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Annex 1: Key categories

A1.1 Methodology used for identifying
key categories

Key categories are defined as those categories whose cumulative percentages, when summed
in decreasing order of magnitude, contributed 95 per cent of the total level or trend. They
have been assessed using the Approach 1 level and trend methodologies from the 2006
Intergovernmental Panel on Climate Change (IPCC) Guidelines for National Greenhouse Gas
Inventories (IPCC, 2006). The methodology applied was determined using the decision tree
shown in figure A1.1.1. The Approach 1 level and trend methodologies are used because some
categories in the inventory apply default uncertainties values for emission estimates, and also
because developing country-specific uncertainty values is resource prohibitive.

Figure A1.1.1  Decision tree to identify key categories (figure 4.2, IPCC, 2006)

Are Determine key categories using
country-specific uncertainty approach 1 level and trend assessment,
estimates available for each approach 2 level and trend assessment,

category estimate? and gualitative criteria.

Are inventory data Determine key categories using
available for more than approach 1 level and trend assessment,
one year? and qualitative criteria.

Determine key categories using approach
1 level assessment
and qualitative criteria.

Are inventory data
available for one year?

Determine
key categories using
qualitative criteria.
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The analysis was carried out both including and excluding the Land Use, Land-Use Change and
Forestry (LULUCF) sector (IPCC, 2006). The level and trend assessments are calculated as per
equations 4.1, 4.2 and 4.3 of the 2006 IPCC Guidelines (IPCC, 2006).

A1.2 Disaggregation

The classification of categories follows the classification of the common reporting tables
(CRTs) by:

e identifying categories using carbon dioxide equivalent emissions and considering each
greenhouse gas from each category separately

e either including or excluding LULUCF categories at the level shown in the 2006 IPCC
Guidelines table 4.1 (IPCC, 2006).

The level of aggregation used for the key category analysis is similar to the default aggregation
used for the key category analysis within the CRTs with adjustments to better reflect New
Zealand’s emissions profile. Specifically, a large proportion of emissions from the Energy and
Agriculture sectors are disaggregated further than the key category analysis generated in the
CRTs. This allows for a more evenly proportioned analysis of categories.

A1.3 Tables 4.2—4.3 of the 2006 IPCC Guidelines
(General Guidance and Reporting)

The following tables specify the level and trend analyses of net and gross emissions and
removals for 2022 and 1990. The tables show the categories that comprise 99 per cent of
emissions for each analysis. Only the categories that comprise the top 95 per cent of emissions
for the 2022 level and the trend analysis are key categories, as indicated in the shaded and
bold cells.

Table A1.3.1(a) and table A1.3.1(b) present results of the key category level analysis of the net
and gross emissions and removals in 2022 respectively.

Table A1.3.1(a) Results of the key category level analysis for 99 per cent of the net emissions and removals for
New Zealand in 2022

CRT Level
category 2022 estimate assessment Cumulative
code IPCC category (kt CO2-equivalent) (%) total (%)
3.A.1 Option A — Dairy Cattle CH, 15,992.6 14.9 14.9
4.A.1 Forest Land — Forest Land Remaining Forest Land CO: -15,021.1 14.0 28.9
1.A.3.b Transport — Road Transportation CO; 12,352.6 11.5 40.4
3.A.2 Other (please specify) — Sheep CH, 8,865.5 8.3 48.6
3.A.1 Option A — Non-dairy Cattle CHa 7,203.1 6.7 55.3
4.G Land Use, Land-Use Change and Forestry — Harvested CO: -6,582.3 6.1 61.5
Wood Products
3.D.1.3 Direct N2O Emissions from Managed Soils — Urine N:0 3,255.5 3.0 64.5
and Dung Deposited by Grazing Animals
5.A Waste - Solid Waste Disposal CHa 2,840.6 2.6 67.1
4.A.2 Forest Land — Land Converted to Forest Land CO: -2,511.4 2.3 69.5
4.C.2 Grassland - Land Converted to Grassland CO; 2,308.4 2.1 71.6
1.A.1l.a Energy Industries — Public Electricity and Heat CO; 1,977.4 1.8 73.5
Production
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CRT Level

category 2022 estimate assessment  Cumulative
code IPCC category (kt CO-equivalent) (%) total (%)
2.c1 Metal Industry — Iron and Steel Production CO; 1,541.6 14 74.9
3.B.1.1 Cattle — Option A CHa 1,541.3 14 76.3
2.F.1 Product Uses as Substitutes for ODS — Refrigeration HFCs 1,422.7 13 77.7
and Air Conditioning
1.A.2.e Food Processing, Beverages and Tobacco — Solid CO; 1,365.2 1.3 78.9
Fuels
1.A.4.b Other Sectors — Residential CO; 1,323.7 1.2 80.2
4.C.1 Grassland — Grassland Remaining Grassland CO; 1,315.3 1.2 81.4
1.A.2.c Chemicals — Gaseous Fuels CO: 1,255.4 1.2 82.6
1.A4.c Other Sectors — Agriculture/Forestry/Fishing CO: 1,148.7 1.1 83.6
1.A3.a Domestic Aviation — Jet Kerosene CO: 994.7 0.9 84.5
3.D.1.1 Direct N2O Emissions from Managed Soils — Inorganic N0 961.4 0.9 85.4
N Fertilisers
1.A.2.e Food Processing, Beverages and Tobacco — Gaseous CO; 947.6 0.9 86.3
Fuels
1.A4.a Other Sectors — Commercial/Institutional CO; 852.7 0.8 87.1
3.D.2.1 Indirect N2O Emissions from Managed Soils — N:0 745.1 0.7 87.8
Atmospheric Deposition
1.A1la Energy Industries — Public Electricity and Heat CO: 716.0 0.7 88.5
Production
3.D.1.6 Direct N2O Emissions from Managed Soils — N:0 590.2 0.5 89.0
Cultivation of Organic Soils
2.C3 Metal Industry — Aluminium Production CO: 543.9 0.5 89.5
1.A.2.g.v  Other (please specify) — Construction CO: 516.2 0.5 90.0
3.A4 Other Livestock — Deer CH4 508.0 0.5 90.5
3.D.2.2 Indirect N2O Emissions from Managed Soils — N20 479.5 0.4 90.9
Nitrogen Leaching and Run-off
3.G Agriculture — Liming CO:; 445.6 0.4 91.4
4.B.2 Cropland - Land Converted to Cropland CO; 421.9 0.4 91.7
1.B.2.d Other (please specify) — Geothermal CcO; 419.5 0.4 92.1
2.A1 Mineral Industry — Cement Production CO; 408.4 0.4 92.5
3.H Agriculture — Urea Application CO; 404.9 0.4 92.9
1.B.2.c.1.ii Venting — Gas CO; 404.9 0.4 93.3
1.A4.a Other Sectors — Commercial/Institutional CO; 403.6 0.4 93.6
1.A.4.b Other Sectors — Residential (¢0} 366.5 0.3 94.0
1.A.2.e Food Processing, Beverages and Tobacco - Liquid CO:; 360.3 0.3 94.3
Fuels
1.A.2.g.iii  Mining (excluding fuels) and Quarrying — Liquid Fuels  CO. 335.1 0.3 94.6
5.D Waste — Wastewater Treatment and Discharge CHa 287.4 0.3 94.9
4.B.1 Cropland - Cropland Remaining Cropland CO; 265.3 0.2 95.1
3.D.14 Direct N20O Emissions from Managed Soils — Crop N20 225.7 0.2 95.4
Residues
1.A.2.g.viii  Other (please specify) — Other (please specify) CO: 221.8 0.2 95.6
1.Alc Energy Industries — Manufacture of Solid Fuels and CO: 195.6 0.2 95.7
Other Energy Industries
1A2f Non-metallic Minerals — Solid Fuels CO; 187.2 0.2 95.9
1.A.1b Petroleum Refining — Liquid Fuels CO; 162.1 0.2 96.1
1.B.2.b.2 Natural Gas — Production CHa 140.2 0.1 96.2
1.A4.c Other Sectors — Agriculture/Forestry/Fishing CO; 139.2 0.1 96.3
1.A2d Pulp, Paper and Print — Gaseous Fuels CO: 135.6 0.1 96.5
1LA2f Non-metallic Minerals — Gaseous Fuels CO2 123.7 0.1 96.6
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CRT Level

category 2022 estimate assessment Cumulative
code IPCC category (kt CO-equivalent) (%) total (%)
1.A3.c Railways — Liquid Fuels CO2 115.2 0.1 96.7
1.B.2d Other (please specify) — Geothermal CHa 113.1 0.1 96.8
5.D Waste — Wastewater Treatment and Discharge N20 107.6 0.1 96.9
1.A2a Iron and Steel — Gaseous Fuels CO: 103.2 0.1 97.0
2.A.2 Mineral Industry — Lime Production CO. 101.5 0.1 97.1
3.B.1.1 Cattle — Option A CHa 99.8 0.1 97.2
4.A Forest Land — 4(l1) Emissions and Removals from N20 98.1 0.1 97.3

Drainage and Rewetting and Other Management of
Organic and Mineral Soils

3.B.1.2 CHg4 Emissions — Sheep CHa 96.9 0.1 97.4
2.G3 Other Product Manufacture and Use — N0 from N0 94.7 0.1 97.4
Product Uses
4.F.2 Other Land — Land Converted to Other Land CO, 87.0 0.1 97.5
3.B.2.5 N20 and NMVOC Emissions — Indirect N2O Emissions N20 84.9 0.1 97.6
5.C Waste — Incineration and Open Burning of Waste CO; 83.3 0.1 97.7
5.C Waste — Incineration and Open Burning of Waste CHy 81.9 0.1 97.8
4.E.1 Settlements — Settlements Remaining Settlements CO; 78.8 0.1 97.8
2.B.8 Chemical Industry — Petrochemical and Carbon Black CHa 78.1 0.1 97.9
Production
4.A.2 Forest Land — Land Converted to Forest Land N20 74.9 0.1 98.0
1.A3.b Transport — Road Transportation N20 72.8 0.1 98.0
1.A.2.g.iii Mining (excluding fuels) and Quarrying — Solid Fuels CO; 71.7 0.1 98.1
1A2f Non-metallic Minerals — Liquid Fuels CO, 68.8 0.1 98.2
2.F4 Product Uses as Substitutes for ODS — Aerosols HFCs 67.8 0.1 98.2
3.0.1.2 Direct N2O Emissions from Managed Soils — Organic N N.O 65.0 0.1 98.3
Fertilisers
1.B.1.a.2 Coal Mining and Handling — Surface Mines CHa 64.3 0.1 98.4
2.A4 Mineral Industry — Other Process Uses of Carbonates CO, 55.8 0.1 98.4
1.A4.c Other Sectors — Agriculture/Forestry/Fishing CO; 54.3 0.1 98.5
1.A3d Domestic Navigation — Residual Fuel QOil CO; 535 0.0 98.5
2.C3 Metal Industry — Aluminium Production PFCs 50.9 0.0 98.6
1.A2d Pulp, Paper and Print — Liquid Fuels CO: 50.7 0.0 98.6
1.A4.b Other Sectors — Residential CHgy 50.0 0.0 98.6
5.B Waste — Biological Treatment of Solid Waste CHa 48.8 0.0 98.7
1.A4.a Other Sectors — Commercial/Institutional CO; 48.7 0.0 98.7
4.A.1 Forest Land — Forest Land Remaining Forest Land CHas 48.4 0.0 98.8
1.Alc Energy Industries — Manufacture of Solid Fuels and CO; 47.8 0.0 98.8
Other Energy Industries
2.D Industrial Processes and Product Use — Non-energy CO; 41.2 0.0 98.9
Products from Fuels and Solvent Use
3.B.1.3 CHa4 Emissions — Swine CHa 40.5 0.0 98.9
4.E2 Settlements — Land Converted to Settlements COz 39.2 0.0 98.9
1.A3.e Transport — Other Transportation (please specify) CO, 38.0 0.0 99.0

Note: Key categories are those that comprise 95 per cent of the total, as indicated in the shaded and bold cells.
Removals from the LULUCF sector are shown as negatives in this table. The absolute values for those
removals were used for the calculations.
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Table A1.3.1(b) Results of the key category level analysis for 99 per cent of the gross emissions and removals for
New Zealand in 2022

CRT 2022 estimate Level

category (kt CO,- assessment Cumulative

code IPCC category equivalent) (%) total (%)

3.A.1 Option A — Dairy Cattle CHa 15,992.6 20.4 20.4

1.A.3.b Transport — Road Transportation CO: 12,352.6 15.8 36.2

3.A.2 Other (please specify) — Sheep CH,4 8,865.5 11.3 47.5

3.A.1 Option A — Non-dairy Cattle CHa 7,203.1 9.2 56.7

3.D.1.3 Direct N2O Emissions from Managed Soils — Urineand  N:0 3,255.5 4.2 60.8
Dung Deposited by Grazing Animals

5.A Waste - Solid Waste Disposal CHa 2,840.6 3.6 64.4

1.A.1.a Energy Industries — Public Electricity and Heat CO; 1,977.4 2.5 67.0
Production

2.C1 Metal Industry — Iron and Steel Production CO; 1,541.6 2.0 68.9

3.B.1.1 Cattle — Option A CHa 1,541.3 2.0 70.9

2.F.1 Product Uses as Substitutes for ODS — Refrigeration HFCs 1,422.7 1.8 72.7
and Air Conditioning

1.A.2.e Food Processing, Beverages and Tobacco — Solid Fuels  CO: 1,365.2 1.7 74.4

1.A.4.b Other Sectors — Residential CO; 1,323.7 1.7 76.1

1.A.2.c Chemicals — Gaseous Fuels CO: 1,255.4 1.6 77.7

1.A.4.c Other Sectors — Agriculture/Forestry/Fishing CO: 1,148.7 1.5 79.2

1.A.3.a Domestic Aviation — Jet Kerosene CO; 994.7 13 80.5

3.D.1.1 Direct N2O Emissions from Managed Soils — Inorganic N:0 961.4 1.2 81.7
N Fertilisers

1.A.2.e Food Processing, Beverages and Tobacco — Gaseous CO; 947.6 1.2 82.9
Fuels

1.A4.a Other Sectors — Commercial/Institutional CO: 852.7 1.1 84.0

3.D.2.1 Indirect N.O Emissions from Managed Soils — N20 745.1 1.0 84.9
Atmospheric Deposition

1.A.1.a Energy Industries — Public Electricity and Heat CO; 716.0 0.9 85.9
Production

3.D.1.6 Direct N2O Emissions from Managed Soils — N20 590.2 0.8 86.6
Cultivation of Organic Soils

2.C3 Metal Industry — Aluminium Production CO; 543.9 0.7 87.3

1.A.2.8.v Other (please specify) — Construction CO: 516.2 0.7 88.0

3.A4 Other Livestock — Deer CHa 508.0 0.6 88.6

3.D.2.2 Indirect N.O Emissions from Managed Soils — N20 479.5 0.6 89.2
Nitrogen Leaching and Run-off

3.G Agriculture — Liming CO: 445.6 0.6 89.8

1.B.2.d Other (please specify) — Geothermal CO: 419.5 0.5 90.3

2.A1 Mineral Industry — Cement Production CO; 408.4 0.5 90.8

3.H Agriculture — Urea Application CO: 404.9 0.5 91.4

1.B.2.c.1l.ii Venting - Gas CO: 404.9 0.5 91.9

1.A4.a Other Sectors — Commercial/Institutional CO; 403.6 0.5 92.4

1.A.4.b Other Sectors — Residential CO; 366.5 0.5 92.9

1.A.2.e Food Processing, Beverages and Tobacco - Liquid CO; 360.3 0.5 93.3
Fuels

1.A.2.g.iii Mining (excluding fuels) and Quarrying — Liquid Fuels CO; 335.1 0.4 93.7

5.D Waste — Wastewater Treatment and Discharge CH, 287.4 0.4 94.1

3.0.1.4 Direct N2.O Emissions from Managed Soils — Crop N0 225.7 0.3 94.4
Residues

1.A.2.g.viii Other (please specify) — Other (please specify) CO; 221.8 0.3 94.7
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CRT 2022 estimate Level

category (kt CO,- assessment Cumulative
code IPCC category equivalent) (%) total (%)
1.A.1.c Energy Industries — Manufacture of Solid Fuels and CcO; 195.6 0.2 94.9
Other Energy Industries
1.A.2.f Non-metallic Minerals — Solid Fuels CO: 187.2 0.2 95.2
1.A1lb Petroleum Refining — Liquid Fuels CO. 162.1 0.2 95.4
1.B.2.b.2 Natural Gas — Production CHa 140.2 0.2 95.6
1.A4.c Other Sectors — Agriculture/Forestry/Fishing Co; 139.2 0.2 95.7
1.A2d Pulp, Paper and Print — Gaseous Fuels CO. 135.6 0.2 95.9
1A2f Non-metallic Minerals — Gaseous Fuels CO: 123.7 0.2 96.1
1.A3.c Railways — Liquid Fuels CO; 115.2 0.1 96.2
1.B.2.d Other (please specify) — Geothermal CHa 113.1 0.1 96.4
5.D Waste — Wastewater Treatment and Discharge N.O 107.6 0.1 96.5
1.A2.a Iron and Steel — Gaseous Fuels CO, 103.2 0.1 96.6
2.A.2 Mineral Industry — Lime Production CO. 101.5 0.1 96.8
3.B.1.1 Cattle — Option A CHa 99.8 0.1 96.9
3.B.1.2 CHa Emissions — Sheep CHy 96.9 0.1 97.0
2.G.3 Other Product Manufacture and Use — N2O from N20 94.7 0.1 97.1
Product Uses
3.B.2.5 N20 and NMVOC Emissions — Indirect N2O Emissions N20 84.9 0.1 97.2
5.C Waste — Incineration and Open Burning of Waste CO; 83.3 0.1 97.3
5.C Waste — Incineration and Open Burning of Waste CHa 81.9 0.1 97.4
2.B.8 Chemical Industry — Petrochemical and Carbon Black CHa 78.1 0.1 97.5
Production
1.A3.b Transport — Road Transportation N20 72.8 0.1 97.6
1.A.2.g.iii Mining (excluding fuels) and Quarrying — Solid Fuels CO: 71.7 0.1 97.7
1.A2f Non-metallic Minerals — Liquid Fuels CO; 68.8 0.1 97.8
2.F4 Product Uses as Substitutes for ODS — Aerosols HFCs 67.8 0.1 97.9
3.D.1.2 Direct N20O Emissions from Managed Soils — Organic N N20 65.0 0.1 98.0
Fertilisers
1.B.1.a.2 Coal Mining and Handling — Surface Mines CHa 64.3 0.1 98.1
2.A4 Mineral Industry — Other Process Uses of Carbonates CO: 55.8 0.1 98.1
1.A4.c Other Sectors — Agriculture/Forestry/Fishing Co; 54.3 0.1 98.2
1.A3d Domestic Navigation — Residual Fuel Oil CO: 53.5 0.1 98.3
2.C3 Metal Industry — Aluminium Production PFCs 50.9 0.1 98.3
1.A.2d Pulp, Paper and Print — Liquid Fuels CO; 50.7 0.1 98.4
1.A4b Other Sectors — Residential CHa 50.0 0.1 98.5
5.B Waste — Biological Treatment of Solid Waste CHa 48.8 0.1 98.5
1.A4.a Other Sectors — Commercial/Institutional CO 48.7 0.1 98.6
1.Alc Energy Industries — Manufacture of Solid Fuels and CO; 47.8 0.1 98.7
Other Energy Industries
2.D Industrial Processes and Product Use — Non-energy CO; 41.2 0.1 98.7
Products from Fuels and Solvent Use
3.B.1.3 CH4 Emissions — Swine CHa 40.5 0.1 98.8
1.A3.e Transport — Other Transportation (please specify) CO> 38.0 0.0 98.8
1.A2d Pulp, Paper and Print — Other Fossil Fuels CO. 36.6 0.0 98.9
1.B.2.c.1l.iii Venting — Combined CHa 34.6 0.0 98.9
1.B.2.b.5 Natural Gas — Distribution CHy 345 0.0 98.9
1.A.2.g.viii  Other (please specify) — Other (please specify) CO; 32.8 0.0 99.0

Note: Key categories are those that comprise 95 per cent of the total, as indicated in the shaded and bold cells.
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Table A1.3.2(a) and table A1.3.2(b) present results of the key category level analysis of the net
and gross emissions and removals in 1990 respectively. They are included for reference only.

