animal manure nitrogen intentionally applied to soils adjusted 

to account for the amount that volatilises as NH3 and NOx 
- FBN = Amount of nitrogen fixed by N-fixing crops cultivated annually 
- FCR = Amount of nitrogen in crop residues returned to soils annually 
- FOS = Area of organic soils cultivated annually 
- EF1 = Emission factor for emissions from N inputs (kg N2O-N/kg N input) 
- EF2 = Emission factor for emissions from organic soil cultivation (kg N2O-N/ha-yr) 
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5.7.3 N2O from leaching and runoff 
A large proportion of nitrogen is lost from agricultural soils through leaching and runoff. This nitrogen 

enters groundwater, wetlands, rivers, and eventually the ocean, where it enhances biogenic 

production of N2O (IPCC; 2006). To estimate the amount of applied N that leaches or runs off, 

amount of synthetic fertilizer and animal manure applied to soils (including manure deposited on 

pasture by grazing livestock) is multiplied by the fraction that is lost through leaching and runoff. 

Indirect N2O emissions from leaching and runoff are calculated by multiplying the resulting nitrogen 

amount with the 2006 GL emission factor for estimating indirect emissions due to leaching and 

runoff of N2O: 0.025 kg N2O-N/kg N leached & runoff. 

5.7.4 Emissions 
The development of indirect N2O emissions from 1990-2014 - after conversion from nitrogen to 

nitrous oxide - is shown in Figure 5.6. N2O emissions amounted to 458 tonnes N2O in 2014, which 

meant a 0.4% increase from the 1990 value of 456 tonnes. The general slight downward trend in 

emissions was reversed from 2006 to 2008, when high amounts of synthetic fertilizer application 

caused an increase of indirect N2O emissions from agricultural soils above the 1990 level. 

 

Figure  5.6 Indirect N2O emissions from agricultural soils. 

5.7.5 Uncertainties 
Uncertainties from indirect soil emissions were estimated for the category as a whole. To this end AD 

and EF uncertainties of fertilizer nitrogen and manure nitrogen were first weighted with respective 

2012 emissions and then combined by multiplication in order to result in combined uncertainty 

estimates for the emission category. AD uncertainty consists of AD the uncertainty regarding the 

amount of nitrogen in fertilizer and manure (cf. chapter 6.6.5) combined with uncertainty regarding 

the fraction of N that volatilizes, which is estimated by the GPG to be +-50% (p. 4.75). Combined 

weighted AD uncertainties of 67% are dwarfed by an order of magnitude uncertainty for the EF (GPG, 

page 4.75). Combined uncertainties are estimated to be 1002%. 
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6 Land-Use, Land-Use Changes and Forestry (CRF sector 4) 

6.1 Overview 

This sector covers emissions and removals related to land use, land use changes and forestry 

(LULUCF). The land use is categorized to the six main land use categories defined by inventory 

guidelines (IPCC 2006) and conversions between those categories. Emissions and removals of GHG 

are reported for all managed land within these categories according to guidelines given in Volume 4: 

Agriculture, Forestry and Other Land Use of the 2006 Guidelines (IPCC 2006), hereafter named 

AFOLU Guidelines, and the 2013 Supplement to the 2006 Guidelines: Wetlands (IPCC 2014), 

hereafter named 2013 Wetland Supplement. The Agricultural University of Iceland, the Icelandic 

Forestry Research and the Soil Conservation Service of Iceland are responsible for preparing the 

inventory for this sector. 

More than 90% of the total area of Iceland is included in two land use categories i.e. Grassland and 

Other Land. Figure 6.1 shows the relative division of the area of Iceland to the main six land use 

categories reported. 

 

Figure  6.1 Relative size of land use categories in Iceland according to IGLUD land use map 2013 and other land use 
estimates available for the reporting 

Both emissions from sources and removals by sinks are reported for this sector. The net contribution 

of the main land use categories is summarized in Fig 6-2, Table 6-1. 
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Figure  6.2 The net emission/removals of land use categories in kt CO2 equivalents, according to this submission. 

 

The sum of all emissions reported is 13,502 kt CO2 eq, and is dominated 87.0% by 11,747 kt CO2 eq 

emissions related to drainage of organic soils, mostly of included under Grassland, Cropland and 

small areas of Forest land. Another important emission component 12.0% or 1,626 kt CO2 eq, is 

methane emission from managed wetlands. The remaining reported emissions are assigned to biomass 

burning, application of N-fertilizers, hydropower reservoirs (CO2), losses of soil organic carbon (SOC) 

from mineral soils, loss of biomass due to conversion of land to Settlements. The removal by sinks 

reported is by sequestration of carbon to wetlands 43.9 % or 708 kt CO2 eq, to biomass and SOC in 

revegetation 34.8 % or 560 kt CO2 eq, to biomass and SOC in forest 17.6 % or 283 kt CO2 eq. Other 

contributing components 3.7% include; increase in SOC of mineral soils in some Cropland, increase in 

biomass  and mineral soil SOC in Natural birch shrubland, increase in biomass of abandoned 

Cropland.  

/ƻƳǇŀǊŜŘ ǘƻ ƭŀǎǘ ȅŜŀǊΩǎ ǎǳōƳƛǎǎƛƻƴ ǘƘŜ ƴŜǘ ŜƳƛǎǎƛƻƴ ǊŜǇƻǊǘŜŘ ŦƻǊ ǘƘƛǎ ǎŜŎǘƻǊ Ƙŀǎ ŘŜŎǊŜŀǎŜŘ ǎƭƛƎƘǘƭȅ 

or from 11,891 kt CO2 eq to 11,890 kt CO2 eq.  

The CRF tables are prepared through new version of the CRF reporter (version 5.12.0). The structure 

of the information from last submission is maintained in all categories. The N2O emission associated 

ǿƛǘƘ ǘƘŜ ŘǊŀƛƴŀƎŜΣ ƛǎ ŀǎ ƛƴ ƭŀǎǘ ȅŜŀǊΩǎ ǎǳōƳƛǎǎƛƻƴ ǊŜǇƻǊǘŜŘ ǳƴŘŜr άпόLLύ 9Ƴƛǎǎƛƻƴǎ ŀƴŘ ǊŜƳƻǾŀƭǎ ŦǊƻƳ 

ŘǊŀƛƴŀƎŜ ŀƴŘ ǊŜǿŜǘǘƛƴƎ ŀƴŘ ƻǘƘŜǊ ƳŀƴŀƎŜƳŜƴǘ ƻŦ ƻǊƎŀƴƛŎ ŀƴŘ ƳƛƴŜǊŀƭ ǎƻƛƭǎέ for Forest land, for 

Cropland it is reported under Agricultural sector as previously but for Grassland it is reported under 

άпόLLLύ 5ƛǊŜŎǘ b2O emƛǎǎƛƻƴǎ ŦǊƻƳ b aƛƴŜǊŀƭƛȊŀǘƛƻƴκLƳƳƻōƛƭƛȊŀǘƛƻƴέ with the notation that emission 

reported is of drained soils. 

 

6.2 Land use practise and consequences 

The present state of vegetation and soils is the result of past and present climatic conditions, volcanic 

activity and land use history. The possible pattern of anthropogenic impact on the landscape and soil 

erosion in southern Iceland has been studied (Dugmore, Gisladottir et al. 2009). There a two stage 

process of soil erosion is suggested involving overgrazing causing patterns of damaged vegetation 

cover in the uplands followed by soil erosion and rapid total denudation of large areas of relatively 
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shallow soils before beginning of the 16th century. Later the soil erosion on lowland areas started, 

triggered by disruption in vegetation cover. At the time of settlement the natural birch woodlands 

were widespread but by the end of the 19th century it was mostly exhausted as result of land 

clearance, intensive grazing, collection of firewood and charcoal making (Þórarinsson 1974). 

At the onset of the 20th century the country had suffered from extensive soil erosion and most of 

the woodland lost. Cultivation was limited and large part of livestock fodder was obtained from 

uncultivated meadows and wetlands. In the 20th century cultivation was increased considerable 

especially in the period 1930 to 1990 (Figure 6.3) both on naturally drained soils and also through 

drainage of wetland soils. The drainage of wetlands was far more extensive than what was ever 

cultivated leaving large areas as drained grassland. 

At the beginning of the 20th century the Soil Conservation Service of Iceland (SCSI) was established to 

combat the progress of drifting sand threatening farmlands in many areas. The SCSI has ever since 

been combating soil erosion and actively re-vegetating land. The soil erosion was first mapped at the 

end of the 20th century showing still ongoing soil erosion and large areas of degraded land. The 

highland areas have almost completely lost their soil mantle and large areas in the lowland regions 

are impacted by erosion as well (Arnalds, E.F.Thorarinsdóttir et al. 2001). At the beginning of 20th 

century there was increased interest in protecting the remaining birch forest and cultivation of new 

forest. The Icelandic Forest Service was established in the beginning of the 20th century and has since 

worked on protection of remaining natural forest and cultivation of new forest. 

The increased cultivation along with other factors was reflected in increased livestock. The number of 

sheep reached a maximum in 1977 leading to over-production of lamb meat and high grazing 

pressure on many areas. This maximum in sheep number was followed by rapid decline in number 

until 1990 when present winterfeed stock size level was reached (Figure 3). This decline is almost but 

not entirely reflected in the decline in sheep numbers on the grazing areas as the average fertility has 

increased in the period (Jónmundson and Eyþórsdóttir 2013) and the time spent on highland grazing 

areas is better managed than before also affecting the overall grazing pressure. 
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Figure  6.3 Changes in number of winterfed sheep as officially recorded (Statistic Iceland website 2014). 

The land use history of Iceland is thus marked by losses and degradation of natural resources 

including forest, other vegetation, soils and wetlands. According to new mapping effort of natural 

birch forest and monitoring of afforestation, reforestation and deforestation by the Icelandic Forest 

Research, forest is presently increasing in area and accumulating carbon. Area of land in revegetation 

process is presently increasing and accumulating carbon both in vegetation and soil but monitoring 

of ongoing soil erosion and vegetation losses is fragmentary. The balance of soil formation and losses 

is thus unknown. According to information presented in this report the area of wetlands drained 

each year is still larger than the area rewetted. The drained wetland soil is in this inventory estimated 

to lose much more carbon than is accumulated in the un-drained wetlands. 

The degradation of these resources in the past and those still ongoing holds in it potentials to 

prevent ongoing losses and restore their previous state. The degradation of these resources and their 

restoration is tightly connected to the carbon stocks included. As clearly reflected in this report the 

impact of the land use sector of Iceland is very large and consequently holds opportunities to 

drastically change the emission profile of the nation. Afforestation and revegetation are examples of 

this restoration work already practised in Iceland and acting as carbon sinks. The impact of the 

drainage of wetland soils on the emission profile is in this submission larger than before as emission 

factors have been revised and completeness of emission components improved. The potential for 

changing the emission profile through wetland rewetting is likewise expanded by this new emission 

estimate. Ongoing losses of soil and vegetation is still not included in the emission profile and the 

potential embedded in counter actions likewise unknown. The impact of these sinks and sources will 

be discussed further in the following chapters on the relevant land use category. 
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6.3 Data sources 

The present CRF reporting is based on; land use as recorded in the Icelandic Geographical Land Use 

Database (IGLUD), activity data and mapping on afforestation and deforestation from Icelandic 

Forest Research (IFR), maps of natural birch forest and shrubland from IFR, activity data and maps on 

revegetation from the Soil Conservation Service of Iceland (SCSI), time series of Afforestation, 

Reforestation, Cropland and Grassland categories, including revegetation, drainage and cropland 

abandonment, and of reservoirs. Data on biomass burning is based on area mapping of the Icelandic 

LƴǎǘƛǘǳǘŜ ƻŦ bŀǘǳǊŀƭ IƛǎǘƻǊȅ ŀƴŘ ²ŜǎǘŦƧƻǊŘΩǎ bŀǘǳǊŀƭ IƛǎǘƻǊȅ LƴǎǘƛǘǳǘŜ ŀƴŘ ōƛƻƳŀǎǎ ŜǎǘƛƳŀǘƛƻƴ ŦƻǊ 

relevant land categories obtained through IGLUD field sampling as described in (Gudmundsson, 

Gísladóttir et al. 2010). 

¢ƘŜ ŀǾŀƛƭŀōƭŜ ƎŜƻƎǊŀǇƘƛŎŀƭ Řŀǘŀ ŀƴŘ ƛǘΩǎ ŎƻƳǇƛƭŀǘƛƻƴ ƻŦ ƛƴǘƻ ǘƘƛǎ ȅŜŀǊΩǎ LD[¦5 ƭŀƴŘ ǳǎŜ ƳŀǇ ƛǎ 

described below (Ch. 6.3.1). The methodology of the compilation process has been described 

elsewhere (Gudmundsson, Brink et al. 2013). For several land use categories other estimates than 

IGLUD land use map exist. If these estimates are considered more accurate than the land use map 

then that area estimate is used.  This applies e.g. to the total area of cultivated forest, where the 

maps compiled to IGLUD land use map is the area sampling points are selected from. Few of these 

sampling points do not include cultivated forest and consequently the total area is estimated smaller 

than the mapped area. As this decrease in area is not geographically identifiable, only the total area 

can be corrected. The area mapped as cultivated forest in IGLUD land use map, but not reported in 

the CRF has to be reported under other land use category/ies. In other cases the area reported is 

larger than the comparable mapping unit, as with land re-vegetated before 1990, then the difference 

in area has to be transferred from other land use categories to that category. These adjustments of 

mapped area are described in chapter 6.3.5. 

 

6.3.1 The Icelandic Geographic Land Use Database (IGLUD) 

6.3.1.1 Introduction 

The objective of the Icelandic Geographic Land Use Database (IGLUD) is to compile information on 

land use and land use changes compliant to requirements of the AFOLU Guidelines (IPCC 2006), and 

the 2013 Supplement to the 2006 Guidelines: Wetlands (IPCC 2014). Second objective is to extract 

from this information reliable land use map containing the land use categories applied in the national 

inventory to the UNFCCC. As first goal of this objective, all the six main land use classes defined in 

AFOLU guidelines (IPCC 2006) should be geographically identified. Important criteria regarding 

subdivision of land use categories is to recognise the land use practices most affecting the emission 

or removal of greenhouse gasses. This subdivision can either be relative and thus not geographically 

identifiable or it can be geographically identifiable at various resolutions. The relative division can be 

known within a region or the whole country. Relative division can be based on ground surveys or 

other available additional information. To aid the geographical identification of land use categories 

the definitions of each category need to take in account as much as possible if the category is 

recognisable both through remote sensing and on the ground. This applies especially to those 

categories not otherwise systematically mapped.  

From the available map layers the land use map is extracted in such way that consistency is ensured 

and overlapping avoided. The IGLUD database contains; map layers of diverse origin as explained 

below, geographically referable datasets obtained through IGLUD field work, results of analyses of 

the samples obtain in that field work, photographs taken at sampling points, geographical data 
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related to surveys on specific map layers or topics related to the database, metadata describing the 

above data.  

The sources of the map layers in IGLUD are described below. Description of field work for collecting 

land information for the database and some preliminary results can be found in (Gudmundsson, 

Gísladóttir et al. 2010). 

Provided below is a short description of the database, list of its main data sources, definitions of 

main land use categories as applied in IGLUD and present structure of subcategories. 

6.3.1.2 Definitions of IGLUD land use categories 

Definitions of the six main land use categories as they are applied in IGLUD are listed below, along 

with description of how they were compiled from the existing data. 

Broad Land Use Categories 

Settlements: !ƭƭ ŀǊŜŀǎ ƛƴŎƭǳŘŜŘ ǿƛǘƘƛƴ ƳŀǇ ƭŀȅŜǊǎ ά¢ƻǿƴǎ ŀƴŘ ǾƛƭƭŀƎŜǎέ ŀƴŘ ά!ƛǊǇƻǊǘǎέ ŀǎ ŘŜŦƛƴŜŘ ƛƴ 

the IS 50 v2013 geographical database. Also included as Settlement are roads classified with 15 m 

wide road zone, including primary and secondary roads. Roads within forest land are excluded as 

road zone does not reach 20 m. 

Forest land: All land, not included under Settlements, presently covered with trees or woody 

vegetation more than 2 m high, crown cover of minimum 10% and at least 0.5 ha in continuous area 

and a minimum width of 20 m and also land which currently falls below these thresholds but is 

expected to reach them in situ at mature state. 

Cropland: All cultivated land not included under Settlements or Forest land and at least 0.5 ha in 

continuous area and minimum width 20 m. This category includes harvested hayfields with perennial 

grasses.   

Wetland: All land that is covered or saturated by water for all or part of the year and does not fall 

into the Settlements, Forest land, Cropland categories. It includes intact mires and reservoirs as 

managed subdivisions and natural rivers and lakes as unmanaged subdivision. 

Grassland: All land where vascular plant cover is >20% and not included under the Settlements, 

Forest land, Cropland or Wetland categories. This category includes as subcategory land which is 

being revegetated and meeting the definition of the activity and does not fall into other categories. 

Drained wetlands not falling into other categories are included in this category.  

Other land: This category includes bare soil, rock, glaciers and all land that does not fall into any of 

the other categories. All land in this category is unmanaged. This category allows the total area of 

identified land to match the area of the country. 

Subcategories applied in IGLUD land use map 

Lƴ ǘƘŜ ƭŀƴŘ ǳǎŜ ƳŀǇ ŀǇǇƭƛŜŘ ŦƻǊ ǘƘƛǎ ŀƴŘ ƭŀǎǘ ȅŜŀǊΩǎ ǎǳōƳƛǎǎƛƻƴΣ ƭŀƴŘ ƛǎ ŘƛǾƛŘŜŘ ǘƻ мс ƭŀƴŘ ǳǎŜ ŎƭŀǎǎŜǎΦ  

Forest land is represented by two classes prepared through combination of available forest map 

layers from LCwΦ ¢ƘŜ ŎƭŀǎǎŜǎ ŀǊŜ ά/ǳƭǘƛǾŀǘŜŘ ŦƻǊŜǎǘέ ŀƴŘ άbŀǘǳǊŀƭ ōƛǊŎƘ ŦƻǊŜǎǘέΦ  

/ǊƻǇƭŀƴŘ ƛǎ ǇǊŜǎŜƴǘŜŘ ŀǎ ǘǿƻ ŎƭŀǎǎŜǎ ƛΦŜΦ ά/ǊƻǇƭŀƴŘέ ŀƴŘ ά/ǊƻǇƭŀƴŘ ƻƴ ŘǊŀƛƴŜŘ ǎƻƛƭǎέΦ ¢ƘŜ ǎŜǇŀǊŀǘƛƻƴ 

of these classes is based on total area of drained croplands estimated through time series on 
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Cropland and delineation of area of same size by choosing lower limits for the density of the ditches 

network, calculated as described in (Gísladóttir, Gudmundsson et al. 2010). 

DǊŀǎǎƭŀƴŘ ƛǎ ǊŜǇǊŜǎŜƴǘŜŘ ŀǎ ŦƛǾŜ ŎƭŀǎǎŜǎ ƛƴ ǘƘŜ ƭŀƴŘ ǳǎŜ ƳŀǇΤ άbŀǘǳǊŀƭ ōƛǊŎƘ ǎƘǊǳōƭŀƴŘέ ŀǎ ƳŀǇǇŜŘ ōȅ 

LCwΣ άwŜǾŜƎŜǘŀǘƛƻƴ ōŜŦƻǊŜ мффлέ ŀƴŘ άwŜǾŜƎŜǘŀǘƛƻƴ ǎƛƴŎŜ мффлέ ŀǎ ƳŀǇǇŜŘ ōȅ {/{LΣ άDǊŀǎǎƭŀƴŘ 

ŘǊŀƛƴŜŘέ ŀǎ ƛŘŜƴǘƛŦƛŜŘ ƻƴ ōŀǎƛǎ ƻŦ ǘƘŜ ƳŀǇ ƭŀȅŜǊ ŘǊŀƛƴŜŘ ƭŀƴŘΣ ŀƴŘ άDǊŀǎǎƭŀƴŘ ƻǘƘŜǊέ ŀǎ ŀƭƭ ƻǘƘŜǊ ƭŀƴŘ 

included as Grassland. 

WetlaƴŘ ƛǎ ƛƴ ǘƘŜ ƭŀƴŘ ǳǎŜ ƳŀǇ ǊŜǇǊŜǎŜƴǘŜŘ ŀǎ ǘƘǊŜŜ ŎƭŀǎǎŜǎΤ ά[ŀƪŜǎ ŀƴŘ ǊƛǾŜǊǎέΣ άwŜǎŜǊǾƻƛǊǎέΣ ŀƴŘ 

άhǘƘŜǊ ²ŜǘƭŀƴŘέΦ  

{ŜǘǘƭŜƳŜƴǘ ƛǎ ƛƴ ǘƘŜ ƭŀƴŘ ǳǎŜ ƳŀǇ ǊŜǇǊŜǎŜƴǘŜŘ ŀǎ ǘǿƻ ŎƭŀǎǎŜǎΤ ά{ŜǘǘƭŜƳŜƴǘǎ ǘƻǿƴǎέ ŀƴŘ ά{ŜǘǘƭŜƳŜƴǘǎ 

ƻǘƘŜǊέΦ  

Other land is represented as two claǎǎŜǎΤ άDƭŀŎƛŜǊǎ ŀƴŘ ǇŜǊǇŜǘǳŀƭ ǎƴƻǿέ ŀƴŘ άhǘƘŜǊ ƭŀƴŘέΦ 
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Table 6.1 List of map layers used in compiling the IGLUD map showing the categorization of layers and order of compilation. 

Land use 
categories 

Sub categories Map layers included in land use category ID 
Hierarchy of 
map layers 

1.Settlement 
Settlement towns  Towns and villages 101 4 

Settlements other 
Airports  102 5 
Roads with buffer zone 103 6 

2.Forest land 
Cultivated forest 

Forest cultivations 1908-1989 201 7 
Forest cultivations 1990-2013 203 8 
Forest cultivations mostly after 1990 but some older 202 9 
Forest cultivations most probably planted before 1990 204 10 
Forest cultivations probably after 1990 208 12 

Forest cultivations uncertain age 205 11 

Natural birch 
forest 

Natural birch forest- potentially on drained soils 207 13 

Natural birch forest  206 14 

3.Cropland 
Cropland Cropland 301 16 

Cropland on 
drained soils 

Cropland with ditch density 45-8 km km-2 302 17 

4.Wetland 

Other wetlands Semi-wetland (wetland upland eco-tone) 401 38 

 Wetland 402 39 

 Semi-wetland/wetland complex 403 40 

Lakes and rivers Lakes and rivers 404 15 

Reservoirs Reservoirs 1 405 1 

 Reservoirs 2 406 2 

5.Grassland 

Other grassland 

Grassland (true grassland) 501 27 

Richly vegetated heath land 502 28 

Cultivated land 503 36 

Poorly vegetated heath land 504 29 

Mosses 505 30 

Partly vegetated land (1) 506 31 

Shrubs and forest potentially on drained soils 508 23 

Shrubs and forest 507 27 

Grassland, heath-land shrubs and forest complex 509 34 

Partly vegetated land (2) 510 35 

Pasture 511 37 

Land revegetated 
before 1990 

Farmers revegetation before 1990 512 19 

Revegetation before 1990 515 21 

Land revegetated 
since 1990 

Farmers revegetation 1990-2013 513 20 

Revegetation activity 1990-2013 516 18 

Grassland on 
drained soils 

Drained land 514 24 

Natural birch 
shrubland 

Natural birch Woodland <2m ςpotentially on drained 
soils 

518 22 

Natural birch Woodland <2m  517 25 

6.Other land 
Other land 

Historical lava fields with mosses (1) 601 32 

Historical lava fields with mosses (2) 602 33 

Sparely vegetated land (1) 603 42 

Sparely vegetated land (2) 604 43 

Zone of recently retreated glaciers 606 41 

Unclassified of IFD lakes and rivers origin 607 43 

Unclassified of revised border origin. 608 42 

Glaciers Glaciers and perpetual snow 605 3 

 

6.3.1.3 Main Data Sources compiled in IGLUD 

The resulting classification of land use as presented in this submission is based on several sources, 

the most important listed here. 
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NYTJALAND - Icelandic Farmland Database (IFD): Geographical Database on Condition of Farming 

Land 

The Agricultural University of Iceland and its predecessor the Agricultural Research Institute in 

cooperation with other institutions constructed a geographical database (IFD) on the condition of 

vegetation on all farms in Iceland. 

Table 6.2 The original land cover classes of the IFD showing the full scale classes and the coarser class aggregation. 

IFD full scale Classes 
(Icelandic name in 
brackets) 

Short description Coarse class name 

Cultivated land (Ræktað 
land) 

All cultivated land including hayfields and cropland. Cropland and pasture 

Grassland (Graslendi)  
Land with perennial grasses as dominating vegetation 
including drained peat-land where upland vegetation has 
become dominating. 

Grassland, heath-land shrubs 
and forest complex 

Richly vegetated heath 
land (Ríkt mólendi) 

Heath land with rich vegetation, good grazing plants 
common, dwarf shrubs often dominating, and mosses 
common. 

Grassland, heath-land shrubs 
and forest complex 

Poorly vegetated heath 
land (Rýrt mólendi) 

Heath land with lower grazing values than richly vegetated 
heath land. Often dominated by less valuable grazing plants 
and dwarf shrubs, mosses and lichens apparent. 

Grassland, heath-land shrubs 
and forest complex 

Moss land (Mosi) 
Land where moss covers more than 2/3 of the total plant 
cover. Other vegetation includes grasses and dwarf shrubs. 

Grassland, heath-land shrubs 
and forest complex 

Shrubs and forest (Kjarr 
og skóglendi)  

Land where  more than 50% of vertical projection is covered 
with trees or shrubs higher than 50 cm 

Grassland, heath-land shrubs 
and forest complex 

Semi-wetland-wetland-
upland ecotone- 
(Hálfdeigja) 

Land where vegetation is a mixture of upland and wetland 
species. Carex and Equisetum species are common as well 
as dwarf shrubs. Soil is generally wet but without standing 
water. This category includes drained land where 
vegetation is not yet dominated by upland species. 

Semi-wetland/wetland 
complex 

Wetland (Votlendi)  
Mires and fens. Variability of vegetation is high but this 
class is dominated by Carex and Equisetum species and 
often shrubs. 

Semi-wetland/wetland 
complex 

Partially vegetated land 
(Hálfgróið)  

Land where vegetation cover ranges between 20-50%. 
Generally infertile areas often on gravel soil. This class can 
both include areas where the vegetation is retreating or in 
progress. 

Partly vegetated land 

Sparsely vegetated land 
(Líttgróið) 

Areas where less than 20% of the vertical projection is 
covered with vegetation. Many types of surfaces are 
included in this class. 

Sparsely vegetated land 

Lakes and rivers (Vötn og 
ár) 

Lakes and rivers Lakes and rivers 

Glaciers (Jöklar) Glaciers and perpetual snows Glaciers 

 

The full scale mapping was completed for approximately 60% of the country and 70% of the lowlands 

below 400 m elevation in Iceland. This geographical database is based on remote sensing using both 

Landsat 7 and Spot 5 images, existing maps of erosion and vegetation cover and various other 

sources. The categorization used in the full scale mapping divides the land into twelve classes, ten for 

vegetation and two for lakes, rivers and glaciers. The classes used in IFD are listed in Table 6.2. The 

area not covered by full-scale classification of IFD was classified by applying coarser classification 

(seven classes) modified according to CORINE requirements (Bossard, Feranec et al. 2000). Adding 

these two levels of classification, i.e. one with seven classes and other with 12 classes, a whole 

country map layer of this classification is available. This work is has recently been summarised and 

ground truth work analysed revealing 76% overall accuracy (proportion of correctly classified- %PCC) 
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for the whole picture applying clumped categories of the coarser classification for the full scale 

classification (Gísladóttir, Brink et al. 2014). This clumping is comparable to the merging of categories 

applied in IGLUD Land use map. 

The pixel size in this database is 15×15 m and the reference scale is 1:30,000. The data was simplified 

by merging areas of a class covering less than 10 pixels to the nearest larger neighbour area, thus 

leaving 0.225 ha as the minimum mapping unit. 

Before compiling the IFD classes into IGLUD each land cover class is converted to a separate map 

layer thereby creating 18 map layers.  

The two level IFD modified as described above is the primary data source of IGLUD. 

IS 50 V2013 

The IS 50V2013 geographical database of the National Land Survey of Iceland (NLSI) includes eight 

ƳŀǇ ƭŀȅŜǊǎΦ CǊƻƳ ǘƘŀǘ ŘŀǘŀōŀǎŜ ŦƛǾŜ ƳŀǇ ƭŀȅŜǊǎ ŀǊŜ ǳǎŜŘ ƛƴ LD[¦5Σ ƛΦŜΦ ά¢ƻǿƴǎ ŀƴŘ ǾƛƭƭŀƎŜǎέΣ 

ά!ƛǊǇƻǊǘǎέΣ άwƻŀŘǎέΣ ŀƴŘ άDƭŀŎƛŜǊǎ ŀƴŘ ǇŜǊǇŜǘǳŀƭ ǎƴƻǿǎέΦ ¢ƘŜ ǊƻŀŘǎ ƛƴ ǘƘŜ L{ рл±нлмо ŘŀǘŀōŀǎŜ ŀǊŜ 

linear features representing the centreline of the road. To allocate area to roads a buffer zone, 

defined according to road type, was added. In last years submission the buffer zone applied in 

previous submissions was revised to better reflect the actual land cover of the roads rather than 

administrative boundaries of the roads. The buffer applied on the roads was decreased accordingly. 

In this submission that revised buffer zone is maintained. This buffer zone was compared with the 

map layer of Forest land and overlapping area removed from the buffer to avoid reduction of forest 

land by excluding treeless land less than 20 m wide. These map layers are in vector format and 

before entering the IGLUD they are converted to raster format and resampled to 15x15m pixel size. 

Maps of Forest and Other Wooded Land 

All known woodland (synonym for forest and other wooded land) including both the natural birch 

woodland and the cultivated forest has been mapped at the IFR on the basis of aerial photographs, 

satellite images and activity reports. This map forms the geographical background for the National 

Forest Inventory (NFI) carried out by IFR. The control and correction of this map is part of the NFI 

work. The IFR has completed the revision of the map layers on birch forest and shrubland based on 

field mapping. The revised maps of these categories are applied in preparing the IGLUD land use map 

for this submission. The category Forest Land in IGLUD map is based on the IFR maps. The maps of 

natural birch forest and natural birch shrubland were split to two layers one with the area 

overlapping with the buffer on the drainage ditches and remaining area in the other layer. The area 

overlapping with the buffer is defined as potentially drained area. The maps are in vector format 

including classification attributes connected to each mapping unit. Before entering the IGLUD 

database they are converted to raster format and resampled to 15x15m pixels and then divided to 

seven separate map layers according to their feature attributes. In this submission, updated version 

of the IFR map layers on cultivated forest is applied. 

Maps of Land being re-vegetated  

The SCSI collects information on revegetation activities. The majority of revegetation activities since 

мффл ŀǊŜ ŀƭǊŜŀŘȅ ƳŀǇǇŜŘ ŀƴŘ ŀǾŀƛƭŀōƭŜ ƛƴ ǾŜŎǘƻǊ ŦƻǊƳŀǘΦ aŀǇǇƛƴƎ ƻŦ ǘƘŜ ŀŎǘƛǾƛǘȅ άCŀǊƳŜǊǎ ǊŜ-

ǾŜƎŜǘŀǘŜ ǘƘŜ ƭŀƴŘέ όCw[ύ Ƙŀǎ ƴƻǿ ōŜŜƴ ŎƻƳǇƭŜǘŜŘ ŀƴŘ ƛǎ ŀƭǎƻ ŀǾŀƛƭŀōƭŜ ƛƴ ǾŜŎǘƻǊ ŦƻǊƳŀǘΦ Cw[ is a 

cooperative revegetation activity between SCSI and voluntary participating farmers. These maps 

ŦƻǊƳ ǘƘŜ ƎŜƻƎǊŀǇƘƛŎŀƭ ōŀŎƪƎǊƻǳƴŘ ƻŦ ǘƘŜ άbŀǘƛƻƴŀƭ ƛƴǾŜƴǘƻǊȅ ƻŦ ǊŜǾŜƎŜǘŀǘƛƻƴ ŀŎǘƛǾƛǘƛŜǎέ όbLw!ύΣ 
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carried out by SCSI. The recorded activities, which are currently not mapped are not included in the 

NIRA but will be added consequently as their mapping proceed. Unmapped activities are included as 

activity in CRF and the difference in maps and activity is balanced against other land use (see chapter 

6.3.6). The SCSI has revised the maps of land re-vegetated since 1990, and that revision is applied in 

preparing the IGLUD land use map for this submission. The revegetation taking place before 1990 is 

presently far less mapped. The documentation of the activities at that time focuses more on site of 

the activity rather than its geographical delineation. Efforts are currently being made to locate and 

delineate currently un-located activities prior to 1990 based on available information and data. The 

activities before 1990 already mapped are available in vector format. The category Re-vegetated land 

in IGLUD is based on these maps. 

Maps of Drained land 

The extensive drainage that took place mostly in last century was not recorded geographically. Some 

of the ditches were included though in the NLSI topographical maps. All ditches recognizable on 

satellite images (SPOT 5) were digitized 2008 in a cooperative effort of the AUI and the NLSI.  

¢ƘŜ ƳŀǇ ƭŀȅŜǊ ά5ǊŀƛƴŜŘ ƭŀƴŘέ ǿŀǎ ǇǊŜǇŀǊŜŘ ōȅ !¦L ŦǊƻƳ ǘƘŜ ƳŀǇ ƻŦ ŘƛǘŎƘŜǎΦ ¢ƘŜ ŦƛǊǎǘ ǎtep was to 

attach a 200 m buffer zone on every ditch. From the area such included the overlap with following 

ƳŀǇ ƭŀȅŜǊǎ ŜȄǘǊŀŎǘŜŘ ŦƻǊƳ LC5 ǿŀǎ ŜȄŎƭǳŘŜŘΤ ά{ǇŀǊǎŜƭȅ ǾŜƎŜǘŀǘŜŘ ƭŀƴŘέ όL5Υ сло ŀƴŘ слпύΣ άtŀǊǘƭȅ 

ǾŜƎŜǘŀǘŜŘ ƭŀƴŘέ όL5Υ рлс ŀƴŘ рмлύΣ ά[ŀƪŜǎ ŀƴŘ wƛǾŜǊǎέ όL5Υ плпύΣ ά{ƘǊǳōǎ ŀƴŘ ŦƻǊŜǎǘέ όL5Υ рлтύ ŀƴŘ ǘƘŜ 

IFR map layer Natural birch woodland <2 m (ID: 517).  Additionally all areas where slope exceeded 

10° or extended below seashore line were excluded. To exclude steep areas the AUI elevation model 

(unpublished), based on NLSI elevation maps, was used. The map layer is in raster format. This map 

layer of drained land was used in the IGLUD compilation process and further limited by the map 

layers ranking higher in compilation order. The Grassland subcategory ά5ǊŀƛƴŜŘ DǊŀǎǎƭŀƴŘέ ƛǎ 

identified in IGLUD on basis of this map. The map layers of potentially drained area; natural birch 

forest (ID: 207), natural birch shrubland (ID: 518), and shrubs and forest (ID: 508) were prepared by 

extracting the overlap of layers ID: 206, 517 and 507 respectively with the 200 m buffer zone (where 

ƭŀƴŘ ǿƛǘƘ ǎƭƻǇŜ ŜȄŎŜŜŘƛƴƎ млϲ ŀƴŘ ƭŀƴŘ ƛƴŎƭǳŘŜŘ ƛƴ ǘƘŜ ƭŀȅŜǊ ά[ŀƪŜǎ ŀƴŘ wƛǾŜǊǎέ ŜȄŎƭǳŘŜŘύΦ 

Maps of cultivated Land 

The map layer Cropland was also produced in cooperation with NLSI. The digitization was completed 

in 2009 by AUI. This map layer is the only source of identification of Cropland in IGLUD. The map 

layers identifying Cropland in IFD are not included as Cropland in IGLUD land use map, as considered 

far less accurate. The area oŦ /ǊƻǇƭŀƴŘ ƻƴ ŘǊŀƛƴŜŘ ǿŜǘƭŀƴŘ όάƻǊƎŀƴƛŎέύ ǎƻƛƭǎ ƛǎ ƛƴŎƭǳŘŜŘ ƛƴ ǘƘŜ LD[¦5 

land use map. The geographic identification of drained wetland soils within Cropland is ongoing 

project of AUI. The area shown as Cropland on drained soil is estimated by GIS processing by 

adjusting density classes of the ditch network to the area of cropland drained soils estimated through 

time series (see chapter 6.3.3). 

Maps of reservoirs 

Two map layers on reservoirs are available one with the reservoirs of Landsvirkjun which is the main 

hydropower company in Iceland, and a second layer prepared by AUI on basis of available 

information (Sigurðsson 2002) and local knowledge. Included in this second layer are many smaller 

reservoirs and reservoirs managed by others than Landsvirkjun. This map layer still needs to be 

verified. These layers are available in vector format and are converted to raster and resampled to 

15x15 m pixels before entering IGLUD.  
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Map of zone of recently retreated glaciers. 

The comparison of previous map of glaciers and perpetual snows included in IFD to the one from 

IS50 V2013 reveals less area included in the IS 50V2013. This shrinkage of glaciers and perpetual 

snows exposes land not previously classified. This land is included as a separate map layer in IGLUD. 

