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Annex 1: Key Sources

A1.1 Methodology used for identifying key sources

The key sources in the New Zealand inventory have been assessed according to the methodologies provided in Good Practice (IPCC, 2000). The methodology applied was determined using the decision tree shown in Figure A1.1. 
Figure A1.1 Decision tree to identify key source categories (Figure 7.1 from Good Practice).
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For the 2003 inventory the Tier 1 Level and Trend assessment were applied including the LULUCF sector and excluding the LULUCF sector as per GPG LULUCF. The “including LULUCF” level and trend assessments are calculated as per equations 5.4.1 and 5.4.2 of GPG LULUCF. The “excluding LULUCF” level and trend assessments are calculated as per equations 7.1 and 7.2 of Good Practice (IPCC, 2000). Key categories are defined as those categories whose cumulative percentages, when summed in decreasing order of magnitude, contributed 95% of the total level or trend. Categories occurring between 95% and 97% of the cumulative total were qualitatively assessed whether they are should be regarded as key categories.

A1.2 Disaggregation 

The classification of categories follows the classification outlined in Table 7.1 of Good Practice (IPCC, 2000). The category classification follows Good Practice by:

· Identifying categories at the level of IPCC categories using CO2 equivalent emissions and considering each greenhouse gas from each category separately.

· Aggregating categories that use the same emission factors. 
· Including LULUCF categories at the level shown in GPG LULUCF Table 5.4.1
There was one modification to the suggested categories to reflect New Zealand’s national circumstances. The fugitive emissions from oil and gas operations category was divided into two categories: fugitive emissions from oil and gas operations and fugitive emissions from geothermal operations. This is to reflect that New Zealand generates a significant amount of energy from geothermal sources that cannot be included as oil or gas operations.
A1.3 Tables 7.A1 - 7.A3 of the IPCC good practice guidance

Table A1.1 (Table 7.A1 of Good Practice) showing the results of the key category level analysis for 99% of the total emissions and removals in 2003. Key categories are those that comprise 95% of the total. 

	Tier 1 Source Category Level Assessment - including LULUCF

	IPCC Source Categories
	Gas
	2003 estimate  Gg
	Level assessment

	Cumulative total

	Forest land remaining forest land
	CO2
	25583.91
	24.5
	24.5

	Emissions from enteric fermentation in domestic livestock
	CH4
	23592.21
	22.6
	47.1

	Mobile combustion - road vehicles
	CO2
	12094.67
	11.6
	58.7

	Emissions from stationary combustion - gas
	CO2
	8558.10
	8.2
	66.9

	Emissions from agricultural soils - animal production
	N2O
	7454.62
	7.1
	74.1

	Emissions from stationary combustion - solid
	CO2
	5435.29
	5.2
	79.3

	Indirect emissions from nitrogen used in agriculture 
	N2O
	3328.82
	3.2
	82.5

	Emissions from stationary combustion - liquid
	CO2
	2797.95
	2.7
	85.2

	Direct emissions from agricultural soils
	N2O
	2185.55
	2.1
	87.3

	Conversion to forest land
	CO2
	1765.49
	1.7
	88.9

	Emissions from the iron and steel industry
	CO2
	1716.80
	1.6
	90.6

	Emissions from solid waste disposal sites
	CH4
	1425.48
	1.4
	92.0

	Mobile combustion - aviation
	CO2
	1158.33
	1.1
	93.1

	Conversion to grassland
	CO2
	688.02
	0.7
	93.7

	Cropland remaining cropland
	CO2
	653.46
	0.6
	94.4

	Emissions from manure management
	CH4
	549.44
	0.5
	94.9

	Emissions from aluminium production
	CO2
	542.14
	0.5
	95.4

	Emissions from cement production
	CO2
	527.47
	0.5
	95.9

	Emissions from substitutes for ozone depleting substances 
	HFCs
	403.96
	0.4
	96.3

	Fugitive emissions from oil and gas operations
	CO2
	380.93
	0.4
	96.7

	Mobile combustion - marine
	CO2
	370.94
	0.4
	97.0

	Fugitive emissions from coal mining and handling
	CH4
	332.25
	0.3
	97.3

	Fugitive emissions from geothermal operations
	CO2
	269.11
	0.3
	97.6

	Emissions from hydrogen production
	CO2
	184.35
	0.2
	97.8

	Emissions from wastewater handling
	CH4
	166.11
	0.2
	97.9

	Mobile combustion - rail
	CO2
	164.19
	0.2
	98.1

	Emissions from wastewater handling
	N2O
	162.89
	0.2
	98.2

	Mobile combustion - road vehicles
	N2O
	129.91
	0.1
	98.4

	Emissions from lime production
	CO2
	111.36
	0.1
	98.5

	Non-co2 emissions from stationary combustion
	N2O
	104.62
	0.1
	98.6

	Conversion to settlement
	CO2
	97.17
	0.1
	98.7

	PFCs from aluminium production
	PFC
	80.70
	0.1
	98.7

	Conversion to cropland
	CO2
	69.59
	0.1
	98.8

	Emissions from manure management
	N2O
	61.07
	0.1
	98.9

	Fugitive emissions from geothermal operations
	CH4
	51.13
	0.0
	98.9

	Mobile combustion - road vehicles
	CH4
	50.44
	0.0
	99.0


Table A1.2 (Table 7.A2 of Good Practice) showing the results of the key category trend analysis for 99% of the total emissions and removals in 2003.  Key categories are those that comprise 95% of the total.
	Tier 1 Source Category Trend Assessment - including LULUCF