Table A1.3.2(a) Results of the level analysis for 99 per cent of the net emissions and removals for New Zealand
in 1990 included for reference only

CRT Level

category 1990 estimate  assessment  Cumulative

code IPCC category (kt COz-equivalent) (%) total (%)

4.A.2 Forest Land — Land Converted to Forest Land CO2 -18,085.0 18.7 18.7

3.A.2 Other (please specify) — Sheep CHq 16,118.8 16.7 35.4

3.A.1 Option A — Non-dairy Cattle CHq 7,359.1 7.6 43.0

3.A.1 Option A — Dairy Cattle CHs 6,974.4 7.2 50.3

1.A.3.b Transport — Road Transportation CO; 6,519.0 6.7 57.0

4.A.1 Forest Land — Forest Land Remaining Forest Land CO: -5,434.8 5.6 62.6

5.A Waste — Solid Waste Disposal CHa 3,708.8 3.8 66.5

1.A.1.a Energy Industries — Public Electricity and Heat CO: 2,999.6 3.1 69.6
Production

3.D.1.3 Direct N2O Emissions from Managed Soils — Urine N20 2,654.1 2.7 72.3
and Dung Deposited by Grazing Animals

4.G Land Use, Land-Use Change and Forestry — Harvested CO: -2,437.8 2.5 74.8
Wood Products

1.A.1.c Energy Industries — Manufacture of Solid Fuels and CO; 1,715.3 1.8 76.6
Other Energy Industries

2.C.1 Metal Industry — Iron and Steel Production CO; 1,306.7 1.4 78.0

1.A4.c Other Sectors — Agriculture/Forestry/Fishing CO: 1,071.9 1.1 79.1

1.A.2.e Food Processing, Beverages and Tobacco - Solid CO; 938.6 1.0 80.1
Fuels

1.A.3.a Domestic Aviation — Jet Kerosene CO; 892.6 0.9 81.0

2.C3 Metal Industry — Aluminium Production PFCs 818.0 0.8 81.8

1.A.4.b Other Sectors — Residential CO; 814.5 0.8 82.7

1.A.1.b Petroleum Refining — Liquid Fuels CO: 778.9 0.8 83.5

1.A.2.g.viii Other (please specify) — Other (please specify) CO: 731.1 0.8 84.2

3.D.2.1 Indirect N.O Emissions from Managed Soils — N20 642.7 0.7 84.9
Atmospheric Deposition

3.D.1.6 Direct N2O Emissions from Managed Soils — N20 583.1 0.6 85.5
Cultivation of Organic Soils

1.A.2.c Chemicals — Gaseous Fuels CO: 524.8 0.5 86.0

1.A4.a Other Sectors — Commercial/Institutional CO2 500.7 0.5 86.6

4.C.2 Grassland — Land Converted to Grassland CO: 484.0 0.5 87.1

3.A4 Other Livestock — Deer CHq 480.8 0.5 87.6

1.A.1.a Energy Industries — Public Electricity and Heat CO; 474.8 0.5 88.1
Production

3.B.1.1 Cattle — Option A CHq 473.8 0.5 88.5

2.C3 Metal Industry — Aluminium Production CO2 449.0 0.5 89.0

2.A1 Mineral Industry — Cement Production CO: 448.7 0.5 89.5

1.A.2.e Food Processing, Beverages and Tobacco — Gaseous CO2 443.5 0.5 89.9
Fuels

3.D.2.2 Indirect N.O Emissions from Managed Soils — N20 396.1 0.4 90.3
Nitrogen Leaching and Run-off

1.A.2.f Non-metallic Minerals — Solid Fuels CO; 382.9 0.4 90.7

4.B.1 Cropland - Cropland Remaining Cropland CO. 350.9 0.4 91.1

1.A.2d Pulp, Paper and Print — Gaseous Fuels CO; 347.6 0.4 91.5

1.A.4.b Other Sectors — Residential CO: 344.9 0.4 91.8
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CRT Level

category 1990 estimate  assessment  Cumulative
code IPCC category (kt CO-equivalent) (%) total (%)
1.B.1.a.1  Coal Mining and Handling — Underground Mines CHs 324.3 0.3 92.2
1.B.2.b.5 Natural Gas — Distribution CHq 310.8 0.3 92.5
3.G Agriculture — Liming CO: 296.5 0.3 92.8
1.A.2.e Food Processing, Beverages and Tobacco — Liquid CO: 281.1 0.3 93.1
Fuels
5.D Waste — Wastewater Treatment and Discharge CHq 250.9 0.3 93.3
1.A.2.8.v Other (please specify) — Construction CO: 245.0 0.3 93.6
1.A4.a Other Sectors — Commercial/Institutional CO2 235.2 0.2 93.8
1.A.3.d Domestic Navigation — Residual Fuel Oil CO: 232.9 0.2 94.1
1.B.2.d Other (please specify) — Geothermal CO: 228.6 0.2 94.3
4.C.1 Grassland — Grassland Remaining Grassland CO: 225.7 0.2 94.5
3.A4 Other Livestock — Goats CHq 220.2 0.2 94.8
3.D.1.1 Direct N2O Emissions from Managed Soils — Inorganic N0 204.8 0.2 95.0
N Fertilisers
1.A4b Other Sectors — Residential CO2 184.9 0.2 95.2
3.B.1.2 CHg4 Emissions — Sheep CHa 164.3 0.2 95.3
1.B.2.b.2 Natural Gas — Production CHs 160.7 0.2 95.5
3.0.1.4 Direct N2O Emissions from Managed Soils — Crop N.O 156.0 0.2 95.7
Residues
5.C Waste — Incineration and Open Burning of Waste CO: 153.6 0.2 95.8
2.B.10 Chemical Industry — Other (please specify) CO. 152.3 0.2 96.0
1.A4.a Other Sectors — Commercial/Institutional CO, 142.2 0.1 96.1
5.C Waste — Incineration and Open Burning of Waste CHa 140.0 0.1 96.3
1.A3.b Transport — Road Transportation CcO; 139.5 0.1 96.4
4.B.2 Cropland — Land Converted to Cropland CO: 118.7 0.1 96.5
1.A2.a Iron and Steel — Gaseous Fuels CO: 116.2 0.1 96.7
1.B.2.c.2.iii  Flaring — Combined CO: 114.1 0.1 96.8
4.A.2 Forest Land — Land Converted to Forest Land N0 1115 0.1 96.9
1.A2d Pulp, Paper and Print — Solid Fuels CO: 109.5 0.1 97.0
1.B.2.c.1liii Venting —Gas CO: 109.3 0.1 97.1
1.B.2.c.1l.iii Venting — Combined CHa 109.2 0.1 97.2
1.A4.c Other Sectors — Agriculture/Forestry/Fishing CO2 105.8 0.1 97.4
3.B.1.1 Cattle — Option A CHq 101.8 0.1 97.5
1.A.2.g.iii Mining (excluding fuels) and Quarrying — Liquid Fuels CO: 94.4 0.1 97.6
2.G3 Other Product Manufacture and Use — N20 from N20 88.8 0.1 97.6
Product Uses
2.A.2 Mineral Industry — Lime Production CcO; 82.6 0.1 97.7
1.A3.b Transport — Road Transportation CHa 81.7 0.1 97.8
1.A3.b Transport — Road Transportation N0 79.4 0.1 97.9
1.A3.c Railways — Liquid Fuels CO: 78.4 0.1 98.0
5.D Waste — Wastewater Treatment and Discharge N0 72.9 0.1 98.1
1.B.2.c.2.iii  Flaring — Combined CHa 72.4 0.1 98.1
4.A Forest Land — 4(ll) Emissions and Removals from N20 67.0 0.1 98.2

Drainage and Rewetting and Other Management of
Organic and Mineral Soils

4.E.1 Settlements — Settlements Remaining Settlements CO. 66.7 0.1 98.3
3.B.1.3 CHas Emissions — Swine CHs 65.6 0.1 98.3
1A2f Non-metallic Minerals — Gaseous Fuels CO. 64.1 0.1 98.4
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CRT Level

category 1990 estimate  assessment  Cumulative
code IPCC category (kt CO-equivalent) (%) total (%)
1.B.2d Other (please specify) — Geothermal CHs 61.4 0.1 98.5
1.A.2.g.vi Textile and leather — Gaseous Fuels CO; 58.9 0.1 98.5
1.A.4b Other Sectors — Residential CHa 54.2 0.1 98.6
4.C1 Grassland — Grassland Remaining Grassland CHa 53.4 0.1 98.6
1.A.2.g.viii  Other (please specify) — Other (please specify) CO; 52.3 0.1 98.7
1.A2d Pulp, Paper and Print — Liquid Fuels CO: 50.1 0.1 98.7
1.A3.a Domestic Aviation — Aviation Gasoline CO. 47.7 0.0 98.8
3.A4 Other Livestock — Horses CHa 47.4 0.0 98.8
1.A2f Non-metallic Minerals — Liquid Fuels CO; 46.0 0.0 98.9
1.B.1.a.2 Coal Mining and Handling — Surface Mines CHa 43.1 0.0 98.9
1.A2g.i Manufacturing of Machinery — Gaseous Fuels CO; 41.8 0.0 99.0

Note: Key categories are those that comprise 95 per cent of the total, as indicated in the shaded and bold cells.
Removals from the LULUCF sector are shown as negatives in this table. The absolute values for those
removals were used for the calculations.

Table A1.3.2(b) Results of the level analysis for 99 per cent of the gross emissions and removals for New Zealand
in 1990 included for reference only

CRT Level

category 1990 estimate  assessment  Cumulative

code IPCC category (kt COz-equivalent) (%) total (%)

3.A.2 Other (please specify) — Sheep CHa 16,118.8 23.4 23.4

3.A.1 Option A — Non-dairy Cattle CHa 7,359.1 10.7 34.0

3.A.1 Option A — Dairy Cattle CHa 6,974.4 10.1 44.2

1.A3.b Transport — Road Transportation CO: 6,519.0 9.5 53.6

5.A Waste - Solid Waste Disposal CHa 3,708.8 5.4 59.0

1.A1la Energy Industries — Public Electricity and Heat CO: 2,999.6 4.3 63.3
Production

3.D.1.3 Direct N2O Emissions from Managed Soils — Urine \P10) 2,654.1 3.8 67.2
and Dung Deposited by Grazing Animals

1.A.1.c Energy Industries — Manufacture of Solid Fuels and CO; 1,715.3 2.5 69.7
Other Energy Industries

2.C1 Metal Industry — Iron and Steel Production CO; 1,306.7 1.9 71.6

1.A.4.c Other Sectors — Agriculture/Forestry/Fishing Cco; 1,071.9 1.6 73.1

1.A.2.e Food Processing, Beverages and Tobacco — Solid CO; 938.6 14 74.5
Fuels

1.A.3.a Domestic Aviation — Jet Kerosene CO; 892.6 13 75.8

2.C3 Metal Industry — Aluminium Production PFCs 818.0 1.2 77.0

1.A.4.b Other Sectors — Residential CO; 814.5 1.2 78.2

1.A.1.b Petroleum Refining — Liquid Fuels CO; 778.9 1.1 79.3

1.A.2.g.viii Other (please specify) — Other (please specify) CO: 731.1 11 80.3

3.D.2.1 Indirect N.O Emissions from Managed Soils — N20 642.7 0.9 81.3
Atmospheric Deposition

3.D.1.6 Direct N2O Emissions from Managed Soils — N20 583.1 0.8 82.1
Cultivation of Organic Soils

1.A.2.c Chemicals — Gaseous Fuels CO. 524.8 0.8 82.9

1.A4.a Other Sectors — Commercial/Institutional CO:2 500.7 0.7 83.6

3.A4 Other Livestock — Deer CHa 480.8 0.7 84.3

1.A.1l.a Energy Industries — Public Electricity and Heat CO; 474.8 0.7 85.0
Production
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CRT Level
category 1990 estimate  assessment  Cumulative
code IPCC category (kt CO2-equivalent) (%) total (%)
3.B.1.1 Cattle — Option A CHa 473.8 0.7 85.7
2.C3 Metal Industry — Aluminium Production CO; 449.0 0.7 86.3
2.A.1 Mineral Industry — Cement Production CO2 448.7 0.7 87.0
1.A.2.e Food Processing, Beverages and Tobacco — Gaseous CO; 443.5 0.6 87.6
Fuels
3.D.2.2 Indirect N.O Emissions from Managed Soils — N20 396.1 0.6 88.2
Nitrogen Leaching and Run-off
1.A.2.f Non-metallic Minerals — Solid Fuels CO: 382.9 0.6 88.8
1.A2d Pulp, Paper and Print — Gaseous Fuels CO: 347.6 0.5 89.3
1.A.4.b Other Sectors — Residential CO; 344.9 0.5 89.8
1.B.1.a.1  Coal Mining and Handling — Underground Mines CHa 324.3 0.5 90.2
1.B.2.b.5 Natural Gas — Distribution CHa 310.8 0.5 90.7
3.G Agriculture — Liming CO2 296.5 0.4 91.1
1.A2.e Food Processing, Beverages and Tobacco — Liquid CO: 281.1 0.4 91.5
Fuels
5.D Waste — Wastewater Treatment and Discharge CHa 250.9 0.4 91.9
1.A.2.8.v Other (please specify) — Construction Cco; 245.0 0.4 92.2
1.A4.a Other Sectors — Commercial/Institutional CO2 235.2 0.3 92.6
1.A.3.d Domestic Navigation — Residual Fuel Oil CO: 232.9 0.3 92.9
1.B.2.d Other (please specify) — Geothermal CO, 228.6 0.3 93.2
3.A4 Other Livestock — Goats CHa 220.2 0.3 93.6
3.D.1.1 Direct N2O Emissions from Managed Soils — Inorganic  N.O 204.8 0.3 93.9
N Fertilisers
1.A.4.b Other Sectors — Residential CO; 184.9 0.3 94.1
3.B.1.2 CH, Emissions — Sheep CHs4 164.3 0.2 94.4
1.B.2.b.2  Natural Gas - Production CHa 160.7 0.2 94.6
3.0.1.4 Direct N2O Emissions from Managed Soils — Crop N20 156.0 0.2 94.8
Residues
5.C Waste - Incineration and Open Burning of Waste CcOo; 153.6 0.2 95.0
2.B.10 Chemical Industry — Other (please specify) CO, 152.3 0.2 95.3
1.A4.a Other Sectors — Commercial/Institutional CO2 142.2 0.2 95.5
5.C Waste — Incineration and Open Burning of Waste CHa 140.0 0.2 95.7
1.A3.b Transport — Road Transportation CO: 139.5 0.2 95.9
1.A2.a Iron and Steel — Gaseous Fuels CO2 116.2 0.2 96.1
1.B.2.c.2.iii  Flaring — Combined CO: 114.1 0.2 96.2
1.A2d Pulp, Paper and Print — Solid Fuels CO: 109.5 0.2 96.4
1.B.2.c.1liii Venting —Gas CO: 109.3 0.2 96.5
1.B.2.c.1l.iii Venting — Combined CHa 109.2 0.2 96.7
1.A4.c Other Sectors — Agriculture/Forestry/Fishing CO; 105.8 0.2 96.8
3.B.1.1 Cattle — Option A CHa 101.8 0.1 97.0
1.A.2.g.iii Mining (excluding fuels) and Quarrying — Liquid Fuels CO» 94.4 0.1 97.1
2.G3 Other Product Manufacture and Use — N,O from N20 88.8 0.1 97.3
Product Uses
2.A.2 Mineral Industry — Lime Production CO; 82.6 0.1 97.4
1.A3.b Transport — Road Transportation CHa 81.7 0.1 97.5
1.A3.b Transport — Road Transportation N20 79.4 0.1 97.6
1.A3.c Railways — Liquid Fuels CO2 78.4 0.1 97.7
5.D Waste — Wastewater Treatment and Discharge N20 72.9 0.1 97.8
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CRT Level

category 1990 estimate  assessment  Cumulative
code IPCC category (kt CO2-equivalent) (%) total (%)
1.B.2.c.2.iii  Flaring — Combined CHa 724 0.1 97.9
3.B.1.3 CHgs Emissions — Swine CHa 65.6 0.1 98.0
1.A2f Non-metallic Minerals — Gaseous Fuels CO: 64.1 0.1 98.1
1.B.2.d Other (please specify) — Geothermal CHa 61.4 0.1 98.2
1.A.2.g.vi Textile and leather — Gaseous Fuels CO; 58.9 0.1 98.3
1.A4b Other Sectors — Residential CHs 54.2 0.1 98.4
1.A.2.g.viii  Other (please specify) — Other (please specify) CO; 52.3 0.1 98.5
1.A2d Pulp, Paper and Print — Liquid Fuels CO; 50.1 0.1 98.5
1.A3.a Domestic Aviation — Aviation Gasoline CO: 47.7 0.1 98.6
3.A4 Other Livestock — Horses CHa 47.4 0.1 98.7
1.A2f Non-metallic Minerals — Liquid Fuels CO: 46.0 0.1 98.7
1.B.1.a.2 Coal Mining and Handling — Surface Mines CHa 43.1 0.1 98.8
1.A2g.i Manufacturing of Machinery — Gaseous Fuels CO; 41.8 0.1 98.9
3.H Agriculture — Urea Application CO; 39.2 0.1 98.9
1.A4d.c Other Sectors — Agriculture/Forestry/Fishing COz 35.1 0.1 99.0

Note: Key categories are those that comprise 95 per cent of the total, as indicated in the shaded and bold cells.