This data is in raster format.   

Map of pixels from the old layer of lakes and rivers with lost classification 

In previous submissions two map layers were representing lakes and rivers, i.e. one from IFD and the 

other from IS 50 v3.2. In the land use map prepared for 2014 submission both these map layers were 

replaced by a new layer from IS 50V2013. Small areas of land, which in the IFD was classified as lakes 

and rivers but is not included in the new IS 50V2013 layer, are not identified to any of the other map 

layers included. This land is included as separate layer while no classification is available. This map 

layer is prepared in raster format. 

Map of unclassified land added through revision of outer boundaries. 

In submissions prior to the year 2014 the outer boundaries of Iceland were represented by the total 

area classified in the IFD. In the 2014 submission the outer boundaries lines were extracted form IS 

50V2013. This revision resulted in an addition of many small islands and islets and the costal outline 

changes. Through this revision some areas were removed from the IFD classes and new areas not 

previously classified were added. These new areas were added as a separate map layer in the 2014 

submission and that map layer is also included in this submission.  

Map of historical lava fields covered with mosses 

To separate land with almost full vegetation cover but less than 20% cover of vascular plant, 

geological maps and vegetation maps were compared to identify areas of historical lava fields 

covered with mosses. The map of historical lava fields is from the Icelandic Institute of Natural 

History as well as vegetation maps identifying mosses in areas where only courser classification in IFD 

is available. In areas of IFD full scale classification the geological maps were compared to the IFD class 

άaƻǎǎŜǎέ ǘƻ ǘƘƛǎ ǇǳǊǇƻǎŜΦ CǊƻƳ ǘƘƛǎ ŎƻƳǇŀǊƛǎƻƴ ǘǿƻ ƳŀǇ ƭŀȅŜǊǎ ƛƴ ǊŀǎǘŜǊ ŦƻǊƳŀǘ ǿŜǊŜ ǇǊŜǇŀǊŜŘ. 

6.3.1.4 Compilation of map layers to land use map 

The process of compiling the data to a land use map is described in more details in (Gudmundsson, 

Brink et al. 2013). Before entering the database, all map layers, if not already so, were converted to 

raster format and resampled to 15x15m pixel size. Layers in vector format were converted to raster. 

The compilation process is done by ƻǾŜǊƭŀȅ ŀƴŀƭȅǎŜǎ ǳǎƛƴƎ άArcGIS version 10.1έ ǎƻŦǘǿŀǊŜΦ Lƴ ǘƘŀǘ 

process the hierarchy of the map layers plays an essential role, as the map layer higher in the 

hierarchy replaces all overlaid pixels in a map layer of lower order with its own pixels. Thus e.g. the 

ǇƛȄŜƭǎ ŎƻƳƳƻƴ ǘƻ ǘƘŜ ƳŀǇ ƭŀȅŜǊ άwŜǎŜǊǾƻƛǊǎ мέΣ ŀƴŘ άwŜǎŜǊǾƻƛǊǎ нέΣ ǿƛǘƘ ƘƛŜǊŀǊŎƘȅ ƻǊŘŜǊ м ŀƴŘ нΣ ŀƴŘ 

ǘƘŜ ƳŀǇ ƭŀȅŜǊΣ έ[ŀƪŜǎ ŀƴŘ ǊƛǾŜǊǎέ ǿƛǘƘ ƘƛŜǊŀǊŎƘȅ ƻǊŘŜǊ мр ŀǊŜ ŘŜŦƛƴŜŘ ŀǎ ǊŜǎŜǊǾƻƛǊǎΦ ¢ƘŜ ŎǊƛǘŜǊƛŀ 

applied to determine the hierarchical order of map layers and the compilation process is further 

described in (Gudmundsson, Brink et al. 2013). Before entering the compilation all map layers are cut 

by the outer boundaries lines were extracted form IS 50V2013, excluding all area outside these 

boundaries. The layer of all area within the new boundaries is then included at the bottom of the 

hierarchical order of map layers.  

Each map layer is categorized to the relevant land use category considering its order in the 

ŎƻƳǇƛƭŀǘƛƻƴ ƘƛŜǊŀǊŎƘȅΦ ¢ƘŜ ŎŀǘŜƎƻǊȅ ά/ǳƭǘƛǾŀǘŜŘ ƭŀƴŘέ ƻǊƛƎƛƴŀǘƛƴƎ ŦǊƻƳ ǘƘŜ LC5 ŘŀǘŀōŀǎŜ ƛǎ 
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ŎŀǘŜƎƻǊƛȊŜŘ ǘƻ ƻǘƘŜǊ DǊŀǎǎƭŀƴŘ ŀǎ ǘƘŜ ά/ǊƻǇƭŀƴŘέ ƳŀǇ ƭŀȅŜǊǎ ŀǊŜ ŀōƻǾŜ ƛǘ ƛƴ ǘƘŜ ƘƛŜǊŀǊŎƘȅ ŀƴŘ ŀƭƭ 

cropland therefore excluded from what is left behind of that map layer in the compilation process.  

The map layers used in compiling the IGLUD land use map are listed in Table 6.1. 

The land use map resulting from the preparation of map layers and the compilation process is shown 

in (Figure  6.4, Figure  6.5, Figure  6.6, Figure  6.7) and is also available at the website 

http://ww w.lbhi.is/vefsja.  

http://www.lbhi.is/vefsja
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Figure  6.4 The land use map of IGLUD prepared for the year 2013. 
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Figure  6.5 Enlargement of land use map emphasizing the different Forest land subcategories. 

 

Figure  6.6 Enlargement of land use map emphasizing the Revegetation area mapped. 
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Figure  6.7 Enlargement of land use map emphasizing the subcategory Grassland on drained soils. 

 

6.3.2 Changes in land use map 
In this submission the land use map from last submission is applied unchanged.  

6.3.3 Time series 
Land use map does not provide all the information needed for estimating the area of each land use 

category requested. The map summarize geographical data extending over long period and can 

accordingly not be taken as accurate land use at a specific year nor can land use maps changes from 

one year to the next be interpreted as land use changes unless relevant map layer was updated. To 

estimate the changes in land use and separate the area within each category remaining in category 

and land being converted to the category time series are needed. From available data independent 

time series have been created for; afforestation, deforestation, expansions of natural birch forest 

and shrubland, cropland converted to forest land, other land converted to forest land, wetland 

drainage, land converted to cropland, cropland abandonment, revegetation, settlements and 

establishment of new reservoirs. All other reported time series on land use are derivatives from 

these time series adjusted to the area of the category as emerging from the land use map, if more 

reliable estimates of total area is not available. All land use categories for which emission or removal 

is reported are now represented by time series.  

Most of the data the time series are based on, hold information about changes, i.e. new input or 

output to or from the area of the respective category, without assigning the origin of the input or 

destination of the output to certain other land use category. The time series for cropland are thus 

constructed from data based on records of new cultivations each year and available estimates of 
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abandoned cropland at specific points in time. This data does not specifically state which land use 

categories were turned to cropland or what became of the abandoned fields.  

Extensive drainage of Icelandic wetlands took place in the period 1940-1985 and is still ongoing at a 

lower rate. This drainage was aided by governmental subsidies. The outcome of this drainage effort 

was that the larger part of the lowland wetlands in Iceland was converted to Grassland or Cropland. 

Only a small portion of these drained areas was turned to hayfields or cultivated. Part of this land has 

since been afforested or converted to Settlement. The governmental subsides involved official 

recording of the drainage, kept by the Farmers Association. The subsidies of new drainage ended in 

1987 (Gísladóttir, Metúsalemsson et al. 2007). Since then, the recording of drainage has been 

limited, and no official recording is presently available and only one region updates its records 

annually (Kristjáƴ .ƧŀǊƴŘŀƭ Wƽƴǎǎƻƴ ǇŜǊǎƻƴŀƭ ŎƻƳƳǳƴƛŎŀǘƛƻƴύΦ Lƴ ǘƘƛǎ ȅŜŀǊΩǎ ǎǳōƳƛǎǎƛƻƴ ǘƘŜ ƴŜǿ 

drainage ditches of the year 2014 in that region were assumed to be the average of the two previous 

years. These records are applied to estimate the new drainage in the country. These records of 

excavation of drainage ditches are applied to construct the time series of conversion of wetland soils 

to other land use categories. 

The evaluation of cropland origin as it appears in the time series is based on two assumptions. First 

assumption is that land that has been converted to cropland originated mostly from either Grassland 

on mineral soil or from wetlands. The second assumption is that the ratio of new cropland of wetland 

origin has been constant. This ratio has in the construction of the time series been adjusted to ratio 

of wetland originated hayfields evaluated in the period 1990-1993 (Þorvaldsson 1994). 

The destination of abandoned cropland is assumed as first approach to be all to the Grassland 

category, and the ratio of organic and mineral soil of abandoned cropland is the same as the ratio 

within the cropland category on the year of abandonment. This time series is then corrected 

ŀŎŎƻǊŘƛƴƎ ǘƻ ŀƴ ƛƴŘŜǇŜƴŘŜƴǘ ǘƛƳŜ ǎŜǊƛŜǎ ƻŦ ά/ǊƻǇƭŀƴŘ ŎƻƴǾŜǊǘŜŘ ǘƻ CƻǊŜǎǘ ƭŀƴŘέΦ  

The time series for settlements are prepared from total basal area of all buildings in towns and 

villages. It is assumed that the ratio of total area of towns and villages and of other settlements to 

the basal area of buildings has remained the same as in 2013, extracted from the IS50 V2013 map. 

The settlement area is then assumed to have changed proportionally to the basal area as recorded 

officially by Registers Iceland. More detailed description of time series preparations is pending. 

6.3.4 CRF subcategories and their relation to land use map 
In the CRF tables land use categories are divided to subcategories. This division, and how the 

subcategories are related to the categories of the land use map, is described below.   

6.3.4.1 Forest land 

Two subcategories of Forest land are defined on the land use map, natural birch forest and cultivated 

ŦƻǊŜǎǘΦ ¢ƘŜ ǊŜǎƻƭǳǘƛƻƴ ŀǇǇƭƛŜŘ ƛƴ ƭŀƴŘ ǳǎŜ ƳŀǇ ƻŦ ƭŀǎǘ ȅŜŀǊΩǎ ǎǳōƳƛǎǎƛƻƴ ƛǎ ǊŜǾƛǎŜŘ ƻƳƛǘǘƛƴƎ ǘƘŜ 

separation of individual map layers on the land use map applied in that submission. Both categories 

are in the CRF tables divided further according to age of forest to land remaining forest land and land 

converted to forest land. The IFR finished last year mapping of all natural birch forest and shrubland. 

The mapping effort took five years (2010-2014) and the resulting area is reported as the area in the 

year 2012. The total area of natural birch forest reported in this submission is bit larger than the 

mapped area, representing the ongoing expansion of natural birch forests. Accordingly the land use 

map unit Natural birch forest represent all CRF categories of Natural birch forest except new 

ŜȄǇŀƴǎƛƻƴǎ ƛƴ ǘƘŜ ȅŜŀǊǎ нлмо ŀƴŘ нлмпΦ LƴŘƛǾƛŘǳŀƭ /wC ŎŀǘŜƎƻǊƛŜǎ ƻŦ ƴŀǘǳǊŀƭ ōƛǊŎƘ ŦƻǊŜǎǘ ŎŀƴΩǘ ōŜ 

related to specific mapping units.   
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All of the cultivated forest reported in the CRF tables is included in the mapping unit Cultivated forest 

and as no further division of that mapping unit is applied the CRF subdivision are not tracked.   

6.3.4.2 Cropland 

¢ǿƻ ǎǳōŎŀǘŜƎƻǊƛŜǎ ƻŦ /ǊƻǇƭŀƴŘ ŀǊŜ ŘŜŦƛƴŜŘ ƻƴ ǘƘŜ [ŀƴŘ ǳǎŜ ƳŀǇΣ ά/ǊƻǇƭŀƴŘέ ŀƴŘ ά/ǊƻǇƭŀƴŘ ƻƴ 

ŘǊŀƛƴŜŘ ǎƻƛƭǎέΦ !ǎ ŜȄǇƭŀƛƴŜŘ ŀōƻǾŜ ǘƘŜ ƳŀǇǇƛƴƎ ǳƴƛǘ /ǊƻǇƭŀƴŘ ƻƴ ŘǊŀƛƴŜŘ ǎƻƛƭǎ ƛǎ ŀǇǇǊƻȄƛƳŀǘƛƻƴ ƻŦ 

the geographical location of drained soils assuming fixed ditch density to separate between the freely 

drained soils and those drained through the ditches network. Accordingly it is assumed that most of 

the soils reported in CRF as organic are include in the land use map unit Cropland on drained soils 

and the mineral soils likewise in the mapping unit Cropland. In the CRF tables Cropland is as other 

ƭŀƴŘ ǳǎŜ ŎŀǘŜƎƻǊȅ ŘƛǾƛŘŜŘ ǘƻ ά/ǊƻǇƭŀƴŘ ǊŜƳŀƛƴƛƴƎ /ǊƻǇƭŀƴŘέ ŀƴŘ ά[ŀƴŘ ŎƻƴǾŜǊǘŜŘ ǘƻ /ǊƻǇƭŀƴŘέΦ ¢ƘŜ 

ŎŀǘŜƎƻǊȅ ά[ŀƴŘ ŎƻƴǾŜǊǘŜŘ ǘƻ /ǊƻǇƭŀƴŘέ ƛǎ ƛƴ ǘƘŜ /wC ǊŜǇƻǊǘŜŘ ŦǊƻƳ ǘǿƻ ǎƻǳǊŎŜǎΣ ƛΦŜΦ άDǊŀǎǎƭŀƴŘ 

ŎƻƴǾŜǊǘŜŘ ǘƻ /ǊƻǇƭŀƴŘέ ŀƴŘ ά²ŜǘƭŀƴŘ ŎƻƴǾŜǊǘŜŘ ǘƻ /ǊƻǇƭŀƴŘέ. The separation to land remaining and 

land converted to Cropland is not recognizable in the land use maps. Grassland and Wetland, 

ŎƻƴǾŜǊǘŜŘ ǘƻ /ǊƻǇƭŀƴŘ ŀǊŜ ŀǎǎǳƳŜŘ ǘƻ ōŜ ƛƴŎƭǳŘŜŘ ƛƴ ǘƘŜ ƳŀǇǇƛƴƎ ǳƴƛǘǎ ά/ǊƻǇƭŀƴŘέΣ ŀƴŘ ά/ǊƻǇƭŀƴŘ 

ƻƴ ŘǊŀƛƴŜŘ ǎƻƛƭǎέΦ ¢ƘŜ ƳŀǇǇƛƴg units of Cropland show larger area than area reported in CRF tables 

based on time series for Cropland. The excess area is considered as abandoned cropland and is 

reported under Grassland. 

6.3.4.3 Grassland 

Grassland is represented by five subcategories on the LaƴŘ ǳǎŜ ƳŀǇΣ ƛΦŜΦ άhǘƘŜǊ ƎǊŀǎǎƭŀƴŘέΣ ά[ŀƴŘ ǊŜ-

ǾŜƎŜǘŀǘŜŘ ōŜŦƻǊŜ мффлέΣ ά[ŀƴŘ ǊŜ-ǾŜƎŜǘŀǘŜŘ ǎƛƴŎŜ мффлέΣ άDǊŀǎǎƭŀƴŘ ƻƴ ŘǊŀƛƴŜŘ ǎƻƛƭǎέΣ ŀƴŘ άbŀǘǳǊŀƭ 

ōƛǊŎƘ ǎƘǊǳōƭŀƴŘέΦ Lƴ /wC ǘǿŜƭǾŜ ƭŀƴŘ ǳǎŜ ǎǳōŎŀǘŜƎƻǊƛŜǎ ŀǊŜ ǊŜǇƻǊǘŜŘ ǳƴŘŜǊ DǊŀǎǎƭŀƴŘΦ ¢ǿƻ ƻŦ ǘƘŜƳ 

ƛΦŜΦ ά/ǊƻǇƭŀƴŘ ŎƻƴǾŜǊǘŜŘ ǘƻ DǊŀǎǎƭŀƴŘέ ŀƴŘ ά/ǊƻǇƭŀƴŘ ŀōŀƴŘƻƴŜŘ ŦƻǊ ƳƻǊŜ ǘƘŀƴ нл ȅŜŀǊǎέ ŀǊŜ ǊŜƭŀǘŜŘ 

ǘƻ ǘƘŜ ƭŀƴŘ ǳǎŜ ƳŀǇ ǳƴƛǘ /ǊƻǇƭŀƴŘΦ ¢ƘŜ ǘǿƻ /wC ŎŀǘŜƎƻǊƛŜǎ ά²ŜǘƭŀƴŘ ŘǊŀƛƴŜŘ ŦƻǊ ƳƻǊŜ ǘƘŀƴ нл 

ȅŜŀǊǎέ ŀƴŘ ά²ŜǘƭŀƴŘ ŎƻƴǾŜǊǘŜŘ ǘƻ DǊŀǎǎƭŀƴŘέ ŀǊŜ ǘƻƎŜǘƘŜǊ Ƴƻǎǘƭȅ ǊŜǇǊŜǎŜƴǘŜŘ ōȅ ǘhe mapping unit 

Grassland on drained soil. Some part of the latter category is still to be found under the mapping 

ŎŀǘŜƎƻǊȅ άhǘƘŜǊ ǿŜǘƭŀƴŘǎέΦ ¢ƘŜ ŀǊŜŀ ƻŦ ǘƘŜ /wC ŎŀǘŜƎƻǊƛŜǎ άbŀǘǳǊŀƭ ōƛǊŎƘ ǎƘǊǳōƭŀƴŘ -ƻƭŘέ ŀƴŘ 

άbŀǘǳǊŀƭ ōƛǊŎƘ ǎƘǊǳōƭŀƴŘ -recently expanded into ƻǘƘŜǊ ƎǊŀǎǎƭŀƴŘέ ƛǎ ǊŜǇǊŜǎŜƴǘŜŘ ōȅ ǘƘŜ ƳŀǇǇƛƴƎ 

ǳƴƛǘ άbŀǘǳǊŀƭ ōƛǊŎƘ ǎƘǊǳōƭŀƴŘέΣ ŜȄŎŜǇǘ ŦƻǊ ǎƳŀƭƭ ŀǊŜŀ ƻŦ ŜȄǇŜŎǘŜŘ ǎƘǊǳōƭŀƴŘ ŜȄǇŀƴǎƛƻƴ ƛƴ ǘƘŜ ȅŜŀǊ 

нлмоΦ wŜǾŜƎŜǘŀǘƛƻƴ ƛǎ ƻƴ ǘƘŜ ƭŀƴŘ ǳǎŜ ƳŀǇ ǊŜǇǊŜǎŜƴǘŜŘ ōȅ ǘǿƻ ƳŀǇǇƛƴƎ ǳƴƛǘǎΣ ƛΦŜΦ ά[ŀƴŘ ǊŜ-

vegetated before 199лέ ŀƴŘ ά[ŀƴŘ ǊŜ-ǾŜƎŜǘŀǘŜŘ ǎƛƴŎŜ мффлέΦ  ¢ƘŜ /wC ǘǿƻ ŎŀǘŜƎƻǊƛŜǎ άwŜǾŜƎŜǘŀǘƛƻƴ 

since 1990 ς ǇǊƻǘŜŎǘŜŘ ŦǊƻƳ ƎǊŀȊƛƴƎέ ŀƴŘ άwŜǾŜƎŜǘŀǘƛƻƴ ǎƛƴŎŜ мффл ς ƭƛƳƛǘŜŘ ƎǊŀȊƛƴƎ ŀƭƭƻǿŜŘέ ŀǊŜ 

Ŧǳƭƭȅ ŎƻǾŜǊŜŘ ōȅ ǘƘŜ ƳŀǇǇƛƴƎ ŎŀǘŜƎƻǊȅ ά[ŀƴŘ ǊŜ-ǾŜƎŜǘŀǘŜŘ ǎƛƴŎŜ мффлέΣ ƭŜŀǾƛƴƎ ǎƻƳŜ excess area 

within the mapping unit. Only a small part of the area of the remaining two CRF categories of 

ǊŜǾŜƎŜǘŀǘƛƻƴΣ άwŜ-ǾŜƎŜǘŀǘŜŘ ƭŀƴŘ ƻƭŘŜǊ ǘƘŀƴ сл ȅŜŀǊǎέ ŀƴŘ άwŜǾŜƎŜǘŀǘƛƻƴ ōŜŦƻǊŜ мффлέ ŀǊŜ 

ǊŜǇǊŜǎŜƴǘŜŘ ōȅ ǘƘŜ ƳŀǇ ǳƴƛǘ άwŜǾŜƎŜǘŀǘƛƻƴ ōŜŦƻǊŜ мффлέΦ ¢ƘŜ remaining area is assumed to be 

ŦƻǳƴŘ ǿƛǘƘƛƴ ǘƘŜ ƭŀƴŘ ǳǎŜ ƳŀǇ ǳƴƛǘ άhǘƘŜǊ ƎǊŀǎǎƭŀƴŘέΦ  bŀǘǳǊŀƭ ōƛǊŎƘ ǎƘǊǳōƭŀƴŘ ƛǎ ŘƛǾƛŘŜŘ ǘƻ ǘƘǊŜŜ 

ŎŀǘŜƎƻǊƛŜǎ ƛƴ ǘƘŜ /wCΦ ¢ƘŜǎŜ ŎŀǘŜƎƻǊƛŜǎ ŀǊŜ ŀƭƳƻǎǘ ŎƻƳǇƭŜǘŜƭȅ ŎƻǾŜǊŜŘ ōȅ ǘƘŜ ƳŀǇ ǳƴƛǘ άbŀǘǳǊŀƭ ōƛǊŎƘ 

ǎƘǊǳōƭŀƴŘέΣ ǘƘŜ ŀǊŜŀ Ƴƛǎsing is the expansion of shrubland in 2013 and 2014. The CRF subcategory 

hǘƘŜǊ DǊŀǎǎƭŀƴŘ ƛǎ ǊŜǇǊŜǎŜƴǘŜŘ ōȅ ǘƘŜ ƭŀƴŘ ǳǎŜ ƳŀǇǇƛƴƎ ǳƴƛǘ άhǘƘŜǊ DǊŀǎǎƭŀƴŘέ ǘŀƪŜƴ ƛƴǘƻ ŀŎŎƻǳƴǘ 

the claims of other CRF categories to that mapping unit as described above. 

6.3.4.4 Wetland 

WeǘƭŀƴŘǎ ŀǊŜ ƛƴ ǘƘŜ ƭŀƴŘ ǳǎŜ ƳŀǇ ǊŜǇǊŜǎŜƴǘŜŘ ōȅ ǘƘǊŜŜ ƳŀǇǇƛƴƎ ǳƴƛǘǎΤ ά[ŀƪŜǎ ŀƴŘ ǊƛǾŜǊǎέΣ 

άwŜǎŜǊǾƻƛǊǎέ ŀƴŘ άhǘƘŜǊ ǿŜǘƭŀƴŘǎέΦ Lƴ /wCΣ ²ŜǘƭŀƴŘ ƛǎ ǊŜǇƻǊǘŜŘ ƛƴ ŜƛƎƘǘ ǎǳōŎŀǘŜƎƻǊƛŜǎΦ ¢ƘŜ /wC 

ŎŀǘŜƎƻǊȅ ά[ŀƪŜǎ ŀƴŘ ǊƛǾŜǊǎέ ƛǎ ŀƭƳƻǎǘ Ŧǳƭƭȅ ǊŜǇǊŜǎŜƴǘŜŘ ōȅ ǘƘŜ ƭŀƴŘ ǳǎŜ Ƴŀpping unit with same 

ƴŀƳŜΦ hƴƭȅ ƻƴŜ ǊŜŦƛƭƭŜŘ ƭŀƪŜ ƛǎ ƛƴŎƭǳŘŜŘ ƛƴ ƭŀƴŘ ǳǎŜ ƳŀǇ ǳƴƛǘ άhǘƘŜǊ ƎǊŀǎǎƭŀƴŘέΦ ¢ƘŜ ƭŀƴŘ ǳǎŜ ƳŀǇ 
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ǳƴƛǘ άwŜǎŜǊǾƻƛǊǎέ ǊŜǇǊŜǎŜƴǘǎ Ŧǳƭƭȅ ǘƘŜ /wC ǳƴƛǘǎ ƻŦ άaƛǊŜǎ ŎƻƴǾŜǊǘŜŘ ǘƻ ǊŜǎŜǊǾƻƛǊǎέΣ ά[ŀƪŜǎ ŀƴŘ ǊƛǾŜǊǎ 

ŎƻƴǾŜǊǘŜŘ ǘƻ ǊŜǎŜǊǾƻƛǊǎέΣ άaŜŘƛǳƳ {h/ ǘƻ ǊŜǎŜǊǾƻƛǊǎέΣ ά[ƻǿ {h/ ǘƻ ǊŜǎŜǊǾƻƛǊǎέΦ ¢ƘŜ /wC ŎŀǘŜƎƻǊȅ 

άLƴǘŀŎǘ ƳƛǊŜǎέ ƛǎ ŀƭƭ ƛƴŎƭǳŘŜŘ ƛƴ ǘƘŜ ƭŀƴŘ ǳǎŜ ƳŀǇ ǳƴƛǘ άhǘƘŜǊ ǿŜǘƭŀƴŘέΦ ¢ƘŜ /wC ŎŀǘŜƎƻǊȅ άwŜŦƛƭƭŜŘ 

ƭŀƪŜǎ ŀƴŘ ǇƻƴŘǎέΣ ƛǎ ƛƴŎƭǳŘŜŘ ƛƴ ƭŀƴŘ ǳǎŜ ƳŀǇ ǳƴƛǘ ά[ŀƪŜǎ ŀƴŘ ǊƛǾŜǊǎέΣ ŜȄŎŜǇǘ ƻƴŜ ƭŀƪŜΦ ¢ƘŜ /wF 

ŎŀǘŜƎƻǊȅ άwŜǿŜǘǘŜŘ ǿŜǘƭŀƴŘ ǎƻƛƭέ Ƙŀǎ ƴƻ ƳŀǘŎƘƛƴƎ ƭŀƴŘ ǳǎŜ ƳŀǇ ǳƴƛǘ ȅŜǘΣ ōǳǘ ƛǎ ŀǎǎǳƳŜŘ ǘƻ ōŜ 

ƛƴŎƭǳŘŜŘ ƛƴ ǘƘŜ ƳŀǇ ǳƴƛǘǎΣ άhǘƘŜǊ ǿŜǘƭŀƴŘǎέ ŀƴŘ άDǊŀǎǎƭŀƴŘ ƻƴ ŘǊŀƛƴŜŘ ǎƻƛƭǎέΦ 

6.3.4.5 Settlement 

{ŜǘǘƭŜƳŜƴǘ ƛǎ ǊŜǇǊŜǎŜƴǘŜŘ ƛƴ ǘƘŜ ƭŀƴŘ ǳǎŜ ƳŀǇ ōȅ ǘǿƻ ƳŀǇ ǳƴƛǘǎΣ ά{ŜǘǘƭŜƳent- ǘƻǿƴǎέΣ ŀƴŘ 

ά{ŜǘǘƭŜƳŜƴǘ ςƻǘƘŜǊέΦ Lƴ /wC {ŜǘǘƭŜƳŜƴǘǎ ŀǊŜ ǊŜǇƻǊǘŜŘ ǳƴŘŜǊ ŦƻǳǊ ŎŀǘŜƎƻǊƛŜǎ ά{ŜǘǘƭŜƳŜƴǘǎ ǊŜƳŀƛƴƛƴƎ 

{ŜǘǘƭŜƳŜƴǘǎέΣ άCƻǊŜǎǘ ŎƻƴǾŜǊǘŜŘ ǘƻ {ŜǘǘƭŜƳŜƴǘǎέΣ άbŀǘǳǊŀƭ ōƛǊŎƘ ǎƘǊǳōƭŀƴŘ ŎƻƴǾŜǊǘŜŘ ǘƻ 

{ŜǘǘƭŜƳŜƴǘǎέ ŀƴŘ άŀƭƭ ƻǘƘŜǊ DǊŀǎǎƭŀƴŘ ŎŀǘŜƎƻǊƛŜǎ ŎƻƴǾŜǊǘŜŘ ǘƻ {ŜǘǘƭŜƳŜƴǘǎέΦ ¢ƘŜ /wC ŎŀǘŜƎƻǊƛŜǎ ŀǊŜ 

not directly connected to either of the land use map units, but collectively their area matches the 

area of the map units.  

6.3.4.6 Other land 

Lƴ ǘƘŜ ƭŀƴŘ ǳǎŜ ƳŀǇ άhǘƘŜǊ ƭŀƴŘέ ƛǎ ǊŜǇǊŜǎŜƴǘŜŘ ōȅ ǘǿƻ ƳŀǇ ǳƴƛǘǎΣ άDƭŀŎƛŜǊǎ ŀƴŘ ǇŜǊǇŜǘǳŀƭ ǎƴƻǿέ 

ŀƴŘ άhǘƘŜǊ ƭŀƴŘέΦ Lƴ /wC ŀƭƭ ƻŦ ǘƘŜ ŀǊŜŀ ƛƴ ƭŀƴŘ ǳǎŜ ŎŀǘŜƎƻǊȅ άhǘƘŜǊ ƭŀƴŘέ ƛǎ ǊŜǇƻǊǘŜŘ ŀǎ άhǘƘŜǊ ƭŀƴŘ 

ǊŜƳŀƛƴƛƴƎ hǘƘŜǊ ƭŀƴŘέΦ 

6.3.5 Combining different estimates of land use area 
For many of the land use categories information on area is available from time series or through 

direct estimates. For other categories the land use map unit is the only source of area estimate 

available. To obtain as good estimate of the area of land use categories relying on land use map 

estimate, it is necessary to harmonize the area of land use map units to other estimates. For those 

categories where the map unit cover larger area than the more reliable estimate used, some area has 

to be transferred to other land use categories and vice versa where area estimate is larger than the 

relevant mapping unit. These area adjustment are summarized in Table 6.3. Area estimates 

considered more accurate than relevant land use map unit are available for eight land use map units 

listed in Table 6.3.  

The IFR provides estimates foǊ ǘƘŜ ŎŀǘŜƎƻǊƛŜǎΤ ά/ǳƭǘƛǾŀǘŜŘ ŦƻǊŜǎǘέΣ άbŀǘǳǊŀƭ ōƛǊŎƘ ŦƻǊŜǎǘέ ŀƴŘ άbŀǘǳǊŀƭ 

ōƛǊŎƘ ǎƘǊǳōƭŀƴŘέΦ ¢ƘŜ ŀǊŜŀ ƻŦ ŎǳƭǘƛǾŀǘŜŘ ŦƻǊŜǎǘ ŜǎǘƛƳŀǘŜŘ ƛƴ ǘƘŜ bŀǘƛƻƴŀƭ CƻǊŜǎǘ ƛƴǾŜƴǘƻǊȅ ŀƴŘ ƛǎ 

annually updated. The IFR finished last summer revised mapping of all Natural birch forest and birch 

shrubland, and the resulting estimate is set as the area of the mid-year of the mapping i.e. 2012.  

The area of Cropland in use is estimated from time series prepared by AUI from official statistics on 

annual new cultivations and available data on abandoned cropland. The ratio of drained Cropland 

abandoned is also estimated by the Cropland time series. The excess area of the cropland map unit is 

ǘǊŀƴǎŦŜǊǊŜŘ ǘƻ άDǊŀǎǎƭŀƴŘ ŘǊŀƛƴŜŘ ǎƻƛƭǎέ ŀƴŘ άƻǘƘŜǊ DǊŀǎǎƭŀƴŘέ ŀŎŎƻǊŘƛƴƎƭȅΦ 

Drainage of Icelandic wetlands mostly in the period 1940- 1990 was aided by governmental subsides 

and included certain recording of the excavation. The time series of new drainage are constructed 

from these records, plus additional data on drainage since 1990, drained soils under other land use 

ŎŀǘŜƎƻǊƛŜǎΣ ŀƴŘ ƪƴƻǿƴ ŀǊŜŀ ƻŦ ǊŜǿŜǘǘƛƴƎΦ ¢ƘŜ ƭŀƴŘ ǳǎŜ ƳŀǇ ǳƴƛǘ άDǊŀǎǎƭŀƴŘ ƻƴ ŘǊŀƛƴŜŘ ǎƻƛƭǎέ ƛǎ ŀƴ 

underestimate compared to estimate of the time series. Both sources are based on conversion of 

ditches length to drained area but the time series include ditches excavated since 2008 when the 

ditch network was digitized and also the drained area included in abandoned Cropland. Most of the 

difference in area is clarified by drained soils of abandoned Cropland but remaining difference is 

assuƳŜŘ ƴŜǿ ŘǊŀƛƴŀƎŜ ŀƴŘ ǘǊŀƴǎŦŜǊǊŜŘ ǘƻ ǘƘŜ ŎŀǘŜƎƻǊȅ ŦǊƻƳ ǘƘŜ ŎŀǘŜƎƻǊȅ άƻǘƘŜǊ ǿŜǘƭŀƴŘǎέΦ 
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The reported revegetation activities since 1990 is bit less than the comparative land use map unit. 

¢ƘŜ ŜȄŎŜǎǎ ŀǊŜŀ ƛǎ ŘƛǾƛŘŜŘ Ŝǉǳŀƭƭȅ ōŜǘǿŜŜƴ άhǘƘŜǊ DǊŀǎǎƭŀƴŘέ ŀƴŘ άhǘƘŜǊ ƭŀƴŘέΦ ¢ƘŜ ƭŀƴŘ ǳǎŜ ƳŀǇ 

ǳƴƛǘ άwŜǾŜƎŜǘŀǘƛƻƴ ōŜŦƻǊŜ мффлέ ƛǎ ƭŀǊƎŜƭȅ ǳƴŘŜǊ ǊŜǇǊŜǎŜƴǘŀǘƛǾŜ ƻŦ ǘƘŜ ŀǊŜŀ ǊŜǇƻǊǘŜŘ ōȅ {/{L ŀǎ ǊŜ-

vegetated in that period.  The revegetation activities are recorded as successful and should have 

been detected as vegetated area in the IFD. Accordingly the area lacking in the land use map unit is 

ǘǊŀƴǎŦŜǊǊŜŘ ŦǊƻƳ ǘƘŜ ƭŀƴŘ ǳǎŜ ƳŀǇ ǳƴƛǘ άhǘƘŜǊ DǊŀǎǎƭŀƴŘέΦ 

¢ƘŜ ƭŀƴŘ ǳǎŜ ƳŀǇ ǳƴƛǘ ά[ŀƪŜǎ ŀƴŘ ǊƛǾŜǊǎ ǿŀǎ ŎƘŜŎƪŜŘ ŀƎŀƛƴǎǘ ǘƘŜ ƭŀƪŜǎ ŀƴŘ ǇƻƴŘǎ ǊŜŎƻǊŘŜŘ ŀǎ ǊŜŦƛƭƭŜŘ 

and one lake identified as not appearing in the land use map unit. The area of that lake was 

ŀŎŎƻǊŘƛƴƎƭȅ ǘǊŀƴǎŦŜǊǊŜŘ ŦǊƻƳ άDǊŀǎǎƭŀƴŘ ƻƴ ŘǊŀƛƴŜŘ ǎƻƛƭέ ǘƻ ǘƘŜ ŎŀǘŜƎƻǊȅΦ 

¢ƘŜ ŀǊŜŀ ƻŦ ǘƘǊŜŜ ƭŀƴŘ ǳǎŜ ƳŀǇ ǳƴƛǘ άDǊŀǎǎƭŀƴŘ hǘƘŜǊέΣ ά²ŜǘƭŀƴŘ ƻǘƘŜǊέ ŀƴŘ άhǘƘŜǊ ƭŀƴŘέ ƛǎ ŎƘŀƴƎŜŘ 

through the above area transfers. The resulting area estimates are reported for those land use 

categories in the year 2014. 

Table 6.3 Land use map area transfer matrix showing area transfer between land use categories to adjust other mapped 
area to other estimates available. Lines shows area moved from category and columns area moved to category. 
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FL C        7,521       

FL NB               

CL    15,869    30,545       

GL. drained         498 8     

GL. Nb. shrub               

w± ōŜŦƻǊŜΦ άфл               

w± ǎƛƴŎŜΦ άфл               

O.GL  788   750 161,574 848    230 141   

WL.O    7,984           

WL. L&R           1    

WL. Reserv.               

Settlements               

OL       848    430    

Other               

Other 
estimate 

39,908 96,691 126,169 365,190 54,939 165,356 105,622   207,108     

Map area 47,429 95,903 172,583 341,843 54,189 3,782 103,927 4,811,805 361,195 207,101 57,901 27,468 2,896,546 1,086,616 

Difference 7,521 -788 46,414 -23,347 -750 -161,574 -1,696   -7     

Corrected 
area 

39,908 96,691 126,169 365,190 54,739 165,356 105,622 4,685,540 353,709 207,108 58,562 27,609 2,895,269 1,086,616 

Total area [ha]              10,268,287 

FL C: Cultivated forest.  

FL NB: Natural birch forest.  