	IPCC Source Categories
	Gas
	Base year estimate  Gg
	2003 estimate  Gg
	trend assessment
	Contribution to trend
	Cumulative total

	Mobile combustion - road vehicles
	CO2
	7534.65
	12094.67
	0.031
	16.9
	16.9

	Emissions from enteric fermentation in domestic livestock
	CH4
	21530.77
	23592.21
	0.030
	16.3
	33.2

	Forest land remaining forest land
	CO2
	22677.47
	25583.91
	0.024
	12.9
	46.1

	Emissions from stationary combustion - solid
	CO2
	3169.41
	5435.29
	0.017
	9.2
	55.3

	Direct emissions from agricultural soils
	N2O
	585.22
	2185.55
	0.016
	8.7
	63.9

	Emissions from solid waste disposal sites
	CH4
	2177.70
	1425.48
	0.013
	7.3
	71.3

	Emissions from stationary combustion - gas
	CO2
	7682.58
	8558.10
	0.009
	5.0
	76.3

	Emissions from agricultural soils - animal production
	N2O
	6767.81
	7454.62
	0.009
	4.9
	81.2

	Conversion to forest land
	CO2
	960.59
	1765.49
	0.006
	3.5
	84.6

	PFCs from aluminium production
	PFC
	515.60
	80.70
	0.006
	3.2
	87.9

	Emissions from substitutes for ozone depleting substances 
	HFCs
	0.00
	403.96
	0.004
	2.4
	90.3

	Emissions from stationary combustion - liquid
	CO2
	2546.55
	2797.95
	0.003
	1.9
	92.2

	Mobile combustion - aviation
	CO2
	772.83
	1158.33
	0.002
	1.2
	93.4

	Fugitive emissions from geothermal operations
	CO2
	357.34
	269.11
	0.002
	1.0
	94.4

	Emissions from manure management
	CH4
	574.51
	549.44
	0.002
	0.9
	95.3

	Mobile combustion - road vehicles
	CH4
	148.20
	50.44
	0.001
	0.8
	96.1

	Emissions from the iron and steel industry
	CO2
	1329.40
	1716.80
	0.001
	0.5
	96.6

	Emissions from cement production
	CO2
	366.66
	527.47
	0.001
	0.5
	97.1

	Mobile combustion - rail
	CO2
	77.50
	164.19
	0.001
	0.4
	97.5

	Mobile combustion - marine
	CO2
	247.82
	370.94
	0.001
	0.4
	97.9

	Indirect emissions from nitrogen used in agriculture 
	N2O
	2668.96
	3328.82
	0.001
	0.4
	98.2

	Fugitive emissions from oil and gas operations
	CO2
	263.95
	380.93
	0.001
	0.3
	98.6

	Mobile combustion - road vehicles
	N2O
	64.25
	129.91
	0.001
	0.3
	98.9

	Non-CO2 emissions from stationary combustion
	CH4
	60.19
	40.72
	0.000
	0.2
	99.1


Annex 2: Methodology and data for estimating emissions from fossil fuel combustion

New Zealand emission factors are based on GCV since energy use in NZ is conventionally reported in gross terms, with some minor exceptions. The convention adopted by New Zealand to convert GCV to NCV is to follow the OECD/IEA assumptions that: 

· NCV = 0.95*GCV for coal and liquid fuels

· NCV = 0.90*GCV for gas. 

A2.1   Emissions from liquid fuels

Activity data: Statistics New Zealand conducts the Delivery of Petroleum Fuels by Industry survey. Statistics New Zealand is New Zealand's national statistical office and administers the Statistics Act 1975. 
The Delivery of Petroleum Fuels by Industry is a quarterly survey. The purpose of the survey is to provide data on the amount of fuel delivered by oil companies to end-users and other distribution outlets. Each oil company in New Zealand supplies Statistics New Zealand with the volume of petroleum fuels delivered to resellers and industry groups. It is assumed there is a 5% uncertainty associated with the sectoral energy allocation although the annual totals are likely to be more certain (MED, 2003).

The survey is a census which means there is no sampling error. The main sources of non-sample error are: 
· Respondent error: Statistics New Zealand makes every effort to confirm figures supplied by the respondents, and given assurances of accuracy, Statistics New Zealand are bound to accept them. If a discrepancy is discovered at a later date, revised figures are supplied at the earliest possible opportunity. 
· Processing error: there is always the possibility of error, however, Statistics New Zealand has thorough checking procedures to ensure that the risk of processing errors is minimised.
Emission factors: CO2 emission factors are described in Table A2.1. The CO2 emission factors for oil products are from the New Zealand Refining Company (NZRC) data, import data from industry and from a New Zealand source (Baines, 1993
). The same values are used for each year of inventory. There is a direct relationship between fuels’ carbon content and the corresponding CO2 emissions during combustion. However, the carbon composition of oil products is not closely monitored and there will be variation over time, depending on the crude oil used in production. The NZRC estimates the uncertainty in emission factors to be within 5% (MED, 2003). 