Table A1.3.3(a) and table A1.3.3(b) present results of the key category trend analysis of the net
and gross emissions and removals in 1990 and 2022 respectively.

Table A1.3.3(a) Results of the key category trend analysis for 99 per cent of the net emissions and removals for
New Zealand in 1990 and 2022

1990 2022
CRT estimate estimate Absolute Absolute
category (kt CO2- (kt CO2- Trend contribution cumulative
code IPCC category equivalent) equivalent) assessment to trend (%) total (%)
3.A.2 Other (please specify) —Sheep  CHa 16,118.8 8,865.5 0.129 16.2 16.2
4.A.1 Forest Land — Forest Land CO: -5,434.8 -15,021.1 0.118 14.7 30.8
Remaining Forest Land
4.A.2 Forest Land — Land Converted CO: -18,085.0 -2,511.4 0.100 12.5 43.4
to Forest Land
3.A.1 Option A — Dairy Cattle CH,4 6,974.4 15,992.6 0.070 8.7 52.1
4.G Land Use, Land-Use Change CO; -2,437.8 -6,582.3 0.051 6.4 58.5

and Forestry — Harvested
Wood Products

1.A.3.b Transport — Road CO; 6,519.0 12,352.6 0.038 4.8 63.3
Transportation

3.A.1 Option A — Non-dairy Cattle CHa 7,359.1 7,203.1 0.026 3.3 66.6

1.A.1.c Energy Industries — CO: 1,715.3 195.6 0.022 2.7 69.2

Manufacture of Solid Fuels
and Other Energy Industries

5.A Waste — Solid Waste Disposal CH4 3,708.8 2,840.6 0.021 2.7 71.9

1.A.1.a Energy Industries — Public CO; 2,999.6 1,977.4 0.021 2.6 74.5
Electricity and Heat Production

4.C.2 Grassland — Land Convertedto  CO: 484.0 2,308.4 0.017 2.2 76.7
Grassland

2.F.1 Product Uses as Substitutes for HFCs 0.0 1,422.7 0.015 1.8 78.5
ODS - Refrigeration and Air
Conditioning

2.C3 Metal Industry — Aluminium PFCs 818.0 50.9 0.011 1.3 79.8
Production
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1990 2022

CRT estimate estimate Absolute Absolute

category (kt CO2- (kt CO2- Trend contribution cumulative

code IPCC category equivalent) equivalent) assessment to trend (%) total (%)

4.C.1 Grassland — Grassland CO; 225.7 1,315.3 0.011 1.3 81.1
Remaining Grassland

1.A.2.g.viii Other (please specify) — Other CO; 731.1 32.8 0.010 1.2 82.4
(please specify)

3.B.1.1 Cattle — Option A CH,4 473.8 1,541.3 0.009 1.2 83.5

1.A.1.b Petroleum Refining — Liquid CO; 778.9 162.1 0.009 1.1 84.7
Fuels

3.D.1.1 Direct N20 Emissions from N2O 204.8 961.4 0.007 0.9 85.6
Managed Soils — Inorganic N
Fertilisers

1.A.2.c Chemicals — Gaseous Fuels CO; 524.8 1,255.4 0.006 0.7 86.3

1.A.4.b Other Sectors — Residential CO: 344.9 13.8 0.005 0.6 86.8

1.B.1.a.1 Coal Mining and Handling — CHq 324.3 0.0 0.004 0.6 87.4
Underground Mines

1.B.2.b.5 Natural Gas — Distribution CHa 310.8 34.5 0.004 0.5 87.9

1.A.2.e Food Processing, Beverages CO: 443.5 947.6 0.004 0.5 88.4
and Tobacco — Gaseous Fuels

3.H Agriculture — Urea Application  CO: 39.2 404.9 0.004 0.5 88.8

1.A.2.d Pulp, Paper and Print — CO; 347.6 135.6 0.003 0.4 89.2
Gaseous Fuels

1.A.2.f Non-metallic Minerals — Solid CO; 382.9 187.2 0.003 0.4 89.6
Fuels

1.A.4.c Other Sectors — Agriculture/ CO; 1,071.9 1,148.7 0.003 0.4 90.0
Forestry/Fishing

3.A4 Other Livestock — Goats CH,4 220.2 22.2 0.003 0.3 90.3

4.B.2 Cropland - Land Converted to CO; 118.7 421.9 0.003 0.3 90.7
Cropland

3.D.1.3 Direct N20 Emissions from N2O 2,654.1 3,255.5 0.003 0.3 91.0
Managed Soils — Urine and
Dung Deposited by Grazing
Animals

1.B.2.c.1.ii Venting — Gas CO; 109.3 404.9 0.003 0.3 91.4

1.A.3.d Domestic Navigation — CO; 232.9 53.5 0.003 0.3 91.7
Residual Fuel Oil

1.A.4.b Other Sectors — Residential CO; 814.5 1,323.7 0.003 0.3 92.0

1.A.2.g.iii Mining (excluding fuels) and CO; 94.4 335.1 0.002 0.3 92.3
Quarrying — Liquid Fuels

4.B.1 Cropland - Cropland CO: 350.9 265.3 0.002 0.3 92.5
Remaining Cropland

1.A.2.g.v Other (please specify) — CO; 245.0 516.2 0.002 0.2 92.8
Construction

2.C.1 Metal Industry — Iron and Steel CO: 1,306.7 1,541.6 0.002 0.2 93.0
Production

1.A4.a Other Sectors — Commercial/ CO; 500.7 852.7 0.002 0.2 93.3
Institutional

1.A.3.a Domestic Aviation — Jet CO: 892.6 994.7 0.002 0.2 93.5
Kerosene

2.B.10 Chemical Industry — Other CcO; 152.3 14.4 0.002 0.2 93.8
(please specify)

2.A.1 Mineral Industry — Cement CO: 448.7 408.4 0.002 0.2 94.0
Production

1.A.3.b Transport — Road CO; 139.5 0.0 0.002 0.2 94.2
Transportation
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1990 2022

CRT estimate estimate Absolute Absolute

category (kt CO- (kt CO2- Trend contribution cumulative

code IPCC category equivalent) equivalent) assessment to trend (%) total (%)

3.D.1.6 Direct N2O Emissions from N2O 583.1 590.2 0.002 0.2 94.5
Managed Soils — Cultivation of
Organic Soils

1.A.2.g.viii Other (please specify) — Other CO; 52.3 221.8 0.002 0.2 94.7
(please specify)

1.A.4.a Other Sectors — Commercial/ CO; 142.2 48.7 0.001 0.2 94.9
Institutional

3.A4 Other Livestock — Deer CH, 480.8 508.0 0.001 0.2 95.0

1.A2d Pulp, Paper and Print — Solid CO, 109.5 17.9 0.001 0.2 95.2
Fuels

1.A.4b Other Sectors — Residential CO. 184.9 366.5 0.001 0.2 95.3

1.A2.e Food Processing, Beverages CO2 938.6 1,365.2 0.001 0.2 95.5
and Tobacco — Solid Fuels

3.B.1.2 CHa Emissions — Sheep CHa 164.3 96.9 0.001 0.2 95.7

5.C Waste — Incineration and Open  CO: 153.6 83.3 0.001 0.2 95.8
Burning of Waste

1.B.2.c.2.iii  Flaring — Combined CO. 114.1 31.4 0.001 0.2 96.0

1.B.2.d Other (please specify) — CO, 228.6 419.5 0.001 0.2 96.1
Geothermal

1.B.2.c.1l.iii  Venting — Combined CHa 109.2 34.6 0.001 0.1 96.3

3.D.2.1 Indirect N,O Emissions from N20 642.7 745.1 0.001 0.1 96.4
Managed Soils — Atmospheric
Deposition

5.C Waste — Incineration and Open CHs 140.0 81.9 0.001 0.1 96.5
Burning of Waste

1.A4.c Other Sectors — Agriculture/ CO, 35.1 139.2 0.001 0.1 96.7
Forestry/Fishing

1.A3.b Transport — Road CHa 81.7 15.9 0.001 0.1 96.8
Transportation

1.A4.a Other Sectors — Commercial/ CO: 235.2 403.6 0.001 0.1 96.9
Institutional

1.A.la Energy Industries — Public CO2 474.8 716.0 0.001 0.1 97.0
Electricity and Heat Production

1.A4.c Other Sectors — Agriculture/ CO: 105.8 54.3 0.001 0.1 97.1
Forestry/Fishing

1.B.2.c.2.iii  Flaring — Combined CHa 72.4 10.7 0.001 0.1 97.2

4.A.2 Forest Land — Land Converted N20 111.5 74.9 0.001 0.1 97.3
to Forest Land

1.B.2.b.2 Natural Gas — Production CHa 160.7 140.2 0.001 0.1 97.4

2.F4 Product Uses as Substitutes for ~ HFCs 0.0 67.8 0.001 0.1 97.5
ODS — Aerosols

4.F.2 Other Land — Land Converted CO, 14.6 87.0 0.001 0.1 97.6
to Other Land

4.C.1 Grassland — Grassland CHa 534 11.7 0.001 0.1 97.7
Remaining Grassland

1.A.2.g.vi Textile and Leather — Gaseous CO: 58.9 20.4 0.001 0.1 97.7
Fuels

1.A.2.giii  Mining (excluding fuels) and COox 12.2 71.7 0.001 0.1 97.8
Quarrying — Solid Fuels

3.G Agriculture — Liming CO: 296.5 445.6 0.001 0.1 97.9

2.C3 Metal Industry — Aluminium CO, 449.0 543.9 0.001 0.1 97.9
Production

1.A2.a Iron and Steel — Gaseous Fuels CO: 116.2 103.2 0.001 0.1 98.0
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1990 2022
CRT estimate estimate Absolute Absolute

category (kt CO- (kt CO2- Trend contribution cumulative
code IPCC category equivalent) equivalent) assessment to trend (%) total (%)

1.A.lc Energy Industries — CO2 0.0 47.8 0.000 0.1 98.1
Manufacture of Solid Fuels and
Other Energy Industries

3.B.1.3 CH4 Emissions — Swine CHa 65.6 40.5 0.000 0.1 98.1
3.A4 Other Livestock — Horses CHa 47.4 16.9 0.000 0.1 98.2
3.D.2.2 Indirect N.O Emissions from N20 396.1 479.5 0.000 0.1 98.3

Managed Soils — Nitrogen
Leaching and Run-off

5.D Waste — Wastewater CHa 250.9 287.4 0.000 0.1 98.3
Treatment and Discharge

5.B Waste — Biological Treatment CHa 3.1 48.8 0.000 0.1 98.4
of Solid Waste

3.B.2.5 N20 and NMVOC Emissions — N20 30.6 84.9 0.000 0.1 98.4
Indirect N.O Emissions

1.A3.a Domestic Aviation — Aviation CO2 47.7 21.1 0.000 0.1 98.5
Gasoline

1.A2.g.i Manufacturing of Machinery — CO: 41.8 13.6 0.000 0.1 98.5
Gaseous Fuels

1.A4b Other Sectors — Residential CHa 30.6 1.2 0.000 0.1 98.6

1.A2f Non-metallic Minerals — CO; 64.1 123.7 0.000 0.1 98.6

Gaseous Fuels

2.B.8 Chemical Industry — CHa 30.9 78.1 0.000 0.0 98.7
Petrochemical and Carbon
Black Production

1.A2d Pulp, Paper and Print — Other CO, 0.0 36.6 0.000 0.0 98.7
Fossil Fuels

3.B.1.1 Cattle — Option A CHa 101.8 99.8 0.000 0.0 98.8

1.A3.b Transport — Road N.O 79.4 72.8 0.000 0.0 98.8
Transportation

1.B.2.d Other (please specify) — CHa 61.4 113.1 0.000 0.0 98.9
Geothermal

1.A3.e Transport — Other CO, 5.5 38.0 0.000 0.0 98.9
Transportation (please specify)

4.C.2 Grassland — Land Converted to N20 27.9 6.3 0.000 0.0 98.9
Grassland

4.C.1 Grassland — Grassland N20 31.6 13.5 0.000 0.0 99.0

Remaining Grassland

Note: Key categories are those that comprise 95 per cent of the total, as indicated in the shaded and bold cells.
Removals from the LULUCF sector are shown as negatives in this table. The absolute values for those
removals were used for the calculations.
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Table A1.3.3(b) Results of the key category trend analysis for 99 per cent of the gross emissions and removals
for New Zealand in 1990 and 2022

1990 2022
CRT estimate estimate Absolute Absolute
category (kt CO>- (kt CO>- Trend contribution cumulative
code IPCC category equivalent) equivalent) assessment to trend (%) total (%)
3.A.2 Other (please specify) —Sheep CHs 16,118.8 8,865.5 0.137 219 219
3.A.1 Option A — Dairy Cattle CHq 6,974.4 15,992.6 0.117 18.6 40.5
1.A.3.b Transport — Road CO2 6,519.0 12,352.6 0.072 114 51.9
Transportation
1.A.l1.c Energy Industries — CO2 1,715.3 195.6 0.025 4.1 55.9

Manufacture of Solid Fuels
and Other Energy Industries

1.A.l.a Energy Industries — Public CO; 2,999.6 1,977.4 0.021 3.3 59.3
Electricity and Heat
Production

2.F.1 Product Uses as Substitutes HFCs 0.0 1,422.7 0.021 3.3 62.5

for ODS - Refrigeration and
Air Conditioning

5.A Waste - Solid Waste Disposal CHa 3,708.8 2,840.6 0.020 3.2 65.7

3.A.1 Option A — Non-dairy Cattle CHq 7,359.1 7,203.1 0.017 2.7 68.4

3.B.1.1 Cattle — Option A CHs 473.8 1,541.3 0.015 23 70.7

2.C.3 Metal Industry — Aluminium PFCs 818.0 50.9 0.013 2.0 72.8
Production

1.A.2.g.viii Other (please specify) — Other CO: 731.1 32.8 0.012 1.8 74.6
(please specify)

3.D.1.1 Direct N20 Emissions from N2O 204.8 961.4 0.011 1.7 76.3
Managed Soils — Inorganic N
Fertilisers

1.A.1.b Petroleum Refining - Liquid CO; 778.9 162.1 0.010 1.7 78.0
Fuels

1.A.2.c Chemicals — Gaseous Fuels CO2 524.8 1,255.4 0.010 1.5 79.5

1.A.2.e Food Processing, Beverages CO: 443.5 947.6 0.006 1.0 80.5
and Tobacco — Gaseous Fuels

1.A.4.b Other Sectors — Residential CO:2 814.5 1,323.7 0.006 09 81.4

1.A.4.b Other Sectors — Residential CO; 344.9 13.8 0.005 0.9 82.3

1.B.1.a.1 Coal Mining and Handling - CHq 324.3 0.0 0.005 0.9 83.1
Underground Mines

3.H Agriculture — Urea Application CO: 39.2 404.9 0.005 0.8 84.0

1.B.2.b.5 Natural Gas — Distribution CHs 310.8 34.5 0.005 0.7 84.7

1.A.2.e Food Processing, Beverages CO; 938.6 1,365.2 0.004 0.7 85.4
and Tobacco - Solid Fuels

1.A4.a Other Sectors — Commercial/ CO; 500.7 852.7 0.004 0.7 86.1
Institutional

1.B.2.c.1.ii Venting — Gas CO: 109.3 404.9 0.004 0.6 86.7

1.A.2d Pulp, Paper and Print — CO: 347.6 135.6 0.004 0.6 87.3
Gaseous Fuels

1.A.2.f Non-metallic Minerals — Solid  CO: 382.9 187.2 0.004 0.6 87.9
Fuels

3.D.1.3 Direct N2O Emissions from N20 2,654.1 3,255.5 0.003 0.6 88.4

Managed Soils — Urine and
Dung Deposited by Grazing

Animals
1.A.2.8.v Other (please specify) — CO, 245.0 516.2 0.003 0.5 89.0
Construction
3.A4 Other Livestock — Goats CHs 220.2 22.2 0.003 0.5 89.5
1.A.2.g.iii Mining (excluding fuels) and CO: 94.4 335.1 0.003 0.5 90.0

Quarrying - Liquid Fuels

New Zealand’s Greenhouse Gas Inventory 1990-2022 15



1990 2022

CRT estimate estimate Absolute Absolute

category (kt CO- (kt CO2- Trend contribution cumulative

code IPCC category equivalent) equivalent) assessment to trend (%) total (%)

1.A.3.d Domestic Navigation — CO: 232.9 53.5 0.003 0.5 90.5
Residual Fuel Oil

1.A.1l.a Energy Industries — Public CO; 474.8 716.0 0.003 0.4 90.9
Electricity and Heat
Production

1.A.2.g.viii Other (please specify) — Other CO: 52.3 221.8 0.002 0.4 91.3
(please specify)

1.B.2.d Other (please specify) — CO: 228.6 419.5 0.002 0.4 91.7
Geothermal

2.B.10 Chemical Industry — Other CO: 152.3 14.4 0.002 0.4 92.0
(please specify)

1.A.3.b Transport — Road CO: 139.5 0.0 0.002 0.4 92.4
Transportation

1.A.4.b Other Sectors — Residential CO; 184.9 366.5 0.002 0.4 92.8

1.A4.a Other Sectors — Commercial/ CO; 235.2 403.6 0.002 0.3 93.1
Institutional

1.A4.a Other Sectors — Commercial/  CO: 142.2 48.7 0.002 0.3 93.3
Institutional

3.G Agriculture - Liming CO2 296.5 445.6 0.002 0.3 93.6

1.A.2d Pulp, Paper and Print — Solid CO: 109.5 17.9 0.002 0.2 93.8
Fuels

2.A1 Mineral Industry — Cement CO: 448.7 408.4 0.001 0.2 94.1
Production

1.A.4.c Other Sectors — Agriculture/ CO: 35.1 139.2 0.001 0.2 94.3
Forestry/Fishing

1.B.2.c.2.iii Flaring — Combined CO: 114.1 314 0.001 0.2 94.5

5.C Waste — Incineration and CO; 153.6 83.3 0.001 0.2 94.7
Open Burning of Waste

3.B.1.2 CHs Emissions — Sheep CHs 164.3 96.9 0.001 0.2 94.9

1.B.2.c.1l.iii  Venting — Combined CHq 109.2 34.6 0.001 0.2 95.2

5.C Waste — Incineration and CHa 140.0 81.9 0.001 0.2 95.3
Open Burning of Waste

1.A3.b Transport — Road CHa 81.7 15.9 0.001 0.2 95.5
Transportation

3.D.1.6 Direct N2O Emissions from N0 583.1 590.2 0.001 0.2 95.7
Managed Soils — Cultivation of
Organic Soils