CL: Cropland 

GL. Drained: Grassland on drained soils 

GL Nb. shrub: Natural birch shrubland  

w± ōΦ άфлΥ Revegetation initiated before 1990 

w± ǎΦ άфлΥ wŜǾŜƎŜǘŀǘƛƻƴ ƛƴƛǘƛŀǘŜŘ ǎƛƴŎŜ мффл 

O.GL: other Grassland  

WL. O: other wetlands 

WL. L&R: Lakes and rivers 

WL. Reserv.: reservoirs 

Settlements: settlements 

OL: other land 

Glaciers: Glaciers and perpetual snow 

 

¢ƘŜ ŀǊŜŀ ƻŦ ǘƘŜ ƭŀƴŘ ǳǎŜ ƳŀǇ ǳƴƛǘ άDƭŀŎƛŜǊǎέ ƛǎ ƴƻǘ ŀŦŦŜŎǘŜŘ ōȅ ǘƘŜǎŜ ŀǊŜŀ ǘǊŀƴǎŦŜǊΦ 
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6.3.6 Land use changes 
Land use changes are reported as land being converted from one category to another. For each land 

use conversion a conversion period is defined as the period it takes the C-pools of the land converted 

ǘƻ ǊŜŀŎƘ ǎǘŀōƭŜ ƭŜǾŜƭΦ [ŀƴŘ ŎƻƴǾŜǊǘŜŘ ǎǘŀȅǎ ƛƴ ǘƘŜ ŎŀǘŜƎƻǊȅ άƭŀƴŘ ŎƻƴǾŜǊǘŜŘ ǘƻέ ǳƴǘƛƭ ŜƴŘ ƻŦ 

ŎƻƴǾŜǊǎƛƻƴ ǇŜǊƛƻŘ ǘƘŜƴ ƛǘ ƛǎ ǘǊŀƴǎŦŜǊǊŜŘ ǘƻ ǘƘŜ ŎŀǘŜƎƻǊȅ ά[ŀƴŘ ǊŜƳŀƛƴƛƴƎ ƛƴ ŎŀǘŜƎƻǊȅέΦ ¢ƘŜ ŘŜŦŀǳƭǘ 

conversion period suggested in IPCC 2006 Guidelines (IPCC 2006) is 20 years. The land reported as 

converted to a category is thus the cumulative area converted for the number of years defined as 

conversion period of the category. In this submission 20 categories of land conversion involving 

conversion between main land use categories, are reported. Beside those conversion four changes in 

land use within main land categories are reported involving; expansion of Natural birch shrubland 

into other grassland, conversion of intact mires to reservoirs, plantation in natural birch forest and 

conversion of lakes and rivers to reservoirs. In available records of land use change the previous land 

use of the land converted are in many cases not recorded. This applies e.g. to land converted to 

Cropland and, Revegetated land and to some extent afforested land. Assigning the land converted to 

these categories therefore is based on assumptions regarding the origin of the land.  New Cropland is 

thus assumed to come from either the Grassland ƻǊ ǘƘŜ ²ŜǘƭŀƴŘ ŎŀǘŜƎƻǊȅΦ Lƴ ǎƻƳŜ ƛƴǎǘŀƴŎŜǎ άhǘƘŜǊ 

ƭŀƴŘέ ƳƛƎƘǘ ƘŀǾŜ ōŜŜƴ ǘƘŜ ǇǊŜǾƛƻǳǎ ƭŀƴŘ ǳǎŜ ŎŀǘŜƎƻǊȅ ƻǊ bŀǘǳǊŀƭ ōƛǊŎƘ ŦƻǊŜǎǘΣ ōǳǘ ƴƻ Řŀǘŀ ƛǎ ŀǾŀƛƭŀōƭŜ 

to estimate the proportion of these land use categories in land converted to Cropland at different 

timeǎΦ wŜǾŜƎŜǘŀǘŜŘ ƭŀƴŘ ƛǎ ŀǎǎǳƳŜŘ ǘƻ ōŜ ŎƻƴǾŜǊǎƛƻƴ ƻŦ άhǘƘŜǊ ƭŀƴŘέ ǘƻ DǊŀǎǎƭŀƴŘΣ ŀƭǘƘƻǳƎƘ ǇǊŜǾƛƻǳǎ 

land use category was not recorded at the initiation of the revegetation process. The conversion of 

άhǘƘŜǊ ƭŀƴŘέ ǘƻ CƻǊŜǎǘ ƭŀƴŘ Ƙŀǎ ŀƭǊŜŀŘȅ ōŜŜƴ ŜȄŎƭǳŘŜŘ ŦƻǊ ǘƘe category Revegetated land. The area of 

Cropland converted to Forest land is based on data from the National Forest Inventory where 

previous land use of the afforested sampling points is recorded. That recording does not differentiate 

cropland in use and abandoned cropland at the time of afforestation. Abandonment of Cropland at 

different times is not geographically identifiable and no support can be sought in that direction on 

whether the afforested land was in use as Cropland or was already abandoned at the time of 

afforestation. The assumptions made regarding the categories of land use changes reported are 

discussed in the chapters on land converted to each land use category. 

In the new CRF Reporter v 5.12.0 and the reporting tables created by the reporter there is a 

ŘƛǎŎǊŜǇŀƴŎȅ ƛƴ ǿƘŀǘ ƛǎ ƛƴŎƭǳŘŜŘ ǳƴŘŜǊ ǘƘŜ ŎŀǘŜƎƻǊƛŜǎ ά[ŀƴŘ ŎƻƴǾŜǊǘŜŘ ǘƻ ŀ ŎŀǘŜƎƻǊȅέΣ ōŜǘǿŜŜƴ ǘƘŜ 

[ŀƴŘ ¢Ǌŀƴǎƛǘƛƻƴ ƳŀǘǊƛȄ ŀƴŘ ǘƘŜ ŘƛǾƛǎƛƻƴ ǘƻ ά[ŀƴŘ ǊŜƳŀƛƴƛƴƎ ƛƴ ŀ ŎŀǘŜƎƻǊȅέ ŀƴŘ ά[ŀƴŘ ŎƻƴǾŜǊǘŜŘ ǘƻ ŀ 

ŎŀǘŜƎƻǊȅέ ƛƴ ǘƘŜ Ƴŀƛƴ ƭŀƴŘ ǳǎŜ ŎŀǘŜƎƻǊƛŜǎΦ Lƴ the Land Transition matrix and specially the reporting 

table created from it (CRF table 4.1) land converted to a category is supposed to include only land 

converted the relevant year and land remaining in category is the area included the previous year 

stiƭƭ ƴƻǘ ŎƻƴǾŜǊǘŜŘ ǘƻ ƻǘƘŜǊ ŎŀǘŜƎƻǊƛŜǎΦ Lƴ ǘƘŜ ŘƛǾƛǎƛƻƴ ōŜǘǿŜŜƴ άƭŀƴŘ ǊŜƳŀƛƴƛƴƎ ƛƴ ŀ ŎŀǘŜƎƻǊȅέ ŀƴŘ 

άƭŀƴŘ ŎƻƴǾŜǊǘŜŘ ǘƻ ǘƘŜ ŎŀǘŜƎƻǊȅέ ƛƴ ǘƘŜ Ƴŀƛƴ ƭŀƴŘ ǳǎŜ ŎŀǘŜƎƻǊƛŜǎ ƭŀƴŘ ǊŜƳŀƛƴǎ ŀǎ ƭŀƴŘ ōŜƛƴƎ 

converted to throughout the defined conversion period when it is moved to the category. The 

ongoing land use conversions are summarized in Table 6.4. The final area is the total area of the land 

use category in that column in the inventory year. The initial area is area of land defined as remaining 

in a category plus the cumulative area of all conversion from the category over the conversion period 

ŦƻǊ ǘƘŜ ƭŀƴŘ ǳǎŜ ŎŀǘŜƎƻǊȅ ŎƻƴǾŜǊǘŜŘ ǘƻΦ ¢ƘŜ ƛƴƛǘƛŀƭ ŀǊŜŀ ŎŀƴΩǘ ǘƘŜǊŜŦƻǊŜ ƴƻǘ ōŜ ǇƛƴǇƻƛƴǘŜŘ ǘƻ ŀ ǎǇŜŎƛŦƛŎ 

year as the conversion period is variable. 
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Table 6.4 Summary of land use conversions in the inventory year. Land is defined as being converted throughout the defined 
conversion period. The final area is the total area of the land use category in that column in the inventory year. The initial 
area is area of land defined as remaining in a category plus the cumulative area of all conversion from the category over the 
ŎƻƴǾŜǊǎƛƻƴ ǇŜǊƛƻŘ ŦƻǊ ǘƘŜ ƭŀƴŘ ǳǎŜ ŎŀǘŜƎƻǊȅ ŎƻƴǾŜǊǘŜŘ ǘƻΦ ¢ƘŜ ƛƴƛǘƛŀƭ ŀǊŜŀ ŎŀƴΩǘ ǘƘŜǊŜŦƻǊŜ ƴƻǘ ōŜ ǇƛƴǇƻƛƴǘŜŘ ǘƻ ŀ ǎǇecific year 
as the conversion period is variable. Net change is the difference between the initial and the final area negative values 
meaning decrease in the category at the column heading. 
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FROM: (kha) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Forest land 
(managed) 

89.66 NO NO NO NO NO NO 0.05 NO NO 89.71 

Forest land 
(unmanaged) 

NO NO NO NO NO NO NO NO NO NO NO 

Cropland 0.92 NO 
120.
91 

23.46 NO NO NO IE NO NO 145.28 

Grassland 
(managed) 

36.11 NO 2.53 5,050.83 NO 7.80 NO 0.15 NO NO 5,097.41 

Grassland 
(unmanaged) 

NO NO NO NO NO NO NO NO NO NO NO 

Wetlands 
(managed) 

IE NO 2.73 33.36 NO 
385.
68 

NO IE NO NO 421.77 

Wetlands 
(unmanaged) 

NO NO NO NO NO 
31.4

8 
206.99 NO NO NO 238.47 

Settlements NO NO NO NO NO NO NO 
27.4

1 
NO NO 27.41 

Other land 9.01 NO IE 269.62 NO NO NO IE 3,981.88 NO 4,261.42 

Total unmanaged 
land  

IE NO IE IE NO IE NO IE NO IE IE,NO 

Final area 
136.5

9 
NO 

126.
17 

5,377.26 NO 
424.
96 

206.99 
27.6

1 
3,981.88 

IE,N
O 

10,281.48 

Net change 46.89 NO 
-

19.1
1 

279.85 NO 3.19 -31.48 0.20 -279.53 
IE,N
O 

0.00 

 

6.3.7 Uncertainties QA/QC of land use estimates 
The bulk of the area in the land use map (80%) is classified on the basis of map layers from the IFD. A 

report on the IFD was recently published, describing thoroughly the methodology applied its data 

sources and analyzing the resulting land cover classification (Gísladóttir, Brink et al. 2014).  The 

overall accuracy of the classification as applied in the land use map is estimated as being 76 %. Many 

factors contribute to the classification error observed, including the basic classification problem the 

land cover being gradient rather than distinctive classes with clear boundaries. Large part of the 

control points in IFD incorrectly identified is thus confusion between similar categories.  

The classification of the area in the land use map not classified from IFD data is based on map layers 

originating through direct mapping in field, on screen digitation from satellite images or aerial 

photographs, or through GIS processing of other map layers supported by additional data and 

assumptions. The uncertainty of some of these map layers has been estimated but for others no 

estimate is available. For some map layers like roads the location can be considered highly accurate 

but the conversion of the vector data to raster data and estimate of area covered by the roads is not 

as accurate. The compilation of the map layers and determination of its hierarchical order in that 
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process can potentially both increase or decrease the area wrongly classified. The sampling points of 

the IGLUD are presently 2,336, of these 72% are correctly related to the present land use map 

according to preliminary results. That estimate is presently the only specific estimate available on the 

land use map classification as presented. The area of most of the land use categories applied in the 

CRF reporting is further affected by the transfer of area described above to adjust the land use map 

estimates to other available data. The effects of these transfers on the uncertainty of area estimates 

is not known. The uncertainty of area estimate of one land use category has different impact on the 

emission/removal reported depending on the emission/removal per land unit of the category. Small 

uncertainty of e.g. drained Grassland has much more impact on the emission the relatively high 

uncertainty of classifying land to e.g. other land or the less vegetated areas included as other 

grassland. 

6.3.8 Planned improvements regarding Land use identification and area estimates 
As outlined above the uncertainty of the area estimate of reported land use categories is relatively 

high. For other categories e.g. Natural birch forest and Natural birch shrubland new mapping effort is 

assumed to have decreased considerably the uncertainty of the area estimates. A survey on the 

drainage efficiency of the ditch network in Grassland was completed in 2014. The analyses of the 

data is pending and expected to enable revision of the area estimate of that category. Besides those 

specific improvements the land use identification is planned to be updated as new information 

becomes available. Generally only abandoned cropland is afforested. In next submission the category 

Cropland converted to Forest land will be changed to abandoned cropland converted to Forest land. 

6.3.9 Completeness and method 
The 2013 Supplement to the 2006 Guidelines: Wetlands (IPCC 2014) and the new CRF provided 

methodology for estimation of emission and removal of many components previously not reported. 

Off-site emission of CO2 via waterborne losses from drained soils, CH4 emission and removal from 

drained soils including both the drained land and the ditches network. Emissions from intact mires, 

rewetted soils and Grassland converted to Settlements are reported for the first time.  Emission 

factors have also been revised for many categories. The completeness of the reporting of the 

emissions and removals is thus increased from previous submissions. The completeness is further 

explained and discussed in chapters on emissions/removals of individual land use categories. 

The emission and removals for each main land use category are separated to three groups in the CRF 

ǊŜǇƻǊǘŜǊ ŀƴŘ ǘƘŜ /wC ǊŜǇƻǊǘƛƴƎ ǘŀōƭŜǎΤ ŜƳƛǎǎƛƻƴ ŀƴŘ ǊŜƳƻǾŀƭǎ ƻŦ ά[ŀƴŘ ǊŜƳŀƛƴƛƴƎ ƛƴ ŀ ƭŀƴŘ ǳǎŜǎ 

ŎŀǘŜƎƻǊȅέΣ ƻŦ ά[ŀƴŘ ŎƻƴǾŜǊǘŜŘ ǘƻ ŀ ŎŀǘŜƎƻǊȅέΣ ŀƴŘ άCǊƻƳ ŘǊŀƛƴŀƎŜ ŀƴŘ ǊŜǿŜǘǘƛƴƎ ŀƴŘ ƻǘƘŜǊ 

management of orgŀƴƛŎ ŀƴŘ ƳƛƴŜǊŀƭ ǎƻƛƭǎέΦ ¢ƘŜ ǎŜǇŀǊŀǘƛƻƴ ƻŦ ǘƘŜ ŜƳƛǎǎƛƻƴκǊŜƳƻǾŀƭ ŎƻƳǇƻƴŜƴǘǎ ƛǎ 

not self-ŜǾƛŘŜƴǘΦ ¢ƘŜ ŎŀǊōƻƴ ǎǘƻŎƪ ŎƘŀƴƎŜ ƛƴ ŘǊŀƛƴŜŘ ǎƻƛƭǎ ŎƻǳƭŘ ōŜ ƛŘŜƴǘƛŦƛŜŘ ŀǎ άŜƳƛǎǎƛƻƴǎ ŀƴŘ 

ǊŜƳƻǾŀƭǎ ŦǊƻƳ ŘǊŀƛƴŀƎŜέΣ ŀƴŘ ǘƘŜ άhŦŦ-site emission from waterborne carbon lossesέ ŎƻǳƭŘ ōŜ 

identified as additional carbon stock changes. In this submission off-site emission of waterborne 

carbon losses and methane emission from drained land and managed wetlands is included in the 

ŎŀǘŜƎƻǊȅ ά9Ƴƛǎǎƛƻƴ ŀƴŘ ǊŜƳƻǾŀƭǎ ŦǊƻƳ ŘǊŀƛƴŀƎŜ ŀƴŘ ǊŜǿŜtting and other management of organic 

ŀƴŘ ƳƛƴŜǊŀƭ ǎƻƛƭǎέ 

Summary of method and emission factors used is provided in Table 6.5, Table 6.6 and Table 6.7. 
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Table 6.5 Summary of method and emission factors applied on CO2 emission calculation, including area and calculated 
emission/removals. 

Source/sink Area (kha) Method EF 
kt CO2 

Emission(+) 
/Removal (-) 

Forest Land 136.60   -295.99 

Forest Land remaining Forest Land 89.66   -32.95 

Carbon stock changes 136.60   -297.56 

Afforestation older than 50 years 0.89   -7.55 

Living biomass  T3  -7.61 

Dead wood   IE   

Litter  NE   

Mineral soil 0.83 NE   

Organic soil 0.05 T1 D 0,06 

Natural Birch forest 87.72   -16.00 

Living biomass  T3  -16.11 

Dead wood   NE   

Litter  NE   

Mineral soil 87.64 NE   

Organic soil 0.08 T1 D 0.11 

Plantations in natural birch forest 1.06   -9.40 

Living biomass  T3  -9.40 

Dead wood   IE   

Litter  NE   

Mineral soil  NE   

Organic soil  NO   

Land converted to Forest Land 46.94   -264.61 

Carbon stock changes     

Cropland converted to Forest Land 0.92   -4.00 

Afforestation 1-50 years old -
Cultivated forest 

0.92   -4.00 

Living biomass  T3  -2,91 

Dead wood   IE   

Litter  T2 CS -0.48 

Mineral soil 0.69 T2 CS -0.92 

Organic soil 0.23 T1 D 0.31 

Grassland converted to Forest Land 36.11   -215.61 

Afforestation Natural birch forest 1 -
50 years old 

6.85   -17.76 

Living biomass  T2 CS -6.39 

Dead wood   IE   

Litter  T2 CS -3.32 

Mineral soil 6.24 T2 CS -8.61 

Organic soil 0.42 T1 D 0.57 

Afforestation 1-50 years old -
Cultivated forest 

29.26   -197.84 

Living biomass  T3 CS -151.05 

Dead wood   NO   

Litter  T3 CS -15.13 

Mineral soil 26.46 T2 CS -35.46 

Organic soil 2.80 T1 D 3.79 
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Table 6.5 continued     

Source/sink Area (kha) Method EF 
kt CO2 

Emission(+) 
/Removal (-) 

Other land converted to Forest land 9.91   45.01 

Afforestation 1-50 years old -
Cultivated forest 

    

Living biomass  T3  -19.14 

Dead wood  IE   

Litter  T2 CS -4.03 

Mineral soil 7.78 T2 CS -14.64 

Organic soil NO    

Natural birch forest 1-50 years old 2.12   -7.20 

Living biomass  T2 CS -2.11 

Dead wood  NE   

Litter  T2 CS -1.10 

Mineral soil 2.12 T2 CS -3.99 

Organic soil NO    

Off-site emission via waterborne 
carbon losses from drained soils 

3.57   1.57 

FL remaining FL Afforestation 
more than 50 years old 

0.05 T1 D 0.02 

FL remaining FL Natural birch 
forest older than 50 years 

0.08 T1 D 0.04 

CL converted to FL 
Afforestation 1-50 years old 

0.23 T1 D 0.10 

GL converted to Natural birch 
forest 

0.40 T1 D 0.18 

GL converted to FL 
Afforestation 1-50 years old 

2.80 T1 D 1.23 

     

Cropland 126.17   1,678.14 

Carbon stock changes 126.17   1,653.21 

Cropland remaining Cropland 120,91   1,562.26 

Living biomass  T1  NO 

Dead organic matter  T1  NO 

Mineral soil 66.97 NE  NE 

Organic soil 53.93 T1 D 1,562.26 

Land converted to Cropland 5.26   90.95 

Grassland converted to Cropland 2.53   3.95 

Living biomass  T1 CS 4.92 

Dead organic matter  IE   

Mineral soil  T1 CS -0.97 

Organic soil NO    

Wetlands converted to Cropland 2.73   87.00 

Living biomass  NE  7.94 

Dead organic matter  IE   

Mineral soil NO    

Organic soil 2.73 T1 D 79.06 
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Table 6.5 continued     

Source/sink Area (kha) Method EF 
kt CO2 

Emission(+) 
/Removal (-) 

Off-site emission via waterborne carbon 
losses from drained soils 

56.66   24.93 

CL remaining CL 53.93 T1 D 23.73 

WL converted to CL 2.73 T1 D 1.20 

     

Grassland 5,377.26   7,192.47 

Carbon stock changes 5,377.26   7,031.40 

Grassland remaining Grassland 5,050.83   6,735.51 

Cropland abandoned for > 20 years 22.90   126.70 

Living biomass  NO   

Dead organic matter   NO   

Mineral soil 16.83 NO   

Organic soil 6.06 T1 D 126.70 

Natural birch shrubland-old 49.84   -1.22 

Living biomass  T2 CS -3.51 

Dead organic matter  NE    

Mineral soil NE    

Organic soil 0.11 T1 D 2.29 

Natural birch shrubland -recently 
expanded into Other Grassland 

3.56   -6.90 

Living biomass  T2 CS -3.55 

Dead organic matter   T2 CS -1.85 

Mineral soil 3.42 T2 CS -4.58 

Organic soil 0.15 T1 D 3.08 

Other Grassland 4,655.04 NE   

Re-vegetated land older than 60 years 2.89 NO   

Wetland drained for > 20 years  316.60   6,616.91 

Living biomass  NE   

Dead organic matter   NO   

Mineral soil  NO   

Organic soil 316.90 T1 D 6,616.91 

Land converted to Grassland 326.44   295.90 

Cropland converted to Grassland 23.46   164.20 

Living biomass  T1 CS -45.51 

Dead organic matter   IE   

Mineral soil 13.67 T2 CS 5.22 

Organic soil 9.78 T1 D 204.50 

Wetlands converted to Grassland 33.36   697.20 

Living biomass  NO   

Dead organic matter  NO   

Mineral soil NO NA   

Organic soil 33.36 T1 D 697.20 

Other Land converted to Grassland 269.62   -565.51 

Other land converted to natural birch 
shrubland 

1.53   -5.20 

Living biomass  T2 CS -1.52 

Dead organic matter   T2 CS -0.79 

Mineral soil  T2 CS -2.89 
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Table 6.5 continued     

Source/sink Area (kha) Method EF 
kt CO2 

Emission(+) 
/Removal (-) 

Organic soil NO    

Revegetation before 1990 162.47   -339.55 

Living biomass  T2 CS -33.96 

Dead organic matter   IE   

Mineral soil 162.47 T2 CS -305.60 

Organic soil NO    

Revegetation since 1990 105.62   -220.75 

Revegetation since 1990- limited grazing 
allowed 

11.26   23.53 

Living biomass  T2 CS -2.35 

Dead organic matter   IE   

Mineral soil 11.26 T2 CS -21.18 

Organic soil NO    

Revegetation since 1990- protected from 
grazing 

94.36   -197.22 

Living biomass  T2 CS -19.72 

Dead organic matter   IE   

Mineral soil 94.36 T2 CS -177.50 

Organic soil NO    

Off-site emission via waterborne carbon 
losses from drained soils1) 366.06   161.07 

     

Wetland 619.38   -599.27 

Carbon stock changes 619.38    

Wetlands remaining Wetlands 592.67   -709.56 

Mires converted to Reservoirs ςHigh SOC  0.99   2.75 

Living biomass  IE   

Dead organic matter   IE   

Mineral soil  NO   

Organic soil 0.99 RA/T2 CS 2.75 

Reservoirs on former Lakes and rivers  31.48 NA   

Other wetlands- intact mires  353.21   -712.31 

Living biomass  NO   

Dead organic matter   IE   

Mineral soil  IE   

Organic soil 353.21 T1 D -712.31 

Lakes and rivers 206.99 NA   

Table 6.5 continued     

Source/sink Area (kha) Method EF 
kt CO2 

Emission(+) 
/Removal (-) 

Land converted to Wetlands 26.71   6.21 

Grassland converted to Wetlands 7.80   5.31 

Grassland converted to Reservoirs -
Medium SOC  

7.18 RA/T2 CS 6.32 

Living biomass  IE   

Dead organic matter   IE   
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Table 6.5 continued     

Source/sink Area (kha) Method EF 
kt CO2 

Emission(+) 
/Removal (-) 

Mineral soil 7.18 RA/T2 CS 6.32 

Organic soil  NO   

Grassland  converted to Refilled lakes and 
ponds 

0.12    

Living biomass  NE   

Dead organic matter   NE   

Mineral soil  NE   

Organic soil  NE   

Grassland  converted to Rewetted 
wetland soil 

0.50   -1.00 

Living biomass  IE   

Dead organic matter   IE   

Mineral soil  IE   

Organic soil  T1 D -1.00 

Other Land converted to Wetlands 18.90   0.90 

Low SOC CO2 18.90 RA/T2 CS 0.90 

Living biomass  IE   

Dead organic matter   IE   

Mineral soil  RA/T2 CS 0.90 

Organic soil  NO   

Off-site emission via waterborne carbon 
losses from wet soils 

354.82   104.08 

Mires converted to Reservoirs ςHigh SOC 0.99 T1 D 0.29 

Other wetlands- intact mires 353.21 T1 D 103.61 

Refilled lakes and ponds 0.12 T1 D 0.03 

Rewetted wetland soils 0.50 T1 D 0.15 

     

Settlement 27.61   4.70 

Carbon stock changes     

Settlements remaining Settlements 27.41 NA   

Land converted to Settlement 0.20   4.70 

Forest land converted to Settlement 0.05   0.11 

Living biomass  NO   

Dead organic matter   NO   

Mineral soil 0.05 T2 CS 0.11 

Organic soil  NO   

Grassland converted to Settlement 0.15   4.59 

Natural birch shrubland to Settlement 0.01    

Living biomass  NO   

Dead organic matter   NE   

Mineral soil  NE   

Organic soil  NO   

All other grassland to Settlement 0.14   4.59 

Living biomass  T2 CS 4.59 

Dead organic matter   IE   

Mineral soil  NE   

Organic soil  NE   

Other Land remaining Other Land 3,981.88 NA   

Harvested wood products NA NE   

EF = emission factor, D = default (IPCC), CS = country specific, RA= reference approach, NA = not applicable, NE= not 
estimated, NO = not occurring, IE=included elsewhere, T1 = Tier 1, T2 = Tier 2 and T3 = Tier 3. 
1) disaggregation to subcategories is in chapter on relevant category  
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Table 6.6 Summary of method and emission factors applied on CH4 emission calculations, including area and calculated 
emission. 

Source/sink 

Area 

kha 

Method EF 
kt CH4 

Emission 
kt CO2 ςeq 
emitted 

Forest land    0.03 0.66 

Drained soils of    0.03 0.66 

Forest land remaining Forest land 0.13   0.00 0.02 

Afforestation older than 50 years 0,05 T1 D 0.00 0.01 

Natural birch forest older than 50 year 0.08 T1 D 0.00 0.02 

Land converted to Forest land    0.03 0.64 

Cropland converted to Forest land 0.23 T1 D 0.00 0.04 

Grassland converted to Natural birch forest 0.42 T1 D 0.00 0.08 

Grassland converted to Cultivated forest 2.80 T1 D 0.02 0.52 

Biomass burning- wildfire NO     

      

Cropland 56.66   3.30 82.51 

Drained soils of 56.66   3.30 82.51 

Cropland remaining Cropland 53.93 T1 D 3.15 78.54 

Land converted to Cropland 2.73   0.16 3.97 

Wetland converted to Cropland 2.73 T1 D 0.16 3.97 

Biomass burning NO     

      

Grassland    21.71 545.26 

Drained soils of 366.06   21.71 545.25 

Grassland remaining Grassland 322.92   19.24 480.99 

Cropland abandoned for more than 20 years 6.06 T1 D 0.36 9.03 

Natural birch shrubland old 0.11 T1 D 0.01 0.16 

Natural birch shrubland recently expanded 0.15 T1 D 0.01 0.22 

Wetlands drained for more than 20 years 316.60 T1 D 18.86 471.57 

Land converted to Grassland 43.14   2.57 64.26 

Cropland converted to Grassland 9.78 T1 D 0.58 14.57 

Wetland converted to Grassland 33.36 T1 D 1.99 49.69 

Biomass burning 0.04 T2 CS,D 0.00 0.01 

      

Wetland (managed) 380.92   64.63 1,615.84 

Wetland remaining Wetland 354.20   64.63 1,615.83 

Intact mires 353.21 T1 D 64.52 1,613.00 

Flooded land- Mires converted to reservoirs 0.99 RA/T2 CS 0.11 2.83 

Land converted to wetland 26.72   0.41 10.12 

Grassland converted to reservoirs 7.19 RA/T2 CS 0.05 1.13 

Other land converted to reservoirs 18.91 RA/T2 CS 0.25 6.19 

Grassland rewetted      

Refilled  lakes and ponds  0.12 T1 D 0.02 0.53 

Rewetted wetland soils 0.50 T1 D 0.09 2.27 

Biomass burning 0.01 T2 CS,D 0.00 0.01 

      

Other land      

Biomass burning-wildfire NO     
EF = emission factor, D = default (IPCC), CS = country specific, RA= reference approach, NA = not applicable, NE= not 
estimated, NO = not occurring, IE=included elsewhere, T1 = Tier 1, T2 = Tier 2 and T3 = Tier 3. 
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Table 6.7. Summary of method and emission factors applied on N2O emission calculations 

Source/sink Area kha Method EF 
kt Emission / 
Removal (-) 

kt CO2 eq 

Indirect N2O emission from managed soils NA IE  IE  

Forest land      

Forest land remaining Forest land      

Direct N2O emission from N-input to managed 
soils 

NO     

Direct N2O emission from N mineralization / 
immobilization 

NE     

Biomass burning- wildfires NO     

Drained soils of       

Afforestation more than 50 years old 0.05 T1 D 0.00 0.07 

Natural birch forest older than 50 years 0.08 T1 D 0.00 0.13 

Land converted to forest land      

Direct N2O emission from N-input to managed 
soils 

NA T1 D 0.00 0.05 

Direct N2O emission from N mineralization / 
immobilization 

NE     

Drained soils of      

Cropland converted to Forest land- Afforestation 
1 to 50 years old 

0.23 T1 D 0.00 0.35 

Grassland converted to Natural birch forest 0.42 T1 D 0.00 0.63 

Grassland converted to Forest land- Afforestation 
1 to 50 years old 

2.80 T1 D 0.01 4.19 

Cropland      

Direct N2O emission from N-input to managed 
soils 

NA IE NA NA NA 

Direct N2O emission from N mineralization / 
immobilization 

NA IE NA NA NA 

Biomass burning NO     

Grassland      

Grassland remaining Grassland 2)      

Direct N2O emission from N mineralization / 
immobilization1) 322.91 T1 D 4.82 1,436.57 

Land converted to Grassland 2)      

Direct N2O emission from N mineralization / 
immobilization1) 

43.14 T1,T2 D,CS 0.65 187.04 

Biomass burning      

Biomass burning- wildfire 0.04 T2 CS,D 0.00 0.02 

Wetland      

Direct N2O emission from N-input to managed 
soils 

NO     

Direct N2O emission from N mineralization / 
immobilization 

NO     

Biomass burning- wildfire 0.01 T2 CS,D 0.00 0.01 

Continuation of table 6.7      

Source/sink Area kha Method EF 
kt Emission / 
Removal (-) 

kt CO2 eq 

Flooded land      

Mires converted to reservoirs 0.99 RA/T2 CS NO  

Grassland converted to reservoirs 7.19 RA/T2 CS NO  

Other land converted to reservoirs 18.91 RA/T2 CS NO  

      

Settlements      

Direct N2O emission from N-input to managed soils IE     
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Direct N2O emission from N mineralization / 
immobilization 

NE     

Other land       

Biomass burning wildfire NO     

EF = emission factor, D = default (IPCC), CS = country specific, RA= reference approach, NA = not applicable, NE= not 
estimated, NO = not occurring, IE=included elsewhere, T1 = Tier 1, T2 = Tier 2 and T3 = Tier 3. 
1) The emission of N2O from drained Grassland remaining Grasslands is reported here, as present version of CRF-reporter 
(version 5.12.1) does not include N2O emission from Grassland on drained soils 

2) Disaggregation to subcategories is shown under chapter on relevant category 

 

6.4 Forest land 

In accordance to the GPG arising from the Kyoto Protocol a country-specific definition of forest has 

been adopted. The minimal crown cover of forest is 10%, the minimal height 2 m, minimal area 0.5 

ha and minimal width 20 m. This definition is also used in the National Forest Inventory (NFI). All 

forest, both naturally regenerated and planted, is defined as managed as it is all directly affected by 

human activity. The natural birch woodland has been under continuous usage for many centuries. 

Until the middle of the last 19th century it was the main source for fuel wood for house heating and 

cooking in Iceland (Ministry for the Environment 2007). Most of the woodland was used for grazing 

and still is, although some areas have been protected from grazing. 

Natural birch woodland is included in the IFR national forest inventory (NFI). In the NFI the natural 

birch woodland is defined as one of the two predefined strata to be sampled. The other stratum is 

the cultivated forest consisting of tree plantation, direct seeding or natural regeneration originating 

from cultivated forest. The sampling fraction in the natural birch woodland is lower than in the 

cultivated forest. Each 200 m2 plot is placed on the intersection of 1.5 x 3.0 km grid (Snorrason 

2010).  The part of natural birch woodland defined as forest (reaching 2 m or greater in height at 

maturity in situ) is estimated on basis of new map of natural birch woodlands mapped in 2010-2014.  

By analyzing the age structure in the natural birch woodland that does not merge geographically the 

old map from the survey in 1987-1991; it is possible to re-estimate the area of natural birch 

woodland in 1987-1991 and the area of birch woodland today. Preliminary results of these estimates 

are that the area of birch woodland was 137.69 kha at the time of the initial survey in 1987-1991. 

Earlier analyses of the 1987-1991 survey did result in 115.40 kha (Traustason & Snorrason 2008). The 

difference is the area of woodland that was missed in the earlier survey. Current area of natural birch 

woodland is estimated to 150.65 kha. The difference of 12.95 kha is an estimate of a natural 

expansion of the woodland over the time period of 1989 to 2012 (23 years) where the midyears of 

the two surveys are chosen as reference years. In the new map of 2010-2014 the ratio of the natural 

birch woodland that can reach 2 m height in mature state and is defined a forest was 64% of the total 

area. Natural birch forest is accordingly estimated 87.72 kha in 1989 and 95.97 kha in 2012, the 

former figure categorizing the natural birch forest classified as Forest remaining Forest and the 

differences between the two figures (8.25 kha) as natural birch forest classified as Grassland 

converted to forest land or Other land converted to forest land with mean annual increase of 0.36 

kha.  

In a chronosequence study (named ICEWOODS research project) where afforestation sites of the four 

most commonly used tree species of different age where compared in eastern and western Iceland, 

the results showed significant increase in the soil organic carbon (SOC) on fully vegetated sites with 

well-developed deep mineral soil profile (Bjarnadóttir 2009). The age of the oldest afforestation sites 
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examined were 50 years so an increase of carbon in mineral soil can be confirmed up to that age. The 

conversion period for afforestation on Grassland soil is accordingly 50 years. Conversion period for 

ƭŀƴŘ ǳǎŜ ŎƘŀƴƎŜǎ ǘƻ άCƻǊŜǎǘ ƭŀƴŘέ ŦǊƻƳ άhǘƘŜǊ ƭŀƴŘέ ƛǎ ŀƭǎƻ ŀǎǎǳƳŜŘ ǘƻ ōŜ рл ȅŜŀǊǎΦ  

The area of cultivated forest in 2013 is estimated in NFI as 39.05 kha (±1.55 kha 95% CL) whereof; 

28.74 kha (±1.66 kha 95% CL) are Afforestation 1-50 years old oƴ άDǊŀǎǎƭŀƴŘ ŎƻƴǾŜǊǘŜŘ ǘƻ CƻǊŜǎǘ 

ƭŀƴŘέΣ лΦфн ƪƘŀ όҕлΦпн ƪƘŀ фр҈ /[ύ ŀǊŜ !ŦŦƻǊŜǎǘŀǘƛƻƴ м-рл ȅŜŀǊǎ ƻƭŘ ƻƴ ά/ǊƻǇƭŀƴŘ ŎƻƴǾŜǊǘŜŘ ǘƻ CƻǊŜǎǘ 

ƭŀƴŘέΣ тΦрл ƪƘŀ όҕмΦмн ƪƘŀ фр҈ /[ύ ŀǊŜ !ŦŦƻǊŜǎǘŀǘƛƻƴ м-рл ȅŜŀǊǎ ƻƭŘ ƻƴ άhǘƘŜǊ [ŀƴŘ ŎƻƴǾŜǊǘŜŘ ǘƻ 

CƻǊŜǎǘ ƭŀƴŘέΣ мΦлс ƪƘŀ όҕл.45kha 95% CL) are Plantations in natural birch forests and 0.82 (±0.40 kha 

95% CL) are Afforestation older than 50 years.  

The total area of Forest land other than natural birch forest was revised on basis of new data 

obtained in NFI sample plot measurements from the year of 2014. In 2014 submission this area was 

ŜǎǘƛƳŀǘŜŘ оуΦлн ƪƘŀ όҕмΦсо ƪƘŀ фр҈ /[ύ ƛƴ нлмн ōǳǘ ƛƴ ǘƘƛǎ ȅŜŀǊΩǎ ǎǳōƳƛǎǎƛƻƴ ǘƘŜ ŜǎǘƛƳŀǘŜ ŦƻǊ нлмн ƛǎ 

38.19 kha (±1.57 kha 95% CL) reflecting the effect of the recalculation.  