New Zealand’s review of emission factors (Hale and Twomey, 2003) identified a number of non-CO2 emission factors (Tables A2.2 and A2.3) where the supporting information (Bone et al., 1993; Waring et al., 1991) was assessed to be insufficient to retain the country-specific emission factors used in previous inventories. The changes mainly affected the mobile combustion category. Where a country-specific value was not available, the emission factor used by New Zealand is either the IPCC value that was closest match to New Zealand’s conditions or the mid-point value from the IPCC range. 

Many of the sources in the stationary combustion category already used the IPCC (1996) emission factors, however there were minor changes to the 2002 inventory related to the re-interpretation of the IPCC tables resulting from the Hale and Twomey review. The changes were made to obtain the closest match to New Zealand conditions. The decision to change from the country-specific emission factors to IPCC values was confirmed by an expert review panel prior to including the emission factors in the inventory. There was no further review of emission factors for the 2003 inventory. All emission factors from the IPCC Guidelines are converted from NCV to GCV.
Table A2.1 CO2 emission factors used in the energy sector

	 
	Emission factor 
(t CO2/TJ)
	Emission factor
 (t C/TJ)

	Gas
	 
	 

	Maui
	52.0 (2003)
	14.2 (2003)

	Treated
	52.6 (2003)
	14.3 (2003)

	Kapuni LTS
	84.1
	22.9

	Methanol - Mixed Feed (1990-1994)
	62.4
	17.0

	Methanol - LTS (1990-1994)
	84.0
	22.9

	Kaimiro
	65.2
	17.8

	Ngatoro
	46.3
	12.6

	Rimu
	53.7
	14.6

	Waihapa/Ngaere + Tariki/Ahuroa (1990)*
	56.2
	15.3

	Waihapa/Ngaere + Tariki/Ahuroa (2002)
	54.2
	14.8

	McKee
	54.2
	14.8

	Mangahewa
	52.3
	14.3

	Liquid Fuels
	
	 

	Regular Petrol (all petrol 1990-1995)
	66.2
	18.1

	Petrol - Premium (1996 and onwards)
	67.0
	18.3

	Diesel
	69.5
	19.0

	Aviation Fuels
	68.1
	18.6

	Av Gas
	65.0
	17.7

	Other
	72.9
	19.9

	Fugitive - flared
	65.1
	17.8

	LPG
	60.4
	16.5

	Heavy Fuel Oil
	73.5
	20.0

	Light Fuel Oil
	72.0
	19.6

	Averaged Fuel Oil
	73.0
	19.9

	Bitumen (Asphalt)
	76.1
	20.8

	Biomass
	
	 

	Biogas
	101.0
	27.5

	Wood (industrial)
	104.2
	28.4

	Wood (residential)
	104.2
	28.4

	Coal
	
	 

	All sectors (sub bit)
	91.2
	24.9

	All sectors (bit)
	88.8
	24.2

	All sectors (lignite)
	95.2
	26.0


* For the years 1991-2001, the emissions factors for these gas streams are interpolated between the 1990 and 2002 figures.

Table A2.2 CH4 emission factors used in the energy sector
	 
	Emission Factor
t CH4/PJ
	Source

	 Natural Gas
	
	 

	electricity - boilers
	2.745
	IPCC Tier 2 (table 1-15) average for natural gas boilers and large gas-fired turbines > 3 MW

	commercial
	1.08
	IPCC Tier 2 (table 1-19) natural gas boilers

	residential
	0.9
	IPCC Tier 2 (table 1-18) gas heaters

	domestic transport (CNG)
	567
	IPCC Tier 2 (table 1-43) passenger cars (uncontrolled)

	other stationary (mainly industrial)
	1.26
	IPCC Tier 2 (table 1-16) small natural gas boilers

	 Liquid Fuels
	
	 

	Stationary Sources
	
	 

	electricity - residual oil
	0.855
	IPCC Tier 2 (table 1-15) residual oil boilers - normal firing

	electricity - distillate oil
	0.855
	IPCC Tier 2 (table 1-15) distillate oil boilers - normal firing

	industrial (including refining) - residual oil
	2.85
	IPCC Tier 2 (table 1-16) residual oil boilers

	industrial - distillate oil 
	0.19
	IPCC Tier 2 (table 1-16) distillate oil boilers

	industrial - LPG 
	1.045
	IPCC Tier 2 (table 1-18) propane/butane furnaces

	commercial - residual oil
	1.33
	IPCC Tier 2 (table 1-19) residual oil boilers

	commercial - distillate oil
	0.665
	IPCC Tier 2 (table 1-19) distillate oil boilers

	commercial - LPG
	1.045
	IPCC Tier 2 (table 1-18) propane/butane furnaces

	residential - distillate oil
	0.665
	IPCC Tier 2 (table 1-18) distillate oil furnaces

	residential - LPG
	1.045
	IPCC Tier 2 (table 1-18) propane/butane furnaces

	agriculture - stationary
	3.8
	IPCC Tier 2 (table 1-49) diesel engines (agriculture)