1.B.2.c.2.iii Flaring — Combined CHa 72.4 10.7 0.001 0.2 95.8

1.A4.c Other Sectors — Agriculture/ CO; 1,071.9 1,148.7 0.001 0.2 96.0
Forestry/Fishing

2.F.4 Product Uses as Substitutes HFCs 0.0 67.8 0.001 0.2 96.2
for ODS — Aerosols

1.A4.c Other Sectors — Agriculture/ CO: 105.8 54.3 0.001 0.2 96.3
Forestry/Fishing

1.A.2.g.iii Mining (excluding fuels) and CO, 12.2 71.7 0.001 0.1 96.4
Quarrying — Solid Fuels

2.C.1 Metal Industry — Iron and Steel CO; 1,306.7 1,541.6 0.001 0.1 96.6
Production

1A2f Non-metallic Minerals — CO; 64.1 123.7 0.001 0.1 96.7
Gaseous Fuels

3.B.2.5 N20 and NMVOC Emissions — N20 30.6 84.9 0.001 0.1 96.8
Indirect N.O Emissions

3.D0.1.4 Direct N20O Emissions from N20 156.0 225.7 0.001 0.1 96.9
Managed Soils — Crop
Residues
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1990 2022
CRT estimate estimate Absolute Absolute

category (kt CO- (kt CO2- Trend contribution cumulative
code IPCC category equivalent) equivalent) assessment to trend (%) total (%)

1.A.lc Energy Industries — CO2 0.0 47.8 0.001 0.1 97.0
Manufacture of Solid Fuels
and Other Energy Industries

1.A2.g.vi Textile and Leather — Gaseous  CO: 58.9 20.4 0.001 0.1 97.1
Fuels

5.B Waste — Biological Treatment CHa 3.1 48.8 0.001 0.1 97.2
of Solid Waste

1.B.2.d Other (please specify) — CHa 61.4 113.1 0.001 0.1 97.3
Geothermal

2.B.8 Chemical Industry — CHa 30.9 78.1 0.001 0.1 97.4

Petrochemical and Carbon
Black Production

1.B.2.b.2 Natural Gas — Production CHa 160.7 140.2 0.001 0.1 97.5

1.A2.e Food Processing, Beverages CO2 281.1 360.3 0.001 0.1 97.6
and Tobacco — Liquid Fuels

3.A4 Other Livestock — Deer CHa 480.8 508.0 0.001 0.1 97.7

3.A4 Other Livestock — Horses CHa 47.4 16.9 0.001 0.1 97.8

1.A2d Pulp, Paper and Print — Other CO. 0.0 36.6 0.001 0.1 97.9
Fossil Fuels

3.B.1.3 CH4 Emissions — Swine CHa 65.6 40.5 0.000 0.1 98.0

1.A2.g.i Manufacturing of Machinery—  CO 41.8 13.6 0.000 0.1 98.1
Gaseous Fuels

1.A.4.b Other Sectors — Residential CHa 30.6 1.2 0.000 0.1 98.1

2.C3 Metal Industry — Aluminium CO: 449.0 543.9 0.000 0.1 98.2
Production

1.A3.a Domestic Aviation — Aviation CO: 47.7 21.1 0.000 0.1 98.3
Gasoline

1.A3.e Transport — Other CO: 5.5 38.0 0.000 0.1 98.4
Transportation (please specify)

3.D.2.2 Indirect N.O Emissions from N20 396.1 479.5 0.000 0.1 98.4

Managed Soils — Nitrogen
Leaching and Run-off

1.A2.a Iron and Steel — Gaseous Fuels  CO: 116.2 103.2 0.000 0.1 98.5

3.0.1.2 Direct N20 Emissions from N.O 32.1 65.0 0.000 0.1 98.6
Managed Soils — Organic N
Fertilisers

1.B.2.b.4 Natural Gas — Transmission CHa 2.8 30.9 0.000 0.1 98.6
and Storage

1.A3.c Railways — Liquid Fuels CO: 78.4 115.2 0.000 0.1 98.7

5.B Waste — Biological Treatment N20 1.7 27.7 0.000 0.1 98.7
of Solid Waste

5.D Waste — Wastewater N0 72.9 107.6 0.000 0.1 98.8
Treatment and Discharge

1.A.2.b Non-Ferrous Metals — Solid CO2 0.0 22.0 0.000 0.1 98.8
Fuels

2.A4 Mineral Industry — Other CO2 30.5 55.8 0.000 0.0 98.9
Process Uses of Carbonates

1.A3.a Domestic Aviation — Jet CO: 892.6 994.7 0.000 0.0 98.9
Kerosene

1.A4.a Other Sectors — Commercial/ CO, 0.0 19.9 0.000 0.0 99.0
Institutional

Note: Key categories are those that comprise 95 per cent of the total, as indicated in the shaded and bold cells.
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Annex 2: Uncertainty analysis

Uncertainty estimates are an essential element of a complete greenhouse gas inventory.
Uncertainty information helps prioritise efforts to improve the accuracy of inventories and
guides decisions on methodological choice.

New Zealand has followed the Approach 1 methodology for uncertainty analysis, in line with
the Intergovernmental Panel on Climate Change (IPCC) methodological guidelines (IPCC, 2006).
In this method, uncertainties for individual categories of emissions are combined to provide
uncertainty estimates for the entire inventory in any year and the uncertainty in the overall
inventory trend over time. Uncertainties for the categories themselves are described in the
sector chapters 3 to 8 and chapter 1, section 1.6.

A2.1 Approach 1 uncertainty calculation

The uncertainty in activity data and emission and/or removal factors presented in tables A2.1.1
and A2.1.2 are equal to half the 95 per cent confidence interval divided by the mean and
expressed as a percentage. The reason for halving the 95 per cent confidence interval is that
the value corresponds to the familiar plus or minus value when uncertainties are loosely
quoted as ‘plus or minus x per cent’.

Where uncertainty is highly asymmetrical, the larger percentage difference between the mean
and the confidence limit is entered. Where only the total uncertainty is known for a category,
then:

e if uncertainty is correlated across years, the uncertainty is entered as the emission or the
removal factor uncertainty and as zero in the activity data uncertainty

e if uncertainty is not correlated across years, the uncertainty is entered as the uncertainty
in the activity data and as zero in the emission or the removal factor uncertainty.

In Approach 1, uncertainties in the trend are estimated using two sensitivities. Uncertainties
that are fully correlated between years are associated with Type A sensitivities, and
uncertainties that are not correlated between years are associated with Type B sensitivities.

Type A sensitivity: the change in the difference in overall emissions between the base year and
the current year, expressed as a percentage, resulting from a 1 per cent increase in emissions
or removals of a given category and gas in both the base year and the current year.

Type B sensitivity: the change in the difference in overall emissions between the base year and
the current year, expressed as a percentage, resulting from a 1 per cent increase in emissions
or removals of a given category and gas in the current year only.

Once the uncertainties introduced into the national inventory by Type A and Type B
sensitivities have been calculated, they are summed using equation 3.1 (IPCC, 2006) to
give the overall uncertainty in the trend.

In tables A2.1.1 and A2.1.2, the columns presenting trend uncertainties provide an estimate
of the total uncertainty in the trend in emissions since the base year. This is expressed as the
number of percentage points in the 95 per cent confidence interval in the per cent change in
emissions since the base year. The values for individual categories are an estimate of the
uncertainty introduced into the trend by the category in question. Table A2.1.1 and table
A2.1.2 present uncertainties for net emissions and gross emissions respectively.
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Table A2.1.1

1990 emissions 2022 emissions
or absolute or absolute
value of value of
removals removals

(kt CO,-e) (kt CO,-e)

IPCC source
category

Activity data
uncertainty (%) uncertainty (%)

Emission or
removal factor

Combined
uncertainty
(%)

Combined
uncertainty as
a per cent of
the national
total in 1990
(%)

Combined
uncertainty as
a per cent of
the national
total in 2022
(%)

Uncertainty calculation of the net emissions and removals for New Zealand in 2022

Type A
sensitivit
Y

(%)

Uncertainty in the Uncertainty in the

trend in national
total introduced by

Type B emission or removal

sensitivity
(%)

factor uncertainty
(%)

trend in national
total introduced
by activity data
uncertainty

(%)

Uncertainty
introduced into
the trend in the

national total (%)

Combined
uncertainty of the
national total in
1990

Combined
uncertainty of
the national total
in 2022

Energy — Gaseous CO, 7,026.45 5,710.19 35 24 4.2 0.6687 0.4100 0.0806 0.1279 0.1942 0.6329 0.6620 0.4472 0.1681
Fuels

Energy - Liquid CO, 11,789.48 18,676.48 0.7 0.5 0.9 0.2305 0.2755 0.0682 0.4184 0.0341 0.4233 0.4246 0.0531 0.0759
Fuels

Energy — Other CO, 0.02 64.96 5.0 5.0 7.1 0.0000 0.0078 0.0015 0.0015 0.0073 0.0103 0.0126 0.0000 0.0001
Fossil Fuels

Energy —Solid Fuels  CO, 3,211.03 2,632.49 15.2 2.2 15.4 1.1063 0.6843 0.0363 0.0590 0.0790 1.2698 1.2722 1.2239 0.4683
Energy — Fugitive — Cco, 0.00 0.00 0.7 100.0 100.0 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Oil Exploration

Energy — Fugitive—  CO, 0.00 0.00 0.7 100.0 100.0 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Qil Production

Energy — Fugitive — Cco, 0.01 0.00 0.7 100.0 100.0 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Oil Transport

Energy - Fugitive—  CO, 0.21 0.18 35 100.0 100.1 0.0005 0.0003 0.0000 0.0000 0.0002 0.0000 0.0002 0.0000 0.0000
Gas Production

Energy — Fugitive — CcOo, 0.01 0.27 35 100.0 100.1 0.0000 0.0005 0.0000 0.0000 0.0006 0.0000 0.0006 0.0000 0.0000
Gas Transmission

and Storage

Energy — Fugitive — CcOo, 1.45 0.30 35 100.0 100.1 0.0032 0.0005 0.0000 0.0000 0.0036 0.0000 0.0036 0.0000 0.0000
Gas Distribution

Energy - Fugitive—  CO, 229.48 441.43 35 2.4 4.2 0.0218 0.0317 0.0031 0.0099 0.0074 0.0489 0.0495 0.0005 0.0010
Venting and Flaring

Energy — Fugitive — CcOo, 228.58 419.45 5.0 5.0 7.1 0.0362 0.0501 0.0026 0.0094 0.0131 0.0665 0.0677 0.0013 0.0025
Other Forms of

Energy Production

2.A.1 Cement CcOo, 448.75 408.36 1.0 1.0 1.4 0.0142 0.0098 0.0042 0.0091 0.0042 0.0129 0.0136 0.0002 0.0001
Production

2.A.2 Lime CO, 82.60 101.48 2.0 2.0 2.8 0.0052 0.0049 0.0002 0.0023 0.0004 0.0064 0.0064 0.0000 0.0000
Production

2.A.4.a Ceramics CO, 0.01 0.01 50.0 20.0 53.9 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
2.A.4.b Other Uses CO, 5.87 7.08 3.0 2.0 3.6 0.0005 0.0004 0.0000 0.0002 0.0000 0.0007 0.0007 0.0000 0.0000
of Soda Ash

2.A.4.d Other — CO, 24.63 48.68 3.0 2.0 3.6 0.0020 0.0030 0.0004 0.0011 0.0007 0.0046 0.0047 0.0000 0.0000
Other Uses of

Limestone

2.B.1 Ammonia CO, 21.68 19.54 2.0 6.0 6.3 0.0031 0.0021 0.0002 0.0004 0.0012 0.0012 0.0018 0.0000 0.0000
Production

2.B.5.b Calcium CO, 1.43 1.43 50.0 50.0 70.7 0.0023 0.0017 0.0000 0.0000 0.0005 0.0023 0.0023 0.0000 0.0000
Carbide

2.B.10 Hydrogen Cco, 152.29 14.38 2.0 6.0 6.3 0.0216 0.0015 0.0042 0.0003 0.0252 0.0009 0.0252 0.0005 0.0000
Production

2.C.1lronandsteel  CO, 1,306.73 1,541.56 5.0 7.0 8.6 0.2518 0.2242 0.0043 0.0345 0.0298 0.2442 0.2460 0.0634 0.0503
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IPCC source
category

1990 emissions 2022 emissions

or absolute
value of
removals
(kt CO-€)

or absolute
value of
removals
(kt CO.-€)

Activity data
uncertainty (%) uncertainty (%)

Emission or
removal factor

Combined
uncertainty
(%)

Combined
uncertainty as
a per cent of
the national
total in 1990
(%)

Combined
uncertainty as
a per cent of
the national
total in 2022
(%)

Type A
sensitivit
y

(%)

Uncertainty in the Uncertainty in the

trend in national
total introduced by

Type B emission or removal

sensitivity
(%)

factor uncertainty
(%)

trend in national
total introduced
by activity data
uncertainty

(%)

Uncertainty
introduced into
the trend in the

national total (%)

Combined
uncertainty of the
national total in
1990

Combined
uncertainty of
the national total

2.C.3.a Aluminium Cco, 448.98 543.93 5.0 2.0 5.4 0.0542 0.0495 0.0011 0.0122 0.0023 0.0862 0.0862 0.0029 0.0025
2.C.5 Secondary Cco, 1.80 0.00 50.0 50.0 70.7 0.0029 0.0000 0.0001 0.0000 0.0027 0.0000 0.0027 0.0000 0.0000
Lead Production
2.D.1 Lubricant Use ~ CO, 22.83 34.68 20.0 50.0 53.9 0.0275 0.0316 0.0001 0.0008 0.0050 0.0220 0.0225 0.0008 0.0010
2.D.2 Paraffin Wax CO, 2.35 2.35 20.0 100.0 102.0 0.0054 0.0040 0.0000 0.0001 0.0017 0.0015 0.0023 0.0000 0.0000
2.D.3 Other: Urea CO, 0.00 4.21 50.0 10.0 51.0 0.0000 0.0036 0.0001 0.0001 0.0009 0.0067 0.0067 0.0000 0.0000
Catalyst in Road
Transport
Agriculture — Liming ~ CO, 296.48 445.62 34 50.0 50.1 0.3329 0.3775 0.0012 0.0100 0.0590 0.0480 0.0761 0.1108 0.1425
Agriculture — Urea CO, 39.19 404.93 10.0 50.0 51.0 0.0448 0.3490 0.0079 0.0091 0.3954 0.1283 0.4157 0.0020 0.1218
Application
LULUCF - Forest CO, -23,519.79 -17,532.51 0.0 66.9 66.9 -35.2273 -19.8129 0.3072 0.3928 20.5382 0.0000 20.5382 1,240.9645 392.5524
Land
LULUCF - Cropland Cco, 469.54 687.26 0.0 59.7 59.7 0.6283 0.6939 0.0015 0.0154 0.0869 0.0000 0.0869 0.3948 0.4815
LULUCF - Grassland ~ CO 709.75 3,623.71 0.0 333 333 0.5295 2.0397 0.0601 0.0812 2.0013 0.0000 2.0013 0.2804 4.1604
LULUCF — Wetlands ~ CO -8.29 7.89 0.0 127.7 127.7 -0.0237 0.0170 0.0004 0.0002 0.0540 0.0000 0.0540 0.0006 0.0003
LULUCF - CcOo, 78.90 118.04 0.0 65.5 65.5 0.1158 0.1307 0.0003 0.0026 0.0198 0.0000 0.0198 0.0134 0.0171
Settlements
LULUCF - Other CO, 14.65 87.00 0.0 85.2 85.2 0.0280 0.1254 0.0015 0.0019 0.1291 0.0000 0.1291 0.0008 0.0157
Land
LULUCF — Harvested  CO -2,437.78 -6,582.33 0.0 68.2 68.2 -3.7270 -7.5929 0.0751 0.1475 5.1265 0.0000 5.1265 13.8908 57.6518
Wood Products
Waste — Incineration  CO, 153.59 83.33 50.0 40.0 64.0 0.2203 0.0902 0.0027 0.0019 0.1077 0.1320 0.1704 0.0485 0.0081
and Open Burning of
Waste
Tokelau Energy CO, 0.23 133 10.0 7.0 122 0.0001 0.0003 0.0000 0.0000 0.0002 0.0004 0.0005 0.0000 0.0000
industries — Sectoral
Approach - liquid
Tokelau Gas Diesel CO, 0.90 131 50.0 15 50.0 0.0010 0.0011 0.0000 0.0000 0.0000 0.0021 0.0021 0.0000 0.0000
Oil - Sectoral
Approach — Liquid
Tokelau Other/ Co, 0.12 0.10 20.0 7.0 212 0.0001 0.0000 0.0000 0.0000 0.0000 0.0001 0.0001 0.0000 0.0000
Residential —
Sectoral Approach —
Liquid
Tokelau Waste — CO, 0.05 0.04 50.0 40.0 64.0 0.0001 0.0000 0.0000 0.0000 0.0000 0.0001 0.0001 0.0000 0.0000
Incineration and
Open Burning of
Waste
Energy — Gaseous CHa 10.14 4.19 35 50.0 50.1 0.0114 0.0036 0.0002 0.0001 0.0104 0.0005 0.0104 0.0001 0.0000
Fuels
Energy — Liquid CHa 98.02 38.81 0.7 50.0 50.0 0.1098 0.0328 0.0020 0.0009 0.1021 0.0009 0.1021 0.0121 0.0011
Fuels
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Combined Combined Uncertainty in the Uncertainty in the

1990 emissions 2022 emissions uncertainty as  uncertainty as trend in national trend in national
or absolute or absolute a per cent of a per cent of Type A total introduced by  total introduced Uncertainty Combined Combined
value of value of Emission or Combined the national the national sensitivit Type B emission or removal by activity data introduced into uncertainty of the uncertainty of