The area of Forest land other than natural birch forest on organic soil was also revised according to 

new data from NFI. The area of organic soil in the cultivated forest was for the inventory year 2012 

reported 3.17 kha (±0.76 kha 95% CL) in 2014 submission but is estimated 3.07 kha (±0.75 kha 95% 

/[ύ ŦƻǊ нлмн ƛƴ ǘƘƛǎ ȅŜŀǊΩǎ ǎǳōƳƛǎǎƛƻƴ ǊŜŦƭŜŎǘƛƴƎ ǘƘŜ ǊŜŎŀƭŎǳƭŀǘƛƻƴΦ   

The area of natural birch forest was revised according to the final results of the remapping project in 

the period 2010-нлмпΦ bŀǘǳǊŀƭ ōƛǊŎƘ ŦƻǊŜǎǘ ŀǎ άCƻǊŜǎǘ ǊŜƳŀƛƴƛƴƎ ŦƻǊŜǎǘέ ǿŀǎ ŦƻǊ ǘƘŜ ȅŜŀǊ нлмн 

estimated to 85.58 kha in the 2014 submission. In this year submission it was estimated to 87.64 kha. 

Expansion of natural birch forest in 2012 was estimated to 10.30 kha in last year submission but in 

this year submission 8.25 kha.  

The area of natural birch forest on drained organic soil was also revised according to the new maps. 

bŀǘǳǊŀƭ ōƛǊŎƘ ŦƻǊŜǎǘ ƻƴ ƻǊƎŀƴƛŎ ǎƻƛƭǎ ŀǎ άCƻǊŜǎǘ ǊŜƳŀƛƴƛƴƎ ŦƻǊŜǎǘέ ǿŀǎ ŦƻǊ ǘƘŜ ȅŜŀǊ нлмн ŜǎǘƛƳŀǘŜŘ ǘƻ 

0.45 kha in the 2014 submission. In this year submission it was estimated to 0.08 kha. Expansion of 

natural birch forest on organic soil in 2012 was not estimated in last year submission but in this year 

submission it was estimated to 0.40 kha. 

As the area estimate of natural birch forest is entirely built on in field mapping a sample error 

propagation as for the cultivated forest is not applicable. It can be stated that areal errors of in field 

mapping are much lower than systematic sample errors and not significant in an uncertainty 

estimate of C-stock change.  

The area of the cultivated forest used in land use class Forest Land in the CRF is based on the NFI 

sample plot measurements and is updated with new field measurements annually. Maps provided by 

IFR shows a larger area of cultivated forests than the NFI sample plot estimate. Map of cultivated 

forest cover is built on an aggregation of maps used in forest management plans and reports that is 

revised with new activity data annually. This overestimation of the area of cultivated forest on these 

maps is known (Traustason and Snorrason 2008) but the differences between these two approaches 

decreases every year as the quality of the maps sources increase. 

6.4.1 Carbon Stock Changes 
Changes in C-stock of natural birch forest are reported for the fifth ǘƛƳŜ ƛƴ ǘƘƛǎ ȅŜŀǊΩǎ ǎǳōƳƛǎǎƛƻƴΦ 

Same method as was used in last year submission is used again. In 1987 a tree data sampling was 

conducted to i.a. estimate the biomass of the natural birch woodland in Iceland (Jónsson 2004). 

These data have now been used to estimate the woody C-stock of the natural birch woodland in 
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1987. The new estimate take into account treeless areas inside the woodland that are measured to 

be 35% for shrubland (under 2 m at maturity) and 19% for forest in the sample plot inventory of 

2005-2011. The new estimate is built on same newly made biomass equations as used to estimate 

current C-stock.  Total biomass of birch trees and shrubs in natural birch woodlands was according to 

the new estimates 1,025 kt C (±615 kt 95% CL) with average of 7.44 t C ha-1 in 1987. A rough older 

estimate from same raw data was only for biomass above ground 1,300 kt C with average of 11 t C 

ha-1 (Sigurðsson and Snorrason 2000). A new estimate of the current C-stock of the natural birch 

woodland built on the sample plot inventory of 2005-2011 is 1,159 kt C (±325 kt 95% CL) with 

average of 8.42 t C ha-1. The C-stock in the forest and the shrub part of the natural birch woodland is 

estimated to 758 kt C with an average of 8.64 t C ha-1 and 253 kt C with average of 5.06 t C ha-1. 

Carbon stock changes in Forest land is recognized as key sources/sinks in level 2013 and in trend. 

Carbon Stock Changes in Living Biomass 

Carbon stock gain of the living biomass of trees in the cultivated forest is estimated based on data 

from direct sample plot field measurement of the NFI. The figures provided by IFR are based on the 

inventory data from the first national forest inventory conducted in 2005-2009 (Snorrason 2010). In 

2010 the second inventory of cultivated forest started with re-measurement of plots measured in 

2005 and of new plots since 2005 on new afforestation areas. In each inventory year the internal 

annual growth rate of all currently living trees is estimated by estimating the differences between 

current biomass and the biomass five years ago. Trees that die or are cut and removed in this 5 years 

period are not included so the C-stock gain estimated is not a gross gain.  

 

Carbon stock losses in the living woody biomass are estimated based on two sources: 

1 Annual wood removal is reported as C-stock losses using data on activity statistics of 

commercial round-wood and wood-products production from domestic thinning of forest 

(Gunnarsson 2010; Gunnarsson 2011; Gunnarsson 2012; Gunnarsson 2013, Gunnarsson 

2014). Most of the cultivated forests in Iceland are relatively young, only 27% older than 20 

years, and clear cutting has not started. Commercial thinning is taking place in some of the 

oldest forests and is accounted for as losses in C-stock in living biomass. A very restricted 

traditional selective cutting is practiced in few natural birch forests managed by the Icelandic 

Forest Service. The volume of the wood from the natural birch forest cannot be distinguished 

from reported annual volume of cultivated forest. 

2 Dead wood measurements on sample plots. (See description of dead wood definition and 

measurements in next chapter: Net Carbon Stock Changes in Dead Organic Matter). Dead 

wood measured is reported as C-stock losses in the assessed year of death. 
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In the natural birch forest only a net C-stock change in living biomass of the trees is estimated: 

1 In the natural birch forest, classified as Forest remaining Forest: by comparing biomass stock 

of the trees in two different times and use mean annual change as an estimate for the annual 

change in the C- stock. This method is in accordance to Equation 3.1.2 in GPG for LULUCF 

(page 3.16). 

2 In the natural birch forest expansion since 1987: by using a linear regression between 

biomass per area unit in trees on measurement plots in natural birch woodland and 

measured age of sample trees (N=147, P < 0.0001) to measure net annual C-stock change.  

In both cases all losses are included in the estimate of the net C-stock change. 

 

In the already mentioned ICEWOODS research project, the carbon stock in other vegetation than 

trees did show a very low increase 50 years after afforestation by the most commonly used tree 

species, Siberian larch, although the variation inside this period was considerable. Carbon stock 

samples of other vegetation than trees are collected on field plots under the field measurement in 

NFI. Estimate of carbon stock changes in other vegetation than trees will be available from NFI data 

when sampling plots will be revisited in the second inventory and the samples will be analyzed. 

6.4.1.1 Net Carbon Stock Changes in Dead Organic Matter 

As for other vegetation than trees, carbon stock samples of litter are collected on field plots under 

the field measurement in the NFI. Estimate of carbon stock changes in dead organic matter will be 

available from the NFI data when sampling plots have been revisited in the second inventory and 

samples analyzed.  

In the meantime, results from two separate researches of carbon stock change are used to estimate 

carbon stock change in litter. (Snorrason et al. 2000; Snorrason et al. 2003; Sigurdsson et al. 2005). In 

the ICEWOOD research project carbon removal in form of woody debris and dead twigs was 

estimated to 0.083 t C ha-1 yr-1. Snorrason et al (2003 and 2000) found significant increase in carbon 

stock of the whole litter layer (woody debris, twigs and fine litter) for afforestation of various species 

and ages ranging from 32 to 54 year. The range of the increase was 0.087-1.213 t C ha-1 yr-1 with the 

maximum value in the only thinned forest measured resulting in rapid increase of the carbon stock of 

the forest floor. A weighted average for these measurements was 0.199 t C ha-1 yr-1. 

Dead wood is measured on the field plot of the NFI and reported for the third time in this year 

submission. Current occurrence of dead wood that meet the definition of dead wood (>10 cm in 

diameter and >1 m length) on the field plot is rare but with increased cutting activity carbon pool of 

dead wood will probably increase. Measured dead wood is reported as a C-stock gain on the year of 

death. As occurrence of dead wood on measurements plot is rare, reporting of dead wood is not 

occurring every year. With re-measurements of the permanent plot it will be possible to estimate the 

Carbon stock changes in this pool from one time to another as the dead wood will be composed and 

in the end disappear. 

6.4.1.2 Net carbon Stock Change in Soils 

Drained organic soil is reported as a source of C-ŜƳƛǎǎƛƻƴΦ Lƴ ǘƘƛǎ ȅŜŀǊΩǎ ǎǳōƳƛǎǎƛƻƴ ŦƻǊŜǎǘ ƻƴ ŘǊŀƛƴŜŘ 

ƻǊƎŀƴƛŎ ǎƻƛƭ ƛǎ ǊŜǇƻǊǘŜŘ ƛƴ ǘƘŜ ŎŀǘŜƎƻǊȅ άDǊŀǎǎƭŀƴŘ ŎƻƴǾŜǊǘŜŘ ǘƻ CƻǊŜǎǘ [ŀƴŘ - Afforestation 1-50 

years old ς /ǳƭǘƛǾŀǘŜŘ ŦƻǊŜǎǘέΣ άDǊŀǎǎƭŀƴŘ ŎƻƴǾŜǊǘŜŘ ǘƻ CƻǊŜǎǘ [ŀƴŘ ς Afforestation 1-50 years old ς 

bŀǘǳǊŀƭ ōƛǊŎƘ ŦƻǊŜǎǘέΣ ά/ǊƻǇƭŀƴŘ ŎƻƴǾŜǊǘŜŘ ǘƻ CƻǊŜǎǘ [ŀƴŘ-Afforestation 1-рл ȅŜŀǊǎ ƻƭŘέΣ άCƻǊŜǎǘ [ŀƴŘ 
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ǊŜƳŀƛƴƛƴƎ CƻǊŜǎǘ [ŀƴŘέ ς ǎǳōŎŀǘŜƎƻǊȅ ά!ŦŦƻǊŜǎǘŀǘƛƻƴ ƻƭŘŜǊ ǘƘŀƴ рл ȅŜŀǊǎέ ŀƴŘ ǎǳōŎŀǘŜƎƻǊȅ άbŀǘǳǊŀƭ 

ōƛǊŎƘ ŦƻǊŜǎǘέΦ 5ǊŀƛƴŜŘ ƻǊƎŀƴƛŎ ǎƻƛƭ ƛǎ ƴƻǘ ƻŎŎǳǊǊƛƴƎ in other categories reported.  

Research results do show increase of carbon of soil organic matter (C-SOM) in mineral soils (0.3-0.9 t 

C ha-1 yr-1) due to afforestation (Snorrason et al. 2003; Sigurðsson et al. 2008), and in a recent study 

of the ICEWOODS data a significant increase in SOC was found in the uppermost 10 cm layer of the 

soil (Bjarnadóttir 2009). The average increase in soil carbon detected was 134 g CO2 m-2 yr-1 for the 

three most used tree species. This rate of C-sequestration to soil was applied to estimate changes in 

soil carbon stock in mineral soils at Grassland and Cropland converted to Forest Land.  

Research results of carbon stock changes in soil on revegetated and afforested areas show mean 

annual increase of soil C-stock between 0.4 to 0.9 t C ha-1 yr-1 up to 65 years after afforestation.  A 

comparison of 16 years old plantation on poorly vegetated area to a similar open land gave an annual 

increase of C-SOM of 0.9 t C ha-1 (Snorrason et al. 2003). New experimental research result show 

removal of 0.4 to 0.65 t C ha-1 yr-1 to soil seven year after revegetation and afforestation on poorly 

vegetated land (Arnalds et al. 2013). Another chronosequence research with native birch did show a 

mean annual removal of 0.466 t C ha-1 to soil up to 65 years after afforestation of desertified areas 

(Kolka-Jónsson 2011). All these findings highly support the use of a country specific removal factor of 

the dimension 0.51 t C ha-1 yr-1 which is same removal factor as used for revegetation activities.  

 

6.4.2 Emissions and removals from drainage and rewetting and other management of organic 

and mineral soils 
In the new CRF-web Reporter (v 5.10.1) emissions and removals from drainage and rewetting and 

other management of organic and mineral soils is included as new emission category compared to 

previous submissions. The new 2013 Supplement to the 2006 Guidelines: Wetlands (IPCC 2014), 

provides guidelines for estimation of emissions related to two factors not previously estimated. 

These factors are the off-site decomposition of dissolved organic carbon (DOC) and emission and 

removal of CH4 from drained soils.  

6.4.2.1 Off-site CO2 emission via waterborne losses from drained inland soils 

Off-site CO2 emission is calculated according to T1 applying equation 2.4. in the 2013 wetland 

Supplement (IPCC 2014).  This emission is calculated for the five categories of Forest land reported 

ǿƛǘƘ ƻǊƎŀƴƛŎ ǎƻƛƭǎΣ ƛΦŜΦ ά!ŦŦƻǊŜǎǘŀǘƛƻƴ ƳƻǊŜ ǘƘŀƴ рл ȅŜŀǊǎ ƻƭŘέΣ άbŀǘǳǊŀƭ ōƛǊŎƘ ŦƻǊŜǎǘ ƻƭŘŜǊ ǘƘŀƴ рл 

ȅŜŀǊǎέΣ ά/ǊƻǇƭŀƴŘ /ƻƴǾŜǊǘŜŘ ǘƻ CƻǊŜǎǘ ƭŀƴŘ !ŦŦorestation 1-рл ȅŜŀǊǎ ƻƭŘέΣ άDǊŀǎǎƭŀƴŘ ŎƻƴǾŜǊǘŜŘ ǘƻ 

bŀǘǳǊŀƭ ōƛǊŎƘ CƻǊŜǎǘέΣ άDǊŀǎǎƭŀƴŘ ŎƻƴǾŜǊǘŜŘ ǘƻ /ǳƭǘƛǾŀǘŜŘ CƻǊŜǎǘέΦ ¢ƘŜ ǘƻǘŀƭ ŜƳƛǎǎƛƻƴ ŎŀƭŎǳƭŀǘŜŘ ƛǎ 

1.57 kt CO2 for organic soils of Forest land. 

6.4.2.2 CH4 emission and removals from drained Forest land soils 

The CH4 emission from drained land is calculated according to T1 applying equation 2.6 in 2013 

wetland supplement (IPCC 2014). The equations separate the emission into two components, i.e. 

emission from the drained land and the emission from the ditches. The total emission reported is 

0.03 kt CH4 or 0.66 kt CO2 eq. No estimate on the fraction of area covered by ditches is available and 

the indicated value from table 2.4 in the 2013 wetland supplement (IPCC 2014) is applied. 

6.4.2.3 N2O emission from drained soils of Forest land 

The N2O emissions from drained soils under Forest land is estimated according to T1 applying 

equation 2.7 in the 2013 wetland supplement (IPCC 2014). The total emission calculated for drained 

Forest land is 0.02 kt N2O or 5.33 kt CO2 eq. 
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6.4.2.4 Rewetted soils under Cropland 

No rewetting of soils in land included as Forest land and no other source or sink of GHG related to 

drainage or rewetting of Cropland soils is recognized and the relevant categories of 4(II) reported 

with notation key NO.  

6.4.3 Other Emissions (4(I), 4(III)) 
Direct N2O emission from use of N fertilizers is reported for Land converted to Forest Land since 

fertilization is usually only done at planting. Fertilization on Forest Land remaining Forest Land and in 

Natural birch forest expansion is not occurring. The reported use of N fertilizers is based on data 

collected by IFR from the Icelandic forestry sector. N2O emissions from drainage of organic soils are 

also reported separately for forest land. Direct N2O emission from N mineralization/mobilization is 

not estimated as all C-stock changes estimates show increase in stock. Potential emission from 

mineral soils is in the categories where changes are still not estimated.  

6.4.4 Land converted to Forest Land. 
The AFOLU Guidelines define land use conversion period as the time until the soil carbon under the 

new land use reaches a stable level. Land converted to forest land is reported as converted from the 

ƭŀƴŘ ǳǎŜ ŎŀǘŜƎƻǊƛŜǎ άDǊŀǎǎƭŀƴŘέΣ ά/ǊƻǇƭŀƴŘέ ŀƴŘ άhǘƘŜǊ [ŀƴŘέΦ {Ƴŀƭƭ ǇŀǊǘ ƻŦ ǘƘŜ ƭŀƴŘ ŎƻƴǾŜǊǘŜŘ to 

Forest land is converted from Wetland, but this land is included as Grassland converted to Forest 

land as data for separating these categories is unavailable.  

6.4.5 Methodological Issues 
One of the main data sources of the NFI is a systematic sampling consisting of a total of around 1000 

permanent plots for field measurement and data sampling. One fifth of the plots in cultivated forest 

are visited and measured each year. Same plots are revisited at five year intervals for the cultivated 

forest and at ten years intervals for the natural birch forest. Currently the sampling is used to 

estimate both the division of the area into subcategories and C-stock changes over time for the 

cultivated forest and the current C-stock of the natural birch forest as already described in Chapter 

0(Snorrason 2010). Preparation of this work started in 2001 and the measurement of field plots 

started in 2005. The first forest inventory was finished in 2009 and in 2010 the second one started 

with re-measurements of the plots measured in cultivated forest in 2005 together with new plots on 

afforested land since 2005. The second forest inventory of the cultivated forest is now finalized. The 

figures provided by IFR are based on the inventory data of the first forest inventory of both cultivated 

and natural forest and the second inventory of the cultivated forest. The sample population for the 

natural birch forest is the mapped area of natural birch woodland in earlier inventories. The sample 

population of cultivated forest is an aggregation of maps of forest management plans and reports 

from actors in forestry in Iceland. In some cases the NFI staff does mapping in the field of private 

cultivated forests. To ensure that forest areas are not outside the population area, the populations 

for both strata are increased with buffering of mapped border. Current buffering is 24 m in cultivated 

forest but 32 m in natural birch forest. 

Historical area of cultivated forest is estimated by the age distribution of the forest in the sample.  

The biomass stock change estimates of the C-stock of cultivated forest are for each year built on five 

years sample plot measurements (Table 6.8). The most accurate estimates are for 2007-2012 as they 

are built on growth measurement of; two nearest years before, two nearest years after and of the 

year of interest (here named midvalue estimates). In these cases biomass growth rate is equally 

forwarded and backwarded.  For the year 2013 the estimated is forwarded one year compared to the 

midvalue for 2012. As relative growth rate decreases with age the 2013 estimate is an overestimate 
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and was calibrated by 0.87, which is the relative difference between the midvalue and a forwarded 

value of the period 2008-2012. Estimates for the year 2005 and 2006 are backwarded values for two 

and one year accordingly, from the midvalue for the field measurements of the period 2005-2009. 

They are calibrated with the relative difference between forwarded value and the midvalue of the 

year 2008 which is 1.21. For later years (1990-2005) a species specific growth model that is calibrated 

towards the inventory results is used to estimate annual stock changes. 

Table 6.8 Measurement years used to estimate different annual estimates of biomass stock change. 

Mid value estimates Forwarded estimates Backwarded estimates 
Built on measure-ment 

years 

 2013  2010-2014 

2012   2010-2014 

 2011    2009-2013 

2010   2008-2012 

2009   2007-2011 

2008   2006-2010 

2007   2005-2009 

  2006 2005-2009 

    2005 2005-2009 

 

Changes in the area of natural birch forest is estimated by comparing estimated area in old surveys 

with estimated area in newly finished  remapping. As no historical data before 1987 exists, a time 

series for changes in area and C-stock of natural birch forest is only available since 1989. They are 

built on interpolation between 1989 and the mid-year of the remapping 2010-2014 and 

extrapolations from 2012 with even annual increase in area.  

A mean annual change in the area of the natural birch forest was estimated to 0.359 kha increase 

between 1989 and 2012.  

As for the area, the biomass stock change estimates of the C-stock of natural birch forest are built on 

comparison of an estimate of historical biomass stock in the year of 1987 using a stock sampling 

inventory conducted in 1987 and the NFI inventory of 2005-2011.  The difference between these 

inventories shows a slight increase in biomass C-stock between 1987 and 2007. Same increase rate is 

used for 2008-2013. The method used only gives a mean net annual C-stock change in the period 

1990-2013, not gains and losses.   

6.4.6 Emission/Removal Factors 
Tier 3 approaches is used to estimate the carbon stock change in living biomass of the trees in both 

cultivated forest and the natural birch forest through the data from NFI and older surveys.  

The losses reported in living biomass removed as wood are estimated by Tier 3 on basis of activity 

data of annual wood utilization from Icelandic forest (Gunnarsson 2014). 

Carbon stock change in living biomass in other vegetation than trees is currently not estimated. In-

country research results (Sigurdsson et al. 2005) did show small or no changes of carbon stocks in 

these sources. 
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Tier 2, country specific factors are used to estimate annual increase in carbon stock in mineral soil 

and litter. The removal factor (0.365 Mg C ha-1 yr-1) for the mineral soil of the Grassland conversion 

ƛǎ ǘŀƪŜƴ ŦǊƻƳ ǘƘŜ ŀƭǊŜŀŘȅ ƳŜƴǘƛƻƴŜŘ ǎǘǳŘȅ ƻŦ .ƧŀǊƴŀŘƽǘǘƛǊ όнллфύΦ CƻǊ ǘƘŜ ƳƛƴŜǊŀƭ ǎƻƛƭ ƻŦ άhǘƘŜǊ ƭŀƴŘέ 

converted to Forest land the same removal factor is used as for revegetation 0.51 t C ha-1 yr-1 (see 

chapter 0). Revegetation and afforestation on non-vegetated soil are very similar processes, except 

that the latter includes tree-planting and tree layer formation. A removal factor of 0,141 Mg C  ha-1 

yr-1 which is an nominal average of two separate research (Snorrason et al. 2000; Snorrason et al. 

2003; Sigurdsson et al. 2005) is used to estimate increase in carbon stock in the litter layer.   

Tier 3 approach is used to estimate changes in dead wood stock. As already described dead wood 

meeting the minimum criteria of 10 cm in diameter and 1 m in length is measured in the field sample 

plot inventory. Decay class and initiation year are also assessed. Dead wood is then reported in the 

dead wood stock at the imitation year. The changes in litter and dead wood stock are reported 

together as changes in dead organic matter stock.  

¢ƛŜǊ м ŀƴŘ ŘŜŦŀǳƭǘ ŦŀŎǘƻǊǎ ŦǊƻƳ ǘƘŜ ƴŜǿ άнлмо {ǳǇǇƭŜƳŜƴǘ ǘƻ ǘƘŜ нллс Lt// DǳƛŘŜƭƛƴŜǎ ŦƻǊ bŀǘƛƻƴŀƭ 

Greenhouse Gas Inventories: WŜǘƭŀƴŘǎέ ŀǊŜ ǳǎŜŘ ŦƻǊ ǘƘŜ ŦƛǊǎǘ ǘƛƳŜΣ ŦƻǊ ōƻǘƘ /h2, N2O and CH4 

emission on forested drained wetland. The emission factor of carbon stock changes of drained 

organic soils is 0.37 t C ha-1 yr-м ŦǊƻƳ ǘŀōƭŜ нΦм ƛƴ ǘƘŜ άнлмо {ǳǇǇƭŜƳŜƴǘέΦ hŦŦ-site CO2 emission is 

estimated applying emission factor 0.12 t C ha-1 yr-м ŦǊƻƳ ǘŀōƭŜ нΦн ƛƴ ǘƘŜ άнлмо {ǳǇǇƭŜƳŜƴǘ /ƘƻǎŜƴ 

default factor of N2O emission from drained organic soils is 3.2 kg N2O-N ha-1 yr-1. (Table 2.5 in the 

άнлмо {ǳǇǇƭŜƳŜƴǘέύΦ CƻǊ /Iп ŜƳƛǎǎƛƻƴ ŎƻƳǇƻǳƴŘ ŦŀŎǘor of 7.375 kg CH4 ha-1 yr-1 is used were the 

default factor for the ditches is 217 kg CH4 ha-1 yr-1 and for other part of the drained land 2.0 kg CH4 

ha-1 yr-м ό¢ŀōƭŜ нΦоΦ ŀƴŘ нΦп ƛƴ άнлмо {ǳǇǇƭŜƳŜƴǘέύΦ  

For direct N2O emission from N fertilization Tier 1 and default emission factor of 1.25% [kg N2O-N/kg 

N input] (GPG2000) is used. 

In accordance to the Forest Law in Iceland, the Icelandic Forest Service holds a register on planned 

activity that can lead to deforestation (Skógrækt ríkisins 2008). Deforestation activities has to be 

announced to the Icelandic Forest Service. IFR has sampled activity data of the affected areas and 

data about the forest that has been removed. This data is used to estimate emissions from lost 

biomass. Deforestation is reported for the inventory years 2004-2007, 2011 and 2013. Two rather 

different types of deforestation has occurred in these years. The first and most common type is road 

building, house building and construction of snow avalanche defences. This type is occurring in all 

years mentioned. In these cases not only the trees were removed but also the litter and dead wood, 

together with the uppermost soil layer. These afforestation areas were relatively young (around 10 

years from initiation) so dead wood did not occur.  According to the 2006 IPCC Guidelines Tier 1 

method for dead organic matter of Forest Land converted to settlements (Vol. 4-2, chapter 8.3.2), all 

carbon contained in litter is assumed to be lost during conversion and subsequent accumulation not 

accounted for. Carbon stock in litter has been measured outside of forest areas as control data in 

measuring the change in the C-stock with afforestation. Its value varies depending on the situation of 

the vegetation cover. On treeless medium to fertile sites a mean litter C stock of 1.04 ton ha-1 was 

measured (n=40, SE=0.15; data from research described in Snorrason et al., 2002). Given the annual 

increase of 0.141 ton C ha-1 as used in this year submission, the estimated C stock in litter of 

afforested areas of 10 years of age on medium to fertile land is 2.45 ton C ha-1.  Treeless, poorly 

vegetated land has a much sparser litter layer.  Data from the research cited above showed a C-stock 

of 0.10 ton ha-1 (n=5, SE: 0.03). A litter C-stock of a 10 year old afforestation site would be 1.51 ton C 

ha-1. Using the same ratio between poor and fully vegetated land as in last year submission, i.e. 17% 
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and 83%, accordingly, will give 2.29 tons C ha-1 as weighted C-stock of 10 year old afforestation. As 

with carbon in litter, soil organic carbon (SOC) has been measured in research projects. SOC in the 

same research plots that were mentioned above for poorly vegetated areas was 14.9 tons C ha-1, for 

fully vegetated areas with thick developed andosol layers it was 72.9 tons C ha-1 (n=40; down to 30 

cm soil depth). Annual increase in poor soil according to this year submission is 0.513 ton C ha-1 yr-1 

for poorly vegetated sites and 0.365 ton C ha-1 yr-1 for fully vegetated sites. Accordingly, ten year 

old forests will then have a C-stock of 20 and 76.6 tons ha-1 on poor and fully vegetated sites, 

respectively. Weighted C-stock of treeless land is then 66.9 tons ha-1. According to the 2006 IPCC 

guidelines Tier 1 method for mineral soil stock change of land converted to Settlements,  land that is 

paved over is attributed a soil stock change factor of 0.8. Using a 20 year conversion period this 

means an estimated carbon stock loss of 1% during the year of conversion, i.e. the annual emission 

from SOC will be 0.67 ton C ha-1.  These factors were used to estimate emission from litter and soil in 

this first type of deforestation.  

The second type of deforestation is one event in 2006 were trees in an afforested area were cut 

down for a new power line. Bigger trees were removed. In this case litter and soil is not removed so 

only the biomass of the trees is supposed to cause emissions instantly on the year of the action taken 

and reported as such. 

 

6.4.7 Uncertainties and QA/QC 
The estimate of C-stock in living biomass of the trees is mostly based on results from the field sample 

plot inventory which is the major part of the national forest inventory of IFR. The C-stock changes 

estimated through the forest inventory fit well with earlier measurements in research project 

(Snorrason et al. 2003; Sigurðsson et al. 2008). 

The NFI and the special inventory of deforestation have greatly improved the quality of the carbon 

stock change estimates. The same can be stated in the case of new approach to estimate the net 

change of C-stock in biomass of the natural birch woodland. By comparing two national estimates 

from two different times, errors caused by the difficulty of estimating natural mortality are 

eliminated.  

Because of the design of the NFI it is possible to estimate realistic uncertainties by calculating 

statistical error of the estimates. Error estimates for all data sources and calculation processes has 

currently not been conducted but are planned in the near future. Currently, error estimates are 

available for the area of forest, and the biomass C-stock of the natural birch woodland at two 

different times as already stated. As the sample in the cultivated forest is much bigger than the 

sample in the natural birch woodland (769 plots compared to 210 plots in the natural birch 

woodland) one should expect a relative lower statistical error of the biomass C-stock of cultivated 

forest then for the natural birch woodland. 

6.4.8 Recalculations 
As described above the emission/removal estimate for forest land has been slightly revised in 

comparison to previous submissions. The C-stock changes are based on direct stock measurements 

ό¢ƛŜǊ оύ ŀǎ ƛƴ ƭŀǎǘ ȅŜŀǊΩǎ ǎǳōƳƛǎǎƛƻƴ ōǳǘ ǊŜǾƛŜǿŜŘ ƻƴ ōŀǎƛǎ ƻŦ ŀŘŘƛǘƛƻƴŀƭ Řŀǘŀ ƻōǘŀƛƴŜŘ ŀƴŘ ƴŜǿ 

approaches used. Time series built on direct stock measurement is calculated and reported for 

cultivated forest. Estimates for the natural birch forest are built on the same methodology as in last 

year´s submission but recalculated according to the final results of the remapping project.  As a result 

of these recalculations the total reported removal has decreased from -267.24 kt CO2-equivalents for 
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the year 2012 as reported in 2014 submission to -241.94 kt CO2-ŜǉǳƛǾŀƭŜƴǘǎ ƛƴ ǘƘƛǎ ȅŜŀǊΩǎ ǎǳōƳƛǎǎƛƻƴ 

or a 9.0% decrease in removal. The changes in reported emission removal of the category reflect the 

impǊƻǾŜƳŜƴǘ ƛƴ ŘŀǘŀΣ ƴŜǿ 9CΩǎ ŀƴŘ ŜǎǘƛƳŀǘƛƻƴ ƻŦ ŦŀŎǘƻǊǎ ǇǊŜǾƛƻǳǎƭȅ ƴƻǘ ŜǎǘƛƳŀǘŜŘ ŀǎ ǿŜƭƭ ŀǎ 

development in the methodology applied for estimating this category.   

6.4.9 Planned Improvements regarding Forest Land 
Data from NFI are used for the seventh time to estimate main sources of carbon stock changes in the 

cultivated forest where changes in carbon stock are most rapid.  

Sampling of soil, litter, and other vegetation than trees, is included as part of NFI and higher tier 

estimates of changes in the carbon stock in soil, dead organic matter and other vegetation than trees 

is expected in future reporting when data from re-measurement of the permanent sample plot will 

be available. 

New biomass functions for trees in natural birch woodland are planned to replace contemporary 

biomass functions used in current estimate. 

One can therefore expect gradually improved estimates of carbon stock and carbon stock changes 

regarding forest and forestry in Iceland. As mentioned before improvements in forest inventories will 

also improve uncertainty estimates both on area and stock changes 

6.5 Cropland 

Cropland in Iceland consists mainly of cultivated hayfields, many of which are on drained organic soil. 

A still small but increasing part of the cropland area is used for cultivation of barley. Cultivation of 

potatoes and vegetables also takes place. 

/ŀǊōƻƴ ŘƛƻȄƛŘŜ ŜƳƛǎǎƛƻƴǎ ŦǊƻƳ /ŀǊōƻƴ ǎǘƻŎƪ ŎƘŀƴƎŜǎ ƛƴ ά/ǊƻǇƭŀƴŘ ǊŜƳŀƛƴƛƴƎ /ǊƻǇƭŀƴŘέ ƛǎ ǊŜŎƻƎƴƛȊŜŘ 

ŀǎ ƪŜȅ ǎƻǳǊŎŜκǎƛƴƪ ƛƴ ƭŜǾŜƭ ŀƴŘ ǘǊŜƴŘ ƛƴ нлмо ŀƴŘ ά[ŀƴŘ ŎƻƴǾŜǊǘŜŘ ǘƻ /ǊƻǇƭŀƴŘέ ŀǎ ƪŜȅ ŎŀǘŜƎƻǊȅ of 

trend 2013.  

The Cropland map layer was digitized from satellite images supported by aerial photographs in 2008 

by AUI and NLSI in cooperation. This map layer was then revised by AUI in 2009. The total area of 

Cropland emerging from this map layer through the IGLUD processing, taking into account the order 

of compilation applied, is 172.58 kha. The mapped area includes both Cropland in use and 

abandoned Cropland reported as Grassland. The area reported in CRF as Cropland is 126.17 kha, 

whereof 56.66 kha is estimated as organic soil. The reported area is a product of the primary time 

series for new cultivation, drainage of wetland for cultivation, and Cropland abandonment. The time 

series are prepared by AUI from agricultural statistics, available reports and unpublished data. The 

preparation of time series will be described in detail elsewhere. These time series are shown in 

Figure  6.8. 
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Figure  6.8 Primary time series of Cropland area: Cumulated area represents all land that has been cultivated to that time. 
Area of wetland converted to cropland represents the part of that area on organic soil. Total area converted to other land 
use represents the estimated area of abandoned Cropland. 

From these primary time series, secondary times series of Cropland remaining Cropland, total area 

and area on organic soil, Grassland converted to Cropland and Wetland converted to Cropland are 

calculated (Figure  6.9). 

 

Figure  6.9 Time series of Cropland as reported. Area in hectares as estimated at the end of the year. 
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The area of Cropland organic soils is estimated through the time series available as described above 

(chapter 0). The geographical identification of Cropland organic soils as appearing on IGLUD maps is 

still preliminary based on ditches network density analyses. A special project in IGLUD aiming at 

identifying cropland organic soils was started in 2011 and the fieldwork is still ongoing. The results of 

this project is expected to improve geographical identification of Cropland organic soils. 

No information is available on emission/removal regarding different cultivation types and subdivision 

of areas according to the types of crops cultivated is not attempted. 

 

6.5.1 Carbon stock changes 

6.5.1.1 Carbon stock changes in living biomass 

As no perennial woody crops are cultivated in Iceland, no biomass changes need to be reported. 

Shelterbelts, not reaching the definitions of forest land, do occur but are not common. This might be 

considered as cropland woody biomass. No attempt is made to estimate the carbon stock change in 

ǘƘƛǎ ōƛƻƳŀǎǎΦ ¢ƛƳŜ ǎŜǊƛŜǎ ŦƻǊ ƭŀƴŘ ŎƻƴǾŜǊǘŜŘ ǘƻ /ǊƻǇƭŀƴŘ ŀǇǇƭƛŜŘ ƛƴ ƭŀǎǘ ȅŜŀǊΩǎ ǎǳōƳƛǎǎƛƻƴ ŀǊŜ 

extended to the present inventory year. Changes in living biomass in connection with conversion of 

land to Cropland are, according to the Tier 1 method, assumed to occur only at the year of 

conversion as all biomass is cleared and assumed to be zero immediately after conversion. Changes 

ƛƴ ƭƛǾƛƴƎ ōƛƻƳŀǎǎ ƻŦ ƭŀƴŘ ŎƻƴǾŜǊǘŜŘ ǘƻ /ǊƻǇƭŀƴŘ ŀǊŜ ƛƴ ǘƘƛǎ ȅŜŀǊΩǎ ǎǳōƳƛǎǎƛƻƴ ŜǎǘƛƳŀǘŜŘ ŦƻǊ ōƻǘƘ 

losses and gains. Losses are estimated for the area converted in the year. The biomass prior to 

conversion is estimated from preliminary results from IGLUD field sampling (Gudmundsson et al. 

2010). Based on that sampling the above ground biomass, including litter and standing dead, for 

Grassland below 200 m height above sea level, is 1.27 kg C m-2, and for Wetland below 200m 1.80 kg 

C m-2. The losses in biomass following conversion of land to Cropland are estimated 4.06 kt C, 

whereof 1.61 kt C is from Grassland converted and 2.45 kt C from Wetland converted. The CO2 

emission is thus 14.89, 5.90 and 8.98 kt CO2 respectively. Gains are estimated for the area converted 

to Cropland the year before assuming biomass after one year of growth to be 2.1 t C ha-1. The total 

gain in biomass for land converted to Cropland is thus estimated as 0.55 kt C, with 0.27 kt C from 

Grassland converted and 0.29 kt C from Wetland converted. The CO2 removal of the gain is 2.01, 

0.99, and 1.06 kt CO2 respectively. The net loss is 3.51 kt C for all land converted or emission of 12.87 

kt CO2. 