	Mobile Sources
	
	 

	LPG
	28.5
	IPCC Tier 2 (table 1-44) passenger cars (uncontrolled)

	petrol - 1990-1993*
	60
	Bone, Hunt and Spring (1993)

	petrol - 2003 onwards*
	18.525
	IPCC Tier 2 (table 1-27) passenger cars (uncontrolled - midpoint of average g/MJ)

	diesel - 1990-1993*
	13
	Bone, Hunt and Spring (1993)

	diesel - 2003 onwards*
	3.8
	IPCC Tier 2 (table 1-32) passenger cars (uncontrolled - g/MJ)

	Navigation (fuel oil and diesel)
	6.65
	IPCC Tier 2 (table 1-48) ocean going ships

	aviation fuel/kerosene
	1.9
	IPCC Tier 2 (table 1-48) jet and turboprop aircraft

	 Coal
	
	 

	Combustion 
	
	 

	electricity generation
	0.665
	IPCC Tier 2 (table 1-15) pulverised bituminous combustion - dry bottom, wall fired

	cement
	0.95
	IPCC Tier 2 (table 1-17) cement, lime coal kilns

	lime
	0.95
	IPCC Tier 2 (table 1-17) cement, lime coal kilns

	industry
	0.665
	IPCC Tier 2 (table 1-16) dry bottom, wall fired coal boilers

	commercial
	9.5
	IPCC Tier 2 (table 1-19) coal boilers

	residential
	285
	IPCC Tier 1 (table 1-7) coal - residential

	Biomass 
	
	 

	wood stoker boilers
	14.25
	IPCC Tier 2 (table 1-16) wood stoker boilers

	wood - fireplaces
	285
	IPCC Tier 1 (table 1-7) wood - residential

	biogas
	1.08
	IPCC Tier 2 (table 1-19) gas boilers


* For the years 1994-2002, emission factors are interpolated between the NZ specific emission factors (Bone, Hunt and Spring) and the IPCC defaults
Table A2.2 N2O emission factors used in the energy sector
	 
	Emission Factor
t N2O/PJ
	    Source

	 Natural Gas
	
	 

	electricity generation
	0.09
	    IPCC Tier 1 (table 1-8) natural gas - all uses

	commercial
	2.07
	    IPCC Tier 2 (table 1-19) natural gas boilers

	residential
	0.09
	    IPCC Tier 1 (table 1-8) natural gas - all uses

	domestic transport (CNG)
	0.09
	    IPCC Tier 1 (table 1-8) natural gas - all uses

	other stationary (mainly industrial)
	0.09
	    IPCC Tier 1 (table 1-8) natural gas - all uses

	 Liquid Fuels
	
	 

	Stationary Sources
	
	 

	electricity - residual oil
	0.285
	    IPCC Tier 2 (table 1-15) residual oil boilers – 

    normal firing

	electricity - distillate oil
	0.38
	    IPCC Tier 2 (table 1-15) distillate oil boilers – 

    normal firing

	industrial (including refining) - residual oil
	0.285
	    IPCC Tier 2 (table 1-16) residual oil boilers

	industrial - distillate oil
	0.38
	    IPCC Tier 2 (table 1-16) distillate oil boilers

	commercial - residual oil
	0.285
	    IPCC Tier 2 (table 1-19) residual oil boilers

	commercial - distillate oil
	0.38
	    IPCC Tier 2 (table 1-19) distillate oil boilers

	residential (all oil)
	0.19
	    IPCC Tier 2 (table 1-18) furnaces

	LPG (all uses)
	0.57
	    IPCC Tier 1 (table 1-8) oil - all sources except 

    aviation

	agriculture - stationary
	0.38
	    IPCC Tier 2 (table 1-16) distillate oil boilers

	Mobile Sources
	
	 

	LPG
	0.57
	    IPCC Tier 1 (table 1-8) oil - all sources except 

    aviation

	petrol
	1.42
	    IPCC Tier 2 (table 2.7 in 'Good practice…' (2000))