IPCC source removals removals Activity data removal factor uncertainty total in 1990 total in 2022 y sensitivity factor uncertainty uncertainty the trend in the national total in the national total
category (kt CO,-e) (kt CO,-e) uncertainty (%) uncertainty (%) (%) (%) (%) (%) (%) (%) (%) national total (%) 1990 i
Energy — Other CHq 0.01 0.07 5.0 50.0 50.2 0.0000 0.0001 0.0000 0.0000 0.0001 0.0000 0.0001 0.0000 0.0000
Fossil Fuels
Energy — Solid Fuels ~ CHa 40.71 18.38 15.2 50.0 52.3 0.0477 0.0162 0.0008 0.0004 0.0398 0.0089 0.0408 0.0023 0.0003
Energy — Biomass CHa 77.76 70.68 50.0 50.0 70.7 0.1232 0.0845 0.0007 0.0016 0.0363 0.1120 0.1177 0.0152 0.0071
Energy — Fugitive—  CHa4 367.40 64.32 15.2 50.0 52.3 0.4302 0.0568 0.0095 0.0014 0.4734 0.0310 0.4744 0.1851 0.0032
Coal Handling
Energy — Fugitive — CHq 0.00 0.00 0.7 50.0 50.0 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Oil Exploration
Energy — Fugitive—  CHa4 0.07 0.02 0.7 50.0 50.0 0.0001 0.0000 0.0000 0.0000 0.0001 0.0000 0.0001 0.0000 0.0000
Qil Production
Energy — Fugitive — CHq 1.88 0.80 0.7 50.0 50.0 0.0021 0.0007 0.0000 0.0000 0.0019 0.0000 0.0019 0.0000 0.0000
Oil Transport
Energy — Fugitive — CHq 3.06 0.69 0.7 50.0 50.0 0.0034 0.0006 0.0001 0.0000 0.0038 0.0000 0.0038 0.0000 0.0000
Oil Refining
Energy — Fugitive—  CHa 160.67 140.24 35 50.0 50.1 0.1804 0.1188 0.0016 0.0031 0.0814 0.0155 0.0829 0.0326 0.0141
Gas Production
Energy — Fugitive — CHq 2.77 30.90 35 100.0 100.1 0.0062 0.0523 0.0006 0.0007 0.0610 0.0034 0.0611 0.0000 0.0027

Gas Transmission
and Storage

Energy — Fugitive—  CH4 310.78 34.47 35 100.0 100.1 0.6967 0.0583 0.0085 0.0008 0.8456 0.0038 0.8456 0.4854 0.0034
Gas Distribution

Energy — Fugitive — CHa 181.62 45.27 35 50.0 50.1 0.2040 0.0384 0.0044 0.0010 0.2189 0.0050 0.2190 0.0416 0.0015
Venting and Flaring

Energy — Fugitive—  CH, 61.37 113.13 5.0 50.0 50.2 0.0691 0.0961 0.0007 0.0025 0.0356 0.0179 0.0399 0.0048 0.0092

Other Forms of
Energy Production

2.B.8 Methanol CHq 30.91 78.12 2.0 80.0 80.0 0.0554 0.1057 0.0008 0.0018 0.0666 0.0050 0.0668 0.0031 0.0112
Agriculture —Enteric  CH4 31,212.52 32,617.20 3.9 155 16.0 11.1889 8.8219 0.1947 0.7308 3.0214 4.0306 5.0373 125.1915 77.8265
Fermentation

Agriculture — CHa 829.90 1,803.70 5.0 20.0 20.6 0.3833 0.6286 0.0158 0.0404 0.3153 0.2858 0.4255 0.1469 0.3951
Manure

Management

Agriculture — CHa 25.34 17.94 6.0 20.0 20.9 0.0119 0.0063 0.0004 0.0004 0.0070 0.0034 0.0078 0.0001 0.0000
Burning of Residues

CHa Emissions CHq 76.56 82.29 30.0 41.7 51.4 0.0882 0.0715 0.0004 0.0018 0.0179 0.0782 0.0803 0.0078 0.0051

Associated with

Biomass Burning

(CO2-e)

Waste —Solid Waste  CHa 3,708.78 2,840.62 86.3 40.0 95.1 7.9047 4.5680 0.0464 0.0636 1.8580 7.7685 7.9876 62.4844 20.8666
Disposal

Waste — CHa 250.92 287.40 10.0 40.0 41.2 0.2318 0.2003 0.0010 0.0064 0.0405 0.0911 0.0997 0.0537 0.0401
Wastewater

Treatment and

Discharge
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IPCC source
category
Waste — Biological

Treatment of Solid
Waste

1990 emissions 2022 emissions

or absolute
value of
removals
(kt CO-€)

3.07

or absolute
value of
removals
(kt CO.-€)

48.81

Activity data
uncertainty (%) uncertainty (%)

100.0

Emission or
removal factor

100.0

Combined
uncertainty
(%)

141.4

Combined
uncertainty as
a per cent of
the national
total in 1990
(%)

0.0097

Combined
uncertainty as
a per cent of
the national
total in 2022
(%)

0.1167

Type A
sensitivit
y

(%)
0.0010

Uncertainty in the Uncertainty in the

trend in national
total introduced by

Type B emission or removal

sensitivity
(%)
0.0011

factor uncertainty
(%)
0.1002

trend in national
total introduced
by activity data
uncertainty

(%)

0.1546

Uncertainty
introduced into
the trend in the

national total (%)

0.1843

Combined
uncertainty of the
national total in
1990

0.0001

Combined
uncertainty of
the national total

Waste — Incineration
and Open Burning of
Waste

CHq

139.99

81.88

50.0

100.0

1118

0.3507

0.1547

0.0023

0.0018

0.2322

0.1297

0.2660

0.1230

0.0239

Tokelau Energy
Industries — Sectoral
Approach — Liquid

CHq

0.00

0.00

10.0

50.0

51.0

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

Tokelau Gas Diesel
Oil - Sectoral
Approach — Liquid

CHq

0.00

0.00

50.0

50.0

70.7

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

Tokelau Other/
Residential -
Sectoral Approach —
Liquid

CHa

0.00

0.00

20.0

50.0

53.9

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

Tokelau Agriculture
— Enteric
Fermentation

CHa

0.10

0.07

20.0

50.0

53.9

0.0001

0.0001

0.0000

0.0000

0.0001

0.0000

0.0001

0.0000

0.0000

Tokelau Agriculture
—Manure
Management

CHa

1.19

0.85

20.0

30.0

36.1

0.0010

0.0005

0.0000

0.0000

0.0005

0.0005

0.0007

0.0000

0.0000

Tokelau Waste —
Solid Waste Disposal

CHa

0.44

0.35

140.0

40.0

145.6

0.0014

0.0009

0.0000

0.0000

0.0002

0.0015

0.0015

0.0000

0.0000

Tokelau Waste —
Wastewater
Treatment and
Discharge

CHq

0.17

0.30

10.0

40.0

41.2

0.0002

0.0002

0.0000

0.0000

0.0001

0.0001

0.0001

0.0000

0.0000

Tokelau Waste —
Incineration and
Open Burning of
Waste

CHa

0.10

0.08

50.0

100.0

111.8

0.0002

0.0002

0.0000

0.0000

0.0001

0.0001

0.0002

0.0000

0.0000

Energy — Gaseous
Fuels

[\Fle]

4.92

2.61

35

50.0

50.1

0.0055

0.0022

0.0001

0.0001

0.0044

0.0003

0.0044

0.0000

0.0000

Energy — Liquid
Fuels

\P1e]

140.43

158.91

0.7

50.0

50.0

0.1573

0.1343

0.0006

0.0036

0.0305

0.0036

0.0307

0.0248

0.0180

Energy — Other
Fossil Fuels

N,O

0.18

0.13

5.0

50.0

50.2

0.0002

0.0001

0.0000

0.0000

0.0001

0.0000

0.0001

0.0000

0.0000

Energy — Solid Fuels

N>O

13.25

10.49

15.2

50.0

523

0.0155

0.0093

0.0002

0.0002

0.0079

0.0051

0.0094

0.0002

0.0001

Energy — Biomass

N20O

36.54

36.21

50.0

50.0

70.7

0.0579

0.0433

0.0003

0.0008

0.0137

0.0574

0.0590

0.0034

0.0019

Energy — Fugitive —
Venting and Flaring

N20

0.05

0.02

35

100.0

100.1

0.0001

0.0000

0.0000

0.0000

0.0001

0.0000

0.0001

0.0000

0.0000

2.G.3 N2O from
Product Uses

N20

88.76

94.74

15.0

0.0

15.0

0.0298

0.0240

0.0005

0.0021

0.0000

0.0450

0.0450

0.0009

0.0006
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Combined Combined Uncertainty in the Uncertainty in the

1990 emissions 2022 emissions uncertainty as  uncertainty as trend in national trend in national
or absolute or absolute a per cent of a per cent of Type A total introduced by  total introduced Uncertainty Combined Combined
value of value of Emission or Combined the national the national sensitivit Type B emission or removal by activity data introduced into uncertainty of the uncertainty of

IPCC source removals removals Activity data removal factor uncertainty total in 1990 total in 2022 y sensitivity factor uncertainty uncertainty the trend in the national total in the national total
category (kt CO,-e) (kt CO,-e) uncertainty (%) uncertainty (%) (%) (%) (%) (%) (%) (%) (%) national total (%) 1990 in 2022
Agriculture — N,O 4,668.99 6,322.49 143 54.2 56.1 5.8637 5.9910 0.0030 0.1417 0.1629 2.8647 2.8693 34.3833 35.8917
Agricultural Soils
Agriculture — N,O 44.86 97.86 5.0 100.0 100.1 0.1006 0.1656 0.0009 0.0022 0.0861 0.0155 0.0874 0.0101 0.0274
Manure
Management
Agriculture — N,O 4.24 2.95 6.0 20.0 20.9 0.0020 0.0010 0.0001 0.0001 0.0012 0.0006 0.0013 0.0000 0.0000
Burning of Residues
Direct and Indirect \Fle] 269.05 226.19 0.0 56.0 56.0 0.3374 0.2140 0.0029 0.0051 0.1635 0.0000 0.1635 0.1139 0.0458
N20 Emissions
(COz-e)
N20 emissions \Fle] 22.79 43.66 30.0 41.7 51.4 0.0262 0.0379 0.0003 0.0010 0.0126 0.0415 0.0434 0.0007 0.0014

associated with

Biomass Burning

(CO2-e)

Waste — N,O 72.89 107.62 10.0 90.0 90.6 0.1479 0.1647 0.0002 0.0024 0.0222 0.0341 0.0407 0.0219 0.0271
Wastewater

Treatment and

Discharge

Waste — Biological N,O 1.74 27.72 100.0 150.0 180.3 0.0070 0.0845 0.0006 0.0006 0.0854 0.0878 0.1225 0.0000 0.0071
Treatment of Solid
Waste

Waste — Incineration  N,O 25.76 15.34 50.0 100.0 111.8 0.0645 0.0290 0.0004 0.0003 0.0421 0.0243 0.0486 0.0042 0.0008
and Open Burning of
Waste

Tokelau Energy N,O 0.00 0.00 10.0 50.0 51.0 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Industries — Sectoral

Approach — Liquid

Tokelau Gas Diesel N,O 0.01 0.01 50.0 50.0 70.7 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Oil - Sectoral

Approach — Liquid

Tokelau Other/ N,O 0.00 0.00 20.0 50.0 53.9 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Residential -

Sectoral Approach —

Liquid

Tokelau IPPU — \P1e] 0.04 0.02 15.0 0.0 15.0 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Other Product

Manufacture and

Use

Tokelau Waste — N,O 0.02 0.00 10.0 90.0 90.6 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Wastewater

Treatment and

Discharge

Tokelau Waste — \P1e] 0.01 0.01 50.0 100.0 111.8 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Incineration and

Open Burning of

Waste
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Combined Combined Uncertainty in the Uncertainty in the

1990 emissions 2022 emissions uncertainty as  uncertainty as trend in national trend in national
or absolute or absolute a per cent of a per cent of Type A total introduced by  total introduced Uncertainty Combined Combined
value of value of Emission or Combined the national the national sensitivit Type B emission or removal by activity data introduced into uncertainty of the uncertainty of
IPCC source removals removals Activity data removal factor uncertainty total in 1990 total in 2022 y sensitivity factor uncertainty uncertainty the trend in the national total in the national total
category (kt CO,-e) (kt CO,-e) uncertainty (%) uncertainty (%) (%) (%) (%) (%) (%) (%) (%) national total (%) 1990
2.F.1 Refrigeration HFCs 0.00 1,422.69 24.0 0.0 24.0 0.0000 0.5772 0.0319 0.0319 0.0000 1.0819 1.0819 0.0000 0.3331
and Air Conditioning
2.F.2 Foam Blowing  HFCs 0.00 5.55 12.0 50.0 51.4 0.0000 0.0048 0.0001 0.0001 0.0062 0.0021 0.0066 0.0000 0.0000
Agents
2.F.3 Fire Protection HFCs 0.00 2.24 30.0 30.0 42.4 0.0000 0.0016 0.0001 0.0001 0.0015 0.0021 0.0026 0.0000 0.0000
2.F.4 Aerosols HFCs 0.00 67.79 25.0 10.0 26.9 0.0000 0.0309 0.0015 0.0015 0.0152 0.0537 0.0558 0.0000 0.0010
Tokelau IPPU — HFCs 0.00 0.21 24.0 0.0 24.0 0.0000 0.0001 0.0000 0.0000 0.0000 0.0002 0.0002 0.0000 0.0000
Product Uses as
Substitutes for ODS
2.C.3.a Aluminium PFCs 818.01 50.93 5.0 30.0 30.4 0.5574 0.0262 0.0231 0.0011 0.6944 0.0081 0.6944 0.3107 0.0007
2.F.1 Refrigeration PFCs 0.00 0.00 25.0 0.0 25.0 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
and Air Conditioning
2.G.2 Other Product  PFCs 0.00 0.00 80.0 0.0 80.0 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Use
2.C.4 Magnesium SFe 2.82 0.00 100.0 30.0 104.4 0.0066 0.0000 0.0001 0.0000 0.0025 0.0000 0.0025 0.0000 0.0000
Production
2.G.1 Electrical SFe 14.95 16.60 20.0 30.0 36.1 0.0121 0.0101 0.0001 0.0004 0.0022 0.0105 0.0107 0.0001 0.0001
Equipment
2.G.2 Other product ~ SFe 2.82 2.82 80.0 0.0 80.0 0.0051 0.0038 0.0000 0.0001 0.0000 0.0071 0.0071 0.0000 0.0000
Use
Total Total
emissions/ emissions/
removals removals Uncertainty in Uncertainty in Uncertainty in
in 1990 in 2022 the trend the base year the final year
44,633.6 59,156.6 23.6% 38.5% 24.3%
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Table A2.1.2

Uncertainty calculation of the gross emissions and removals for New Zealand in 2022

Combined Combined
1990 emissions Emission or uncertainty as  uncertainty as Uncertainty in the Uncertainty in the
or absolute 2022 emissions or Activity removal a per cent of a per cent of trend in national total  trend in national Uncertainty Combined Combined
value of absolute value of data factor Combined the national the national Type A Type B introduced by emission  total introduced introduced into  uncertainty of uncertainty of

IPCC source removals (kt removals uncertainty uncertainty uncertainty total in 1990 totalin 2022  sensitivity  sensitivity or removal factor by activitydata  the trend in the the national  the national
category CO,-e) (kt CO,-e) (%) (%) (%) (%) (%) (%) (%) uncertainty (%) uncertainty (%) national total (%) totalin 1990  total in 2022
Energy — Gaseous CO, 7,026.45 5,710.19 35 24 4.2 0.4328 0.3094 0.0330 0.0828 0.0795 0.4096 0.4173 0.1873 0.0957
Fuels
Energy - Liquid CO, 11,789.48 18,676.48 0.7 0.5 0.9 0.1492 0.2079 0.0763 0.2708 0.0382 0.2740 0.2766 0.0223 0.0432
Fuels
Energy — Other CO, 0.02 64.96 5.0 5.0 7.1 0.0000 0.0059 0.0009 0.0009 0.0047 0.0067 0.0082 0.0000 0.0000
Fossil Fuels
Energy — Solid Fuels  CO, 3,211.03 2,632.49 15.2 2.2 15.4 0.7161 0.5164 0.0148 0.0382 0.0321 0.8219 0.8225 0.5127 0.2666
Energy — Fugitive—  CO, 0.00 0.00 0.7 100.0 100.0 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Oil Exploration
Energy — Fugitive—  CO, 0.00 0.00 0.7 100.0 100.0 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Qil Production
Energy — Fugitive—  CO, 0.01 0.00 0.7 100.0 100.0 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Oil Transport
Energy - Fugitive—  CO, 0.21 0.18 35 100.0 100.1 0.0003 0.0002 0.0000 0.0000 0.0001 0.0000 0.0001 0.0000 0.0000
Gas Production
Energy — Fugitive—  CO, 0.01 0.27 35 100.0 100.1 0.0000 0.0003 0.0000 0.0000 0.0004 0.0000 0.0004 0.0000 0.0000
Gas Transmission
and Storage
Energy — Fugitive—  CO, 1.45 0.30 35 100.0 100.1 0.0021 0.0004 0.0000 0.0000 0.0020 0.0000 0.0020 0.0000 0.0000
Gas Distribution
Energy — Fugitive—  CO, 229.48 441.43 35 2.4 4.2 0.0141 0.0239 0.0026 0.0064 0.0063 0.0317 0.0323 0.0002 0.0006
Venting and Flaring
Energy — Fugitive—  CO, 228.58 419.45 5.0 5.0 7.1 0.0234 0.0378 0.0023 0.0061 0.0116 0.0430 0.0445 0.0005 0.0014
Other Forms of
Energy Production
2.A.1 Cement COo, 448.75 408.36 1.0 1.0 1.4 0.0092 0.0074 0.0015 0.0059 0.0015 0.0084 0.0085 0.0001 0.0001
Production
2.A.2 Lime CO. 82.60 101.48 2.0 2.0 2.8 0.0034 0.0037 0.0001 0.0015 0.0002 0.0042 0.0042 0.0000 0.0000
Production
2.A.4.a Ceramics CO; 0.01 0.01 50.0 20.0 53.9 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
2.A.4.b Other Uses  CO, 5.87 7.08 3.0 2.0 36 0.0003 0.0003 0.0000 0.0001 0.0000 0.0004 0.0004 0.0000 0.0000
of Soda Ash
2.A.4.d Other — CO, 24.63 48.68 3.0 2.0 3.6 0.0013 0.0022 0.0003 0.0007 0.0006 0.0030 0.0031 0.0000 0.0000
Other Uses of
Limestone
2.B.1 Ammonia CO, 21.68 19.54 2.0 6.0 6.3 0.0020 0.0016 0.0001 0.0003 0.0004 0.0008 0.0009 0.0000 0.0000
Production
2.B.5.b Calcium CO, 1.43 1.43 50.0 50.0 70.7 0.0015 0.0013 0.0000 0.0000 0.0001 0.0015 0.0015 0.0000 0.0000
Carbide
2.B.10 Hydrogen Cco, 152.29 14.38 2.0 6.0 6.3 0.0140 0.0012 0.0023 0.0002 0.0138 0.0006 0.0138 0.0002 0.0000
Production
2.C.1Iron and Steel CO, 1,306.73 1,541.56 5.0 7.0 8.6 0.1630 0.1692 0.0008 0.0224 0.0057 0.1581 0.1582 0.0266 0.0286
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Combined Combined

1990 emissions Emission or uncertainty as  uncertainty as Uncertainty in the Uncertainty in the
or absolute 2022 emissions or Activity removal a per cent of a per cent of trend in national total  trend in national Uncertainty Combined Combined
value of absolute value of data factor Combined the national the national Type A Type B introduced by emission  total introduced introduced into  uncertainty of uncertainty of