6.5.1.2 Carbon stock changes in dead organic matter 

The AFOULU Guidelines Tier 1 methodology assumes no or insignificant changes in dead organic 

matter (DOM) in cropland remaining cropland and that no emission/removal factors or activity data 

are needed. No data is available to estimate the possible changes in dead organic matter in cropland 

remaining cropland. The majority of land classified as cropland in Iceland is hayfields with perennial 

grasses only ploughed or harrowed at decade intervals. A turf layer is formed and depending on the 

soil horizon definition it can partly be considered as dead organic matter. This is therefore recognized 

as a possible sink/source. Changes in DOM in the year of conversion and in the first year of growth 

after conversion are included in the changes estimated for living biomass. 

6.5.1.3 Carbon stock changes in soils 

bŜǘ ŎŀǊōƻƴ ǎǘƻŎƪ ŎƘŀƴƎŜǎ ƛƴ ƳƛƴŜǊŀƭ ŎǊƻǇƭŀƴŘ ǎƻƛƭ ŦƻǊ ǘƘŜ ŎŀǘŜƎƻǊȅ άDǊŀǎǎƭŀƴŘ ŎƻƴǾŜǊǘŜŘ ǘƻ 

/ǊƻǇƭŀƴŘέ ŀǊŜ ŜǎǘƛƳŀǘŜŘ ŀŎŎƻǊŘƛƴƎ ǘƻ ¢ƛŜǊ м ƳŜǘƘƻŘΦ aƻǎǘ ŎǊƻǇƭŀƴŘǎ ƛƴ LŎŜƭŀƴŘ ŀǊŜ ƘŀȅŦƛŜƭŘǎ ǿƛǘƘ 

perennial grasses, which are harvested once or twice during the growing season. Ploughing or 

harrowing is only done occasionally (10 years interval).  Many hayfields are also used for livestock 
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grazing for part of the growing season (spring and autumn in case of sheep farming). Most hayfields 

are fertilized with both synthetic fertilizers and manure. Changes in SOC for mineral soil are 

calculated according to T1 using equation 2.25 in 2006 IPPC guidelines. Default relative stock change 

factors considered applicable to hayfields with perennial grasses were selected from Table 5.5 in 

нллс Lt// ƎǳƛŘŜƭƛƴŜǎ όLt// нллсύΦ CƻǊ [ŀƴŘ ǳǎŜ ǘƘŜ άǎŜǘ ŀǎƛŘŜ-ŘǊȅέ C[¦ Ґ лΦфо ǿŀǎ ǎŜƭŜŎǘŜŘ ōŀǎŜŘ ƻƴ 

the descriptions in Table 5.5 as best describing the hayfields in Iceland. For management and input, 

FMG =1.10 no tillage- temperate boreal -dry and FI =1.00 medium input, were selected. The SOCREF, 

90.5 t C ha-1, is the average SOC (0-30 cm) from IGLUD field sampling for Grassland (AUI unpublished 

data). The initial mineral soil organic C stock is accordingly SOC0 = 90.5 tC ha-1 * 0.93*1.10*1.00 = 

92.6 t C ha-1Φ CƻǊ ǘƘŜ нл ȅŜŀǊ ŎƻƴǾŜǊǎƛƻƴ ǇŜǊƛƻŘ ǘƘŜ ŀƴƴǳŀƭ ŎƘŀƴƎŜ ƛƴ ɲ/aƛƴŜǊŀƭ Ґ лΦмл ǘ / Ƙŀ-1 for 

Grassland converted to Cropland. The area of Grassland on mineral soil being converted to Cropland 

is estimated from the above described time series as 2.53 kha and the C-stock of these soils as 

increasing by 0.26 kt C in the inventory year. Consequently these soils are estimated as removing 

0.97 kt CO2 from the atmosphere. No mineral soil is assumed under Wetland converted to Cropland. 

Changes in C-stock of mƛƴŜǊŀƭ ǎƻƛƭǎ ǳƴŘŜǊ ά/ǊƻǇƭŀƴŘ ǊŜƳŀƛƴƛƴƎ /ǊƻǇƭŀƴŘέ ŀǊŜ ƴƻǘ ŜǎǘƛƳŀǘŜŘ ŀǎ ƴƻ 

information on changes in management is available.  

Changes in SOC of organic soils are calculated according to T1 applying equation 2.3 in the 2013 

Supplement to the 2006 Guidelines: Wetlands (IPCC 2014). Organic soils of Cropland are reported in 

two categories i.e. Cropland remaining Cropland and Wetland converted to Cropland 53.93 kha and 

2.73 kha respectively. These organic soils are estimated to annually lose 426.07 kt C and 21.56 kt C in 

the same order. The consequent emission is estimated as 1562.26 kt CO2 for organic soils of Cropland 

remaining Cropland and 79.06 kt CO2 for soils of Wetland converted to Cropland. All soils of Wetland 

converted to Cropland are assumed to be organic. 

6.5.2 Land converted to Cropland 
The conversion of land to Cropland is reported in two categories. It is thus assumed that all mineral 

Cropland originates from Grassland and Cropland on organic soil originates directly from Wetland. 

Some of the Cropland on organic soils may have been drained Grassland for some period before 

converted to Cropland. Also, some areas of Cropland on mineral soil may have originated from other 

ƭŀƴŘ ǳǎŜ ŎŀǘŜƎƻǊƛŜǎ ǎǳŎƘ ŀǎ άhǘƘŜǊ ƭŀƴŘέ ƻǊ άCƻǊŜǎǘ ƭŀƴŘέ όbŀǘǳǊŀƭ ōƛǊŎƘ ŦƻǊŜǎǘǎύΦ ¢ƘŜǊŜ is presently 

no data available for the separation of conversion into more categories and until then all conversions 

are reported as aggregates area under the two categories. The default conversion period 20 years is 

applied for Grassland converted to Cropland and Wetland converted to Cropland. 

 

6.5.3 Emissions and removals from drainage and rewetting and other management of organic 

and mineral soils 
In the new CRF- Reporter (v 5.10.1) emissions and removals from drainage and rewetting and other 

management of organic and mineral soils is included as new emission category compared to previous 

submissions. The new 2013 Supplement to the 2006 Guidelines: Wetlands (IPCC 2014), provides 

guidelines for estimation of emissions related to two factors not previously estimated. These factors 

are the off-site decomposition of dissolved organic carbon (DOC) and emission and removal of CH4 

from drained soils.  

6.5.3.1 Off-site CO2 emission via waterborne losses from drained inland soils 

Off-site CO2 emission is calculated according to T1 applying equation 2.4 in the 2013 wetland 

Supplement (IPCC 2014).  For the two categories of organic Cropland soils the emission calculated is 
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23.73 kt CO2 for organic soils of Cropland remaining Cropland and 1.20 kt CO2 for soils of Wetland 

converted to Cropland. 

6.5.3.2 CH4 emission and removals from drained inland soils 

The CH4 emission from drained land is calculated according to T1 applying equation 2.6 in 2013 

wetland supplement (IPCC 2014). The equations separate the emission into two components, i.e. 

emission from the drained land and the emission from the ditches. The T1 default EF for drained land 

under Cropland is zero and consequently the emission reported is only from the ditches. The 

emission reported is 3.30 kt CH4 or 82.51 kt CO2 eq. No estimate on the fraction of area covered by 

ditches is available and the indicated value from table 2.4 in the 2013 wetland supplement (IPCC 

2014) is applied. 

6.5.3.3 Rewetted soils under Cropland 

No rewetting of soils in land included as Cropland and no other source or sink of GHG related to 

drainage or rewetting of Cropland soils is recognized and the relevant categories of 4(II) reported 

with notation key NO.  

6.5.4 Other emissions  

6.5.4.1 N2O emission from drained inland soils 

All N2O emissions from drainage of organic soils are reported under the Agriculture sector 3.D.1.6- 

Cultivation of Histosols. N2O emissions from disturbance associated with conversion of land to 

cropland (4(III)-Direct N2O emissions from N Mineralization/Immobilization) are included there as 

indicated by use of the notation key IE.  

6.5.5 Biomass burning 
No biomass burning of cropland occurred in the inventory year and reported as such. Method for 

estimating area of biomass burned is described in chapter 6.13. 

6.5.6 Emission factors 
The CO2 emission from C- stock changes in Cropland organic soil are calculated according to a Tier 1 

methodology using the EF= 7.9 t CO2-C ha-1yr-1 from table 2.1 in 2013 wetland supplement (IPCC 

2014). 

The off-site CO2 emission via waterborne losses from drained cropland soils is calculated according to 

T1 using EF = 0.12 t C ha-1yr-1  from table 2.2 in 2013 wetland supplement (IPCC 2014)  

The emissions of CO2 caused by conversion of land to Cropland is calculated on the basis of country 

specific estimate of C stock in living biomass, litter and standing dead biomass 1.27 ± 0.24 kg C m-2 

and  1.80 ± 0.51 kg C m-2 for Grassland and Wetland respectively as estimated from field sampling. 

Methods are described in (Gudmundsson et al. 2010). The Cropland biomass after one year of 

growth is 2.1 t C ha-1 from Table 5.9 in 2006 IPCC guidelines (IPCC 2006). The SOCRef = 90.5 ±28.2 t C 

ha-1, for mineral soils of Grassland converted to Cropland is country specific and based on preliminary 

results from IGLUD soil sampling. FoǊ ǘƘŜ нл ȅŜŀǊ ŎƻƴǾŜǊǎƛƻƴ ǇŜǊƛƻŘΣ ǘƘŜ ŀƴƴǳŀƭ ŎƘŀƴƎŜ ƛǎ ƛƴ ɲ/ 

Mineral = 0.10 t C ha-1 for Grassland converted to Cropland. 

The CH4 emission and removal from drained cropland is calculated according to T1 applying 

EFCH4_land = 0 and EFCH4_ditch = 1165 kg CH4 ha-1 yr-1 from table 2.3 and 2.4 in 2013 wetland 

supplement (IPCC 2014) respectively.  
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6.5.7 Uncertainties and QA/QC 
According to the time series for Cropland the cumulated area of cultivated land is in good agreement 

with the area mapped as Cropland 172.5 kha versus 173.2 kha. Abandoned cropland is included in 

both estimates.  

The mapping in IGLUD has been controlled through systematic sampling where land use is recorded 

in the sampling points. Preliminary results indicate that 91% of land mapped as Cropland is cropland 

and that 80% land identified in situ as cropland is currently mapped in IGLUD as such (AUI 

unpublished data). A survey of cropland was initiated the summer 2010 to control the IGLUD 

mapping of cropland. Randomly selected 500*500m squares below 200 m a.s.l. were visited and the 

mapping of cropland inside these squares was controlled. Total number of squares visited was 383 

with total area 9187 ha including mapped cropland of 998 ha. Of this mapped cropland 216 ha or 

21% were not confirmed as cropland and 38 ha or 4% were identified as cropland not included in the 

map layer.  Uncertainty in area of Cropland is therefore set as 20%.   

¢ƘŜ ŀǊŜŀ ƻŦ ŘǊŀƛƴŜŘ /ǊƻǇƭŀƴŘ ƛǎ ƛƴ ǘƘƛǎ ȅŜŀǊΩǎ ǎǳōƳƛǎǎƛƻƴ ŜǎǘƛƳŀǘŜŘ ǘƘǊƻǳƎƘ ǇǊŜǇŀǊŀǘƛƻƴ ƻŦ ǘƛƳŜ 

series of land use conversion as described above. The ratio of hayfields on organic soil was estimated 

in a survey on vegetation in hayfields 1990-1993 (Þorvaldsson 1994) as 44%. The time series of 

Cropland organic soil were adjusted to that ratio. In the summer 2011 a survey on Cropland soils was 

initiated as part of the IGLUD project involving systematic sampling on 50x50m grid of randomly 

selected polygons of the Cropland mapping unit. Preliminary results from this sampling effort show 

similar ratio of organic soils. The uncertainty for the area of Cropland on organic soil is for this 

submission assumed 20% or the same as for Cropland total area.  

The emission/removal estimated for land converted to Cropland is based on factors estimated with 

standard error of 20-30%. The uncertainty of the calculated emission removal is accordingly in the 

same range. 

The emissions reported from drained organic Cropland soils are based on default EF from table 2.1 in 

2013 wetland supplement (IPCC 2014) 95% confidence intervals ± 1.5 t CO2-C ha-1yr-1, or 

approximately 20%.  

The off-site CO2 emission via waterborne losses from drained cropland soils is calculated based on 

default EF from table 2.2 in 2013 wetland supplement (IPCC 2014) with range ± 50%.  

Emission of CH4 from drained Cropland only includes emission from drainage ditches and is 

calculated according to EF from table 2.4 in 2013 wetland supplement (IPCC 2014) with range ± 70%. 

6.5.8 Recalculations 
No recalculations are done for this category in this submission. The new emission factors of 2013 

{ǳǇǇƭŜƳŜƴǘ όLt// нлмпύ ƳŀŘŜ ƛƴ ƭŀǎǘ ȅŜŀǊΩǎ ǎǳōƳƛǎǎƛƻƴ ŀƴŘ ƴŜǿ ŜƳƛǎǎƛƻƴ ŎƻƳǇƻƴŜƴǘǎ ŀǊŜ ƛƴ ǘƘƛǎ 

also applied in this submission. 

6.5.9 Planned improvements regarding Cropland 
Lƴ ǘƘƛǎ ǎǳōƳƛǎǎƛƻƴ ŀǎ ƛƴ ƭŀǎǘ ȅŜŀǊΩǎ ǎǳōƳƛǎǎƛƻƴ ǘƛƳŜ ǎŜǊƛŜǎ ƻŦ /ǊƻǇƭŀƴŘ ŎŀǘŜƎƻǊƛŜǎ ǿŜǊŜ used to 

estimate the area of each category. Further improvements of the mapping and subdivision are still 

needed as e.g. revealed through the cropland mapping survey described above. The area of land 

converted to Cropland from other categories than Grassland or Wetland needs to be determined. 

Continued field controlling of mapping, improved mapping quality and division of cropland soil to soil 

classes and cultivated crops is planned in coming years. As the introduction of time series revealed 
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that a considerable area of the mapping unit Cropland is abandoned cropland. Identifying the 

abandoned cropland within the mapping unit is considered of high importance. Information on soil 

carbon of mineral soil under different management and of different origin is important to be able to 

obtain a better estimate of the effect of land use on the SOC. Establishing reliable estimate of 

cropland biomass is also important and is planned. 

Considering that the CO2 ŜƳƛǎǎƛƻƴ ŦǊƻƳ ōƻǘƘ ά/ǊƻǇƭŀƴŘ ǊŜƳŀƛƴƛƴƎ /ǊƻǇƭŀƴŘέ ŀƴŘ ά[ŀƴŘ Ŏƻnverted to 

/ǊƻǇƭŀƴŘέ ŀǊŜ ǊŜŎƻƎƴƛȊŜŘ ŀǎ ƪŜȅ ǎƻǳǊŎŜǎΣ ƛǘ ƛǎ ƛƳǇƻǊǘŀƴǘ ǘƻ ƳƻǾŜ ǘƻ ŀ ƘƛƎƘŜǊ ǘƛŜǊ ƛƴ ŜǎǘƛƳŀǘƛƴƎ ǘƘŀǘ 

factor. Establishing country specific emission factors, including variability in soil classes, is already 

included in on-going research projects at the AUI. These studies are assumed to result in new 

emission factors. Data, obtained through fertilization experiments, on carbon content of cultivated 

soils is available at the AUI. The data is currently being processed and is expected to yield 

information on changes in carbon content of cultivated soils over time. 

The new emission components of offsite CO2 emission and CH4 emissions from Cropland have not 

gained much attention in Iceland. Data on that emissions and area involved is needed for Iceland e.g. 

the ratio of dich area. It is therefore considered important to promote the research needed and 

improve the estimate of relevant area. 

6.6 Grassland 

Grassland is the largest land use category identified by present land use mapping as described above. 

The total area of the Grassland category is reported as 5,377.26 kha, making it by far the largest land 

use category in Iceland. Grassland is a very diverse category with regard to vegetation, soil type, 

erosion and management.  

The Grassland category is divided into twelve subcategories in this year´s submission. The Grassland 

time series reported are prepared from three primary time series (Figure 6.10), and an independent 

time series for expansion of birch shrubland into other grassland. The time series of Other Grassland 

is prepared from the Grassland mapping unit when all other mapping units of grassland 

subcategories have been taken into account. The backward tracking of area within that category was 

done by correcting the area of the year after according to all area within other land use categories 

considered originate from Other Grassland, including Forest land, Cropland, other Grassland 

subcategories, Reservoirs, and Settlement. 
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Figure  6.10 Primary time series for Grassland: Total area of Cropland converted to other land uses at the end of the year, 
Wetland converted to Grassland at the end of the year, Revegetated land at the end of the year. All graphs showing 
cumulative area at the end of the year from the beginning of time series. 

 

Figure  6.11 Time series of reported Grassland categories with max area >20 kha: Grassland former Wetland remaining 
Grassland organic soil, Wetland converted to Grassland T_20, Other land converted to Grassland T_60, Other land 
converted to Grassland before 1990 T_60, Other land converted to Grassland since 1990 T_60. All graphs showing the area 
in hectares at the end of the year. 
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Figure  6.12 Time series of reported Grassland categories with max area <20 kha: Cropland on mineral soil converted to 
Grassland T_20, Cropland on organic soil converted to Grassland T_20, Grassland former Cropland remaining Grassland 
mineral soil, Grassland former Cropland remaining Grassland organic soil, Grassland former revegetated Other land 
remaining Grassland. All graphs showing the area in hectares at the end of the year 

6.6.1 Grassland remaining Grassland 
The time series and conversion period applied enable keeping track of the area of different origin 

under the category Grassland remaining Grassland. The subcategories are described below.  

6.6.1.1 Cropland abandoned for more than 20 years. 

This category includes all previous cropland abandoned for more than 20 years still remaining under 

the Grassland land use category. The area reported for this category is the area emerging from the 

time series and estimated as 22.90 kha whereof 6.06 kha is organic soil.  

6.6.1.2 Natural Birch Shrubland 

Natural birch shrubland is the part of the natural birch woodland not meeting the thresholds to be 

accounted for as forest, but covered with birch (Betula pubescens) to a minimum of 10% in vertical 

cover and at least 0.5 ha in continuous area. The natural birch shrubland is included in the NFI and its 

area and stock changes are estimated by the IFR. The estimates of total area and changes in carbon 

pools are based on the same methods and data sources as used to estimate the natural birch forest.  

Similar to natural birch woodland, three subcategories of natural birch shrubland are reported here. 

hƴŜ ƛΦŜΦ άbŀǘǳǊŀƭ ōƛǊŎƘ ǎƘǊǳōƭŀƴŘ ςƻƭŘέ ƛǎ ŦƻǊ ǎƘǊǳōƭŀƴŘ ǊŜƳaining shrubland including shrubland 

surveyed in the 1987-1991 inventory. As for natural birch forest, the C-stock of natural birch 

shrubland has slightly increased between 1987 and 2007 although the mean annual net change is 

very low (0.019 t C ha-1 yr-1)Φ ¢ƘŜ ǎŜŎƻƴŘ ǎǳōŎŀǘŜƎƻǊȅ ƛΦŜΦ άbŀǘǳǊŀƭ ōƛǊŎƘ ǎƘǊǳōƭŀƴŘ ς recently 

ŜȄǇŀƴŘŜŘ ŦǊƻƳ hǘƘŜǊ DǊŀǎǎƭŀƴŘέ ƛǎ ǊŜǇǊŜǎŜƴǘƛƴƎ άhǘƘŜǊ DǊŀǎǎƭŀƴŘέ ŎƻƴǾŜǊǘŜŘ ǘƻ ǎƘǊǳōƭŀƴŘΦ !ǎ ǘƘƛǎ 

change in vegetation cover does not shift the land between categories this land remains as 

Grassland. Conversion period is set to 50 years as for natural birch forest and with same; in country 

removal factors for biomass, dead organic matter and mineral soil and the IPCC default emission 
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factor for organic soil. The third and the last subcategory ƛǎ άbŀǘǳǊŀƭ ōƛǊŎƘ ǎƘǊǳōƭŀƴŘ ς recently 

ŜȄǇŀƴŘŜŘ ŦǊƻƳ hǘƘŜǊ [ŀƴŘέΦ ¢Ƙŀǘ ƛǎ ŜȄǇŀƴǎƛƻƴ ƻŦ ƴŀǘǳǊŀƭ ōƛǊŎƘ ǎƘǊǳōƭŀƴŘ ƻƴ ǇƻƻǊƭȅ ǾŜƎŜǘŀǘŜŘ ƭŀƴŘΦ 

As no historical data before 1987 exists, a time series for changes C-stock of natural birch shrubland 

only exist after 1987 and in C-stock after 1989. They are built on interpolation between 1989 and 

2007 and extrapolations from 2012 with even annual increase in area. The third subcategory of 

bŀǘǳǊŀƭ ōƛǊŎƘ ǎƘǊǳōƭŀƴŘ ƛǎ ǊŜǇƻǊǘŜŘ ǳƴŘŜǊ άhǘƘŜǊ ƭŀƴŘ ŎƻƴǾŜǊǘŜŘ ǘƻ DǊŀǎǎƭŀƴŘέ όǎee chapter 6.9.1.8) 

6.6.1.3 Other Grassland 

The mapping unit Other grassland includes all land where vascular plant cover is 20% or more as 

compiled from IGLUD and not included in the other Grassland subcategories. Accordingly, all land 

within the land use categories, higher ranked than Grassland in the hierarchy (table 1), are excluded 

a priory. The map layers classified as Land converted to grassland are all ranked above the map layers 

ƛƴŎƭǳŘŜŘ ƛƴ ǘƘŜ ŎŀǘŜƎƻǊȅ άhǘƘŜǊ ƎǊŀǎǎƭŀƴŘέΦ ¢ƘŜ ƭŀƴŘ ƛƴ ǘƘƛǎ ŎŀǘŜƎƻǊȅ ƛs e.g. heath-lands with dwarf 

shrubs, small bushes other than birch (Betula pubescens), grasses and mosses in variable 

combinations (respecting the 20% minimum vascular plant cover), fertile grasslands, and partly 

vegetated land. The area mapped is then adjusted to other Grassland categories (chapter 6.6.5) and 

ǘƘŜ ǘƛƳŜ ǎŜǊƛŜǎ ǇǊŜǇŀǊŜŘ ŀǎ ŘŜǎŎǊƛōŜŘ ŀōƻǾŜΦ ¢ƘŜ ǘƻǘŀƭ ŀǊŜŀ ǊŜǇƻǊǘŜŘ ƛƴ ǘƘƛǎ ȅŜŀǊΩǎ ǎǳōƳƛǎǎƛƻƴ ŦƻǊ ǘƘƛǎ 

category is 4,655.04 kha. 

Large areas in Iceland suffer from severe degradation where the vegetation cover is severely 

damaged or absent and the soil is partly eroded but the remaining Andic soil still has high amounts of 

carbon. Recent research indicates that the carbon budget of such areas might be negative, resulting 

in CO2 emission to the atmosphere (AUI unpublished data). This land has not been identified in the 

IGLUD maps, but is likely to be included in this category to a large extent.  

Since the settlement of Iceland a large share of the former vegetated areas has been severely eroded 

and large areas have lost their entire soil mantle. It has been estimated that a total of 60-250×103 kt 

C has been oxidized and released into the atmosphere in the past millennium (Óskarsson et al. 2004). 

The estimated current on-going loss of SOC due to erosion is 50-100 kt C yr-1 according to the same 

study.  That study only takes in account the soil lost through one type of erosion i.e. erosion 

escarpments. This loss is comparable to 183-366 kt CO2 if all of this lost SOC is decomposed or 92-183 

kt CO2 if 50% of it is decomposed as argued for in the paper (Óskarsson et al. 2004). This loss is at 

present not included in the CRF, but the possible amount of C being lost is in the same order of 

magnitude as CO2 removal reported as revegetation since 1990 (194 kt CO2). The revegetation of 

deserted areas sequesters carbon back into vegetation and soil and thereby counteracts these losses.  

The vegetation cover in many other Grassland areas in Iceland is at was noted to be increasing both 

in vigor and continuity (Magnússon et al. 2006). Tis increase has in another recent study been shown 

to have slowed down or even turned to a decrease in some areas (Raynolds, Magnusson et al. 2015). 

In these areas, the annual carbon budget might have been positive for a period with C being 

sequestered from the atmosphere. Whether these changes in vegetation are related to changes in 

climate, management or a combination of both is not clear. 

The subdivision of Grassland, according to land degradation or improvement is one of the IGLUD 

objectives as described in (Gudmundsson et al. 2010). Through this subdivision estimates of both 

ongoing losses and gains can be attempted. Subdivision based on management regimes, i.e. 

unmanaged and managed and the latter further according to grazing intensity is pending but not 

implemented. 
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6.6.1.4 Revegetated land older than 60 years 

.ȅ ŘŜŦƛƴƛƴƎ ŀ ŎƻƴǾŜǊǎƛƻƴ ǇŜǊƛƻŘ ƻŦ сл ȅŜŀǊǎΣ ŦƻǊ wŜǾŜƎŜǘŀǘƛƻƴ όάhǘƘŜǊ ƭŀƴŘ ŎƻƴǾŜǊǘŜŘ ǘƻ DǊŀǎǎƭŀƴŘ ς 

revegetation) which is shorter than the time revegetation has been practiced in Iceland, a small area 

of revegetated land older than 60 years emerges as category. The total area of the category is in this 

ȅŜŀǊΩǎ ǎǳōƳƛǎǎƛƻƴ нΦуф ƪƘŀΦ ¢Ƙƛǎ ŀǊŜŀ ƛǎ ƴƻǘ ŀǘ ǇǊŜǎŜƴǘ ǊŜŎƻƎƴƛǎŜŘ ŀǎ ǎŜǇŀǊŀǘŜ ƳŀǇǇƛƴƎ ǳƴƛǘ ōǳǘ 

assumed to be included in the mapping unit Revegetation before 1990, despite currently limited area 

of that mapping unit (see chapter 6.3.1.3 - Maps of Land being re-vegetated). 

6.6.1.5 Wetland drained for more than 20 years. 

This category also appears as result of time series and application of default 20 years conversion 

ǇŜǊƛƻŘ ŦƻǊ ά²ŜǘƭŀƴŘ ŎƻƴǾŜǊǘŜŘ ǘƻ DǊŀǎǎƭŀƴŘέΦ !ǎ Ƴƻǎǘ ƻŦ ǘƘŜ ŘǊŀƛƴŜŘ ƭŀƴŘ ǿŀǎ ŘǊŀƛƴŜŘ ŦƻǊ ŀǘ ƭŜŀǎǘ нл 

years the majority of the drained wetlands are now reported under this category. The total area 

ǊŜǇƻǊǘŜŘ ƛƴ ǘƘƛǎ ȅŜŀǊΩǎ ǎǳōƳƛǎǎƛƻƴ ƛǎ омсΦрф ƪƘŀ ŀƴŘ ŀƭƭ ƻŦ ƛǘ ŀǎǎǳƳŜŘ ǘƻ ōŜ ǿƛǘƘ ƻǊƎŀƴƛŎ ǎƻƛƭǎΦ ¢Ƙƛǎ 

category is not at present identified as separate mapping unit, but together with the category 

ά²ŜǘƭŀƴŘ ŎƻƴǾŜǊǘŜŘ ǘƻ DǊŀǎǎƭŀƴŘέ ƛǎ ǇǊŜǎŜƴǘŜŘ ŀǎ ǘƘŜ ƳŀǇǇƛƴƎ ǳƴƛǘ άDǊŀǎǎƭŀƴŘ ƻƴ ŘǊŀƛƴŜŘ ǎƻƛƭǎέΦ ¢ƘŜ 

preparation of that mapping unit is described in (chapter 6.3.1.3 ς Maps of drained land). 

6.6.2 Land converted to Grassland 
[ŀƴŘ ŎƻƴǾŜǊǘŜŘ ǘƻ DǊŀǎǎƭŀƴŘ ƛǎ ǊŜǇƻǊǘŜŘ ŦƻǊ ǘƘǊŜŜ Ƴŀƛƴ ŎŀǘŜƎƻǊƛŜǎ ƛΦŜΦΤ ά/ǊƻǇƭŀƴŘ ŎƻƴǾŜǊǘŜŘ ǘƻ 

DǊŀǎǎƭŀƴŘέΣ ά²ŜǘƭŀƴŘ ŎƻƴǾŜǊǘŜŘ ǘƻ DǊŀǎǎƭŀƴŘέ ŀƴŘ άhǘƘŜǊ ƭŀƴŘ ŎƻƴǾŜǊǘŜŘ ǘƻ DǊŀǎǎƭŀƴŘέΦ /ƻƴǾŜǊǎƛƻƴǎ 

of Forest land and Settlement to Grassland are reported as not occurring. 

6.6.2.1 Cropland converted to Grassland 

The area reported is as emerging from the time series available for Cropland using the default 

conversion period of 20 years. The category is at present not identified as a specific mapping unit but 

is included in both the mineral and organic soil part of the Cropland mapping unit. The total area 

reported for this category is 23.46 kha with 9.78 kha on organic soil.    

6.6.2.2 Wetland converted to Grassland 

The area included under this subcategory includes the area drained for the last 20 years prior to the 

inventory year. The total area reported for this subcategory is 33.36 kha and the whole area assumed 

to be on organic soil. The area estimate is based on available time series and applies 20 years as the 

conversion period. 

6.6.2.3 Other Land converted to Grassland 

This category is divided to four subcategories three of them originating from revegetation activities 

ƛΦŜΦΤ άwŜǾŜƎŜǘŀǘƛƻƴ ōŜŦƻǊŜ мффлέΣ άwŜǾŜƎŜǘŀǘƛƻƴ ǎƛƴŎŜ мффл- όŀǊŜŀǎύ ǇǊƻǘŜŎǘŜŘ ŦǊƻƳ ƎǊŀȊƛƴƎέΣ ŀƴŘ 

άwŜǾŜƎŜǘŀǘƛƻƴ ǎƛƴŎŜ мффл ς όŀǊŜŀǎ ǿƛǘƘύ ƭƛƳƛǘŜŘ ƎǊŀȊƛƴƎ ŀƭƭƻǿŜŘέΦ  ¢ƘŜ ŦƻǊǘƘ ǎǳōŎŀǘŜƎƻǊȅ άhǘƘŜǊ ƭŀƴŘ 

ŎƻƴǾŜǊǘŜŘ ǘƻ bŀǘǳǊŀƭ ōƛǊŎƘ ǎƘǊǳōƭŀƴŘέ ƻǊƛƎƛƴŀǘŜ ŦǊƻƳ ǘƘŜ ƻƴƎƻƛƴƎ ŜȄǇŀƴǎƛƻƴ ƻŦ ōƛǊŎƘ ǎƘǊubland 

noted in the NFI.  

Revegetation 

¢ƘŜ ǊŜǾŜƎŜǘŀǘƛƻƴ ŀŎǘƛǾƛǘȅ ǿƘŜǊŜ ƴƻ ŀŦŦƻǊŜǎǘŀǘƛƻƴ ƛǎ ƛƴŎƭǳŘŜŘ ǘƘŜ ƭŀƴŘ ƛǎ ǊŜǇƻǊǘŜŘ ŀǎ άhǘƘŜǊ ƭŀƴŘ 

ŎƻƴǾŜǊǘŜŘ ǘƻ DǊŀǎǎƭŀƴŘέΦ ¢ƘŜ ƻǊƛƎƛƴŀƭ ǾŜƎŜǘŀǘƛƻƴ ŎƻǾŜǊ ƛǎ ƭŜǎǎ ǘƘŀƴ нл҈ ŦƻǊ ǘƘŜ Ǿŀǎǘ ƳŀƧƻǊƛǘȅ ƻŦ ƭŀƴŘ 

where revegetation is started, according to the SCSI. Accordingly, this land does not meet the 

ŘŜŦƛƴƛǘƛƻƴ ƻŦ DǊŀǎǎƭŀƴŘǎ ŀƴŘ ƛǎ ŀƭƭ ŎƭŀǎǎƛŦƛŜŘ ŀǎ άhǘƘŜǊ ƭŀƴŘ ōŜƛƴƎ ŎƻƴǾŜǊǘŜŘ ǘƻ DǊŀǎǎƭŀƴŘέΦ   

The SCSI was established in 1907. Its main purpose is the prevention of on-going land degradation 

and erosion, the revegetation of eroded areas, restoration of lost ecosystem and to ensure 

sustainable grazing land use. The reclamation work until 1990 was mostly confined to 170 
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enclosures, covering approximately 3% of the total land area. The exclusion of grazing livestock from 

the reclamation areas, and other means of improving livestock land use, is estimated to have 

resulted in autogenic soil carbon sequestration, but the quantities remain to be determined. Record 

keeping of soil conservation and revegetation efforts until 1960 was limited. From 1958 to 1990, 

most of the activities involved spreading of seeds and/or fertilizer by airplanes and direct seeding of 

Lyme grass (Leymus arenarius L.) and other graminoids. These activities are to a large extent 

recorded. The emphasis on aerial spreading has decreased since 1990 as other methods, such as 

increased participation and cooperation with farmers and other groups interested in land 

reclamation work, have proven more efficient. Methods for the recording of activities have been 

improved at the same time, most noticeably by using aerial photographs and GPS-positioning 

systems.  Since 2002, GPS tracking has increasingly been used to record activities in real time, e.g. 

spreading of seeds and/or fertilizer. Since 2008 almost all activities have been recorded 

simultaneously with GPS-units (Thorsson et al. in prep.).     

The SCSI now keeps a national inventory on revegetation areas since 1990 based on best available 

data. The detailed description of methods will be published elsewhere (Thorsson et al. in prep.). The 

objectives of this inventory are to monitor the changes in C-stocks, control and improve the existing 

mapping and gather data to improve current methodology. Activities which started prior to 1990 are 

not included in this inventory at present. The National Inventory on Revegetation Area (NIRA) is 

based on systematic sampling on predefined grid points in the same grid as is used by the IFR for NFI 

(Snorrason and Kjartansson. 2004) and in IGLUD field sampling. The basic unit of this grid as applied 

by SCSI and IFS is a rectangular, 1.0 x 1.0 km in size. A subset of approximately 1000 grid points that 

fall within the land mapped as revegetation since 1990 was selected randomly and have been visited 

although all data from the survey is still not available. Points found to fall within areas where 

fertilizer, seeds, or other land reclamation efforts have been applied, will be used to set up 

permanent monitoring and sampling plots.  Each plot is 10×10 m.  Within each plot, five 0.5×0.5 m 

randomly selected subplots will be used for soil and vegetation sampling for C-stock estimation.  

A conversion period of 60 year has been defined on basis of NIRA data sampling. The length of the 

conversion period is preliminary as the data remains to be analysed further. The categories 

άwŜǾŜƎŜǘŀǘƛƻƴ ǎƛƴŎŜ мффл-ǇǊƻǘŜŎǘŜŘ ŦǊƻƳ ƎǊŀȊƛƴƎέ ŀƴŘ άwŜǾŜƎŜǘŀǘƛƻƴ ǎƛƴŎŜ мффл-limited grazing 

ŀƭƭƻǿŜŘέ ǊŜǇǊŜǎŜƴǘǎ ŀŎǘƛǾƛǘȅ ǎƛƴŎŜ мффл ŀŎŎƻǳƴǘŀōƭŜ ŀǎ Yȅƻǘƻ tǊƻǘƻŎƻƭ ŎƻƳƳƛǘƳŜƴǘǎΦ ¢ƘŜ area 

ǊŜǇƻǊǘŜŘ ŀǎ ƭŀƴŘ ǊŜǾŜƎŜǘŀǘŜŘ ōŜŦƻǊŜ мффл ƛǎ ǊŜǇƻǊǘŜŘ ŀǎ άwŜǾŜƎŜǘŀǘƛƻƴ ōŜŦƻǊŜ мффлέ ŀƴŘ 

άwŜǾŜƎŜǘŀǘŜŘ ƭŀƴŘ ƻƭŘŜǊ ǘƘŀƴ сл ȅŜŀǊǎέ ǘƘŜ ƭŀǘǘŜǊ ŀǎ ǎǳōŎŀǘŜƎƻǊȅ ƻŦ DǊŀǎǎƭŀƴŘ ǊŜƳŀƛƴƛƴƎ DǊŀǎǎƭŀƴŘΦ  

The subdivision of land revegetated since 1990 is based on different management regimes as some 

land has been opened up for grazing of limited intensity. 

The area of Revegetation since 1990 reported for the year 2014 is 105.62 kha compared to 101.24 

kha reported for the year 2013 in last year´s submission.  

The area reported as Revegetation before 1990 is calculated from the best available data of 

revegetation before 1990. The mapping of these areas is still subjected to high uncertainty and only 

small portion of this land is presented in IGLUD map layer Revegetation before 1990. The area not 

ƛƴŎƭǳŘŜŘ ƛƴ ǘƘŀǘ ƳŀǇ ƭŀȅŜǊ ƛǎ ŀǎǎǳƳŜŘ ǘƻ ōŜ ƭƻŎŀǘŜŘ ǿƛǘƘƛƴ ǘƘŜ {/{LΩǎ ŘŜǎƛƎƴŀǘŜŘ ŀǊŜŀǎΦ 9ǎǘƛƳŀǘƛƻƴ ƻƴ 

total revegetation area before 1990 is finished based on best available documentation and is 

presented here, but mapping has not bŜŜƴ ŦƛƴƛǎƘŜŘ ŀǘ ǘƘƛǎ Ǉƻƛƴǘ ōǳǘ ǿƛƭƭ ōŜ ǇǊƻǾƛŘŜŘ ƛƴ ƴŜȄǘ ȅŜŀǊΩǎ 

submission (Thorsson J. personal communication).   
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6.6.2.4 Other land converted to Natural birch shrubland. 