    US gasoline vehicles (uncontrolled)

	diesel
	3.7
	    IPCC Tier 2 (table 2.7 in 'Good practice…' (2000))

    all US diesel vehicles 

	fuel oil (ships)
	1.9
	    IPCC Tier 2 (table 1-48) ocean going ships

	aviation fuel/kerosene
	1.9
	    IPCC Tier 1 (table 1-8) oil - aviation

	 Coal
	
	 

	electricity generation
	1.52
	    IPCC Tier 2 (table 1-15) pulverised bituminous

    combustion - dry bottom, wall fired

	cement
	1.33
	    IPCC Tier 1 (table 1-8) coal - all uses

	lime
	1.33
	    IPCC Tier 1 (table 1-8) coal - all uses

	industry
	1.52
	    IPCC Tier 2 (table 1-16) dry bottom, wall fired coal

    boilers

	commercial
	1.33
	    IPCC Tier 1 (table 1-8) coal - all uses

	residential
	1.33
	    IPCC Tier 1 (table 1-8) coal - all uses

	Biomass 
	
	 

	wood (all uses)
	3.8
	    IPCC Tier 1 (table 1-8) wood/wood waste - all 

    uses

	biogas
	2.07
	    IPCC Tier 2 (table 1-19) natural gas boilers


A2.2   Emissions from solid fuels

Activity data: Statistics New Zealand Coal Sales Survey is an ongoing quarterly survey which commenced on 1 March 1981. The purpose of this survey is to measure the amount of coal which is sold and available to users. The target population is all coal mines and major resellers of coal in New Zealand. Completion of the survey has been approved by the Minister of Statistics and returning the completed questionnaire, duly signed, is a compulsory requirement under the Statistics Act 1975.
The survey is a full coverage of the sector and therefore there are no sampling errors. Non-sampling errors in the survey data may result from errors in the sample frame (i.e. units with the wrong New Zealand Standard Industrial Classification), respondent error (i.e. wrong values supplied), mistakes made during processing survey results or non-response imputation. Statistics New Zealand adopts procedures to detect and minimise these types of errors but they may still occur and they are not quantifiable.

The three ranks of coal measured are bituminous, sub-bituminous and lignite coal. From 1988 onwards the coal sales questionnaire broke coal sales into seven end use sectors, however these do not match the IPCC sectors. The sectoral shares of coal use that can be used for the UNFCCC inventory are based on Coal Research Limited’s (CRL) survey of sectoral coal use for 1990 and 1995. Data is interpolated between 1990 and 1995 and extrapolated for all years beyond 1995. The exceptions are for the coal used for steel manufacture, electricity production and the residential household sector where the MED use figures from Statistics New Zealand’s Coal Sales survey. Sectoral shares are calculated by:

· Summing the four calendar year quarters of coal sales data from Statistics New Zealand’s Coal Sales survey.   

· Subtracting coal exports and coal used by the residential sector (from Statistics New Zealand’s Coal Sales survey) and coal used for steel and electricity (both known accurately).

· Dividing CRL annual coal tonnage for each sector by the total (excluding exports, steel, electricity and residential coal use) to give sectoral shares of coal use for 1990 and 1995.

· Interpolating sectoral shares between 1990 and 1995 and extrapolating for beyond 1995.

· Applying the sectoral share estimates to the Coal Sales survey’s total coal sold (excluding exports, electricity, steel and residential coal use).

The process of dividing coal use between different sectors will introduce uncertainty larger than the uncertainty in total coal sales. Uncertainty is also introduced from the assumption that coal used by sector is an average of the different ranks. An uncertainty of ± 5% is assumed to cover these issues (MED, 2003). 

The sectoral partitioning used for coal was examined in 2003 by MfE officials. There was concern in extrapolating sectoral allocations from 1995 to 2002 given some probable changes in sectoral coal usage. However, coal industry experts (W.Hennessy pers comm.) did not consider a survey could be justified because of the difficulty and expense in collating and verifying data from a number of sectors. Furthermore the major categories of coal exports, coal used by the residential sector and coal used for steel and electricity are all known accurately and are not affected by the sectoral partitioning. 

Emission factors: The value for sub-bituminous coal (91.2 kt CO2/PJ) is used to calculate New Zealand’s emissions from coal burning (Table A2.1). Using only the sub-bituminous value for all ranks of coal is a reasonable assumption for New Zealand as the bulk of the high quality bituminous coal is exported and all coal used in public electricity generation is of sub-bituminous rank (MED, 2003). The range in emission factors across all grades of coal is 5.5%. Therefore the estimated uncertainty in coal emission factors is taken as ± 3% (MED, 2003). An uncertainty of ± 2% is used for the sub-bituminous coal used in public electricity generation. All New Zealand values are within 2% of the IPCC defaults (1996). The non-CO2 emission factors are shown in Tables A2.2 and A2.3.
A2.3   Emissions from gaseous fuels

Activity data: The Natural Gas Corporation (NGC) has contracts with large users that allow metering errors of ± 2%. Whenever the error between the meter reading and actual gas supplied exceeds 2%, adjustments are made to the reported quantities of gas supplied. The uncertainty is therefore assumed to have an upper limit of ± 2% (MED, 2003). 

Emission factors: The emission factors for natural gas used in distribution and sold to large users are shown in Table A2.1. The values are calculated by averaging daily gas composition data supplied by industry. The composition, hence the emissions factor varies slightly between daily measurements. Taking annual bounds, it is estimated that the uncertainty in the natural gas emission factors is less than 1.7% (MED, 2003).
It has been assumed that half of the gas in the system is from the Maui gas field with an average CO2 emissions factor of 52.0 kt CO2/PJ in 2002 and the other half is treated gas (52.6 kt CO2/PJ). The average value of 52.3 kt CO2/PJ is used for the 2003 inventory (Table A2.4).