IPCC source removals (kt removals uncertainty uncertainty uncertainty total in 1990 total in 2022 sensitivity sensitivity or removal factor by activity data the trend in the the national the national
category COz-¢€) (kt CO,-e) (%) (%) (%) (%) (%) uncertainty (%) uncertainty (%) national total (%) total in 1990  total in 2022
2.C.3.a Aluminium  CO, 448.98 543.93 5.0 2.0 5.4 0.0351 0.0374 0.0005 0.0079 0.0010 0.0558 0.0558 0.0012 0.0014
2.C.5 Secondary Co, 1.80 0.00 50.0 50.0 70.7 0.0018 0.0000 0.0000 0.0000 0.0015 0.0000 0.0015 0.0000 0.0000
Lead Production
2.D.1 Lubricant Use  CO, 22.83 34.68 20.0 50.0 53.9 0.0178 0.0238 0.0001 0.0005 0.0063 0.0142 0.0156 0.0003 0.0006
2.D.2 Paraffin Wax  CO, 2.35 2.35 20.0 100.0 102.0 0.0035 0.0031 0.0000 0.0000 0.0005 0.0010 0.0011 0.0000 0.0000
2.D.3 Other: Urea CO; 0.00 4.21 50.0 10.0 51.0 0.0000 0.0027 0.0001 0.0001 0.0006 0.0043 0.0044 0.0000 0.0000
Catalyst in Road
Transport
Agriculture — Liming  CO, 296.48 445.62 34 50.0 50.1 0.2155 0.2849 0.0016 0.0065 0.0787 0.0311 0.0846 0.0464 0.0812
Agriculture—Urea  CO, 39.19 404.93 10.0 50.0 51.0 0.0290 0.2634 0.0052 0.0059 0.2613 0.0830 0.2742 0.0008 0.0694
Application
Waste — CO. 153.59 83.33 50.0 40.0 64.0 0.1426 0.0681 0.0013 0.0012 0.0529 0.0855 0.1005 0.0203 0.0046

Incineration and

Open Burning of

Waste

Tokelau Energy COo, 0.23 1.33 10.0 7.0 12.2 0.0000 0.0002 0.0000 0.0000 0.0001 0.0003 0.0003 0.0000 0.0000
Industries — Sectoral

Approach — Liquid

Tokelau Gas Diesel ~ CO, 0.90 131 50.0 15 50.0 0.0007 0.0008 0.0000 0.0000 0.0000 0.0013 0.0013 0.0000 0.0000
Oil - Sectoral

Approach — Liquid

Tokelau Other/ CO, 0.12 0.10 20.0 7.0 212 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Residential —

Sectoral Approach —

Liquid

Tokelau Waste — Co, 0.05 0.04 50.0 40.0 64.0 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Incineration and

Open Burning of

Waste

Energy — Gaseous CHa 10.14 4.19 35 50.0 50.1 0.0074 0.0027 0.0001 0.0001 0.0053 0.0003 0.0053 0.0001 0.0000
Fuels

Energy — Liquid CHq 98.02 38.81 0.7 50.0 50.0 0.0711 0.0248 0.0011 0.0006 0.0527 0.0006 0.0527 0.0051 0.0006
Fuels

Energy — Other CHa 0.01 0.07 5.0 50.0 50.2 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Fossil Fuels

Energy — Solid Fuels  CHa4 40.71 18.38 15.2 50.0 523 0.0309 0.0123 0.0004 0.0003 0.0202 0.0057 0.0210 0.0010 0.0002
Energy — Biomass CHa 77.76 70.68 50.0 50.0 70.7 0.0797 0.0638 0.0003 0.0010 0.0128 0.0725 0.0736 0.0064 0.0041
Energy — Fugitive—  CHa4 367.40 64.32 15.2 50.0 523 0.2785 0.0429 0.0051 0.0009 0.2562 0.0201 0.2570 0.0775 0.0018
Coal Handling

Energy — Fugitive—  CHa, 0.00 0.00 0.7 50.0 50.0 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Oil Exploration

Energy — Fugitive—  CHa 0.07 0.02 0.7 50.0 50.0 0.0001 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

Oil production
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Combined Combined

1990 emissions Emission or uncertainty as  uncertainty as Uncertainty in the Uncertainty in the
or absolute 2022 emissions or Activity removal a per cent of a per cent of trend in national total  trend in national Uncertainty Combined Combined
value of absolute value of data factor Combined the national the national Type A Type B introduced by emission  total introduced introduced into  uncertainty of uncertainty of

IPCC source removals (kt removals uncertainty uncertainty uncertainty total in 1990 total in 2022 sensitivity sensitivity or removal factor by activity data the trend in the the national the national
category COz-¢€) (kt CO,-e) (%) (%) (%) (%) (%) (%) (%) uncertainty (%) uncertainty (%) national total (%) total in 1990  total in 2022
Energy — Fugitive—  CHa 1.88 0.80 0.7 50.0 50.0 0.0014 0.0005 0.0000 0.0000 0.0010 0.0000 0.0010 0.0000 0.0000
Oil Transport
Energy — Fugitive—  CHa4 3.06 0.69 0.7 50.0 50.0 0.0022 0.0004 0.0000 0.0000 0.0020 0.0000 0.0020 0.0000 0.0000
Oil Refining
Energy — Fugitive—  CHa 160.67 140.24 35 50.0 50.1 0.1168 0.0897 0.0006 0.0020 0.0307 0.0101 0.0324 0.0136 0.0080
Gas Production
Energy — Fugitive—  CHa4 2.77 30.90 35 100.0 100.1 0.0040 0.0394 0.0004 0.0004 0.0402 0.0022 0.0403 0.0000 0.0016

Gas Transmission
and Storage

Energy — Fugitive—  CHa4 310.78 34.47 35 100.0 100.1 0.4510 0.0440 0.0046 0.0005 0.4624 0.0025 0.4624 0.2034 0.0019
Gas Distribution

Energy — Fugitive—  CHa 181.62 45.27 35 50.0 50.1 0.1320 0.0289 0.0023 0.0007 0.1169 0.0032 0.1169 0.0174 0.0008
Venting and Flaring

Energy — Fugitive—  CHa4 61.37 113.13 5.0 50.0 50.2 0.0447 0.0725 0.0006 0.0016 0.0314 0.0116 0.0335 0.0020 0.0053

Other Forms of

Energy Production

2.B.8 Methanol CHa 30.91 78.12 2.0 80.0 80.0 0.0359 0.0797 0.0006 0.0011 0.0499 0.0032 0.0500 0.0013 0.0064
Agriculture — CHa 31,212.52 32,617.20 3.9 15.5 16.0 7.2421 6.6570 0.0414 0.4730 0.6422 2.6088 2.6867 52.4477 44.3152
Enteric

Fermentation

Agriculture — CHa. 829.90 1,803.70 5.0 20.0 20.6 0.2481 0.4743 0.0125 0.0262 0.2495 0.1850 0.3105 0.0616 0.2250
Manure

Management

Agriculture — CHa. 25.34 17.94 6.0 20.0 20.9 0.0077 0.0048 0.0002 0.0003 0.0032 0.0022 0.0038 0.0001 0.0000
Burning of Residues

Waste — Solid CHa 3,708.78 2,840.62 86.3 40.0 95.1 5.1164 3.4470 0.0199 0.0412 0.7976 5.0282 5.0910 26.1772 11.8817
Waste Disposal

Waste — CHa 250.92 287.40 10.0 40.0 41.2 0.1500 0.1512 0.0000 0.0042 0.0012 0.0589 0.0590 0.0225 0.0228
Wastewater

Treatment and

Discharge

Waste — Biological ~ CHa 3.07 48.81 100.0 100.0 141.4 0.0063 0.0880 0.0007 0.0007 0.0657 0.1001 0.1197 0.0000 0.0078
Treatment of Solid

Waste

Waste — CHa 139.99 81.88 50.0 100.0 111.8 0.2270 0.1168 0.0011 0.0012 0.1121 0.0840 0.1400 0.0515 0.0136
Incineration and

Open Burning of

Waste

Tokelau Energy CHa 0.00 0.00 10.0 50.0 51.0 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Industries — Sectoral

Approach — Liquid

Tokelau Gas Diesel ~ CHa 0.00 0.00 50.0 50.0 70.7 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Oil - Sectoral

Approach — Liquid
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Combined Combined

1990 emissions Emission or uncertainty as  uncertainty as Uncertainty in the Uncertainty in the
or absolute 2022 emissions or Activity removal a per cent of a per cent of trend in national total  trend in national Uncertainty Combined Combined
value of absolute value of data factor Combined the national the national Type A Type B introduced by emission  total introduced introduced into  uncertainty of uncertainty of

IPCC source removals (kt removals uncertainty uncertainty uncertainty total in 1990 total in 2022 sensitivity sensitivity or removal factor by activity data the trend in the the national the national
category COz-¢€) (kt CO,-e) (%) (%) (%) (%) (%) (%) uncertainty (%) uncertainty (%) national total (%) total in 1990  total in 2022
Tokelau Other/ CHa 0.00 0.00 20.0 50.0 53.9 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Residential -
Sectoral Approach —
Liquid
Tokelau Agriculture  CHa 0.10 0.07 20.0 50.0 53.9 0.0001 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
— Enteric
Fermentation
Tokelau Agriculture  CHa 1.19 0.85 20.0 30.0 36.1 0.0006 0.0004 0.0000 0.0000 0.0002 0.0004 0.0004 0.0000 0.0000
— Manure
Management
Tokelau Waste — CHa 0.44 0.35 140.0 40.0 145.6 0.0009 0.0006 0.0000 0.0000 0.0001 0.0010 0.0010 0.0000 0.0000
Solid Waste
Disposal
Tokelau Waste — CHa 0.17 0.30 10.0 40.0 41.2 0.0001 0.0002 0.0000 0.0000 0.0001 0.0001 0.0001 0.0000 0.0000
Wastewater
Treatment and
Discharge
Tokelau Waste — CHa 0.10 0.08 50.0 100.0 111.8 0.0002 0.0001 0.0000 0.0000 0.0000 0.0001 0.0001 0.0000 0.0000

Incineration and
Open Burning of

Waste

Energy — Gaseous  N,O 4.92 2.61 35 50.0 50.1 0.0036 0.0017 0.0000 0.0000 0.0022 0.0002 0.0022 0.0000 0.0000
Fuels

Energy — Liquid N.O 140.43 158.91 0.7 50.0 50.0 0.1018 0.1014 0.0000 0.0023 0.0005 0.0023 0.0024 0.0104 0.0103
Fuels

Energy — Other \P1e] 0.18 0.13 5.0 50.0 50.2 0.0001 0.0001 0.0000 0.0000 0.0001 0.0000 0.0001 0.0000 0.0000
Fossil Fuels

Energy — Solid Fuels N,O 13.25 10.49 15.2 50.0 52.3 0.0100 0.0070 0.0001 0.0002 0.0033 0.0033 0.0047 0.0001 0.0000
Energy — Biomass N.O 36.54 36.21 50.0 50.0 70.7 0.0375 0.0327 0.0001 0.0005 0.0039 0.0371 0.0373 0.0014 0.0011
Energy — Fugitive—  N,O 0.05 0.02 35 100.0 100.1 0.0001 0.0000 0.0000 0.0000 0.0001 0.0000 0.0001 0.0000 0.0000
Venting and Flaring

2.G.3 N20 from N,O 88.76 94.74 15.0 0.0 15.0 0.0193 0.0181 0.0001 0.0014 0.0000 0.0291 0.0291 0.0004 0.0003
Product Uses

Agriculture — N,O 4,668.99 6,322.49 143 54.2 56.1 3.7953 4.5207 0.0147 0.0917 0.7969 1.8542 2.0182 14.4045 20.4371
Agricultural Soils

Agriculture — N.O 44.86 97.86 5.0 100.0 100.1 0.0651 0.1250 0.0007 0.0014 0.0680 0.0100 0.0687 0.0042 0.0156
Manure

Management

Agriculture — N.O 4.24 2.95 6.0 20.0 20.9 0.0013 0.0008 0.0000 0.0000 0.0005 0.0004 0.0007 0.0000 0.0000
Burning of Residues

Waste — \P1e] 72.89 107.62 10.0 90.0 90.6 0.0957 0.1243 0.0004 0.0016 0.0323 0.0221 0.0391 0.0092 0.0155
Wastewater

Treatment and

Discharge
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Combined Combined

1990 emissions Emission or uncertainty as  uncertainty as Uncertainty in the Uncertainty in the
or absolute 2022 emissions or Activity removal a per cent of a per cent of trend in national total  trend in national Uncertainty Combined Combined
value of absolute value of data factor Combined the national the national Type A Type B introduced by emission  total introduced introduced into  uncertainty of uncertainty of
IPCC source removals (kt removals uncertainty uncertainty uncertainty total in 1990 total in 2022 sensitivity sensitivity or removal factor by activity data the trend in the the national the national
category COz-¢€) (kt CO,-e) (%) (%) (%) (%) (%) (%) (%) uncertainty (%) uncertainty (%) national total (%) total in 1990  total in 2022
Waste — Biological N.O 1.74 27.72 100.0 150.0 180.3 0.0046 0.0637 0.0004 0.0004 0.0560 0.0568 0.0798 0.0000 0.0041
Treatment of Solid
Waste
Waste — N.O 25.76 15.34 50.0 100.0 111.8 0.0418 0.0219 0.0002 0.0002 0.0202 0.0157 0.0256 0.0017 0.0005

Incineration and
Open Burning of
Waste

Tokelau Energy N,O 0.00 0.00 10.0 50.0 51.0 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Industries — Sectoral

Approach - Liquid

Tokelau Gas Diesel ~ N,O 0.01 0.01 50.0 50.0 70.7 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Qil - Sectoral

Approach - Liquid

Tokelau Other/ N,O 0.00 0.00 20.0 50.0 53.9 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Residential —

Sectoral Approach —

Liquid

Tokelau IPPU — N.O 0.04 0.02 15.0 0.0 15.0 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Other product

manufacture and

use

Tokelau Waste — \P1e] 0.02 0.00 10.0 90.0 90.6 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Wastewater

Treatment and

Discharge

Tokelau Waste — N.O 0.01 0.01 50.0 100.0 111.8 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Incineration and

Open Burning of

Waste

2.F.1 Refrigeration ~ HFCs 0.00 1,422.69 24.0 0.0 24.0 0.0000 0.4355 0.0206 0.0206 0.0000 0.7002 0.7002 0.0000 0.1897
and Air

Conditioning

2.F.2 Foam Blowing HFCs 0.00 5.55 12.0 50.0 514 0.0000 0.0036 0.0001 0.0001 0.0040 0.0014 0.0042 0.0000 0.0000
Agents

2.F.3 Fire Protection HFCs 0.00 2.24 30.0 30.0 42.4 0.0000 0.0012 0.0000 0.0000 0.0010 0.0014 0.0017 0.0000 0.0000
2.F.4 Aerosols HFCs 0.00 67.79 25.0 10.0 26.9 0.0000 0.0233 0.0010 0.0010 0.0098 0.0348 0.0361 0.0000 0.0005
Tokelau IPPU — HFCs 0.00 0.21 24.0 0.0 24.0 0.0000 0.0001 0.0000 0.0000 0.0000 0.0001 0.0001 0.0000 0.0000
Product Uses as

Substitutes for ODS

2.C.3.a Aluminium  PFCs 818.01 50.93 5.0 30.0 304 0.3608 0.0198 0.0127 0.0007 0.3824 0.0052 0.3824 0.1302 0.0004
2.F.1 Refrigeration ~ PFCs 0.00 0.00 25.0 0.0 25.0 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
and Air

Conditioning

2.G.2 Other Product PFCs 0.00 0.00 80.0 0.0 80.0 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Use
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Combined Combined
1990 emissions Emission or uncertainty as  uncertainty as Uncertainty in the Uncertainty in the
or absolute 2022 emissions or Activity removal a per cent of a per cent of trend in national total  trend in national Uncertainty Combined Combined
value of absolute value of data factor Combined the national the national Type A Type B introduced by emission  total introduced introduced into  uncertainty of uncertainty of
IPCC source removals (kt removals uncertainty uncertainty uncertainty total in 1990 total in 2022 sensitivity sensitivity or removal factor by activity data the trend in the the national the national
category COz-¢€) (kt CO,-e) (%) (%) (%) (%) (%) (%) uncertainty (%) uncertainty (%) national total (%) total in 1990  total in 2022
2.C.4 Magnesium SFe 2.82 0.00 100.0 30.0 104.4 0.0043 0.0000 0.0000 0.0000 0.0014 0.0000 0.0014 0.0000 0.0000
Production
2.G.1 Electrical SFe 14.95 16.60 20.0 30.0 36.1 0.0078 0.0076 0.0000 0.0002 0.0002 0.0068 0.0068 0.0001 0.0001
Equipment
2.G.2 Other Product  SFg 2.82 2.82 80.0 0.0 80.0 0.0033 0.0029 0.0000 0.0000 0.0000 0.0046 0.0046 0.0000 0.0000
Use

Total emissions/
|

Total emissions/
|

in 1990

in 2022

Uncertainty in  Uncertainty in
thetrend  the base year

Uncertainty in
the final year

68,958.2

78,395.4

6.3% 9.7%

8.8%
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Annex 2: Reference
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Greenhouse Gas Inventories. Volume 1. General Guidance and Reporting. IPCC National Greenhouse

Gas Inventories Programme. Japan: Published for the IPCC by the Institute for Global Environmental
Strategies.
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Annex 3: Carbon dioxide reference
approach for the Energy sector

A3.1 Estimation of carbon dioxide using the
IPCC reference approach

The reference approach uses a country’s energy supply data to calculate the carbon dioxide
(CO,) emissions from the combustion of fossil fuels using the apparent consumption equation.
The apparent consumption in the reference approach is derived from production, import

and export data. This information is included as a check for combustion-related emissions
calculated from the sectoral approach.

The apparent consumption for primary fuels in the reference approach is obtained from
‘calculated’ energy-use figures (see annex 5, section A5.3.4). These are derived as a residual
figure from an energy balance equation comprising production, imports, exports, stock change
and international transport on the supply side, according to the Intergovernmental Panel on
Climate Change (IPCC) Guidelines for National Greenhouse Gas Inventories (IPCC, 2006).

The majority of the CO, emission factors for the reference approach are specific to New Zealand.
Most emission factors for liquid fuels are based on carbon content and gross calorific value
data provided by New Zealand’s only oil refinery (up until 2021) or provided by fuel importers
(starting in 2022). Where these data are not available, an IPCC default value is used. The
natural gas emission factor is based on a production-derived, weighted average of emission
factors from all gas production fields.