This category emerges from the expansion of Natural birch shrubland noted in the NFI mapping of 

ōƛǊŎƘ ǿƻƻŘƭŀƴŘǎΦ ¢ƘŜ ǎƘǊǳōƭŀƴŘ Ƙŀǎ ŎƻƳǇŀǊŜŘ ǘƻ ǘƘŜ мфуф ǎǳǊǾŜȅ ŜȄǇŀƴŘŜŘ ƛƴǘƻ άhǘƘŜǊ ƭŀƴŘέ ōȅ 

1.53 kha.  

6.6.3 Carbon stock changes 
Carbon stock changes are estimated for all subcategories included both under Grassland remaining 

Grassland and Land converted to DǊŀǎǎƭŀƴŘΦ /ŀǊōƻƴ ǎǘƻŎƪ ŎƘŀƴƎŜǎ ƻŦ άDǊŀǎǎƭŀƴŘ ǊŜƳŀƛƴƛƴƎ 

DǊŀǎǎƭŀƴŘέ ŀƴŘ ά[ŀƴŘ ŎƻƴǾŜǊǘŜŘ ǘƻǊ DǊŀǎǎƭŀƴŘέ ŀǊŜ ǊŜŎƻƎƴƛȊŜŘ ŀǎ ƪŜȅ ŎŀǘŜƎƻǊƛŜǎ ƻŦ ōƻǘƘ ƭŜǾŜƭ ŀƴŘ 

trend in 2014.  

6.6.3.1 Carbon stock changes in living biomass 

The changes in living biomass of the ǎǳōŎŀǘŜƎƻǊƛŜǎ άbŀǘǳǊŀƭ ōƛǊŎƘ ǎƘǊǳōƭŀƴŘςƻƭŘέ ŀƴŘ bŀǘǳǊŀƭ ōƛǊŎƘ 

shrubland-ǊŜŎŜƴǘƭȅ ŜȄǇŀƴŘŜŘ ƛƴǘƻ hǘƘŜǊ DǊŀǎǎƭŀƴŘέ ŀǊŜ ŜǎǘƛƳŀǘŜŘ ōȅ LCw ōŀǎŜŘ ƻƴ bCL ŘŀǘŀΦ ¢ƘŜ 

living biomass of these categories is estimated to have increased by 0.96 kt C and 0.97 kt C 

respectively removing 3.51 kt CO2 and 3.55 kt CO2 from the atmosphere. Carbon stock changes in 

ƭƛǾƛƴƎ ōƛƻƳŀǎǎ ƻŦ ƻǘƘŜǊ ǎǳōŎŀǘŜƎƻǊƛŜǎ ƻŦ DǊŀǎǎƭŀƴŘ ǊŜƳŀƛƴƛƴƎ DǊŀǎǎƭŀƴŘ ƛΦŜΦ άwŜǾŜƎŜǘŀǘƛƻƴ ƻƭŘŜǊ ǘƘŀƴ 

сл ȅŜŀǊǎέΣ ά²ŜǘƭŀƴŘ ŘǊŀƛƴŜŘ ŦƻǊ ƳƻǊŜ ǘƘŀƴ нл ȅŜŀǊǎέΣ ά/ǊƻǇƭŀƴŘ ŀōŀƴŘƻƴŜŘ ŦƻǊ ƳƻǊŜ ǘƘŀƴ нл ȅŜŀǊǎέΣ 

ŀƴŘ άhǘƘŜǊ DǊŀǎǎƭŀƴŘέ ŀǊŜ ǊŜǇƻǊǘŜŘ ŀǎ ƴƻǘ ƻŎŎǳǊǊƛƴƎ ōŀǎŜŘ ƻƴ ¢ƛŜǊ м ƳŜǘƘƻŘ ŦƻǊ DǊŀǎǎƭŀƴŘ ǊŜƳŀƛƴƛƴƎ 

Grassland. 

Carbon stock changes in living biomass are estimated for all categories of Land converted to 

Grassland where converǎƛƻƴ ƛǎ ǊŜǇƻǊǘŜŘ ǘƻ ƻŎŎǳǊΦ /ƻƴǾŜǊǎƛƻƴǎ ƻŦ άCƻǊŜǎǘ ƭŀƴŘέ ŀƴŘ ά{ŜǘǘƭŜƳŜƴǘǎέ ǘƻ 

Grassland are reported as not occurring. Changes in living biomass in the category Wetland 

converted to Grassland are reported as not occurring as vegetation is more or less undisturbed, as no 

ploughing or harrowing takes place. Changes in living biomass in the category Cropland converted to 

Grassland are estimated on basis of default Cropland biomass (Table 5.9. in 2006 IPCC guidelines 

(IPCC 2006)) and average C stock in living biomass, litter and standing dead biomass of Grassland as 

estimated from IGLUD field sampling (see chapter 6.6.6). The living biomass of this category is 

estimated to have increased by 12.41 kt C in 2013, consequently removing 45.51 kt CO2.  

The stock changeǎ ƛƴ ƭƛǾƛƴƎ ōƛƻƳŀǎǎ ƻŦ ǘƘŜ ǎǳōŎŀǘŜƎƻǊƛŜǎ ƻŦ άhǘƘŜǊ ƭŀƴŘ ŎƻƴǾŜǊǘŜŘ ǘƻ DǊŀǎǎƭŀƴŘέ 

representing revegetation activities reflect the increase in vegetation coverage and biomass achieved 

through those activities. The changes in biomass are estimated as relative contribution (10%) of total 

C-stock increase (Aradóttir et al. 2000; Arnalds et al. 2000). The total C-stock increase is estimated on 

basis of NIRA sampling. The carbon stock in living biomass of the revegetation subcategories is 

estimated to have increased by 9.26 kt C, 5.38 kt C, and 0.64 kt C respectively for the categories 

Revegetation before 1990, Revegetation since 1990-protected from grazing, and Revegetation since 

1990-limited grazing allowed, removing 33.95 kt CO2, 19.72 kt CO2, and 2.35 kt CO2 from the 

ŀǘƳƻǎǇƘŜǊŜΣ ǊŜǎǇŜŎǘƛǾŜƭȅΦ ¢ƘŜ ŎŀǊōƻƴ ǎǘƻŎƪ ƛƴ ƭƛǾƛƴƎ ōƛƻƳŀǎǎ ƻŦ ǘƘŜ ŦƻǊǘƘ ǎǳōŎŀǘŜƎƻǊȅ άhǘƘŜǊ ƭŀƴŘ 

ŎƻƴǾŜǊǘŜŘ ǘƻ bŀǘǳǊŀƭ ōƛǊŎƘ ǎƘǊǳōƭŀƴŘέ ƛǎ ŜǎǘƛƳŀǘŜŘ ƛƴ ǘƘŜ bCL ǘƻ ƘŀǾŜ ƛƴŎǊŜŀǎŜŘ ōȅ лΦпн ƪǘ / 

removing 1.52 kt CO2 from the atmosphere. 

6.6.3.2 Carbon stock changes in dead organic matter 

/ƘŀƴƎŜǎ ƛƴ ŎŀǊōƻƴ ǎǘƻŎƪ ƻŦ ŘŜŀŘ ƻǊƎŀƴƛŎ ƳŀǘǘŜǊ ŀǊŜ ŜǎǘƛƳŀǘŜŘ ŦƻǊ ǘƘŜ ŎŀǘŜƎƻǊȅ άbŀǘǳǊŀƭ ōƛǊŎƘ 

shrubland-ǊŜŎŜƴǘƭȅ ŜȄǇŀƴŘŜŘ ƛƴǘƻ hǘƘŜǊ DǊŀǎǎƭŀƴŘέ ŀƴŘ ǘƘŜ ŎŀǘŜƎƻǊȅ άhǘƘŜǊ ƭŀƴŘ ŎƻƴǾŜǊǘŜŘ ǘƻ 

bŀǘǳǊŀƭ ōƛǊŎƘ ǎƘǊǳōƭŀƴŘέ ōȅ ǘƘŜ LCw ƛƴ ǘhe NFI. The carbon stock in dead organic matter of these 

ŎŀǘŜƎƻǊƛŜǎ ƛǎ ŜǎǘƛƳŀǘŜŘ ǘƻ ƘŀǾŜ ƛƴŎǊŜŀǎŜŘ ōȅ лΦрл ƪǘ / ŦƻǊ άbŀǘǳǊŀƭ ōƛǊŎƘ ǎƘǊǳōƭŀƴŘ-recently 

ŜȄǇŀƴŘŜŘ ƛƴǘƻ hǘƘŜǊ DǊŀǎǎƭŀƴŘέ ŀƴŘ лΦнн ƪǘ / ŦƻǊ άhǘƘŜǊ ƭŀƴŘ ŎƻƴǾŜǊǘŜŘ ǘƻ bŀǘǳǊŀƭ ōƛǊŎƘ ǎƘǊǳōƭŀƴŘέ 
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in the year 2014 and accordingly removing 1.85 kt CO2 and 0.79 kt CO2 respectively from the 

atmosphere.  

The changes in dead organic matter are included in C-stock changes in living biomass for the category 

ά/ǊƻǇƭŀƴŘ ŎƻƴǾŜǊǘŜŘ ǘƻ DǊŀǎǎƭŀƴŘέ ǎŜŜ above (chapter 6.6.2). The changes in dead organic matter 

ŀǊŜ ŀƭǎƻ ƛƴŎƭǳŘŜŘ ƛƴ ƭƛǾƛƴƎ ōƛƻƳŀǎǎ ƻŦ ǘƘŜ ǘƘǊŜŜ ǊŜǾŜƎŜǘŀǘƛƻƴ ǎǳōŎŀǘŜƎƻǊƛŜǎ ǳƴŘŜǊ άhǘƘŜǊ ƭŀƴŘ 

ŎƻƴǾŜǊǘŜŘ ǘƻ DǊŀǎǎƭŀƴŘέ ό!ǊŀŘƽǘǘƛǊ Ŝǘ ŀƭΦ нлллύΦ   

/ƘŀƴƎŜǎ ƛƴ ŘŜŀŘ ƻǊƎŀƴƛŎ ƳŀǘǘŜǊ ƻŦ ά²ŜǘƭŀƴŘ ŎƻƴǾŜǊǘŜŘ ǘƻ DǊŀǎǎƭŀƴŘέ ŀǊŜ reported as not occurring 

consequent with no changes in living biomass. 

6.6.3.3 Carbon stock changes in soils 

Mineral soil 

/ƘŀƴƎŜǎ ƛƴ ǘƘŜ ŎŀǊōƻƴ ǎǘƻŎƪ ƻŦ ǘƘŜ ƳƛƴŜǊŀƭ ǎƻƛƭ ƻŦ ǎǳōŎŀǘŜƎƻǊȅ άbŀǘǳǊŀƭ ōƛǊŎƘ ǎƘǊǳōƭŀƴŘ ǊŜŎŜƴǘƭȅ 

ŜȄǇŀƴŘŜŘ ǘƻ hǘƘŜǊ DǊŀǎǎƭŀƴŘέ ƛǎ ŜǎǘƛƳŀǘŜŘ ŀǎ having increased by 1.25 kt C in the year 2014 and 

thereby removing a total of 4.58 kt CO2 form the atmosphere. Changes in carbon stock in mineral 

soils of land under other subcategories of Grassland remaining Grassland are reported as not 

occurring in line with Tier 1 method. The Tier 1 methodology gives by default no changes if land use, 

management and input (FLU, FMG, and FI) are unchanged over a period.  

The changes reported in mineral soil of Cropland converted to Grassland are assumed to be reversed 

changes estimated for Grassland converted to Cropland (chapter 6.5.2). The loss from mineral soils of 

Cropland converted to Grassland is reported as 1.42 kt C and consequently emitting 5.22 kt CO2. No 

ƳƛƴŜǊŀƭ ǎƻƛƭ ƛǎ ƛƴŎƭǳŘŜŘ ŀǎ ά²ŜǘƭŀƴŘ ŎƻƴǾŜǊǘŜŘ ǘƻ DǊŀǎǎƭŀƴŘέΦ  

CƻǊ ǘƘŜ ǘƘǊŜŜ ǎǳōŎŀǘŜƎƻǊƛŜǎ ƻŦ άhǘƘŜǊ ƭŀƴŘ ŎƻƴǾŜǊǘŜŘ ǘƻ DǊŀǎǎƭŀƴŘέ ǊŜǇǊŜǎŜƴǘƛƴƎ ǊŜǾŜƎŜǘŀǘƛƻƴ ǘƘŜ 

changes in carbon stock in mineral soils are estimated applying Tier 2 and CS emission (removal) 

factor. The carbon stock in mineral soils is estimated to have increased by 83.35 kt C, 48.41 kt C, and 

рΦту ƪǘ / ǊŜǎǇŜŎǘƛǾŜƭȅ ŦƻǊ ǘƘŜ ŎŀǘŜƎƻǊƛŜǎ άwŜǾŜƎŜǘŀǘƛƻƴ ōŜŦƻǊŜ мффлέ ŀƴŘ άwŜǾŜƎŜǘŀǘƛƻƴ ǎƛƴŎŜ мффл ς 

ǇǊƻǘŜŎǘŜŘ ŦǊƻƳ ƎǊŀȊƛƴƎέ ŀƴŘ άwŜǾŜƎŜǘŀǘƛƻƴ ǎƛƴŎŜ мффл- ƭƛƳƛǘŜŘ ƎǊŀȊƛƴƎ ŀƭƭƻǿŜŘέ ŀƴŘ ǊŜƳƻǾƛƴƎ 

305.60, 177.50, and 21.18 kt CO2 from the atmosphere in the same order. The changes in carbon 

ǎǘƻŎƪ ƛƴ ƳƛƴŜǊŀƭ ǎƻƛƭǎ ƻŦ ǘƘŜ ŦƻǊǘƘ ǎǳōŎŀǘŜƎƻǊȅ ƻŦ άhǘƘŜǊ ƭŀƴŘ ŎƻƴǾŜǊǘŜŘ ǘƻ DǊŀǎǎƭŀƴŘέΣ άhǘƘŜǊ ƭŀƴŘ 

ŎƻƴǾŜǊǘŜŘ ǘƻ bŀǘǳǊŀƭ ōƛǊŎƘ ǎƘǊǳōƭŀƴŘέ ƛǎ ŜǎǘƛƳŀǘŜŘ ŀǇǇƭȅƛƴƎ ǎŀƳŜ /{ ŜƳƛǎǎƛƻƴ (removal) factor as 

used for revegetation categories. The increase in mineral soil of this sub category is estimated as 0.78 

kt C and to have removed 2.89 kt CO2 from the atmosphere. 

Organic soils 

Organic soils are reported for the Grassland subcategories ά/ǊƻǇƭŀƴŘ ŀōŀƴŘƻƴŜŘ ŦƻǊ ƳƻǊŜ ǘƘŀƴ нл 

ȅŜŀǊǎέΣ άbŀǘǳǊŀƭ ōƛǊŎƘ ǎƘǊǳōƭŀƴŘ- ƻƭŘέΣ άbŀǘǳǊŀƭ ōƛǊŎƘ ǎƘǊǳōƭŀƴŘ ǊŜŎŜƴǘƭȅ ŜȄǇŀƴŘŜŘ ƛƴǘƻ hǘƘŜǊ 

DǊŀǎǎƭŀƴŘέΣ ά²ŜǘƭŀƴŘ ŘǊŀƛƴŜŘ ŦƻǊ ƳƻǊŜ ǘƘŀƴ нл ȅŜŀǊǎέΣ ά/ǊƻǇƭŀƴŘ ŎƻƴǾŜǊǘŜŘ ǘƻ DǊŀǎǎƭŀƴŘέΣ ŀƴŘ 

ά²ŜǘƭŀƴŘ ŎƻƴǾŜǊǘŜŘ ǘƻ DǊŀǎǎƭŀƴŘέΦ ¢ƘŜ ŎŀǊōƻƴ ǎǘƻŎƪ ŎƘŀƴƎŜǎ ƛƴ ƻǊƎŀƴƛŎ ǎƻƛƭǎ ƻŦ ƭŀƴŘ ǳƴŘŜǊ ǘƘŜǎŜ 

categories are estimated applying Tier 1 methodology. Three soil types; Histosol, Histic Andosol and 

Gleyic Andosol are included. The two organic soil types are Histic Andosol and Histosol. Although 

Gleyic Andosol is not classified as organic, it is included here. The carbon stock in drained organic 

soils included under the Grassland subcategories is estimated to have decreased by 2086.55 kt C in 

the inventory year emitting 7,650.69 kt CO2. The disaggregation of these numbers to the 

subcategories involved is shown in Table 6.9. 

Table 6.9. Drained soils, estimated C losses and on site CO2 emission of Grassland categories/subcategories. 
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Category/subcategory 
Drained 
άƻǊƎŀƴƛŎέ 
soils [kha] 

Carbon stock 
changes in 

organic soils 
[kt C] 

Emission [kt 
CO2] 

Grassland remaining Grassland 322.92 -1840.63 6748.99 

Cropland abandoned for more than 20 years 6.06 -34.56 126.70 

Natural birch shrubland (N.b.s)- old 0.11 -0.63 2.29 

N.b.s.- recently expanded into Other Grassland 0.15 -0.84 3.08 

Wetland drained for more than 20 years 316.60 -1804.61 6616.91 

    

Land converted to Grassland  43.14 -245.92 901.70 

Cropland converted to Grassland 9.78 -55.77 204.50 

Wetland converted to Grassland 32.26 -190.14 697.20 

    

Total 366.06 -2086.55 7650.69 

 

6.6.4 Emissions and removals from drainage and rewetting and other management of organic 

and mineral soils 
¢ƘŜ ŜƳƛǎǎƛƻƴǎ ŀƴŘ ǊŜƳƻǾŀƭǎ ƛƴŎƭǳŘŜŘ ǳƴŘŜǊ ǘƘƛǎ ŎƻƳǇƻƴŜƴǘ ǿŜǊŜ ǊŜǇƻǊǘŜŘ ŦƻǊ ŦƛǊǎǘ ǘƛƳŜ ƛƴ ƭŀǎǘ ȅŜŀǊΩǎ 

submission.  

6.6.4.1 Off-site CO2 emission via waterborne losses from drained inland soils 

The off-site emission of CO2 waterborne organic matters from drained soils is estimated according to 

equation 2.4 in 2013 wetland supplement (IPCC 2014) applying T1 methodology.  The off-site 

emission is reported for all Grassland subcategories with drained soils reported. The total emission 

for Grassland is estimated as 161.07 kt CO2.  The disaggregation of these numbers to the 

subcategories involved is shown in Table 6.10. 

Table 6.10 Drained soils, estimated of- site CO2 emission of Grassland categories/subcategories. 

Category/subcategory 
Drained 

άƻǊƎŀƴƛŎέ ǎƻƛƭǎ 
[kha] 

Off-site CO2 emission 
[kt CO2] 

Grassland remaining Grassland 322.92 142.08 

Cropland abandoned for more than 20 years 6.06 2.67 

Natural birch shrubland (N.b.s)- old 0.11 0.05 

N.b.s.- recently expanded into Other Grassland 0.15 0.06 

Wetland drained for more than 20 years 316.60 139.30 

   

Land converted to Grassland  43.14 18.98 

Cropland converted to Grassland 9.78 4.31 

Wetland converted to Grassland 33.36 14.68 

   

Total 366.06 161.07 

 

6.6.4.2 CH4 emission and removals from drained inland soils 

The CH4 emission from drained land is calculated according to T1 applying equation 2.6 in 2013 

wetland supplement (IPCC 2014). The equations separate the emission into two components, i.e. 

emission from the drained land and the emission from the ditches. No estimate on the fraction of 

area covered by ditches is available and the indicated value from table 2.4 in the 2013 wetland 
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supplement (IPCC 2014) is applied. In general the drainage ditches in Iceland are deep 1.5m-4m and 

EF for Grassland ditches selected accordingly. The emission of CH4 is reported for all the Grassland 

subcategories including drained soils. The total emission reported is 22.81 kt CH4 or 545.25 kt CO2 eq. 

Of this emission 22.32 kt CH4 is reported from the ditches while only 0.48 kt CH4 is reported from the 

drained land. The disaggregation of these numbers to emission from drained land and ditches of the 

subcategories involved is shown inTable 6.11. 

Table 6.11 Drained soils, estimated CH4 emission from drained land and ditches of Grassland categories/subcategories. 

Category/subcategory 
Drained 
άƻǊƎŀƴƛŎέ 
soils [kha] 

CH4 land 
[kt CH4] 

CH4 ditches 
[kt CH4] 

CH4 total 

[kt CH4] [kt CO2 eq] 

Grassland remaining Grassland 322.91 0.43 18.81 19.24 480.99 

Cropland abandoned for more than 20 years 6.06 0.01 0.35 0.36 9.03 

Natural birch shrubland (N.b.s)- old 0.11 0.00 0.01 0.01 0.16 

N.b.s.- recently expanded into Other 
Grassland 

0.15 0.00 0.01 0.01 0.22 

Wetland drained for more than 20 years 316.60 0.42 18.44 18.86 471.57 

      

Land converted to Grassland  43.14 0.06 2.51 2.57 64.26 

Cropland converted to Grassland 9.78 0.01 0.57 0.58 14.57 

Wetland converted to Grassland 33.36 0.04 1.94 1.99 49.69 

      

Total 366.06 0.48 22.32 22.81 545.25 

 

6.6.4.3 Rewetted soils under Grassland 

The rewetting of Grasslands occurring is reported as Grassland converted to Wetland. No other 

source or sink of GHG related to drainage or rewetting of Grassland soils is recognized and the 

relevant categories of 4(II) reported with notation key NO. 

6.6.5 Other emissions  

6.6.5.1 N2O emission from drained inland soils 

The emission of N2O form drained Grassland soil is in CRF reported as three subcategories, Grassland 

remaining Grassland, Cropland converted to Grassland, and Wetland converted to Grassland under 

άпΦI hǘƘŜǊ -N2O from Grassland drained soils-4(II) Emissions and removals from drainage and 

rewetting and other management of organic and mineral soils -Total Organic Soils - Drained Organic 

{ƻƛƭǎέΦ ¢Ƙƛǎ ŜƳƛǎǎƛƻƴ ƛǎ ƛƴŎƭǳŘŜŘ ŀǎ DǊŀǎǎƭŀƴŘ ŜƳƛǎǎƛƻƴ ƛƴ ǘƘƛǎ ǊŜǇƻǊǘΣ ŀƭǘƘƻǳƎƘ ǊŜǇƻǊǘŜŘ ǳƴŘŜǊ пI ƛƴ 

the CRF tables. 

The emissions are calculated according to T1 applying equation 2.7 in the 2013 wetland supplement 

(IPCC 2014). The total emission of N2O reported under 4H is 5.47 kt N2O or 1628.50 kt CO2 eq. The 

disaggregation of this emission to subcategories is shown in Table 6.12. 
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Table 6.12 Drained soils, estimated N2O emission from drained soils of Grassland categories/subcategories. 

Category/subcategory 
Drained 
άƻǊƎŀƴƛŎέ 
soils [kha] 

Direct N2O from N min/immob.  

[kt N2O] [kt CO2 eq] 

Grassland remaining Grassland 322.91 4,82 1436,57 

Cropland abandoned for more than 20 years 6.06 0,09 26,97 

Natural birch shrubland (N.b.s)- old 0.11 0,00 0,49 

N.b.s.- recently expanded into Other Grassland 0.15 0,00 0,66 

Wetland drained for more than 20 years 316.60 4,73 1408,46 

    

Land converted to Grassland  43.14 0,65 187,04 

Cropland converted to Grassland 9.78 0,15 43,51 

Wetland converted to Grassland 33.36 0,50 143,53 

    

Total 366.06 5,47 1628,50 

 

6.6.5.2 Direct N2O emissions from N Mineralization/Immobilization 

Conversion of Cropland on mineral soils to Grassland result in loss of SOC. Emission of associated 

mineralization of N is calculated by assuming C:N of 15. The resulting N2O emission is estimated 1.5 t 

N2O or 0.44 kt CO2 eq.  

 

6.6.6 Biomass burning 
Biomass burning on Grassland is reported for Grassland remaining Grassland. All subcategories are 

reported as aggregate number but emission is estimated separately from estimated biomass of each 

subcategory. Only wildfires are included in the present estimate. The methodology for estimating the 

biomass burned and the consequent emissions is explained in chapter 6.13. The area of Grassland 

burned in the inventory year in wildfires is estimated from available maps of the burned area and 

overlays of the IGLUD land use map as 44.9 ha of Grassland remaining Grassland. The emission 

caused by these fires is estimated as 1.54 Mg CH4 plus 0.14 Mg N2O for Grassland remaining 

Grassland. This emission is equivalent to total 80.50 Mg CO2. 

6.6.7 Emission factors 
The CO2 emissions from C- stock changes in Grassland drained soils is calculated according to a Tier 1 

methodology using the EF= 5.7 t CO2-C ha-1yr-1 from table 2.1 in 2013 wetland supplement (IPCC 

2014). 

The C-stock changes in living biomass of Natural birch shrubland is in the NFI applying T3 

methodology of direct estimate of stock changes.  

The changes in annual living biomass (including litter and dead organic matter) of Cropland 

converted to Grassland are estimated from C stock in living biomass, litter and standing dead 

biomass of Grassland as estimated from IGLUD sampling 1.27 ± 0.24 kg C m-2 (12.7 t C ha-1) and 

default Cropland biomass 2.1 t C ha-1 from Table 5.9 in 2006 IPCC guidelines (IPCC 2006). The average 

annual increase in living biomass including dead organic matter is accordingly estimated as 0.53 t C 

ha-1 yr-1 with 20 years conversion period. 
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The Soil Conservation Service of Iceland records the revegetation efforts conducted. A special 

governmental program to sequester carbon with revegetation and afforestation was initiated in 

1998-2000 and has continued since then. A parallel research program focusing on carbon 

sequestration rate in revegetation areas was started the same time (Aradóttir et al. 2000; Arnalds et 

al. 2000). The contribution of changes in carbon stock of living biomass (including dead organic 

matter) and soil were estimated as 10% and 90% respectively is based on these studies. The SCSI has 

since 2007 been running National Inventory on Revegetation area (NIRA), including sampling of soil 

and vegetation. Emission factors for changes in C-stocks are based on analyses of these samples 

(Thorsson et al. in prep). The CS emission factors applied for C-stock changes in living biomass 

(inclǳŘƛƴƎ ŘŜŀŘ ƻǊƎŀƴƛŎ ƳŀǘǘŜǊύ ŀƴŘ ƳƛƴŜǊŀƭ ǎƻƛƭǎ ƻŦ ƭŀƴŘ ǳƴŘŜǊ ǘƘŜ ŎŀǘŜƎƻǊȅ άhǘƘŜǊ ƭŀƴŘ ŎƻƴǾŜǊǘŜŘ 

ǘƻ DǊŀǎǎƭŀƴŘά ŀǊŜ -0.06 and -0.51 t C/ha/yr respectively. All revegetated areas 60 years old or less are 

assumed to accumulate carbon stock at the same rate. The changes in C-sock of mineral soils of the 

ŎŀǘŜƎƻǊȅ άhǘƘŜǊ ƭŀƴŘ ŎƻƴǾŜǊǘŜŘ ǘƻ bŀǘǳǊŀƭ ōƛǊŎƘ ǎƘǊǳōƭŀƴŘέ ƛǎ ŜǎǘƛƳŀǘŜŘ ŀǇǇƭȅƛƴƎ ǘƘŜ ǎŀƳŜ 9C ŀǎ ŦƻǊ 

revegetation activities. 

The C- ǎǘƻŎƪ ŎƘŀƴƎŜǎ ƛƴ ƳƛƴŜǊŀƭ ǎƻƛƭǎ ƻŦ ǘƘŜ ǎǳōŎŀǘŜƎƻǊȅ άbŀǘǳǊŀƭ ōƛǊŎƘ ǎƘǊǳōƭŀƴŘςrecently expanded 

ƛƴǘƻ hǘƘŜǊ DǊŀǎǎƭŀƴŘέ ŀǊŜ ŜǎǘƛƳŀǘŜŘ ŀǇǇƭȅƛƴƎ ǎŀƳŜ 9C όлΦоср ǘ / Ƙŀ-1 yr-1) as for mineral soils of 

afforested Grassland (Bjarnadóttir 2009) 

Carbon stock changes for mineral soil of Cropland converted to Grassland are estimated as the 

reversal of changes in opposite land use changes i.e. Grassland converted to Cropland (see chapter 0) 

EF= -0.10 t C ha-1. 

The off-site CO2 emission via waterborne losses from drained Grassland soils is calculated according 

to T1 using EF = 0.12 t C ha-1yr-1  from table 2.2 in 2013 wetland supplement (IPCC 2014)  

The CH4 emission and removal from drained Grassland is calculated according to T1 applying 

EFCH4_land = 1.4 and EFCH4_ditch = 1165 kg CH4 ha-1 yr-1 from table 2.3 and 2.4 in 2013 wetland 

supplement (IPCC 2014) respectively.  

The N2O emission from drained Grassland soils is estimated applying EF= 9.5 kg N2O-N ha-1 yr-1 from 

table 2.5 in 2013 wetland supplement (IPCC 2014). 

6.6.8 Uncertainties and QA/QC 
The uncertainty of area of the categories reported is estimate 20% except for Revegetation where 

the currently estimated uncertainty in area is 10% according to SCSI. Uncertainties of the 

ǎǳōŎŀǘŜƎƻǊƛŜǎ ƻŦ άhǘƘŜǊ ƭŀƴŘ ŎƻƴǾŜǊǘŜŘ ǘƻ DǊŀǎǎƭŀƴŘέ ƛƴǾƻƭǾƛƴƎ ǊŜǾŜƎŜǘŀǘƛƻƴ ƘŀǾŜ ōŜŜƴ ŜǎǘƛƳŀǘŜŘ 

using data from the KP LULUCF sampling program (see chapter 10.1.3 in (Wöll, Hallsdóttir et al. 

2014)). It indicates that revegetation areas prior to 2008 are overestimated by a factor of 1.3 (30%) 

but after 2008 this error is assumed to be 10% due to GPS real-time tracking of activities. The area of 

άhǘƘŜǊ ƭŀƴŘ ŎƻƴǾŜǊǘŜŘ ǘƻ bŀǘǳǊŀƭ ōƛǊŎƘ ǎƘǊǳōƭŀƴŘέ ƛǎ ŜǎǘƛƳŀǘŜŘ  ǘƘǊƻǳƎƘ ǘƘŜ LCw ŜŦŦƻǊǘ ƻŦ ǊŜƳŀǇǇƛƴƎ 

birch woodlands and subjected to same uncertainty as other categories in that mapping effort.  

¢ƘŜ ǎƛȊŜ ƻŦ ǘƘŜ ŘǊŀƛƴŜŘ ŀǊŜŀ ƛǎ ƛƴ ǘƘƛǎ ȅŜŀǊΩǎ ǎǳōƳƛǎsion estimated from IGLUD as described above. In 

the summer 2011 a survey of drained Grassland was initiated. The results of that survey have not yet 

been analyzed, but subsample analysis indicate a 20-30% area uncertainty. Many factors can 

potentially contribute to the uncertainty of the size of drained area. Among these is the quality of the 

ditch map. On-going survey on the type of soil drained has already revealed that some features 

mapped as ditches are not ditches but e.g. tracks or fences. During the summer 2010 the reliability of 

the ditch map was tested. Randomly selected squares of 500*500 m were controlled for ditches. 
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Preliminary results show that 91% of the ditches mapped were confirmed and 5% of ditches in the 

squares were not already mapped. The width of the buffer zone, applied on the mapped ditches, is 

set to be 200 m to each side as determined from an analysis of the Farmland database (Gísladóttir et 

al. 2007). The AUI launched in 2011 project to check the validity of this number. The field work was 

finished in 2014, but analyses of the data is pending. The map layers used to exclude certain types of 

land cover from the buffer zone put to estimate area of drained land have their own uncertainty, 

which is transferred to the estimate of the area of drained land. The decision to rank the map layers 

of wetland, semi-wetland and wetland/semi-wetland complex lower than drained land most certainly 

included some areas as drained although still wet. 

It can be assumed that the area with drained soil decreases as time passes, simply because the 

ŘǊŀƛƴŜŘ ǎƻƛƭ ŘŜŎƻƳǇƻǎŜǎ ŀƴŘ ƛǎ άŜŀǘŜƴέ Řƻǿƴ ǘƻ ǘƘŜ ƭƻǿŜǊŜŘ ǿŀǘŜǊ ƭŜǾŜƭ ŀƴŘ ǘƘǳǎ ōŜŎƻƳŜǎ ǿŜǘ 

again. On the other hand the decomposition of the soil also results in sloping surface toward the 

ditch, which potentially increases runoff from the area and less water becomes available to maintain 

the water level. No attempt has been made to evaluate the effects of these factors for drained areas. 

Changes in C stock of living biomass and dead organic matter of the category Grassland remaining 

Grassland are reported as not occurring (Tier 1) except for living biomass of Natural birch shrubland. 

The CO2 emissions from mineral soils of Grassland remaining Grassland are also reported as not 

occurring following Tier 1 assumption of steady stock. The uncertainty introduced by applying Tier 1, 

is as such not estimated.  

/ŀǊōƻƴ ǎǘƻŎƪ ŎƘŀƴƎŜǎ ƻŦ ƭƛǾƛƴƎ ōƛƻƳŀǎǎ ƛƴ ƭŀƴŘ ǊŜƳŀƛƴƛƴƎ DǊŀǎǎƭŀƴŘ ƛǎ ŜǎǘƛƳŀǘŜŘ ŦƻǊ άbŀǘǳǊŀƭ ōƛǊŎƘ 

shrubland-ƻƭŘέ ŀƴŘ άbŀǘǳǊŀƭ ōƛǊŎƘ ǎƘǊǳōƭŀƴŘ ǊŜŎŜƴǘƭȅ ŜȄǇŀƴŘŜŘ ǘƻ hǘƘŜǊ ƎǊŀǎǎƭŀƴŘέ ¢ƘŜ /-stock 

changes of these categories are estimated by IFR through NFI, and subjected to the same uncertainty 

as other estimates obtained through NFI. These estimates shows that changes are occurring in the 

living biomass of that category. Comparable changes in other pools of that category are expected 

until the area reaches a new equilibrium. As no specific actions have been taken to increase the living 

biomass of that category, the observed changes indicate that this is the result of some general causes 

e.g. changes in climate or management (grazing pressure). The same components would be likely to 

act similarly on other categories. Considering the severe erosion in large areas included as Grassland, 

this category could potentially be a large source. These emissions might be counteracted or even 

annulated by carbon sequestration in areas where vegetation is recovering from previous 

degradation (Magnússon et al. 2006). 

The changes in living biomass of land converted to Grassland is estimated for Cropland and Other 

land and it´s subcategories. The C- stock changes in living biomass for the conversion of Cropland to 

Grassland is based on factors estimated with standard error of 20-30%. The uncertainty of the 

calculated emission removal is accordingly in the same range. The C-stock changes in living biomass 

in subcategories of Other land converted to Grassland is for the revegetation subcategories based on 

estimate of total C-stock changes in all categories and estimate of average proportion of vegetation 

in those changes being 10%.  The uncertainty in C-stock changes in revegetation is estimated as ± 

10%. The C-ǎǘƻŎƪ ŎƘŀƴƎŜǎ ƛƴ ƭƛǾƛƴƎ ōƛƻƳŀǎǎ ƻŦ άhǘƘŜǊ ƭŀƴŘ ŎƻƴǾŜǊǘŜŘ ǘƻ bŀǘǳǊŀƭ ōƛǊŎƘ ǎƘǊǳōƭŀƴŘέ ƛǎ 

estimated by IFR in NFI and subjected to same uncertainty as other estimates of C-stock changes in 

living biomass in that inventory. 

The emissions reported from drained Grassland soils are based on default EF from table 2.1 in 2013 

wetland supplement (IPCC 2014) 95% confidence intervals ± 2.8 t CO2-C ha-1 yr-1, or approximately 

50%.  
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The off-site CO2 emission via waterborne losses from drained Grassland soils is calculated based on 

default EF from table 2.2 in 2013 wetland supplement (IPCC 2014) with range ± 50%. 

Emission of CH4 from drained Grassland includes emission from drained land and drainage ditches 

ŀƴŘ ƛǎ ŎŀƭŎǳƭŀǘŜŘ ŀŎŎƻǊŘƛƴƎ ǘƻ 9CΩǎ ŦǊƻƳ ǘŀōƭŜ нΦо ŀƴŘ нΦп ƛƴ нлмо ǿŜǘƭŀƴŘ ǎǳǇǇƭŜƳŜƴǘ όLt// нлмпύ 

the 95% confidence interval is ± 3.0 kg CH4 ha-1 yr-1 (approx. 200%) and ± 830  kg CH4 ha-1 yr-1 

(approx. 70%), for drained land and ditches respectively. 

The emission of N2O from drained soils of Grassland categories is estimated by applying EF from table 

2.5 in 2013 wetland supplement (IPCC 2014) the 95% confidence interval is 4.6-14 kg CH4 ha-1 yr-1 

(approx. ± 50%). 