Table A2.4
Variation in CO2 emission factors for natural gas

	Year
	Maui

(kt CO2 / PJ)
	Treated

(kt CO2 / PJ)
	Average

(kt CO2 / PJ)

	1990
	53.2
	52.4
	52.8

	1991
	52.9
	52.8
	52.8

	1992
	52.9
	52.7
	52.8

	1993
	52.6
	52.5
	52.5

	1994
	52.4
	52.2
	52.3

	1995
	52.1
	52.9
	52.5

	1996
	52.2
	52.9
	52.6

	1997
	52.3
	52.4
	52.4

	1998
	52.1
	52.2
	52.1

	1999
	51.8
	52.4
	52.1

	2000
	52.1
	52.1
	52.1

	2001
	51.9
	52.6
	52.3

	2002
	52.3
	52.5
	52.4

	2003
	52.0
	52.6
	52.3


A2.4   A Tier 2 assessment of road transport emissions
In line with good practice, New Zealand has developed a Tier 2 model for estimating CO2, CH4 and N2O emissions from mobile combustion to support the Tier 1 estimate. The Tier 2 model is described below.

In New Zealand every vehicle is registered, and licensed annually, with information held on the make, model and other attributes of the vehicle in a centralised database, the Motor Vehicle Register. This provides information on the composition of the vehicle fleet and variation over time. The New Zealand Ministry of Transport maintains a “Vehicle Fleet Model (VFM)” which translates the fleet composition profiles into environmental performance measures. Within this process, the VFM calculates fuel used by the vehicle fleet, based on data as available and supporting estimates on vehicle fuel economy and usage.

The inputs to the model, which strongly influence how much fuel is used, include:

1. Fuel economy estimates for the different vehicle classes – i.e. technical efficiency, type of engine and emission control technology and vehicle/engine size. Also, for the heavy freight sector, consideration of the load transported.

2. Estimates of activity – distance travelled annually by vehicle class and also the driving conditions. This involves distributing the vehicle kilometres travelled over different road types and congestion levels. Standard conventions, common to road and traffic engineering, are used.

Limited data sources are available for direct use in calibrating this model. Determining the input factors requires an expert judgement of likely efficiency of the fleet and driving patterns. These factors will be refined as data sources develop. For example, new entrants to the fleet now have their standard reference fuel consumption measure recorded in the database, and more sophisticated procedures are in process for monitoring Vehicles Kilometres Travelled (VKT). In time, this information will be available as a routine, coherent data source. In the mean time, an expert assessment of fuel economy is used. Numbers are based on knowledge of the available vehicle technology and fuel consumption performance relationships, and variability in fuel use with different driving conditions. 

The VKT estimates are derived from comparison for various survey sources and derived estimates, including local and national road surveys and analysis of typical annual mileages by vehicle type, using information from the Motor Vehicle Registry. Then, an expert judgement is made as to how this total is allocated to vehicle class.  

The fleet model is built up from a series of data spread sheets. The major steps are:

· The base data is the fleet for each calendar year split by vehicle class (e.g. cars, buses, light commercial vehicles, heavy goods vehicles by weight categories and motorcycles) and also by fuel (primarily diesel and petrol). 
· For each vehicle class an assumption on the average fuel economy for that class is added. This assumption is based on known data on vehicle age, makes and models and is weighted by the percentage of different vehicles in that class. For instance, New Zealand has a large market for pre-used vehicle imports from Japan in additional to Australian, US and EURO standard vehicles.  

· The fleet model then multiplies the likely fuel economy for each class, by a figure for annual VKT by each class, across the range of different driving conditions. 

· The model output is in fuel consumed in litres, per km in different driving conditions, and then the total per annum for the vehicle classes in the fleet. Finally, using country specific (for CO2) and IPCC (for CH4 and N2O) emission factors for the different fuels (petrol, diesel, LPG and CNG), greenhouse gas emissions are calculated from the national fleet per annum. 

Because there are a number of inputs to the model that are based on expert judgement there is need for sensitivity analysis. In particular, the input figures of indicative vehicle fuel economy for each vehicle class and distance kilometres travelled for each class are varied to assess the sensitivity of the model to changes in those variables. 

The focus of the model has been on refining understanding of the light fleet, rather than the heavy fleet. The fuel economy of the heavy vehicle classes (which uses the majority of the diesel fuel in New Zealand) is particularly sensitive to changes in load carried and terrain – both of which vary significantly in New Zealand. In time, more data is expected to become available on the characteristics of heavy vehicle travel, allowing refinements to be made to the model. The model is based on a micro-inventory approach which identifies the factors that most affect the confidence in the results. It is also noted that off road, non-registered vehicles, that commonly use diesel, are not included in the model.