Solid fuels in iron and steel manufacture

As mentioned in chapter 3, section 3.2.3, some of the coal reported as production activity data
in the reference approach is used in steel production. The Industrial Processes and Product
Use sector reports the CO; emissions from the coal used for steel production as recommended
by the IPCC Guidelines (IPCC, 2006); therefore these emissions are not included in the common
reporting table 1.AA Fuel combustion.

For simplicity, all feedstock carbon is excluded from the reference approach according to the
IPCC Guidelines (IPCC, 2006). Without taking into account the use of by-product gases, this can
create some discrepancies between the reference and sectoral approaches.

A3.2 Comparison of the IPCC reference approach
with the New Zealand sectoral methodology

For 2022, CO; emissions estimated with the sectoral approach were 6.2 per cent lower than
those estimated with the reference approach. Figure A3.2.1 shows the results for the two
approaches for the period 1990 to 2022.

In some years, differences exist between the reference and sectoral approaches. In large part,
these differences are due to the statistical differences found in the energy balance tables
(Ministry of Business, Innovation and Employment, 2023) that are used as the basis for the
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reference and sectoral approach. Since 2000, the standard of national energy data has
improved significantly, due to increased resources and focus. Before 2008, various energy
statistics were collected by Stats NZ or the Ministry of Business, Innovation and Employment.
In 2008, Stats NZ delegated responsibility for the collection and analysis of national energy
data to Ministry of Business, Innovation and Employment. The change resulted in a more
consistent and transparent approach to energy data collection because one agency collected
data across the supply chain.

Figure A3.2.1  Reference and sectoral approaches to carbon dioxide by fuel type (kilotonnes carbon dioxide)
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Sources of differences

e A statistical difference in the national energy balance will translate to a difference
between the reference and sectoral approaches.

e For gaseous fuels, the field-specific emission factors are used for natural gas supplied for
industrial processes, while the reference approach uses an average emission factor.

e  Forliquid fuels, the energy balance is mass balanced but not carbon balanced. The fuel
category ‘other oil’ is an aggregation of several fuel types, and so it is difficult to quantify
a reliable carbon emission factor for the reference approach.

e Inthe sectoral approach, sector- or even plant-specific calorific values are used to
calculate energy consumption, whereas in the reference approach, average (country-
specific) calorific values are applied.
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Annex 4: Quality-assurance and
quality-control plan

A4.1 Quality-assurance and quality-control
processes applied to all sectors

Quality-assurance and quality-control (QA/QC) processes have a significant role in the
preparation of the inventory, to ensure the core principles of transparency, accuracy,
completeness, comparability and consistency are achieved. Table A4.1.1 describes the
main QA/QC processes used in the preparation of the inventory sectors. These processes
are under continual review and improvement, to ensure they are fit for purpose.

Table A4.1.1 Quality-assurance and quality-control (QA/QC) processes used in preparation of
the inventory sectors

ID QA/QC process or activity description

QA file All external reviews of the whole or part of the inventory are documented in the QA file. Reviews
are performed by qualified personnel, and the review records are included in the submission of
the inventory to the United Nations Framework Convention on Climate Change. These reviews
help identify improvements to the inventory.

Qc1 Planned recalculations and improvements are approved by the Reporting Governance Group that
oversees international climate change reporting by the New Zealand Government. The role of
this group is further described in chapter 1.

Qc?2 If planned improvements affect emission factors, parameters, methodologies or activity data
sources, they are peer reviewed before being implemented. Some sectors have a dedicated panel
of experts who review improvements.

Qcs3 Tier 1 checklist QC sheets are completed to ensure transparency, accuracy, completeness,
comparability and consistency principles are met. Examples are included in the submission of the
inventory.

Qc4 The chapter text for each sector is peer reviewed and follows the checklist provided, to ensure

that the peer review is comprehensive and consistent.

Qcs Recalculations that exceed a certain threshold are analysed and clearly documented. This
includes changes resulting from planned improvements, errors, recommendations from the
expert review team, and changes to guidelines.

Qc7 All sectors in the inventory are approved by the relevant member of the Reporting Governance
Group that oversees all international climate change reporting by the New Zealand Government
before being submitted to the National Inventory Compiler.

QC 10 Common reporting table QC tools identify any potential issues with the data and are used to
ensure data integrity standards are met.

Sector pre-submission and  Sector submissions are checked against the data integrity standards and chapter formatting

post-submission checks standards by the inventory agency before sector submission. Any issues must be resolved before
submitting. This enables the remainder of the inventory compilation to proceed smoothly
because quality is assured.

Figure A4.1.1 presents an overview of QA/QC processes and how they align with the sector
data improvements and sectoral compilation of data and chapters. Figures A4.1.2 and A4.1.3
show process diagrams for pre-submission and post-submission sector checks for data and
chapters, while figure A4.1.4 lists all those checks.
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Figure A4.1.1 Overview of quality-assurance and quality-control (QA/QC) processes and how they align
with the sector data improvements and sectoral compilation of data and chapters

Sector data
improvements

QC 1 planned QC 3 Tier 1
recalculation and checklist
improvements form

. QC 10 common
QC 2 peer-review reporting tables
change form QC tool

QCs
recalculation Data pre-
form submission sector
checks

Data post-
submission sector
checks

Data ready for
lockdown in the
Greenhouse Gas

Inventory

Reporting Tool

Sectoral compilation

QC 4 chapter
checklist

Chapter pre-
submission sector
checks

Chapter post-
submission sector
checks

Chapter ready to
go to editor

QC 7 approval of sector from relevant Reporting Governance Group manager

Note: See table A4.1.1: Quality-assurance and quality-control (QA/QC) processes used in preparation of the

inventory sectors.
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Figure A4.1.2  Diagram of quality-assurance and quality-control (QA/QC) processes for sectoral

compilation of data
Sector lead Inventory agency team

Sector internal QA/QC process coordinated
by sector lead

Prepare common reporting tables data

Complete QC 3 Tier 1 checklist for common
reporting tables data

Run QC 10 common reporting tables
QC tool

Submit draft data and QC 10 tool
results to QA/QC lead

Pre-submission sector checks for data
coordinated by QA/QC lead

Draft data checked against data integrity
standards by QA/QC team from
inventory agency team

Sector lead addresses data issues,

. . -
B e Are there any issues in the data/QC 107
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Reporting Governance Group manager signs
off on data quality, sector lead provides final ] QA/QC lead signs off on data quality
data and manager signs off confirmation

Post-submission final checks for data
coordinated by QA/QC lead

Final data checked against data integrity
standards by QA/QC team from
inventory agency team

Sector lead addresses data issues, and re- ] Are there issues in the final data/
submits back to QA/QC lead Greenhouse Gas Inventory Reporting Tool?

is ready for lockdown in the
Greenhouse Gas Inventory Reportir

Note: See table A4.1.1: Quality-assurance and quality-control (QA/QC) processes used in preparation of the
inventory sectors.
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Figure A4.1.3  Diagram of quality-assurance and quality-control (QA/QC) processes for sectoral

compilation of chapter

Sector lead

Sector internal QA/QC process
coordinated by sector lead

Chapter is drafted

Complete QC 4 checklist for
peer review of chapter

Submit draft chapter to QA/QC lead

Sector lead addresses chapter issues

Post-submission final checks for chapter
coordinated by QA/QC lead

Sector lead finalises chapter and
submits final version to QA/QC lead

Inventory agency team

Pre-submission sector checks for chapter
coordinated by QA/QC lead

Draft chapter checked against style guide by
QA/QC team from inventory agency team

Are there issues in the chapter?

Completeness checks on chapter

Sector lead addresses chapter issues,
and reports back to QA/QC lead

Note: See table A4.1.1: Quality-assurance and quality-control (QA/QC) processes used in preparation of the

inventory sectors.

are performed by QA/QC team from
inventory agency team

Are there issues in the chapter?

Inventory agency team to update the cross-
sector and key categories analysis results

QC of updates by QA/QC team

Chapter ready to go to editor
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Figure A4.1.4

Pre-submission and post-submission sector checks process for data and chapters

Pre-submission checks

Chapters

Detailed review of data quality against
standards in QC 10 tool:

. Entry of all required data in the common
reporting table

. Time series consistency for implied emission
factor

. Changes in entered data type are adequately
explained

. Included elsewhere and not-estimated
notation keys are adequately explained

Detailed review of National Inventory Report
content against chapter standards:

. Text formatting

. Heading and content match
National Inventory Report

. Subcategory and per cent check
. Category names are italicised
. Decimal place rules applied

. Graph rules applied

. Methodological tiers and emission factors are
compliant with the 2006 IPCC Guidelines
(IPCC, 2006)

. Unigue data in the final data year to avoid
duplicates

Post-submission checks

Review of data quality in Greenhouse Gas
Inventory Reporting Tool:

Review of National Inventory Report content:

. Chapters overview check
QC checks:

. Uncertainties in sector chapters check
. Completeness checks
. Consistency checks

QA checks:

. Not occurring activity data

. Confidential aggregation

. Time series consistency

. Sum of the specified categories from energy

and agriculture add up to 100 per cent

Final review of data quality against standards in
QC 10 tool versus the Greenhouse Gas Inventory
Reporting Tool

QA — quality assurance QC- quality control
IPCC - Intergovernmental Panel on Climate Change

Note: See table A4.1.1: Quality-assurance and quality-control (QA/QC) processes used in preparation of the
inventory sectors.
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Annex 5: Additional information,
including detailed methodological
descriptions of source or sink categories
and the national emission balance

This annex contains supplementary information for the Agriculture sector (A5.1), the Land Use,
Land-use Change and Forestry (LULUCF) sector (A5.2) and the Energy sector (A5.3).

A5.1 Supplementary information for the
Agriculture sector

A5.1.1 Livestock population data

Agricultural Production Survey 2021 and Agricultural Production Census 2022

Details of the Agricultural Production Census (APC) and Agricultural Production Survey (APS)
are included to provide an understanding of the livestock statistics process and uncertainty
values. The information here is provided by Stats NZ, with full details available from the
Stats NZ website (www.stats.govt.nz/information-releases/agricultural-production-statistics-
year-to-june-2022-final).

Stats NZ conducts the APC every five years, most recently in 2022. The final results from the
2022 APC were released in mid-2023. In all other years, Stats NZ carries out the APS, which
applies a similar method to the APC but targets about half of the businesses involved in
agriculture or forestry production. The National Inventory Report is compiled with data from
the APC and APS.

The 2021 APS used a stratified sample design to select a sample from the target population
(all registered businesses that were engaged in agricultural production activity, including
livestock, cropping, horticulture and forestry, or that owned land intended for agricultural
activity during the year ended 30 June 2021). The response rate, or the estimated proportion
of eligible businesses that responded to the 2022 APC, was 73 per cent.

The imputation levels of the 2021 APS and 2022 APC are provided in table A5.1.1. Full
details on APC and APS data collection methodology can be found on the Stats NZ website
(datainfoplus.stats.govt.nz).

Sampling error arises in the APS from selecting a sample of businesses and weighting the
results rather than taking a complete enumeration (i.e., census). Non-sampling error arises from
biases in the patterns of response and non-response, inaccuracies in reporting by respondents
and errors in the recording and classification of data. Stats NZ adopts procedures to detect and
minimise these types of errors, but they may still occur and are not easy to quantify.
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Table A5.1.1 Imputation levels and sampling errors for the Agricultural Production Survey in 2021
and Agricultural Production Census in 2022

Proportion of total Relative sampling errors at 95%
estimate imputed (%) confidence interval (%)

Survey year 2021 ‘ 2022

Ewe hoggets put to ram 19 28 6 NA
Breeding ewes, two tooth and over 22 30 3 NA
Total number of sheep 21 30 3 NA
Lambs born to ewe hoggets 19 29 6 NA
Lambs born to ewes 22 30 3 NA
Total number of lambs 21 30 3 NA
Calves born alive to dairy heifers and/or cows 30 29 4 NA
Dairy cows and heifers, in milk or calf 29 34 4 NA
Total number of dairy cattle 28 33 4 NA
Calves born alive to beef heifers and/or cows 23 29 3 NA
Beef cows and heifers (in calf) one to two years 22 27 9 NA
Beef cows and heifers (in calf) two years and over 23 27 3 NA
Total number of beef cattle 23 28 3 NA
Female deer mated 15 27 6 NA
Total number of deer 16 29 6 NA
Fawns born on farm and alive at four months 15 28 5 NA
Total pigs 1 5 0 NA
Area of wheat harvested 15 35 5 NA
Area of barley harvested 20 34 8 NA
Area of oat grain harvested 20 38 18 NA
Area of maize grain harvested 19 23 13 NA

Note: NA =not applicable.

Livestock characterisation in New Zealand’s Tier 2 modelling

The delineation of the major livestock categories in New Zealand’s Tier 2 livestock nutritional
and energy requirements modelling (table A5.1.2) is taken from population data collected by
the APC and APS and Ministry for Primary Industries slaughter statistics.

Table A5.1.2 Characterisation of major livestock subcategories (dairy cattle, beef cattle,
sheep and deer) in New Zealand’s Tier 2 livestock modelling

Livestock category Subcategory

Milking cows and heifers

Growing females less than one year

Growing females one to two years

Breeding bulls

Northland

Auckland

Dairy cattle Waikato

Bay of Plenty

Gisborne

Hawke’s Bay

Taranaki

Manawatu-Whanganui

Wellington
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Livestock category Subcategory

Tasman

Nelson

Marlborough

West Coast

Canterbury

Otago

Southland

Breeding growing cows less than one year

Breeding growing cows one to two years

Breeding growing cows two to three years

Breeding mature cows

Breeding bulls — mixed age

Slaughter heifers less than one year

Slaughter heifers one to two years

Beef cattle categories
Slaughter heifers two to three years

Slaughter steers less than one year

Slaughter steers one to two years

Slaughter steers two to three years

Slaughter bulls less than one year

Slaughter bulls one to two years

Slaughter bulls two to three years

Dry ewes

Mature breeding ewes

Growing breeding sheep

Sheep categories Growing non-breeding sheep

Wethers

Lambs

Rams

Breeding hinds

Hinds less than one year

Hinds one to two years

Deer categories Stags less than one year

Stags one to two years

Stags two to three years

Mixed age and breeding stags

As.1.2 Key parameters and emission factors used in the
Agriculture sector

For the major livestock categories, milk yield varies over the course of a year, which affects
energy requirements, feed intake and greenhouse gas emissions. Table A5.1.3 shows the
proportions that are used to calculate milk yield for different months over the course of a

year. Table A5.1.4 shows the emission factors used to calculate methane emissions from minor
livestock species, while tables A5.1.5 and A5.1.6 show the emission factors used to calculate
nitrous oxide emissions from agriculture. Table A5.1.7 shows some of the parameter values
used to calculate nitrous oxide emissions.
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Table A5.1.3 Proportion of annual milk yield each month for major livestock categories

Month Dairy cattle Beef cattle Sheep Deer
July 0.0088 0.0000 0.0000 0.0000
August 0.0578 0.0000 0.0000 0.0000
September 0.1213 0.1670 0.1639 0.0000
October 0.1503 0.1670 0.2541 0.0000
November 0.1425 0.1670 0.2459 0.1000
December 0.1282 0.1670 0.2541 0.2583
January 0.1109 0.1670 0.0820 0.2583
February 0.0900 0.1670 0.0000 0.2333
March 0.0851 0.0000 0.0000 0.1500
April 0.0654 0.0000 0.0000 0.0000
May 0.0335 0.0000 0.0000 0.0000
June 0.0061 0.0000 0.0000 0.0000

Source: Suttie (2012) and Pickering et al. (2022)

Note: All values presented in the table are rounded to four decimal places for presentation purposes and more
precise values are available on request.

Table A5.1.4 Methane emission factors for Tier 1 enteric fermentation livestock and manure management

Parameter value

Emission factor  Emission type Source (kg CHa/head/yr)
EFsoarts Enteric fermentation — goats Lassey (2011) 9.0
EFnorses Enteric fermentation — horses IPCC (2006b), table 10.10 18.0
EFmutes Enteric fermentation — mules and asses IPCC (2006b), table 10.10 10.0
EFswine Enteric fermentation — swine Hill (2012) 1.06
EFatpaca Enteric fermentation — alpaca IPCC (2006b), table 10.10 8.0
MMecoats Manure management — goats IPCC (2006b), table 10.15 0.20
MMHorses Manure management — horses IPCC (2006b), table 10.15 2.34
MMwmutes Manure management — mules and asses  IPCC (2006b), table 10.15 1.1
MMswine Manure management — swine Hill (2012); IPCC (2000) 5.94
MMeroiLers Manure management — broilers Fick et al. (2011) 0.022
MM uavers Manure management — layer hens Fick et al. (2011) 0.016
MMorHer pouLTrY Manure management — other poultry IPCC (1996), table 4.5 0.117
MMatraca Manure management — alpaca New Zealand 1990 sheep value 0.103

1 value is for 2020. In 1990, the value was EF 7.4 kg CHs/head/year. Values for the intermediate years

between 1990 and 2018 are calculated based on the estimated proportion of dairy goats in the overall
goat population.
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Table A5.1.5 Emission factors for New Zealand’s agricultural nitrous oxide emissions

Emission factor Emissions Source Parameter value
EF1 Direct emissions from nitrogen input to soil Kelliher and de Klein 0.01
(kg N2O-N/kg N) (unpublished)
EF1-urea Direct emissions from nitrogen input to soil from urea  van der Weerden et al. 0.0059
(kg N2O-N/kg N) fertiliser (2016)
EF1-paiRy Direct emissions from nitrogen input to soil from dairy van der Weerden et al. 0.0025
(kg N2O-N/kg N) cattle manure (2016)
EF, Direct emissions from organic soil mineralisation due IPCC (2006b), table 8.00
(kg N20-N/ha-yr) to cultivation 11.1
EF3ssp Direct emissions from waste in solid waste and dry lot  IPCC (2000), table 4.12 0.02
(kg N2O-N/kg N excreted) animal waste management systems
EF3(prp-mINOR) Direct emissions from manure (dung and urine) from Carran et al. (1995); 0.01
(kg N2O-N/kg N excreted) minor grazing animals (i.e. excluding cattle, sheep and  de Klein et al. (2003);

deer) in pasture, range and paddock systems Muller et al. (1995)
EF3(pre DUNG) Direct emissions from dung in pasture, range and van der Weerden et al. 0.0012
(kg N2O-N/kg N excreted) paddock systems for cattle, sheep and deer (direct (2019)

emission factors for urine are reported in table A5.1.6)

EF30tHeR Direct emissions from waste in other animal waste IPCC (2000), table 4.13 0.005
(kg N2O-N/kg N excreted) management systems

EF3pouttry Direct emissions from waste in other animal waste Fick et al. (2011) 0.001
(kg N2O-N/kg N excreted) management systems — poultry specific

EFs Indirect emissions from volatising nitrogen IPCC (2006b), table 0.01
(kg N2O-N/kg NHx-N) 11.3
EFs Indirect emissions from leaching nitrogen IPCC (2006b), table 0.0075
(kg N2O-N/kg N leached 11.3

and runoff)

Table A5.1.6 Direct nitrous oxide emission factors for urine deposited by cattle, sheep and deer,
by livestock type and slope

Emission factor by topography (kg N2O—N/kg N excreted)

Flat and low sloped land Medium and steep sloped land

(less than 12-degree gradient) (greater than 12-degree gradient)

Livestock type EF3(prp-FLaT) EF3(prp-steep)
All cattle (includes dairy and non-dairy) 0.0098 0.0033
Deer 0.0074 0.0020
Sheep 0.0050 0.0008

Source: Values used as calculated by van der Weerden et al. (2019)

Table A5.1.7 Parameter values for New Zealand’s agriculture nitrous oxide emissions

Parameter (fraction) Fraction of the parameter Source Parameter value
Fracease Total of synthetic fertiliser emitted as IPCC (2006b) verified by 0.1
(kg NH3-N + NOx-N/kg of NOx or NH3 Sherlock et al. (2008)

synthetic fertiliser N applied)

Fraceasm Total of nitrogen emitted as NOx or NHz  Sherlock et al. (2008) 0.1
(kg NH3-N + NOx-N/kg of N
excreted by livestock)

Fracieach(-+) Nitrogen input to soils that is lost Welten et al. (2021) 0.10 (Cropland)

(kg N/kg fertiliser or manure N)  through leaching and runoff 0.08 (Grassland)

0.082 (Synthetic

N fertiliser)

Fracsurn Crop residue burned in fields Thomas et al. (2008), table 14 Crop specific

(kg N/kg crop-N) survey data

FracsurnL Legume crop residue burned in fields Thomas et al. (2008), practice 0
(kg N/kg legume-N) does not occur in New Zealand
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Parameter (fraction) Fraction of the parameter Source Parameter value

Fracrenew Fraction of land undergoing pasture Thomas et al. (2014) Year specific
renewal

Fracremove Fraction of nitrogen in above-ground Thomas et al. (2014), practice 0
residues removed for bedding, feed or  does not occur in New Zealand
construction

Fracruel Livestock nitrogen excretion in Practice does not occur in New 0
(N/kg N excreted) excrements burned for fuel Zealand

Some of the parameters used to calculate Nitrous oxide emissions from crop residue
returned to soil and emissions from Field burning of agricultural residues are summarised in
table A5.1.8. These values are taken from research conducted by Thomas et al. (2008, 2011).