!ǇǇƭȅƛƴƎ ǘƘŜ ǎŀƳŜ 9CΩǎ ŦƻǊ ŀƭƭ ŘǊŀƛƴŜŘ ƭŀƴŘ ŀƭǎƻ ƛƴǾƻƭǾŜǎ Ƴŀƴȅ ǳƴŎŜǊǘŀƛƴǘƛŜǎΦ ¢ƘŜ ŜƳƛǎǎƛƻƴǎ ǾŀǊȅ 

according to age of drainage, e.g. due to changes in the quality of the soil organic matter, it can also 

vary according to depth of the drained soil and type of soil drained among other factors. This 

uncertainty has not been evaluated. 

6.6.9 Recalculations 
No recalculations are done for this category in this submission. The new emission factors of 2013 

{ǳǇǇƭŜƳŜƴǘ όLt// нлмпύ ƳŀŘŜ ƛƴ ƭŀǎǘ ȅŜŀǊΩǎ ǎǳōƳƛssion and new emission components are in this 

also applied in this submission. 

6.6.10 Planned improvements regarding Grassland 
The total emission related to drainage of Grassland soils is a principal component in the net emission 

reported for the land use category. The total emission reported from drained soils of Grassland is in 

this submission 9,985.51 kt CO2 eq. making that component the far largest identified anthropogenic 

source of GHG in Iceland. The estimation of this component is still based on T1 methodology and 

basically no disaggregation of the drainage area. Improvements in emission estimates for the 

ƎǊŀǎǎƭŀƴŘ ŀƴŘ ƻǘƘŜǊ ŎŀǘŜƎƻǊƛŜǎ ǘƻ ŀŘƻǇǘ ƘƛƎƘŜǊ ǘƛŜǊǎ ƛǎ ǇƭŀƴƴŜŘ ƛƴ ƴŜȄǘ ȅŜŀǊΩǎΦ  

Improvements in ascertaining the extent of drained organic soils in total and within different land use 

categories and soil types has been a priority in the IGLUD data sampling. In summer 2011 a project, 

aiming at improving the geographical identification of drained organic soils, was initiated within the 

IGLUD. This project involved testing of plant index and soil characters as proxies to evaluate the 

effectiveness of drainage. The data sampling in this project was finished in 2014, analyses of the data 

is pending. The results of this project are expected to improve the area estimate of drained land and 

of effectiveness of drainage.  

A pilot study on emission from different types of wetland soils indicate some difference in emissions 

between wetland soil types. It is important to continue research on variability of emissions between 

and within different wetland soil types. 

Data for dividing the drained area according to soil type drained has been collected for a part of the 

country. Continuation of that sampling is planned and the results used to subdivide the drained area 

into soil types. 

Age of drainage can be an important component affecting the emissions from the drained soil, the 

effectiveness of the drainage can also be assumed to depend on drainage age. Therefore 

geographical identification of drained areas of different age is planned in near future.  
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The T1 emission factors for drained organic soils of Grassland have be revised since last submission. 

The T1 EF for C-stock changes of drained soils is comparable to new data from in country studies 

(Guðmundsson and Óskarsson 2014). Considering the amount of the emission from this category it is 

important to move to higher tier levels in general and define relevant disaggregation to land use 

categories and management regimes. That disaggregation is one of the main objectives of the IGLUD 

project and it is expected that analyses of the data already sampled will enable some steps in that 

direction. 

Lƴ ǘƘƛǎ ǎǳōƳƛǎǎƛƻƴ ŀ ƴŜǿ ǎǳōŎŀǘŜƎƻǊȅ ƛǎ ŀŘŘŜŘ ƛΦŜΦ άhǘƘŜǊ ƭŀƴŘ ŎƻƴǾŜǊǘŜŘ ǘƻ bŀǘǳǊŀƭ ōƛǊŎƘ ǎƘǊǳōƭŀƴŘέ 

Otherwise the subdivision remains ǳƴŎƘŀƴƎŜŘΦ ¢ƘŜ ƭŀǊƎŜǎǘ ǎǳōŎŀǘŜƎƻǊȅ ƻŦ DǊŀǎǎƭŀƴŘΣ άhǘƘŜǊ 

DǊŀǎǎƭŀƴŘέΣ ƛǎ ǎǘƛƭƭ ǊŜǇƻǊǘŜŘ ŀǎ ƻƴŜ ǳƴƛǘΦ {ŜǾŜǊŜƭȅ ŘŜƎǊŀŘŜŘ ǎƻƛƭǎ ŀǊŜ ǿƛŘŜǎǇǊŜŀŘ ƛƴ LŎŜƭŀƴŘ ŀǎ ŀ ǊŜǎǳƭǘ 

of extensive erosion over a long period of time. Changes in mineral soil carbon stocks of degrading 

land is potentially large source of carbon emissions. The importance of this source must be 

emphasized since Icelandic mineral grassland soils are almost always Andosols with high carbon 

content (Arnalds and Óskarsson 2009). Subdivision of that category according to management, 

vegetation coverage and soil erosion is pending. The processing of the IGLUD field data is expected to 

provide information connecting degradation severity, grazing intensity and C-stocks. This data is also 

expected to enable relative division of area degradation and grazing intensity categories. Including 

areas where vegetation is improving and degradation decreasing (Magnússon et al. 2006). Processing 

of the IGLUD dataset is expected to give results in the next few years. 

Improvements in both the sequestration rate estimates and area recording for revegetation, aim at 

establishing a transparent, verifiable inventory of carbon stock changes accountable according to the 

Kyoto Protocol. Three main improvements are planned and currently being carried out in part. The 

first is the improvement in activity recording, including both location (area) and description of 

activities and management. This is already being actively implemented and all data will be in 

acceptable form beginning in 2012.  Data on older activities started after 1990 are currently under 

revision and are planned to be finished next years. Mapping of all activities since 1990 is verified by 

visiting points within the 1×1 km inventory grid. Recording of activities initiated before 1990 is also 

on-going. The second improvement is pre-activity sampling to establish a zero-activity baseline for 

future comparisons of SOC. This has been implemented for all new areas established in 2010 and 

later (Thorsson et al. in prep.). The third improvement is the introduction of a sample based 

approach, combined with GIS mapping, to identify land being revegetated, and to improve 

emission/removal factors and quality control on different activity practices. The approach is designed 

to confirm that areas registered as subjected to revegetation efforts are correctly registered and to 

monitor changes in carbon stocks.  

When implemented, these improvements will provide more accurate area and removal factor 

estimates for revegetation, subdivided according to management regime, regions and age. 

6.7 Wetland 

Wetland is the third largest land use category identified by present land use mapping as described 

above. The total area of the Wetland category is reported as 619.37 kha. Wetlands include lakes and 

rivers as unmanaged land and reservoirs and intact mires and fens as managed land. The Mires and 

fens are included in the rangeland grazed by livestock and are grazed to some extent and accordingly 

included as managed land. The total area of wetland has decreased since 1990 from 642.26 kha or by 

22.89 kha as new drainages exceeds land impounded by hydropower reservoirs. The net emission 

from the wetland category is reported as 1026.70 kt CO2 eq. 
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In submissions previous to the year 2015 only emission from hydropower reservoirs were reported 

ŀƴŘ ōƛƻƳŀǎǎ ōǳǊƴƛƴƎ ǿƘŜƴ ƻŎŎǳǊǊƛƴƎΦ Lƴ ǘƘƛǎ ȅŜŀǊΩǎ ŀƴŘ ƭŀǎǘ ȅŜŀǊΩǎ ǎǳōƳƛǎǎƛƻƴ ŜƳƛǎǎƛƻƴ ƛǎ ǊŜǇƻǊǘŜŘ 

ŦƻǊ ŦƻƭƭƻǿƛƴƎ ƭŀƴŘ ǳǎŜ ŎŀǘŜƎƻǊƛŜǎΤ άCƭƻƻŘŜŘ ƭŀƴŘ ǊŜƳŀƛƴƛƴƎ CƭƻƻŘŜŘ ƭŀƴŘ- Mires converted to 

ǊŜǎŜǊǾƻƛǊǎέΣ άhǘƘŜǊ ǿŜǘƭŀƴŘǎ ǊŜƳaining Other wetlands- [ŀƪŜǎ ŀƴŘ ǊƛǾŜǊǎ ŎƻƴǾŜǊǘŜŘ ǘƻ ǊŜǎŜǊǾƻƛǊǎέΣ 

άhǘƘŜǊ ǿŜǘƭŀƴŘǎ ǊŜƳŀƛƴƛƴƎ hǘƘŜǊ ǿŜǘƭŀƴŘǎ- ƛƴǘŀŎǘ ƳƛǊŜǎέΣ άDǊŀǎǎƭŀƴŘ ŎƻƴǾŜǊǘŜŘ ǘƻ ŦƭƻƻŘŜŘ ƭŀƴŘ- 

aŜŘƛǳƳ {h/ ǘƻ ǊŜǎŜǊǾƻƛǊǎέΣ άhǘƘŜǊ ƭŀƴŘ ŎƻƴǾŜǊǘŜŘ ǘƻ ŦƭƻƻŘŜŘ ƭŀƴŘ- [ƻǿ {h/ ǘƻ ǊŜǎŜǊǾƻƛǊǎέΣ 

άDǊŀǎsland converted to other wetlands- wŜŦƛƭƭŜŘ ƭŀƪŜǎ ŀƴŘ ǇƻƴŘǎέ ŀƴŘ άDǊŀǎǎƭŀƴŘ ŎƻƴǾŜǊǘŜŘ ǘƻ 

other wetlands- wŜǿŜǘǘŜŘ ǿŜǘƭŀƴŘ ǎƻƛƭǎέΦ  

6.7.1 Wetland remaining Wetland 
The subdivision of Wetland remaining Wetland is described below. Contrary to other land use 

categorƛŜǎΣ ŜȄŎŜǇǘ άhǘƘŜǊ ƭŀƴŘέ ǘƘƛǎ ŎŀǘŜƎƻǊȅ Ŏƻƴǘŀƛƴǎ ƭŀƴŘ ŘŜŦƛƴŜŘ ŀǎ ǳƴƳŀƴŀƎŜŘΣ ƛΦŜΦ [ŀƪŜǎ ŀƴŘ 

rivers which are according to AFOLU Guidelines included as unmanaged land. It can be argued that 

some lakes and rivers should be included as managed land as they are impacted in the sense that 

their emission of GHG is affected. Examples of potential impacts on lakes and rivers are urban, 

agricultural and industrial inputs of nutrients and organic matters. Channeling of rivers and other 

alteration of their paths could also potentially affect their GHG profile. Although there is no attempt 

made to separate potentially managed lakes and rivers from unmanaged, except the lakes used as 

reservoirs. For the category wetland remaining Wetland four subcategories are reported i.eΦ άaƛǊŜǎ 

ŎƻƴǾŜǊǘŜŘ ǘƻ ǊŜǎŜǊǾƻƛǊǎέΣ ά[ŀƪŜǎ ŀƴŘ ǊƛǾŜǊǎέΣ ά[ŀƪŜǎ ŀƴŘ ǊƛǾŜǊǎ ŎƻƴǾŜǊǘŜŘ ǘƻ ǊŜǎŜǊǾƻƛǊǎέΣ ŀƴŘ άLƴǘŀŎǘ 

ƳƛǊŜǎέΦ  ¢ƘŜ ŦƛǊǎǘ άaƛǊŜǎ ŎƻƴǾŜǊǘŜŘ ǘƻ ǊŜǎŜǊǾƻƛǊǎέ ƛǎ ǊŜǇƻǊǘŜŘ ŀǎ ǎǳōŎŀǘŜƎƻǊȅ ǳƴŘŜǊ άпΦ5ΦмΦн ς Flooded 

ƭŀƴŘ ǊŜƳŀƛƴƛƴƎ CƭƻƻŘŜŘ ƭŀƴŘέ ŀƭǘƘƻǳƎƘ ǘƘŜ land was not flooded before it was inundated by the 

ǊŜǎŜǊǾƻƛǊΦ ¢ƘŜ ƻǘƘŜǊ ŎŀǘŜƎƻǊƛŜǎ ŀǊŜ ǊŜǇƻǊǘŜŘ ǳƴŘŜǊ άпΦ5ΦмΦо- Other Wetland remaining Other 

²ŜǘƭŀƴŘέ 

6.7.1.1 Mires converted to reservoirs 

Lƴ ǎǳōƳƛǎǎƛƻƴǎ ǇǊŜǾƛƻǳǎ ǘƻ нлмр ǘƘƛǎ ŎŀǘŜƎƻǊȅ ǿŀǎ ǊŜǇƻǊǘŜŘ ŀǎ άDǊŀǎǎƭŀƴŘ Ŏonverted to Wetland- 

IƛƎƘ {h/έΦ ¢ƘŜ ƭŀƴŘ ƛƴŎƭǳŘŜŘ ƛǎ ŘŜŦƛƴŜŘ ŀǎΦ 

Land with high soil organic carbon content (High SOC), or higher than 50 kg C m-2. This category 

includes land with organic soil or complexes of peatland and upland soils. This land is classified as 

land converted to Wetland or as changes between wetland subcategories. The high SOC soils are in 

most cases organic soils of mires and fens or wetlands previously converted to Grassland or Cropland 

through drainage. 

The total area of this category ǊŜǇƻǊǘŜŘ ƛǎ лΦфф ƪƘŀ ŀǎ ƛƴ ƭŀǎǘ ȅŜŀǊΩǎ ǎǳōƳƛǎǎƛƻƴΦ ¢ƘŜ ŀǊŜŀ ŜǎǘƛƳŀǘŜ ƛǎ 

based on reservoir mapping and available data on inundated land. 

6.7.1.2 Lakes and rivers 

The area estimation of this category is described in chapter 6.7.2.  

6.7.1.3 Lakes and rivers converted to reservoirs 

This category represents the area of reservoirs previously covered by lakes or rivers. Lakes turned in 

to reservoirs by building a dam in their outlet without changing the water level are included here. 

6.7.1.4 Intact mires 

In submissions previous to 2015 ǘƘƛǎ ƭŀƴŘ ǿŀǎ ǊŜǇƻǊǘŜŘ ŀǎ άhǘƘŜǊ ²ŜǘƭŀƴŘǎέ ŀƴŘ ƴƻ ŜƳƛǎǎƛƻƴǎ 

reported as classified as unmanaged. In the new 2013 wetland supplement (IPCC 2014) previously 

unavailable guidelines are provided for estimation of emission from undrained wetlands. The 

decision to classify intact mires as unmanaged land had no effects on reported emissions as no T1 or 
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higher tier methodology was available.  With the available methodology for emission estimate 

provided by the 2013 wetland supplement (IPCC 2014) the classification of intact mires as 

unmanaged land was revised and the whole category included as managed land based on inclusion 

under land used for livestock grazing. 

6.7.2 Land converted to Wetland 
Four categories of land converted to wetland are identified. Two are tracked to the flooding of land 

ōȅ ǊŜǎŜǊǾƻƛǊǎ ƛΦŜΦ άDǊŀǎǎƭŀƴŘ ŎƻƴǾŜǊǘŜŘ ǘƻ ŦƭƻƻŘŜŘ ƭŀƴŘ- aŜŘƛǳƳ {h/ ǘƻ ǊŜǎŜǊǾƻƛǊǎέΣ ŀƴŘ άhǘƘŜǊ ƭŀƴŘ 

converted to flooded land- [ƻǿ {h/ ǘƻ ǊŜǎŜǊǾƻƛǊǎέΦ ¢ƘŜ ǊŜƳŀƛƴƛƴƎ ǘǿƻ ŀǊŜ ǊŜǎǳƭǘǎ ƻŦ ǿŜǘƭŀƴŘ 

ǊŜǎǘƻǊŀǘƛƻƴ ŀŎǘƛǾƛǘȅ ƛΦŜΦ άDǊŀǎǎƭŀƴŘ ŎƻƴǾerted to other wetlands- wŜŦƛƭƭŜŘ ƭŀƪŜǎ ŀƴŘ ǇƻƴŘǎέΣ ŀƴŘ 

άDǊŀǎǎƭŀƴŘ ŎƻƴǾŜǊǘŜŘ ǘƻ ƻǘƘŜǊ ǿŜǘƭŀƴŘǎ- wŜǿŜǘǘŜŘ ǿŜǘƭŀƴŘ ǎƻƛƭǎέΦ 

6.7.2.1 Grassland converted to flooded land 

This category contains inundated land of reservoirs with medium SOC content defined as: 

Grassland with medium soil organic content (Medium SOC). SOC 5-50 kg C m-2. This land 

includes most grassland, cropland and forestland soils except the drained wetland soils. 

¢ƘŜ ǘƻǘŀƭ ŀǊŜŀ ƻŦ ǘƘƛǎ ŎŀǘŜƎƻǊȅ ǊŜǇƻǊǘŜŘ ƛǎ тΦул ƪƘŀ ŀǎ ƛƴ ƭŀǎǘ ȅŜŀǊΩǎ ǎǳōƳƛǎǎƛƻƴΦ ¢ƘŜ ŀǊŜŀ estimate is 

based on reservoir mapping and available data on inundated land. 

 

6.7.2.2 Other land converted to flooded land 

This category contains inundated land of reservoirs with low SOC content defined as: 

Other land with low soil organic content (Low SOC).  SOC less than 5 kg C m-2. This category 

includes land with barren soils or sparsely vegetated areas previously categorized under 

άhǘƘŜǊ ƭŀƴŘέΦ 

¢ƘŜ ǘƻǘŀƭ ŀǊŜŀ ƻŦ ǘƘƛǎ ŎŀǘŜƎƻǊȅ ǊŜǇƻǊǘŜŘ ƛǎ муΦфл ƪƘŀ ŀǎ ƛƴ ƭŀǎǘ ȅŜŀǊΩǎ ǎǳōƳƛǎǎƛƻƴΦ ¢ƘŜ ŀǊŜŀ ŜǎǘƛƳŀǘŜ ƛǎ 

based on reservoir mapping and available data on inundated land. 

6.7.2.3 Grassland converted to other wetland 

This category contains all land turned to wetland through wetland restoration activities. This 

ŎŀǘŜƎƻǊȅ ƛǎ ǊŜǇƻǊǘŜŘ ŦƻǊ ǘƘŜ ŦƛǊǎǘ ǘƛƳŜ ƛƴ ǘƘƛǎ ȅŜŀǊΩǎ ǎǳōƳƛǎǎƛƻƴΦ aƻǎt wetland restorations in Iceland 

hitherto have been to restore habitats rather than as act of greenhouse gas mitigation. In some cases 

the driver has been to get rid of unnecessary ditches even acting as traps for livestock. This category 

is divided to twƻ ǎǳōŎŀǘŜƎƻǊƛŜǎ ŘŜǇŜƴŘƛƴƎ ƻƴ ǘƘŜ ŜƴŘ ǊŜǎǳƭǘ ƻŦ ǘƘŜ ŎƻƴǾŜǊǎƛƻƴΣ ƛΦŜΦ άwŜŦƛƭƭŜŘ ƭŀƪŜǎ ŀƴŘ 

ǇƻƴŘǎέΣ ǿƘƛŎƘ ƛƴŎƭǳŘŜŘ ƛƴ ǘƘŜ ƳŀǇ ƭŀȅŜǊ ά[ŀƪŜǎ ŀƴŘ ǊƛǾŜǊǎέΣ ŀƴŘ άwŜǿŜǘǘŜŘ ǿŜǘƭŀƴŘ ǎƻƛƭǎέΣ ǿƘƛŎƘ ŀǊŜ 

ƛƴŎƭǳŘŜŘ ǳƴŘŜǊ ƳŀǇ ƭŀȅŜǊ άhǘƘŜǊ ǿŜǘƭŀƴŘǎέΦ ¢ƘŜ ŀǊŜŀ ǊŜǇƻǊǘŜŘ ŦƻǊ ǘƘŜse categories is 0.12 kha and 

лΦрл ƪƘŀ ŦƻǊ άwŜŦƛƭƭŜŘ ƭŀƪŜǎ ŀƴŘ ǇƻƴŘǎέΣ ŀƴŘ άwŜǿŜǘǘŜŘ ǿŜǘƭŀƴŘ ǎƻƛƭǎέ ǊŜǎǇŜŎǘƛǾŜƭȅΦ 

6.7.3 Carbon stock changes 
The CO2 ǊŜƳƻǾŀƭ ŘǳŜ ǘƻ ŎŀǊōƻƴ ǎǘƻŎƪ ŎƘŀƴƎŜǎ ƛƴ ŎŀǘŜƎƻǊȅ άhǘƘŜǊ ǿŜǘƭŀƴŘǎ ǊŜƳŀƛƴƛƴƎ hǘƘŜǊ 

ǿŜǘƭŀƴŘǎέ ƛǎ ǊŜŎƻƎƴƛȊŜŘ ŀǎ ƪŜȅ Ŏŀtegory of level in 2014. 

6.7.3.1 Carbon stock changes in living biomass and dead organic matter  

No changes of C-stocks in living biomass or dead organic matter are reported. For the land converted 

to reservoirs changes in living biomass and dead organic matter are included in aggregate number 

reported as changes in C-ǎǘƻŎƪǎ ƻŦ ǎƻƛƭǎΦ CƻǊ ǘƘŜ ǎǳōŎŀǘŜƎƻǊƛŜǎ ƻŦ άDǊŀǎǎƭŀƴŘ ŎƻƴǾŜǊǘŜŘ ǘƻ ƻǘƘŜǊ 

ǿŜǘƭŀƴŘǎέ ǘƘŜ ŎƘŀƴƎŜǎ ŀǊŜ ƴƻǘ ŜǎǘƛƳŀǘŜŘ ŀǎ ƴƻ Řŀǘŀ ƛǎ ŀǾŀƛƭŀōƭŜΦ  
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6.7.3.2 Carbon stock changes in soils 

CO2 emission from reservoirs is ŜǎǘƛƳŀǘŜŘ ŦƻǊ ǘƘŜ ǘƘǊŜŜ ǎǳōŎŀǘŜƎƻǊƛŜǎΥ άaƛǊŜǎ ŎƻƴǾŜǊǘŜŘ ǘƻ 

ǊŜǎŜǊǾƻƛǊέΣ aŜŘƛǳƳ {h/ ǘƻ ǊŜǎŜǊǾƻƛǊǎέΣ ŀƴŘ ά[ƻǿ {h/ ǘƻ ǊŜǎŜǊǾƻƛǊǎέΦ Lƴ ǘƘŜ /wC ǘŀōƭŜǎ ǘƘƛǎ ŜƳƛǎǎƛƻƴ ƛǎ 

reported as aggregate numbers under carbon stock changes of organic and mineral soils.  

The CO2 emissions from flooded land are estimated, either on the basis of classification of reservoirs 

or parts of land flooded to these three categories, or on basis of reservoir specific emission factors 

available (Óskarsson and Guðmundsson 2008). For the three new reservoirs established 2009 and 

one established 2007 new reservoir specific emission factors were calculated according to (Óskarsson 

and Guðmundsson 2008) from the estimated amount of inundated carbon. The inundated carbon of 

these reservoirs was estimated by (Óskarsson and Guðmundsson 2001) and (Óskarsson and 

Gudmundsson in prep.). Reservoir classification is based on information, from the hydro-power 

companies using relevant reservoir, on area and type of land flooded. 

The CO2 emission estimates of reservoirs are then converted to C-stock changes of soils and reported 

as such in CRF tables. 

No changes in C-ǎǘƻŎƪǎ ƻŦ ǎƻƛƭǎ ƻǊ ƻǘƘŜǊ Ǉƻƻƭǎ ƛǎ ŜǎǘƛƳŀǘŜŘ ŦƻǊ ǘƘŜ ŎŀǘŜƎƻǊȅ άwŜŦƛƭƭŜŘ ƭŀƪŜǎ ŀƴŘ 

ǇƻƴŘǎέΦ  

¢ƘŜ ŎƘŀƴƎŜǎ ƛƴ ǎƻƛƭǎ ƻŦ ǘƘŜ ŎŀǘŜƎƻǊƛŜǎ άLƴǘŀŎǘ ƳƛǊŜǎέΣ ŀƴŘ άwŜǿŜǘǘŜŘ ǿŜǘƭŀƴŘ ǎƻƛƭǎέ ŀǊŜ ŜǎǘƛƳŀǘŜŘ 

according to T1 applying equation 3.4 in 2013 wetland supplement (IPCC 2014). The total removal 

reported is 712.31 kt CO2 and 1.00 kt CO2 respectively. 

6.7.4 Emissions and removals from drainage and rewetting and other management of organic 

and mineral soils 
Included in this category is off-site CO2 emission and CH4 emission from wet organic soils.  

6.7.4.1 Off-site CO2 emission via waterborne losses from wetland soils 

Off-site CO2 emissions via waterborne losses form wet organic soils is reported for four wetland 

ǎǳōŎŀǘŜƎƻǊƛŜǎ ƛΦŜΦ άaƛǊŜǎ ŎƻƴǾŜǊǘŜŘ ǘƻ ǊŜǎŜǊǾƻƛǊǎέΣ άLƴǘŀŎǘ ƳƛǊŜǎέΣ ƻŦ ²ŜǘƭŀƴŘ ǊŜƳŀƛƴƛƴƎ ²ŜǘƭŀƴŘΣ 

ŀƴŘ άwŜŦƛƭƭŜŘ ƭŀƪŜǎ ŀƴŘ ǇƻƴŘǎέΣ ŀƴŘ άwŜǿŜǘǘŜŘ ǿŜǘƭŀƴŘ ǎƻƛƭǎέΣ ƻŦ ƭŀƴŘ ŎƻƴǾŜǊǘŜŘ ǘƻ ²ŜǘƭŀƴŘΦ Lƴ ŀƭƭ 

cases the emission is estimated according to T1 applying equation 3.5. in 2013 wetland supplement 

(IPCC 2014). The reported emission is 0.29 kt CO2, 103.61 kt CO2, 0.03 kt CO2, and 0.15 kt CO2 for 

these categories in the above order.  

6.7.4.2 CH4 emission and removals from wetlands  

The CH4 emissions from reservoirs is estimated for reservoirs as in previous submissions. Emissions of 

CH4 from reservoirs were estimated applying a comparative method as for CO2 emissions using either 

reservoir classification or a reservoir specific emission factor (Óskarsson and Guðmundsson, 2008). In 

cases where information was available the emissions were calculated from inundated carbon. 

Estimated CH4 emission from reservoirs is 0.41 kt CH4 (10.15 kt CO2 eq). 

Lƴ ǘƘƛǎ ȅŜŀǊΩǎ ǎǳōƳƛǎǎƛƻƴ /I4 emission from weǘ ǎƻƛƭǎ ƻŦ ǘƘǊŜŜ ŎŀǘŜƎƻǊƛŜǎ ƛΦŜΦ άLƴǘŀŎǘ ƳƛǊŜǎέΣ άwŜŦƛƭƭŜŘ 

ƭŀƪŜǎ ŀƴŘ ǇƻƴŘǎέΣ ŀƴŘ άwŜǿŜǘǘŜŘ ƻǊƎŀƴƛŎ ǎƻƛƭǎέΣ ƛǎ ǊŜǇƻǊǘŜŘΦ ¢ƘŜ ŜƳƛǎǎƛƻƴ ƻŦ /Iп ŦƻǊ ǘƘŜǎŜ ŎŀǘŜƎƻǊƛŜǎ 

is estimated according to T1 applying equation 3.8 in 2013 wetland supplement (IPCC 2014). The 

reported emission is 64.52, 0.02, and 0.09 kt CH4 ŦƻǊ άLƴǘŀŎǘ ƳƛǊŜǎέΣ άwŜŦƛƭƭŜŘ ƭŀƪŜǎ ŀƴŘ ǇƻƴŘǎέΣ ŀƴŘ 

άwŜǿŜǘǘŜŘ ƻǊƎŀƴƛŎ ǎƻƛƭǎέ ǊŜǎǇŜŎǘƛǾŜƭȅΦ ¢Ƙƛǎ ƛǎ ŜǉǳƛǾŀƭŜƴǘ ǘƻ мΣсмоΦллΣ лΦроΣ ŀƴŘ нΦнт ƪǘ /h2 eq, in the 

same order. 
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6.7.5 Other emissions 

6.7.5.1 N2O emission from wetland soils 

Emission of N2O from reservoirs is considered as not occurring. Zero emissions were measured in a 

recent Icelandic study on which the emission estimate of CO2 and CH4 for reservoirs is based 

(Óskarsson and Guðmundsson, 2008). 

The T1 approach of 2013 wetland supplement (IPCC 2014) emission of N2O is considered negligible 

for rewetted soils and the same is assumed here to apply for intact mires. 

6.7.6 Biomass burning 
Biomass burning on Wetland is reported. All subcategories are reported as aggregate. Only wildfires 

are included in the present estimate. The methodology for estimating the biomass burned and the 

consequent emissions is explained in chapter 6.13. The area of Wetland burned in the inventory year 

in wildfires is estimated from available maps of the burned area and overlays of the IGLUD land use 

map as 8.30 ha. The emission caused by these fires is estimated as 0.20 Mg CH4 plus 0.02 Mg N2O. 

This emission is equivalent to total 11.64 Mg CO2. 

6.7.7 Emission factors 
Reservoir specific emission factors are available for one reservoir classified as High SOC, three 

reservoirs classified as Medium SOC and six classified as Low SOC. For those reservoirs, where 

specific emission factors or data to estimate them are not available, the average of emission factors 

for the relevant category is applied for the reservoir or part of the flooded land if information on 

different SOC content of the area flooded is available (Table 6.13). 

 Reservoirs emission factors include diffusion from surface and degassing through spillway for both 

CO2 and CH4 and also bubble emission for the latter. The emission factors of High SOC are applied for 

ǘƘŜ ƭŀƴŘ ǳǎŜ ŎŀǘŜƎƻǊȅ άaƛǊŜǎ ŎƻƴǾŜǊǘŜŘ ǘƻ ǊŜǎŜǊǾƻƛǊǎέ 

Selection of emission factors for other land use categories than those included as flooded land is 

described below.  

The CO2 emissions from C-stock changes ƛƴ ǎƻƛƭ ƻŦ άLƴǘŀŎǘ ƳƛǊŜǎέ ŀƴŘ άwŜǿŜǘǘŜŘ ǿŜǘƭŀƴŘ ǎƻƛƭǎέΣ ƛǎ 

calculated according to T1 using, EF= -0.55 t CO2-C ha-1 yr-1Σ ŀǎ ŦƻǊ ά.ƻǊŜŀƭ ƴǳǘǊƛŜƴǘ ǊƛŎƘ ǎƻƛƭǎέ ŦǊƻƳ 

table 3.1 in 2013 wetland supplement (IPCC 2014). 
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Table 6.13 Emission factors applied to estimate emissions from flooded land based on (Óskarsson and Guðmundsson 2001; 
Óskarsson and Guðmundsson 2008; Óskarsson and Gudmundsson in prep.). 

Emission factors for reservoirs 
in Iceland 

Emission factor [kg GHG ha-1 d-1] 

Reservoir category CO2 ice free CO2 ice cover CH4 ice free CH4 ice cover 

Low SOC     

Reservoir specific 0.23 0 0.0092 0 

Reservoir specific 0.106 0 0.0042 0 

Reservoir specific 0.076 0 0.003 0 

Reservoir specific 0 0 0 0 

Reservoir specific 0.083 0 0.0033 0 

Reservoir specific 0.392 0 0.0157 0 

Reservoir specific 0.2472 0 0.0099 0 

Average 0.162 0 0.0065 0 

Medium SOC     

Reservoir specific 4.67 0 0.187 0.004 

Reservoir specific 0.902 0 0.036 0.0008 

Reservoir specific 0.770 0 0.031 0.0007 

Average 2.114 0 0.085 0.0018 

High SOC     

Reservoir specific 12.9 0 0.524 0.012 

 

The off-site CO2 ŜƳƛǎǎƛƻƴ Ǿƛŀ ǿŀǘŜǊōƻǊƴŜ ƭƻǎǎŜǎ ŦǊƻƳ άaƛǊŜǎ ŎƻƴǾŜǊǘŜŘ ǘƻ ǊŜǎŜǊǾƻƛǊǎέΣ άLƴǘŀŎǘ ƳƛǊŜǎέΣ 

άwŜŦƛƭƭŜŘ ƭŀƪŜǎ ŀƴŘ ǇƻƴŘǎέΣ ŀƴŘ άwŜǿŜǘǘŜŘ ǿŜǘƭŀƴŘ ǎƻƛƭǎέ ƛǎ ŎŀƭŎǳƭŀǘŜŘ ŀŎŎƻǊŘƛƴƎ ǘƻ ¢м ǳǎƛƴƎ 9C Ґ лΦлу 

t CO2-C ha-1yr-1  from table 3.2 in 2013 wetland supplement (IPCC 2014). 

The CH4 ŜƳƛǎǎƛƻƴ ŀƴŘ ǊŜƳƻǾŀƭ ŦǊƻƳ άLƴǘŀŎǘ ƳƛǊŜǎέΣ άwŜŦƛƭƭŜŘ ƭŀƪŜǎ ŀƴŘ ǇƻƴŘǎέΣ ŀƴŘ άwŜǿŜǘǘŜŘ 

ǿŜǘƭŀƴŘ ǎƻƛƭǎέ ƛǎ ŎŀƭŎǳƭŀǘŜŘ ŀŎŎƻǊŘƛƴƎ ǘƻ ¢м ŀǇǇƭȅƛƴƎ 9CҐ мот ƪƎ /I4-C ha-1 yr-1  from table 3.3 in 2013 

ǿŜǘƭŀƴŘ ǎǳǇǇƭŜƳŜƴǘ όLt// нлмпύΦ ¢ƘŜ 9CΩǎ ŦƻǊ /I4 from reservoirs are described above. 

6.7.8 Uncertainties and QA/QC 
¢ƘŜ ŀǊŜŀ ŜǎǘƛƳŀǘŜ ƻŦ ǘƘŜ ŎŀǘŜƎƻǊȅ άLƴǘŀŎǘ ƳƛǊŜǎέ ƛǎ ōŀǎŜŘ ƻƴ ǘƘŜ LD[¦5 ƭŀƴŘ ǳǎŜ ƳŀǇ Ǉƭǳǎ 

adjustments based on other information. Both the hierarchy of the map layers used and the quality 

of the original mapping can affect the accuracy of the area estimate of the IGLUD land use map. The 

overall accuracy of the IFD mapping is estimated 76 %, and part of the area mapped is excluded by 

higher ranked map layers. Therefore potentially the uncertainty of the area estimate of intact mires 

is large. The higher ranked map layers only exclude some areas and the accuracy control of IFD 

mapping also revealed underestimate of wetland classes. 

The main uncertainty is associated with the reservoirs emission factors used and how well they apply 

to reservoirs of different age. The emission factors for CH4 are estimated from measurements on 

freshly flooded soils. The CO2 emission factors are based on measurements on a reservoir flooded 15 

years earlier. The information on area of flooded land is not complete and some reservoirs are still 

unaccounted for. This applies to reservoirs in all reported categories. The same number of days for 

the ice-free period is applied for all reservoirs and all years. This is a source of error in the estimate. 

The uncertainty of the emission factors applied is estimated as 50%, and of area as 20%. 
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6.7.9 Recalculations 
No recalculations are done for this category in this submission. The new emission factors of 2013 

Supplement (IPCC 2014) made iƴ ƭŀǎǘ ȅŜŀǊΩǎ ǎǳōƳƛǎǎƛƻƴ ŀƴŘ ƴŜǿ ŜƳƛǎǎƛƻƴ ŎƻƳǇƻƴŜƴǘǎ ŀǊŜ ƛƴ ǘƘƛǎ 

also applied in this submission. 

6.7.10 Planned improvements regarding Wetland 
Improvements regarding information on reservoir area and type of land flooded are planned. Effort 

will be made to map existing reservoirs but many of them are not included in the present inventory. 

Introduction of reservoir specific emission factors for more reservoirs is to be expected as 

information on land flooded is improved. Recording and compiling information on the ice-free period 

for individual reservoirs or regions is planned.  Information on how emission factors change with the 

age of reservoirs is needed but no plans have been made at present to carry out this research.  

The development of IGLUD in the coming years is expected to improve area estimates for wetland 

and its subcategories. 

Mapping of wetland restoration activity is available in printed form but digitation of those maps is 

pending and will be included in next compilation of IGLUD land use map. 

6.8 Settlements 

The area of Settlement reported is revised. In submissions previous to 2015 a buffer zone was 

applied on all roads representing the area administratively designated to the road. The width of the 

buffer zone was revised in last submission to better reflect the actual land cover of the roads rather 

than administrative boundaries of the roads. Time series of the basal area of all buildings in towns 

and villages is applied as index on changes in total area of towns and villages on one hand and all 

other area included as Settlements on the other hand. It is assumed that both the ratios between 

basal area and total area of towns and villages and basal area and other settlements have been 

stable since 1990.  Two time series of land converted to Settlements areŀ ŀǾŀƛƭŀōƭŜΣ ƛΦŜΦ άCƻǊŜǎǘ ƭŀƴŘ 

ŎƻƴǾŜǊǘŜŘ ǘƻ {ŜǘǘƭŜƳŜƴǘǎέ ŀƴŘ άbŀǘǳǊŀƭ ōƛǊŎƘ ǎƘǊǳōƭŀƴŘ ŎƻƴǾŜǊǘŜŘ ǘƻ {ŜǘǘƭŜƳŜƴǘǎέΦ ¢ƘŜǎŜ ǘƛƳŜ 

series explain only a small portion of the increase in Settlement area. The remaining increase in area 

of Settlements is for the timŜ ōŜƛƴƎ ŀǎǎǳƳŜŘ ǘƻ ōŜ ŎƻƴǾŜǊǘŜŘ ŦǊƻƳ ǘƘŜ DǊŀǎǎƭŀƴŘ ǎǳōŎŀǘŜƎƻǊȅ άhǘƘŜǊ 

ƎǊŀǎǎƭŀƴŘέ ŀƴŘ ǊŜǇƻǊǘŜŘ ŀǎ ǎǳŎƘΦ bƻ ƳŀǇǎ ŀǊŜ ŀǾŀƛƭŀōƭŜ ŦƻǊ ǘƘŜǎŜ ǘƛƳŜ ǎŜǊƛŜǎΦ bƻ ǎǳōŘƛǾƛǎƛƻƴ ƻŦ ǘƘƛǎ 

category is reported but the estimated total area consist of two components represented in IGLUD 

land use map i.e. towns and villages 15.18 kha and other settlements 12.42 kha in the inventory year. 