Emission factors: The model uses the pre-2002 inventory petrol and diesel emission factors as the model in its present form cannot split the petrol use into regular and premium as per the 2003 inventory.  These emission factors are:

· CO2: 66.6 kt/PJ for petrol and 68.7 kt/PJ for diesel

· Petrol: density 0.75, GCV 45.9 MJ/kg; gives CO2 emission at 2.30 kg/litre

· Diesel: density 0.84, GCV 45.7 MJ/kg; gives CO2 emission at 2.64 kg/litre
The 1996 IPCC guidelines provided the emission factors for CH4 and N2O. They were selected as per the corresponding vehicle technology categories used in the vehicle fleet model. The calculation process starts from the g/kg of fuel consumption indices. These are translated to the required g/km emission rates by correlating with the fuel consumption rates for NZ fleet type vehicles, to calculate total output against the fleet VKT baselines. 
Annex 3. Detailed methodological information for other sectors
A3.1  The agriculture sector 

New Zealand’s methodology uses a detailed livestock population characterisation and livestock productivity data to calculate feed intake for the four largest categories in the New Zealand ruminant population (dairy cattle, beef cattle, sheep and deer). The amount of CH4 emitted is calculated using CH4 emissions per unit of feed intake. A schematic overview of the model is presented in the Agriculture sector. 

A3.1.1  Enteric methane emissions
Livestock Populations
The New Zealand ruminant population can be separated into four main categories: dairy cattle, beef cattle, sheep and deer.  For each livestock category, population models that further sub-divided the principle categories were developed.  These models reflect New Zealand farming systems with regard to the timing of births, timing of slaughter of growing animals and the transfer of younger animals into the breeding population.  

Animal numbers are provided by Statistics New Zealand from census and survey data.  As shown in the agricultural worksheets in Annex 8, three-year rolling averages are used throughout the agricultural sector for population numbers.

For sheep, dairy cattle, non-dairy cattle and deer the three-year average populations are adjusted on a monthly basis to take account of births, deaths and transfers between age groups. This is necessary because the numbers present at one point in time may not accurately reflect the numbers present at other times of the year.  Goats are also included in the analysis, but a separate model has not been developed. This is because goats represent only a very small proportion of the total animal population and numbers have dropped significantly in recent years.

Livestock productivity data
For each livestock category, the best available data are used to compile the inventory. These data are from New Zealand’s national statistics organisation (Statistics New Zealand) and industry statistics. To ensure consistency, the same data sources are used each year. This ensures that the data provide a time-series that reflects changing farming practices, even if there is uncertainty surrounding the absolute values.

Obtaining data on the productivity of ruminant livestock in New Zealand, and how it has changed over time, is a difficult task. Some of the information collected is robust i.e. the slaughter weight of all livestock exported from New Zealand are collected by the MAF on a census basis. This information is used as a surrogate for changes in animal liveweight. Other information is collected at irregular intervals or from small survey populations.  

Livestock productivity and performance data are summarised in the time-series tables accompanying the agriculture sector (Chapter 6). The data includes average liveweights, milk yields and milk composition of dairy cows, average liveweights of beef cattle (beef cows, heifers, bulls and steers), average liveweights of sheep (ewes and lambs), average liveweights of deer (breeding and growing hinds and stags).
Dairy cattle: Data on milk production are provided by Livestock Improvement Corporation (2004). These data include the amount of milk processed through New Zealand dairy factories plus an allowance for town milk supply. Annual milk yields per animal are obtained by dividing the total milk produced by the total number of milking dairy cows and heifers. Milk composition data are taken from the Livestock Improvement Corporation (LIC) national statistics. For all years, lactation length was assumed to be 280 days.

Average liveweight data for dairy cows are obtained by taking into account the proportion of each breed in the national herd and its age structure based on data about breed and age structure from the LIC. Dairy cow live-weights are only available from 1996 onwards. For earlier years in the time-series, liveweights are estimated using the trend in liveweights from 1996 to 2003 together with data on the breed composition of the national herd. Growing dairy replacements at birth are assumed to be 9% of the weight of the average cow and 90% of the weight of the average adult cow at calving. Growth between birth and calving (at two years of age) is assumed to be linear, however the growth rates are not assumed to be constant as higher growth rates apply prior to weaning when animals receive milk as part of their diet. The birth date of all calves was assumed to be mid-August.

No data are available on the liveweights and performance of breeding bulls and an assumption was made that their average weight was 500 kg and that they are growing at 0.5 kg per day. This was based on expert opinion from industry data. For example, dairy bulls range from small Jersey's through to larger-framed European beef breeds. The assumed weight of 500 kg and growth rate of 0.5 kg/day provide an average weight (at the mid point of the year) of 592kg. This is almost 25% higher than the average weight of a breeding dairy cow but it is realistic given that some of the bulls will be of a heavier breed/strain (e.g. Friesian and some beef breeds). Because these categories of animal make only small contributions to total emissions e.g. breeding dairy bulls contribute 0.089% of emissions from the dairy sector, total emissions are not highly sensitive to the assumed values.

Beef Cattle: The principle source of information for estimating productivity was livestock slaughter statistics provided by the MAF. All growing beef animals are assumed to be slaughtered at two years of age and the average weight at slaughter for the three sub-categories (heifers, steers and bulls) was estimated from the carcass weight at slaughter.  Liveweights at birth are assumed to be 9% of an adult cow weight for heifers and 10% of the adult cow weight for steers and bulls. Growth rates of all growing animals between birth and slaughter are assumed to be linear, however the growth rates are not assumed to be constant as higher growth rates apply prior to weaning when animals receive milk as part of their diet.