Table A5.1.8 Parameter values for New Zealand’s cropping emissions

Crop HI dmf AGn Root:shoot ratio Rss BGn
Wheat 0.41 0.86 0.005 0.1 0.009
Barley 0.46 0.86 0.005 0.1 0.009
Oats 0.30 0.86 0.005 0.1 0.009
Maize grain 0.50 0.86 0.007 0.1 0.007
Field seed peas 0.50 0.21 0.02 0.1 0.015
Lentils 0.50 0.86 0.02 0.1 0.015
Peas fresh and processed 0.45 0.86 0.03 0.1 0.015
Potatoes 0.90 0.22 0.02 0.1 0.01
Onions 0.80 0.11 0.02 0.1 0.01
Sweet corn 0.55 0.24 0.009 0.1 0.007
Squash 0.80 0.20 0.02 0.1 0.01
Herbage seeds 0.11 0.85 0.015 0.1 0.01
Legume seeds 0.09 0.85 0.04 0.1 0.01
Brassica seeds 0.20 0.85 0.01 0.1 0.008

Source: Thomas et al. (2008, 2011)

Note: AGy = above-ground nitrogen residue; BGy = below-ground nitrogen residue; dmf = dry-matter conversion
factor; HI = harvest index; Rgg = ratio of below-ground residues to the harvest yield.

A5.1.3 Methodology and data used to allocate livestock
excreta to different hill slopes, for cattle, sheep and deer

The emission factors used to calculate direct nitrous oxide (N,O) emissions from all cattle,
sheep and deer are described in detail in chapter 5, section 5.5.2. That section explains the
research behind the revised emission factors and how they are applied to estimate emissions
from cattle, sheep and deer on different hill slopes.

These revised emission factors are disaggregated by slope (as well as by livestock type), and
a methodology is used to calculate the amount of nitrogen (in the form of urine or dung)
deposited on these different slopes. The steps involved in this calculation are described below.

The nutrient transfer model outlined by Saggar et al. (2015) is used to allocate total dung
and urine (calculated elsewhere in the inventory model) between low, medium and steep
slopes. The nutrient transfer model was discussed by the Agriculture Inventory Advisory
Panel in 2015, which agreed that the methodology used in the nutrient transfer model was
appropriate. Beef + Lamb New Zealand Ltd provides data (on the topography and number of
animals on different farm types) used in the nutrient transfer model.
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Dairy excreta are not allocated to different slope types because the Agriculture inventory
model assumes that all dairy cattle graze on flatland. The flatland/low slope emission factor
for cattle urine (EFs(pere rLat) = 0.0098) is applied to all dairy cattle urine.

Step 1: Calculations of total nitrogen excretion rates for each animal category

Total nitrogen excretion rates (Nex) for each animal category are calculated using the methods
described in chapter 5, section 5.3.2 of the National Inventory Report (‘Nitrogen excretion
rates for the major livestock categories’), and in chapter 5 of Pickering et al. (2022).

Step 2: Split of nitrogen between urine and dung

The total Ne calculated in step 1 is split into urine and dung using the method described by
Pacheco et al. (unpublished), and section 5.2.4 (beef cattle), section 5.3.5 (sheep) and section
5.4.5 (deer) of Pickering et al. (2022).

Step 3: Allocating urine to different hill slopes

The nutrient transfer model (described by Saggar et al., 2015) uses Beef + Lamb New Zealand
Ltd data on the proportion of sheep and beef farmland on different hill slopes to allocate urine
excreta to different hill slopes. The nutrient transfer model accounts for the preference of
animals to spend more time on flatter slopes. Using this model, the proportion of excreta
deposited on low slopes is greater than the proportion on low slope land area.

The equations and variables needed to allocate excreta to different slopes are outlined in
table A5.1.9 and figures A5.1.1 and A5.1.2. For example, an area with 60 per cent low slopes
and 25 per cent steep slopes will have 72 per cent of livestock urine deposited on low slope
land (0.45*60 per cent + 0.45 = 72 per cent) and 14 per cent of livestock urine deposited on
steep slope land. After the allocation of excreta to low and high slope areas, the remainder
(14 per cent) is assumed to be deposited onto medium sloped land.

A single dung emission factor (EFspre-oung)= 0.0012) is used across all slope categories for cattle,
sheep and deer. Therefore, dung excreta do not need to be allocated to different slopes.

Table A5.1.9 Allocation of urine deposition to low slope (0-12 degrees) and steep slope (more than
24 degrees), split by the percentage of low slope and steep slope land available

Allocation to flat land

Percentage of low land area Fraction urine deposition
Less than 1% 27x
1-5% 0.27
5-9% 0.405
9-35% 0.55
35-85% (0.45x + 0.45)
Greater than 85% (0.5x +0.5)

Allocation to steep land

Percentage of steep land area Fraction urine deposition
Less than 1% 10x
1-20% 0.10
20-40% 0.14
40-60% 0.21
60-85% 0.28
Greater than 85% 4.8x—-3.8
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Figure A5.1.1  Proportion of urine nitrogen (N) applied to low (0- to 12-degree) slopes using a
nutrient transfer model (equal proportion line shown in grey for comparison)
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Figure A5.1.2  Proportion of urine nitrogen (N) applied to steep (more than 24-degree) slopes using
a nutrient transfer model (equal proportion line shown in grey for comparison)
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Tables A5.1.10 to A5.1.12 and figure A5.1.3 provide examples of how this nutrient allocation
methodology uses Beef + Lamb New Zealand Ltd data to allocate urine nitrogen (N) to different
hill slopes. First, data on the number of sheep, beef cattle and deer in each farm class are used
to allocate total urine N (calculated using the methods described in chapter 5, section 5.3.2 of
the National Inventory Report) to these different farm classes (tables A5.1.11 and A5.1.12).

Table A5.1.10 Share of livestock population, and amount of urine nitrogen (N) deposition in 2022,
by Beef + Lamb New Zealand Ltd farm class

Percentage Amount of Percentage of Amount of beef Percentage Amount of
of sheep  sheep urine N beef cattle cattle urine N of deer  deer urine N
population on on farm class  population on on farm class population on on farm class
Farm class farm class (%) (kg N)  farm class (%) (kg N)  farm class (%) (kg N)
1. South Island High 6.8 19,799,014.0 3.0 7,175,438.7 14.0 2,431,828.3
Country
2. South Island Hill 11.7 34,192,598.4 7.6 17,889,996.0 6.3 1,096,997.5
Country
3. North Island Hard 17.1 50,027,048.4 14.8 35,011,051.7 9.0 1,561,314.7
Hill Country
4. North Island Hill 26.2 76,872,297.1 40.8 96,217,068.9 29.1 5,079,297.0
Country
5. North Island 5.6 16,422,622.3 12.2 28,844,321.4 0.4 65,494.5
Intensive Finishing
6. South Island 19.2 56,387,068.5 14.4 33,881,585.7 24.9 4,335,796.6
Finishing Breeding
7. South Island 10.4  30,441,274.7 2.7 6,350,520.2 11.9  2,070,596.2
Intensive Finishing
8. South Island Mixed 3.0 8,850,641.8 4.5 10,660,132.2 4.5 783,621.2
Finishing
Total 292,992,565.2 236,030,114.9 17,424,946.1

Each farm class has a different proportion of land in low, medium and steep slopes, as shown
in table A5.1.11. These data are combined with the nutrient transfer methodology to calculate
total urine N that is estimated to be deposited on different hill slopes for different animal
categories. From this point, direct NO emissions can be calculated using the emission factors
in chapter 5, table 5.5.3.

Table A5.1.11 Proportion of total sheep, beef and deer land on different hill slopes,
by Beef + Lamb New Zealand Ltd farm class, for 2021/22

Land type by slope

Flat/low (0-12° slope) Rolling/medium  Steep (>24° slope)
Farm class (%) (12-24° slope) (%) (%)
1. South Island High Country 6.3 26.4 67.3
2. South Island Hill Country 18.3 25.2 56.5
3. North Island Hard Hill Country 8.8 38.4 52.7
4. North Island Hill Country 16.6 53.6 29.8
5. North Island Intensive Finishing 48.8 45.6 5.6
6. South Island Finishing Breeding 34.3 45.3 20.4
7. South Island Intensive Finishing 63.6 36.4 0.0
8. South Island Mixed Finishing 75.6 18.9 5.4
Total sheep, beef and deer land 21.4 38.0 40.6

Note: The percentages may not add up to 100 per cent due to rounding.
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Table A5.1.12  Proportion of total sheep, beef and deer urine nitrogen deposited on different hill slopes,
by Beef + Lamb New Zealand Ltd farm class, for 2022
Farm class Flat/low Rolling/medium Steep
1. South Island High Country 0.41 0.32 0.28
2. South Island Hill Country 0.55 0.24 0.21
3. North Island Hard Hill Country 0.41 0.39 0.21
4. North Island Hill Country 0.55 0.31 0.14
5. North Island Intensive Finishing 0.67 0.23 0.10
6. South Island Finishing Breeding 0.55 0.31 0.14
7. South Island Intensive Finishing 0.74 0.26 0.00
8. South Island Mixed Finishing 0.79 0.1 0.10
Total sheep urine 0.55 0.30 0.15
Total beef urine 0.55 0.30 0.15
Total deer urine 0.55 0.30 0.15
Total sheep, beef and deer urine 0.55 0.30 0.15
Note: The proportions may not add up to 1 due to rounding.
Figure A5.1.3  Proportion of land area, urine nitrogen (N) and resultant nitrous oxide (N>O) emissions
by hill slope category for sheep, beef cattle and deer farms in 2022
Hlow M Medium M Steep
Land Area Excretal N Direct N,O emissions
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A5.2 Supplementary information for the
LULUCEF sector

A5.2.1 Land use mapping methodology

Areas of land use and land-use change between 1990 and 2022 are based on five wall-to-wall
land use maps (LUMs) derived from satellite imagery at nominal mapping dates of 31 December
1989, 31 December 2007, 31 December 2012, 31 December 2016 and 31 December 2020. Area
information from these maps is interpolated and extrapolated to obtain a complete time series
of land-use change occurring between 1990 and 2022.

Satellite image acquisition and pre-processing

Each of the national land use maps is based on a collection of satellite imagery from Landsat,
SPOT? or Sentinel-2 acquired over the summer periods (October to March) as described in
table A5.2.1. Acquisition is limited to the summer months, because a high sun angle is required
to reduce topographic shadowing and increase the dynamic range of the signal received from
the ground.

Table A5.2.1 Satellite imagery used for land use mapping in 1989, 2007, 2012, 2016 and 2020

Land use map Satellite imagery Resolution (metres)  Acquisition period

1989 Landsat 4 30 November 1988 — February 1993
2007 SPOT 5 10 November 2006 — April 2008
2012 SPOT 5 10 October 2011 — March 2013
2016 Sentinel-2 10 October 2016 — March 2017
2020 Sentinel-2 10  October 2020 — March 2021

Note: Land use maps are named for the last year of change included in the map so the 2020 LUM has a nominal
mapping date of 31 December 2020 and includes land use change occurring up to and in 2020. Satellite
mosaics are named with the latest year of imagery included within the mosaic, so the 2021 mosaic is the
basis for the 2020 land use map.

All the imagery was orthorectified and then cloud-cleared prior to mosaicking. Accurate
identification of cloud and cloud-shadow is a critical step because any undetected cloud could
subsequently be labelled as land-use change where there is a high contrast between the cloud
and usual land cover. For example, cloud over forest areas could be classed as bare ground and
interpreted as a forest clearing event.

To achieve a high level of accuracy in cloud identification, a time-consuming manual process of
delineating cloud and cloud-shadow boundaries has historically been used. However, recent
advances in automatic mosaicking techniques have made it possible to achieve superior results
with a fully automated approach (Shepherd et al., 2020). This technique uses the parallax
method (Frantz et al., 2018) to provide a first estimate of cloud and cloud-shadow objects,
then refines the result by comparing the Top of Atmosphere (TOA) reflectance of each pixel to
a predicted modelled reflectance from a time series of observations. Finally, a localised object-
based morphology check is completed for small cloud areas (< 200 hectares) to check that they
do not represent valid land cover changes such as a paddock brightening or changes to a
watercourse. This is done by checking the correspondence between cloud and cloud-shadow
features, noting that a cloud-shadow should always have a corresponding cloud, but a cloud
may not always have a cloud-shadow if it is obscured by other cloud or over a dark target such
as water (figure A5.2.1).

2 From French ‘Satellite pour I'Observation de la Terre’.
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Figure A5.2.1  Classification steps in cloud-masking workflow

Panel A Panel B ' ‘ Panel C o Panel D

Panel A shows the original Sentinel-2 image; panel B shows the result of the parallax cloud
detection; panel C shows the classification of cloud (pink) and shadow (yellow); and panel D
shows the result when full temporal processing is applied.

Once cloud-cleared, image strips are mosaicked together in a way that prioritises the most
cloud-free strips and the imagery with the best (highest) sun angles. The 2021 mosaic of the
mainland of New Zealand is composed of imagery from 84 distinct satellite passes selected
from a total of 155 candidates (Harris et al., unpublished).

The imagery is then atmospherically and topographically corrected as documented in Dymond
et al. (2001) and Shepherd and Dymond (2003). This standardisation process ensures that a
‘colour’ in the image corresponds directly to the type of land cover without being influenced
by the variation in local illumination and view angle produced by topography. By minimising
the effects of terrain, a more accurate and consistent classification of land use is possible. This
is particularly important in New Zealand, due to its extensive areas of steep terrain.

Creating the first two land use maps: 1989 and 2007

Mapping approach — forest classes and Grassland with woody biomass

The ‘woody’ land use classes of pre-1990 natural and planted forest, post-1989 natural and
planted forest and Grassland with woody biomass were delineated in the 1989 and 2007 land
use maps using a common mapping approach based on difference detection from an intermediate
reference land-cover layer that was derived from Landsat 7 ETM+ imagery acquired in 2000
and 2001. This basic land cover layer was created using a hierarchical binary classifier as
described in Dymond and Shepherd (2004), providing a simple classification of vegetation

into indigenous and exotic forest, narrow-leaved shrubland and herbaceous vegetation.

The same approach was used to classify vegetative land cover in the 1990 and 2008 image
mosaics. These layers were then differenced from the 2001 reference layer to create a 1989
to 2001 potential woody change layer and a 2001 to 2007 potential woody change layer.

The potential woody change layers were visually checked to confirm the changes and then
these were combined with the 2001 reference layer to create the 1989 and 2007 woody land
cover layers. By using this approach, it was possible to obtain a consistent resolution of change
detection even though there was a significant difference between the resolutions of the
source imagery at the two mapping dates: 30 metres at 1989 versus 10 metres at 2007.
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Area, proximity and temporal rules were used to convert these layers from woody land cover
to woody land use classes, making allowances for unstocked areas within forest extents and
areas of regenerating vegetation in a forest context. This process is described in Shepherd and
Newsome (unpublished(a)).

Mapping approach — non-forest classes

To determine the spatial location of Settlements, Wetlands, Croplands and Other land as
at 1989 and 2007, information from two Land Cover Databases, LCDB1 (1996) and LCDB2
(2001) (Thompson et al., 2004), and hydrological data from Land Information New Zealand
(a government agency) were used (Shepherd and Newsome, unpublished(b)).

Areas of low and high producing grassland were mapped from the New Zealand Land Resource
Inventory (NZLRI) (Eyles, 1977). Areas tagged as ‘improved pasture’ in the NZLRI vegetation
records were classified as high producing grassland in the land use maps. All other areas were
classified as low producing grassland. Use of a single data set to inform grassland mapping in
both 1989 and 2007 meant that no change between low and high producing grassland classes
was identified during initial mapping. This was subsequently updated during the 2016 mapping
process as described below. Figure A5.2.2 illustrates this mapping process for the 1989 and
2007 land use maps.
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Figure A5.2.2  New Zealand’s land use mapping process for 1989 and 2007 land use maps
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An interpretation guide for automated and visual interpretation of satellite imagery was
prepared and used to ensure a consistent basis for all land use classification decisions (Ministry
for the Environment, 2012). During the mapping process, independent quality control checks
were performed to ensure consistent image interpretation. This involved an independent agency
looking at randomly selected points across New Zealand and using the same data as the original
operator to decide within what land use the point fell. The two operators were in agreement at
least 95 per cent of the time. This is described in more detail in Joyce (unpublished).
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