The total area reported in this submission is 27.61 kha. 

6.8.1 Settlement remaining Settlement 
The area of Settlement remaining Settlement is set as the total area of Settlement the year before 

minus the recorded conversions from Forest and birch shrubland. 

6.8.2 Land converted to Settlement 

6.8.2.1 Forest land converted to Settlement 

The area of this category is estimated by IFR as deforestation activities. All permanent deforestation 

reported to the Icelandic Forest service has been converted to settlements.  It is assumed that all 

deforestation is included in Settlements maps, although comparison of maps have not been carried 

out. 
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6.8.2.2 Grassland converted to settlements. 

Time series for Natural birch shrubland converted to settlements are available but no maps have 

been included for this conversion. The remaining area of annual increase in Settlement extent is 

ŀǎǎǳƳŜŘ ōŜƛƴƎ ŎƻƴǾŜǊǘŜŘ ŦǊƻƳ ŎŀǘŜƎƻǊȅ άhǘƘŜǊ ƎǊŀǎǎƭŀƴŘέΦ 

6.8.3 Carbon stock changes 
/ŀǊōƻƴ ǎǘƻŎƪ ŎƘŀƴƎŜǎ ŀǊŜ ŜǎǘƛƳŀǘŜŘ ŦƻǊ ǘƘǊŜŜ ŎŀǘŜƎƻǊƛŜǎ ƻŦ ά[ŀƴŘ ŎƻƴǾŜǊǘŜŘ ǘƻ {ŜǘǘƭŜƳŜƴǘǎέ ƛΦŜΦ 

άCƻǊŜǎǘ ƭŀƴŘ ŎƻƴǾŜǊǘŜŘ ǘƻ {ŜǘǘƭŜƳŜƴǘέ лΦлр ƪƘŀΣ άbŀǘǳǊŀƭ ōƛǊŎƘ ǎƘǊǳōƭŀƴŘ ŎƻƴǾŜǊǘŜŘ ǘƻ {ŜǘǘƭŜƳŜƴǘέ ƛǎ 

ƴƻǘ ǊŜǇƻǊǘŜŘ ŦƻǊ ǘƘŜ ȅŜŀǊ нлмп ŀƴŘ ά!ƭƭ ƻǘƘŜǊ DǊŀǎǎƭŀƴŘ ǎǳōŎŀǘŜƎƻǊƛŜǎ ŎƻƴǾŜǊǘŜŘ ǘƻ {ŜǘǘƭŜƳŜƴǘέΣ 

0.14 kha. 

6.8.3.1 Carbon stock changes in living biomass 

The carbon stock changes in above ground biomass of Grassland converted to Settlement based on 

average carbon stock of IGLUD field sampling points on land below 200 m a.s.l. categorized to the 

Grassland category, and the assumption that 70% of the original vegetation cover is removed in the 

conversion. The estimation of ratio of vegetation cover removed is based on correspondence with 

planning authorities of several towns in Iceland. The changes of above ground carbon stock is 

reported as aggregate number of changes in living biomass.  

The carbon stock changes reported are -1.25 kt C or 4.59 kt CO2 ŜƳƛǘǘŜŘ ŦǊƻƳ ǘƘŜ ŎŀǘŜƎƻǊȅ άŀƭƭ ƻǘƘŜǊ 

grassland converted ǘƻ {ŜǘǘƭŜƳŜƴǘέΦ bƻ ŎƘŀƴƎŜǎ ƛƴ ƭƛǾƛƴƎ ōƛƻƳŀǎǎ ƻŦ άCƻǊŜǎǘ ƭŀƴŘ ŎƻƴǾŜǊǘŜŘ ǘƻ 

{ŜǘǘƭŜƳŜƴǘέ ƛǎ ǊŜǇƻǊǘŜŘ ŀǎ ƴƻ ƴŜǿ ŀǊŜŀǎ ǿŜǊŜ ŎƻƴǾŜǊǘŜŘ ǘƘŜ ƛƴǾŜƴǘƻǊȅ ȅŜŀǊΦ 

6.8.3.2 Carbon stock changes in dead organic matter 

The changes in C-ǎǘƻŎƪ ƛƴ ŘŜŀŘ ƻǊƎŀƴƛŎ ƳŀǘǘŜǊ ƛƴ ά!ƭƭ ƻǘƘŜǊ DǊŀssland subcategories converted to 

{ŜǘǘƭŜƳŜƴǘǎέ ŀǊŜ ƛƴŎƭǳŘŜŘ ǳƴŘŜǊ ŎƘŀƴƎŜǎ ƛƴ ƭƛǾƛƴƎ ōƛƻƳŀǎǎ ƻŦ ǘƘŜ ŎŀǘŜƎƻǊƛŜǎΦ  

6.8.3.3 Carbon stock changes in soils 

/ŀǊōƻƴ ǎǘƻŎƪ ŎƘŀƴƎŜǎ ƛƴ ǎƻƛƭ ŀǊŜ ƻƴƭȅ ǊŜǇƻǊǘŜŘ ŦƻǊ άCƻǊŜǎǘ ƭŀƴŘ ŎƻƴǾŜǊǘŜŘ ǘƻ {ŜǘǘƭŜƳŜƴǘέΦ ¢ƘŜ 

methodology for the estimate of changes in soil carbon stock is described in chapter 0 above. The 

total changes in stock reported are -0.03 kt C causing emission of 0.11 kt CO2. 

6.8.4 Emissions and removals from drainage and rewetting and other management of organic 

and mineral soils 
No emission from this component is reported for Settlements in this submission. There is no data on 

extent of organic soils or drainage within the Settlement category.  

6.8.5 Other emissions 
No other sinks or sources of removal/emission are recognized for the Settlement category. 

6.8.6 Biomass burning 
No biomass burning is recorded for this category. 

6.8.7 Emission factors 
The changes in living biomass of Grassland converted to Settlement is calculated according T2 

applying EF= 8.88 t C ha-1 based on estimate of Grassland stock and ratio of vegetation cover 

removed in conversion.  The calculation of EF for changes of C-ǎǘƻŎƪ ƛƴ ǎƻƛƭ ƻŦ άCƻǊŜǎǘ ƭŀƴŘ ŎƻƴǾŜǊǘŜŘ 

ǘƻ {ŜǘǘƭŜƳŜƴǘ ƛǎ ŘŜǎŎǊƛōŜŘ ƛƴ ŎƘŀǇǘŜǊ лΦ  ¢ƘŜ 9CҐ рΦфп ŦƻǊ άbŀǘǳǊŀƭ ōƛǊŎƘ ǎƘǊǳōƭŀƴŘ ŎƻƴǾŜǊǘŜŘ ǘƻ 

{ŜǘǘƭŜƳŜƴǘǎέ ƛǎ Ŏŀƭculated from NFI estimate of C stock in living biomass of Natural birch shrubland. 
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6.8.8 Uncertainties and QA/QC 
No quantitative estimate on uncertainty of the map layers is currently available. 

6.8.9 Recalculations 
No recalculations are done for this category in this submission.  

6.8.10 Planned improvements regarding Settlement 
hǾŜǊƭŀȅ ŎƻƳǇŀǊƛǎƻƴ ƻŦ ƳŀǇǎ ƻŦ άCƻǊŜǎǘ ŎƻƴǾŜǊǘŜŘ ǘƻ {ŜǘǘƭŜƳŜƴǘέ ŀƴŘ ǘƘŜ L{ рл ƳŀǇ ƭŀȅŜǊ ŦƻǊ 

Settlement for improving estimates of both categories is planned. To refine the categorization of land 

converted to Settlements comparison of extent of some selected towns at different time to other 

land cover information is planned. 

6.9 Other land 

bƻ ŎƘŀƴƎŜǎ ƛƴ ŎŀǊōƻƴ ǎǘƻŎƪǎ ƻŦ άhǘƘŜǊ ƭŀƴŘ ǊŜƳŀƛƴƛƴƎ ƻǘƘŜǊ ƭŀƴŘέ ŀǊŜ ǊŜǇƻǊǘŜŘ ƛƴ ŀŎŎƻǊŘŀƴŎŜ ǿƛǘƘ 

AFOLU Guidelines. ConveǊǎƛƻƴ ƻŦ ƭŀƴŘ ƛƴǘƻ ǘƘŜ ŎŀǘŜƎƻǊȅ άhǘƘŜǊ ƭŀƴŘέ ƛǎ ƴƻǘ ǊŜŎƻǊŘŜŘΦ 5ƛǊŜŎǘ ƘǳƳŀƴ 

induced conversion in not known to occur. Potential processes capable of converting land to other 

land are, however, recognized. Among these is soil erosion, floods in glacial and other rivers, changes 

in river pathways and volcanic eruptions. 

¢ƘŜ ŀǊŜŀ ǊŜǇƻǊǘŜŘ ŦƻǊ άhǘƘŜǊ ƭŀƴŘέ ƛǎ ǘƘŜ ŀǊŜŀ ŜǎǘƛƳŀǘŜŘ ƛƴ LD[¦5Φ hǘƘŜǊ ƭŀƴŘ ƛƴ LD[¦5 ƛǎ ǊŜŎƻƎƴƛȊŜŘ 

as the area of the map layers included in the category remaining after the compilation process. The 

ƳŀǇ ƭŀȅŜǊǎ ƛƴŎƭǳŘŜŘ ƛƴ ǘƘŜ ŎŀǘŜƎƻǊȅ άhǘƘŜǊ ƭŀƴŘέ ŀǊŜ ŀǊŜŀǎ ǿƛǘƘ ǾŜƎŜǘŀǘƛƻƴ ŎƻǾŜǊ ғ нл҈ ƻǊ ŎƻǾŜǊŜŘ 

with mosses. 

6.9.1.1 Biomass burning 

bƻ ōƛƻƳŀǎǎ ōǳǊƴƛƴƎ ƻƴ άhǘƘŜǊ ƭŀƴŘέ ƛǎ ǊŜŎƻǊŘŜŘ ŦƻǊ ǘƘŜ ƛƴǾŜƴǘƻǊȅ ȅŜŀǊΦ 

6.10 The emission of N2O from N mineralization and immobilization 

wŜŦŜǊǎ ǘƻ ƳƛƴŜǊŀƭƛȊŀǘƛƻƴκƛƳƳƻōƛƭƛȊŀǘƛƻƴ ƻŦ b ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ƭƻǎǎ ƻŦ / ƛƴ ƳƛƴŜǊŀƭ ǎƻƛƭǎ ŀƴŘ ŎŀƴΩǘ ōŜ 

included in emissions from organic soils. For calculation of N mineralized or immobilized equation 

11.8 in AFOLU guidelines should be applied. The equation request losses of C in mineral soil to be 

estimated.  

Forest land: No losses of C from mineral soils under Forest land is reported. C ςstock of several 

Forest land categories is to the contrary considered increasing (see above). The emission of N2O from 

N mineralization/immobilization is as such not estimated in Forest land remaining Forest land or Land 

converted to Forest land. Components to consider could be ploughing as part of the planting, 

thinning of older forests. Until this is estimated the notation key is NE for those categories where C-

stock of mineral soil is not reported as increasing. 

Cropland: Changes in C stock of mineral soil of Cropland remaining Cropland are not estimated and 

likewise the associated N2O emission should be noted as NE. Land converted to Cropland is reported 

as aggregate number of Grassland converted to Cropland and C-stock of mineral soils is reported as 

increasing. The reporting of this emission is under 3.D. 1.5 in the Agricultural sector and not 

requested in LULUCF CRF part.  

Grassland: For the category Grassland remaining Grassland changes in C-stock of mineral soils is only 

ǊŜǇƻǊǘŜŘ ŦƻǊ ǘƘŜ ǎǳōŎŀǘŜƎƻǊȅ άbŀǘǳǊŀƭ ōƛǊŎƘ ǎƘǊǳōƭŀƴŘ ǊŜŎŜƴǘƭȅ ŜȄǇŀƴŘŜŘ ǘƻ hǘƘŜǊ DǊŀǎǎƭŀƴŘέ ǿƘŜǊŜ 

ƛƴŎǊŜŀǎŜ ƛǎ ǊŜǇƻǊǘŜŘΦ ¢ƘŜ ŎŀǘŜƎƻǊȅ ά[ŀƴŘ ŎƻƴǾŜǊǘŜŘ ǘƻ DǊŀǎǎƭŀƴŘέ ǘƘŜ ƻǾŜǊŀƭƭ ŎƘŀƴƎŜǎ ƛƴ /-stock of 

ƳƛƴŜǊŀƭ ǎƻƛƭǎ ƛǎ ŀƴ ƛƴŎǊŜŀǎŜΣ ƻǿƛƴƎ ǘƻ ŎƻƴǾŜǊǎƛƻƴ ƻŦ άhǘƘŜǊ ƭŀƴŘ ǘƻ DǊŀǎǎƭŀƴŘέ ǘƘǊƻǳƎƘ ǊŜǾŜƎŜǘŀǘƛƻƴ 
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ŀƴŘ ŜȄǇŀƴǎƛƻƴ ƻŦ άbŀǘǳǊŀƭ ōƛǊŎƘ ǎƘǊǳōƭŀƴŘέΦ ¢ƘŜ ŎŀǘŜƎƻǊȅ ά/ǊƻǇƭŀƴŘ ŎƻƴǾŜǊǘŜŘ ǘƻ DǊŀǎǎƭŀƴŘέ 

involves loss of C of mineral soils, accordingly the N2O emission associated with that loss should be 

estimated according to AFOLU equation 11.8. The N2O emissions reported from N 

mineralization/immobilization for the Grassland category are in this submission the N2O emissions 

from drained wetland soils as reporting those under 4(II) is not an included option in CRF-reporter 

(version 5.12.1) as for Forest land, in spite of EF available from table 2.5 in 2013 wetland supplement 

(IPCC 2014).  Where to include that emission in the CRF reporting table is accordingly not obvious. 

Settlement: Area estimated in Emissions and removals from N mineralization/immobilization is the 

area estimated as remaining vegetated. The mineralization of N of in those areas is not estimated. In 

ǘƘŜ ŀǊŜŀ ǿƘŜǊŜ ǘƘŜ ǾŜƎŜǘŀǘƛƻƴ άŀƴŘ ǎƻƛƭέ ƛǎ ǊŜƳƻǾŜŘ ŀƭƭ ǎƻƛƭ / ǎǘƻŎƪ ŎƻǳƭŘ ōŜ ŜǎǘƛƳŀǘŜŘ ŀǎ ƭƻǎǘ ŀƴŘ 

the N mineralized (according to Eq 11.8. AFOLU). No information are available on removed soils or its 

destiny. 

 

6.11 Indirect N2O emissions from managed soils 

¢Ƙƛǎ ŎƻƳǇƻƴŜƴǘǎ ƛƴŎƭǳŘŜǎ ŜƳƛǎǎƛƻƴǎ ǊŜƭŀǘŜŘ ǘƻ ά!ǘƳƻǎǇƘŜǊƛŎ ŘŜǇƻǎƛǘƛƻƴέ ŀƴŘ άbƛǘǊƻƎŜƴ ƭŜŀŎƘƛƴƎ ŀƴŘ 

run-ƻŦŦέΦ ¢ƘŜ ŎƻƳǇƻƴŜƴǘ ƳŀǘŎƘŜǎ ŎƻƳǇƭŜǘŜƭȅ ǘƻ оΦ5Φн ǳƴŘŜǊ !ƎǊƛŎǳƭǘǳǊŀƭ ǎŜŎǘƻǊ ŀƴŘ ƛǎ ǊŜǇƻǊǘŜŘ 

there. 

6.12 Biomass burning 

Accounting for biomass burning in all land use categories is addressed commonly in this section. The 

Icelandic Institute of Natural History has in cooperation with regional Natural History Institutes 

started recently to record incidences of biomass burning categorized as wildfire. This recording 

includes mapping the area burned. These maps are used to classify the burned area according to 

IGLUD land use map. Based on this classification, biomass burning is in this submission reported for 

ǘƘŜ ƭŀƴŘ ǳǎŜ ŎŀǘŜƎƻǊƛŜǎΤ άCƻǊŜǎǘ ƭŀƴŘ ǊŜƳŀƛƴƛƴƎ CƻǊŜǎǘ ƭŀƴŘέΣ DǊŀǎǎƭŀƴŘ ǊŜƳŀƛƴƛƴƎ DǊŀǎǎƭŀƴŘΣ ŀƴŘ 

ά[ŀƴŘ ŎƻƴǾŜǊǘŜŘ ǘƻ DǊŀǎǎƭŀƴŘέΦ .ƛƻƳŀǎǎ ŜǎǘƛƳŀǘŜ ƛǎ ōŀǎŜŘ ƻƴ ōƛƻƳŀǎǎ ǎŀƳǇƭƛƴƎ ƛƴ ǘƘŜ LD[¦5 ǇǊƻƧŜŎǘ 

from the relevant land use category as identified in land use map. Emission of CH4 and N2O is 

calculated on according to equation 2.27 from AFULU guidelines (IPCC 2006).  

ὒ ὃ ὓz ὅz Ὃz ρzπ  

Equation 1. Equation 2.27 from AFULU guidelines (IPCC 2006): Lfire=tons of GHG emitted, A= area burned [ha], MB=mass of 
fuel available [tons/ha], Cf =combustion factor, Gef= emission factor [g GHG/kg DM]   

The area burned each year is according to the above described mapping and classification of the 

burned area to IGLUD land use mapping units. Available biomass is for each land use category is 

calculated from the average of IGLUD biomass samples of each mapping category weighted against 

the area of the relevant mapping category.  The value of the Cf constant is assumed to be 0.5 for all 

land use categories as no applicable constants are found in table 2.6 of AFOLU guidelines. Gef= is as 

default values of Savanna and Grassland in table 2.5 in AFOLU guidelines. No emission of CO2 is 

reported as biomass is assumed to reach its pre-burning values within few years from the burning. 

Available biomass range from 18.7 ±3.8 to 29.9 ±1.9 tons organic matter Dw ha-1 the standard error 

for individual categories from 6-29% 

Controlled burning of forest land is considered as not occurring. Controlled burning on grazing land 

near the farm was common practice in sheep farming in the past. This management regime of 

grasslands and wetlands is becoming less common and is now subjected to official licensing. The 
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recording of the activity is minimal although formal approval of the local police authority is needed 

for safety and for birdlife protection purposes. Controlled burning of all land use categories is 

reported as not estimated, except for forest land where it is reported as not occurring. 

6.12.1 Planned improvements regarding biomass burning 
Recording of the area where controlled biomass burning is licensed is still not practiced. General 

awareness on the risk of controlled burning getting out of hand is presently rising and concerns are 

frequently expressed by municipal fire departments regarding this matter. Prohibition or stricter 

licenses on controlled burning can be expected in near future. This development might involve better 

recordkeeping on biomass burning. 

 

6.13 Other  

6.13.1 Harvested Wood products 
Emissions/removals related to harvested wood products are not estimaǘŜŘ ƛƴ ǘƘƛǎ ȅŜŀǊΩǎ ǎǳōƳƛǎǎƛƻƴΦ 

Including the HWP estimate in next year submission is planned. 

6.13.2 N2O from Grassland drained soils 
The N2O emission form drained Grassland soils is reported her because the CRF structure does not 

allow that emission reported ǳƴŘŜǊ DǊŀǎǎƭŀƴŘ άпόLLύ Emissions and removals from drainage and 

rewetting and other management of organic and mineral soilsέΦ ¢Ƙƛǎ ŜƳƛǎǎƛƻƴ ƛǎ ŘƛǎŎǳǎǎŜŘ ƛƴ ŎƘŀǇǘŜǊ 

6.6.5.1. 

 

6.14 Key factors of no target within LULUCF 

Three categories within LULUCF with land as source but no target land use category pinpointed are 

recognized as key categories of level 2014, i.e. CH4 and CO2 ŎƭŀǎǎƛŦƛŜŘ ŀǎ ά9Ƴƛǎǎƛƻƴǎ ŀƴŘ ǊŜƳƻǾŀƭǎ 

from draiƴŀƎŜ ŀƴŘ ǊŜǿŜǘǘƛƴƎ ŀƴŘ ƻǘƘŜǊ ƳŀƴŀƎŜƳŜƴǘ ƻŦ ƻǊƎŀƴƛŎ ŀƴŘ ƳƛƴŜǊŀƭ ǎƻƛƭǎέΣ b2O classified as 

ά5ƛǊŜŎǘ b2h 9Ƴƛǎǎƛƻƴǎ ŦǊƻƳ b aƛƴŜǊŀƭƛȊŀǘƛƻƴκLƳƳƻōƛƭƛȊŀǘƛƻƴέΦ ¢ƘŜ ŜƳƛǎǎƛƻƴǎ ƻŦ /I4 and N2O of these 

categories are also recognized as key factors in trend 2014. 
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7 Waste (CRF sector 5) 

7.1 Overview 

This sector includes emissions from solid waste disposal on land (5.A), biological treatment of solid 

waste (5B), waste incineration and open burning of waste (5C), wastewater treatment and discharge 

(5D), and other waste treatment (5E). 

For most of the 20th century solid waste disposal sites (SWDS) in Iceland were numerous, small, and 

located close to the locations of waste generation. Therefore waste did not have to be transported 

long distances for disposal. In Reykjavik, waste was landfilled in smaller SWDS before 1967. That year 

the waste disposal site in Gufunes was set into operation and most of the waste from the capital´s 

population was landfilled there.  

Until the 1970s, the most common form of waste management outside the capital area was open 

burning of waste. In some communities, waste burning was complemented with landfills for bulky 

waste and ash. The existing landfill sites did not have to meet specific requirements regarding 

location, management, and aftercare before 1990 and were often just holes in the ground. Some 

communities also disposed of their waste by dropping it into the sea. Akureyri and Selfoss, two of the 

biggest municipalities outside the capital area, opened municipal SWDS in the 1970s and 1980s.  

Before 1990, three waste incinerators were opened in Keflavík, Húsavík and Ísafjörður. In total they 

burned around 15,000 tonnes of waste annually. They operated at low or varying temperatures and 

the energy produced was not utilised. Proper waste incineration in Iceland started in 1993 with the 

commissioning of the incineration plant in Vestmannaeyjar, an archipelago to the south of Iceland. 

Six more incineration plants were commissioned until 2006. In the beginning of 2012, a total of four 

waste incinerators were still operating. Some of the incineration plants recovered the burning energy 

and used it for either public or commercial heat production. By the end of 2012 all incineration plants 

except one (Kalka in Reykjanesbær) had closed; therefore emissions from the single plant are 

reported for 2013. Open burning of waste was banned in 1999 and is non-existent today. The last 

place to burn waste openly was the island of Grímsey which stopped doing so during 2010.  

Recycling and biological treatment of waste started on a larger scale in the beginning of the 1990s. 

Their share of total waste management has increased rapidly since then.  

Reliable data about waste composition does not exist until recent years. In 1991 the waste 

management company Sorpa ltd. started serving the capital area and has gathered data on waste 

composition of landfilled waste since 1999. For the last few years the waste sector has had to report 

data for amount of waste landfilled, as well as amount incinerated, and recycled. Also, the Sorpa ltd. 

reports data on waste composition each year. 

The special treatment of hazardous waste did not start until the 1990s, i.e. hazardous waste was 

landfilled or burned like non-hazardous waste. Special treatment started with the reusing of waste oil 

as energy source. In 1996 the Hazardous waste committee (Spilliefnanefnd) was founded and started 

a collection scheme for hazardous waste. The collection scheme included fees on hazardous 

substances that were refunded if the substances were delivered to hazardous waste collection sites. 

Hazardous substances collected include oil products, organic solvents, halogenated compounds, 

isocyanates, oil-based paints, printer ink, batteries, car batteries, preservatives, refrigerants, and 

more. After collection, these substances were destroyed, recycled, or exported for further treatment. 

The Hazardous waste committee was succeeded by the Icelandic recycling fund in late 2002. In 2014, 
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4911 tonnes of hazardous waste were landfilled, 538 tonnes were incinerated and 1555 tonnes were 

recycled. 

Clinical waste has been incinerated in incinerators either at hospitals or at waste incineration plants. 

In 2014, a total of 199 tonnes of clinical waste were incinerated in Kalka, the only incineration plant 

In Iceland 

The trend has been toward managed SWDS as municipalities have increasingly cooperated with each 

other on running waste collection schemes and operating joint landfill sites. This has resulted in 

larger SWDS and enabled the shutdown of a number of small sites. In 2014, 82% of all landfilled 

waste was disposed of in managed SWDS. Recycling of waste has increased due to efforts made by 

the government, local municipalities, recovery companies and others. Composting started in the mid-

1990s and has been gradually increasing since then. Over recent years, composting has become a 

publically known waste treatment option and a number of composting facilities have been 

commissioned.  

In 2014, about 38% of all waste generated was landfilled, 54% recycled or recovered, 3% incinerated, 

and 5% composted.  

Wastewater treatment in Iceland consists mainly of basic treatment with subsequent discharge into 

the sea.  The majority of the Icelandic population, approximately 90%, lives by the coast. The coast is 

a non-problem area with regard to eutrophication, as Iceland is surrounded by an open sea with 

strong currents and frequent storms. This leads to effective mixing. About 64% of the population 

lives in the greater Reykjavík area and most of the larger industries are located within the area, 

mostly by the coast. In recent years, more advanced wastewater treatments have been 

commissioned in some smaller municipalities. Their share of total wastewater treatment, however, 

does not exceed 2%. 

Aggregated greenhouse gas emissions from the waste sector amounted to 255 kt CO2 equivalents in 

2014, which is tantamount to a 52% increase since 1990. Between 2013 and 2014, emissions from 

the waste sector increased by 11.6% mainly due to an increase of SWD emissions. Around 91% of all 

emissions from the waste sector (2014) are caused by solid waste disposal, 1.5% by composting, 3.1% 

by waste incineration without energy recovery, and 4.4% by wastewater treatment. The 

development of greenhouse gas emissions from the waste sector is shown in Figure 7.1. 

 



   National Inventory Report, Iceland 2016 

 

183 
 

 

 

Figure  7.1 Greenhouse gas emissions from the waste sector in Iceland the year 2014 in kt CO2 eq. CO2, CH4, and N2O emissions 
were aggregated by calculating CO2 equivalents for CH4 and N2O (factors 25 and 298, respectively).   

 

7.1.1  Methodology 
The calculation of greenhouse gas emissions from waste is based on the methodologies suggested by 

the 2006 IPCC Guidelines for National Greenhouse Gas Inventories (2006 GL). Methodology for each 

greenhouse gas source category within the waste sector is described separately below. 

7.1.2 Activity data 
In recent years the data has been based on questionnaires sent to the waste industry, which returns 

them with weighted waste amounts landfilled, incinerated, composted, or recycled. There can be a 

time lag between reassessment of waste generation data and its publication and therefore, 

inconsistencies between older published data and newer data used in the GHG inventory. Three 

ŜȄŀƳǇƭŜǎ ŦƻǊ ǘƘŜǎŜ ƛƴŎƻƴǎƛǎǘŜƴŎƛŜǎ ŀǊŜ ǘƘŜ ŀƳƻǳƴǘ ƻŦ ǘƛƳōŜǊ ōǳǊƴŜŘ ƛƴ ōƻƴŦƛǊŜǎ ƻƴ bŜǿ ¸ŜŀǊΩǎ Eve, 

the amount of landfilled manure, and waste from metal production. Until 2011 the amount of 

material burned annually in bonfires had been estimated to be up to 6 kt. Beginning with the year 

2012 year the amount was calculated: first the material (mainly unpainted timber) that went into 

one of the country´s largest bonfires was weight and its mass correlated with the height and 

diameter of the timber pile. Then height and diameter for most of the country´s bonfires were used 

to calculate their weight. As a result the amount of timber burned in bonfires was estimated at 1,700 

tonnes in 2014. The result was projected back in time using expert judgement.  

Until the year 2011 the annual amount of landfilled manure was estimated at 10,000 tonnes. Closer 

inquiries revealed that the amounts actually landfilled were much smaller. The remaining amounts 

were so negligible that the waste category manure was suspended and allocated to the category 

sludge. Waste from metal production was not included because the amounts recorded by the EA are 

inconsistent between years. Estimation of waste from metal production started in 2002 and was 

assumed to be between 10 and 11 kt annually until 2007. Since 2008 data collection is more 

comprehensive and based on reports by the metal industry. Since then amounts are estimated to be 

in excess of 100 kt. Because of the data inconsistency and that the material is inert (with regard to 

CH4 production) and recycled, it is left out of the data used to estimate waste generation before 
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1995. These are the main reasons that data reported here, deviates from data reported to, and 

published by, Statistics Iceland. 

7.1.3 Key source analysis 
The key source analysis performed for the 2016 submission revealed that in terms of total level 

and/or trend uncertainty the key sources in the waste sector are as follows: 

Table 7.1 Key source categories for Waste (excluding LULUCF). 

IPCC source category  
Level 
1990 

Level 
2014 

Trend 

Waste (CRF sector 5) 

5.A Solid Waste Disposal CH4 V V V 

 

7.1.4 Completeness 
Table 7.2 gives an overview of the IPCC source categories included in this chapter and presents the 

status of emission estimates from all greenhouse gas emission sources in the waste sector. 

Table 7.2. Waste sector ς completeness (E: estimated, NE: not estimated, IE: included elsewhere, NO: not occurring).  

 Direct GHG Indirect GHG 

 Waste Categories CO2 CH4 N2O NOx CO NMVOC 

Solid waste disposal on land (5. A)   

- Managed (5.A.1) 
NE E NE NE NE E 

- Unmanaged (5.A.2) 
NE E NE NE NE E 

- Uncategorised (5.A.3) 
NE E NE NE NE E 

Biological treatment of solid waste (4.B) NE E E NE NE NE 

Waste incineration and open burning of waste (5.C)       

- Waste incineration (5.C.1) 
E E E E1 E1 E1 

- Open burning (5.C.2) 
E E E E1 E1 E1 

Wastewater treatment and discharge (5.D)   

- Domestic (5.D.1) 
NE E E NE NE NE 

- Industrial (5.D.2) 
NE IE2 IE2 NE NE NE 

Other (5.E) NO NO NO  NO NO NO 

1: Data also submitted under CLRTAP; 2: included in 5D1 
 

7.1.5  Source Specific QA/QC Procedures 
The QC activities include general methods such as accuracy checks on data acquisition and 

calculations as well as the use of approved standardised procedures for emission calculations, 

estimating uncertainties, archiving information and reporting. Further information can be found in 

the QA/QC manual.  
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7.2 Solid Waste Disposal (CRF sector 5A) 

7.2.1 Methodology 
The methodology for calculating methane from solid waste disposal on land is according to the Tier 2 

method of the 2006 IPCC Guideline and uses the First Order Decay method (FOD) for calculations. 

The method assumes that the degradable organic carbon (DOC) in waste decays slowly throughout 

the years or decades following its deposition thus producing methane and carbon dioxide emissions. 

The method was expanded to include additional waste categories.  

7.2.2 Activity data 
 

7.2.2.1 Waste generation 

The Environment agency of Iceland (EA) has compiled data on total amounts of waste generated 

since 1995. This data is published by Statistics Iceland (Statistics Iceland, 2014). The data for the time 

period from 1995 to 2004 relies on assumptions and estimation and is less reliable than the data 

generated since 2005.  

Waste generation before 1995 was estimated using gross domestic product (GDP) as surrogate data. 

Linear regression analysis for the time period from 1995-2007 resulted in a coefficient of 

determination of 0.54. A polynomial regression of the 2nd order had more explanation power (R2 = 

0.8) and predicted waste for GDPs closer to the reference period, i.e. from 1990 to 1994, more 

realistically (Figure 7.2). Therefore the polynomial regression was chosen. More recent data were not 

used because the economic crisis that began in 2008 had an immediate impact on GDP whereas the 

impact on MSW generation was delayed therefore reducing the correlation between the two. 

Information on GDP dates back to 1945 and is reported relative to the 2005 GDP. It was therefore 

used to estimate waste generation since 1950. The formula the regression analysis provided is: 

 
Waste amount generated (t) = - 22.045 * GDP index2 + 7367 * GDP index 

 

 

The waste amount generated was calculated for total waste and not separately for municipal and 

industrial waste as was done in Iceland´s 2011 and 2012 submissions to the UNFCCC. The reason 

behind this is that the existing data on waste amounts does not support this distinction. Waste 

amounts are reported to the EA as either mixed or separated waste. Though the questionnaires send 

to the waste industry contain the two categories mixed household and mixed production waste, the 

differentiation between the two on site is often neglected. Therefore they can be assumed to have 

similar content. The fact that all other household and production waste is reported in separated 

categories makes the use of the umbrella category industrial waste obsolete (more on this in Chapter 

7.2.2). 
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Figure  7.2 Waste generation from 1950-2007. Blue rhombuses denote waste generation between 1995 and 2007 and were 
used to calculate waste amounts before 1995, which are shown as red squares in 10 year intervals along the trend line. 

 

7.2.2.2 Waste allocation 

The data since 1995 described above, allocates fractions of waste generated to SWDS, incineration, 

recycling and composting. Recycling and composting started in 1995. For the time before 1995 the 

generated waste has to be allocated to either SWDS or incineration/open burning of waste. In a 

second step the waste landfilled has to be allocated to SWDS types and the waste incinerated to 

incineration forms. To this end population was used as surrogate data. It was determined that all 

waste in the capital area, i.e. Reykjavík plus surrounding municipalities, was landfilled since at least 

1950 (expert judgement), whereas only 50% of the waste generated in the rest of the country was 

landfilled. The remaining 50% were burned in open pits. Calculated annual waste generation was 

multiplied with the respective population fractions. It is not improbable that more than half of the 

waste generated in the countryside was burned openly. Nevertheless, in order to not underestimate 

the emissions from SWDS this assumption was used until 1972. That year the SWDS in Akureyri 

opened and all waste generated in the town and, since 1990 in the neighbouring countryside, was 

landfilled there. In response to this the fraction of the population burning its waste was reduced 

accordingly, i.e. the 50% of waste that the population of Akureyri burned before the opening of the 

new landfill were allocated to SWDS. The same was done in response to the opening of another big 

SWDS in Selfoss in south Iceland in 1981. The waste management system fractions from 1950-2014 

are shown in Figure  7.3. 
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Figure  7.3 Waste amount and allocation to incineration/open burning, solid waste disposal, recycling and composting. 

In accordance with the 2006 GL the amount of waste landfilled was allocated to one of three solid 

waste disposal site types:  

Managed ς ŀƴŀŜǊƻōƛŎ όŦǊƻƳ ƘŜǊŜ ƻƴ ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ Ƨǳǎǘ άƳŀƴŀƎŜŘέύ 

Unmanaged ς deep (>5 m waste, from here on sometimes referred to ŀǎ Ƨǳǎǘ άŘŜŜǇέύ 

Unmanaged ς ǎƘŀƭƭƻǿ όғр Ƴ ǿŀǎǘŜΣ ŦǊƻƳ ƘŜǊŜ ƻƴ ǎƻƳŜǘƛƳŜǎ ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ Ƨǳǎǘ άǎƘŀƭƭƻǿέύ 

From 1950 to 1966 all waste landfilled went to shallow sites. The fraction of total waste landfilled 

that went to shallow sites was reduced by the following events.  

In 1967 the SWDS Gufunes classified as deep SWDS was commissioned to serve Reykjavík.  

In 1972 the aforementioned SWDS in Akureyri was commissioned. Based on two landfill gas 

formation studies conducted there (Kamsma and Meyles, 2003; Júlíusson, 2011) it was classified as 

managed SWDS.  

In 1981 the aforementioned SWDS site in Selfoss was commissioned and was classified as deep 

SWDS. 

In 1991 Gufunes was closed down and in its place the SWDS Álfsnes was opened, now serving the 

capital and all surrounding municipalities. Álfsnes is the biggest SWDS in Iceland today and was 

classified as managed SWDS (thus reducing both shallow and deep SWDS fractions). 

In 1995 a new SWDS in south Iceland was opened. It received the waste that before had gone to the 

SWDS Selfoss plus waste of surrounding municipalities. Based on 2006 GL criteria it was classified as 

managed SWDS (thus reducing both shallow and deep SWDS fractions) 

In 1996 the SWDS Þernunes in eastern Iceland was opened. Based on 2006 GL criteria it was 

classified as managed SWDS. 

In 1998 the SWDS Fíflholt in western Iceland was opened. It was classified as managed SWDS based 

on 2006 GL criteria and landfill gas measurements (Kamsma and Meyles, 2003; Júlíusson, 2011). 
































































































































































































































































































































































