Weights in slaughter statistics from the MAF do not separate carcass weights of adult dairy cows and adult beef cows. Thus a number of assumptions
 are made in order to estimate the liveweights of beef breeding cows. A total milk yield of 800 litres per breeding beef cow was assumed.

Sheep: Livestock slaughter statistics from the MAF are used to estimate the liveweight of adult sheep and lambs, assuming killing out percentages of 43% for ewes and 45% for lambs.  Lamb birth liveweights are assumed to be 9% of the adult ewe weight with all lambs assumed to be born on 1st September. Growing breeding and non-breeding ewe hoggets are assumed to reach full adult size at the time of mating when aged 20 months. Adult wethers are assumed to be the same weight as adult breeding females.

No within year pattern of liveweight change was assumed for either adult wethers or adult ewes. All ewes rearing a lamb are assumed to have a total milk yield of 100 litres. Breeding rams are assumed to weigh 40% more than adult ewes. Wool growth (greasy fleece growth) was assumed to be 5kg/annum in mature sheep (ewes, rams and wethers) and 2.5kg/annum in growing sheep and lambs. 

Deer: Liveweights of growing hinds and stags are estimated from MAF slaughter statistics, assuming a killing out percentage of 55%. A fawn birthweight of 9% of the adult female weight and a common birth date of mid-December are assumed. Liveweights of breeding stags and hinds are based on published data, changing the liveweights every year by the same percentage change recorded in the slaughter statistics for growing hinds and stags above the 1990 base. No within year pattern of liveweight change was assumed. The total milk yield of lactating hinds was assumed to be 240 litres (Kay, 1985).  

Goats: Enteric CH4 from goats is not a key category. There is no published data on which to attempt a detailed categorisation of the performance characteristics in the same way as has been done for the major livestock categories. New Zealand uses the IPCC CH4 emission factor for goats (9 kg CH4/head/yr).   
Dry matter intake calculation 

Dry matter intake (DMI) for the classes (dairy cattle, beef cattle, sheep and deer) and sub-classes of animals (breeding and growing) was estimated by calculating the energy required to meet the levels of performance assumed and dividing this by the energy concentration of the diet consumed. For dairy cattle, beef cattle and sheep, energy requirements are calculated using algorithms developed in Australia (Standard Australian Livestock Tables, CSIRO, 1990). These are chosen as they specifically include methods to estimate the energy requirements of grazing animals. The method estimates a maintenance requirement (a function of liveweight and the amount of energy expended on the grazing process) and a production energy requirement - influenced by the level of productivity (e.g. milk yield and liveweight gain), physiological state (e.g. pregnant or lactating) and the stage of maturity of the animal.  All calculations are performed on a monthly basis.

For deer, an approach similar to that used for cattle was adopted using algorithms derived from New Zealand studies on red deer. The algorithms take into account animal liveweight and production requirements based on the rate of liveweight gain, sex, milk yield and physiological state.

Monthly energy concentrations 

A single set of monthly energy concentrations of the diets consumed by beef cattle, dairy cattle, sheep and deer was used for all years in the time-series. This is because there is no comprehensive published data available that allows the estimation of a time-series dating back to 1990.

Methane emissions per unit of feed intake 

There are a number of published algorithms and models
 of ruminant digestion for estimating CH4 emissions per unit of feed intake. The data requirements of the digestion models make them difficult to use in generalised national inventories and none of the methods have high predictive power when compared against experimental data. Additionally, the relationships in the models have been derived from animals fed indoors on diets dissimilar to those consumed by New Zealand’s grazed ruminants.  

Since 1996, New Zealand scientists have been measuring CH4 emissions from grazing cattle and sheep using the SF6 tracer technique (Lassey et al, 1997; Ulyatt et al, 1999). New Zealand now has one of the largest data sets in the world of CH4 emissions determined using the SF6 technique on grazing ruminants. A database has been constructed and is being systematically examined to obtain generalised relationships between feed and animal characteristics and CH4 emissions. As an interim measure, published and unpublished data on CH4 emissions from New Zealand were collated and average values for CH4 emissions from different categories of livestock obtained. Sufficient data were available to obtain values for adult dairy cattle, sheep more than one year old and growing sheep (less than one year old). These data are presented in Table A3.1.1 together with IPCC (2000) default values for percent gross energy used to produce CH4.  The New Zealand values fall within the IPCC range and are adopted for use in this inventory calculation. Table A3.1.2 shows a time-series of CH4 implied emission factors for dairy cattle, beef cattle, sheep and deer.

Not all classes of animals are covered in the New Zealand data set and assumptions had to be made for these additional classes. The adult dairy cattle value was assumed to apply to all dairy and beef cattle irrespective of age and the adult ewe value was applied to all sheep greater than one year old. A mean of the adult cow and adult ewe value (21.25g CH4/kg DMI) was assumed to apply to all deer. In very young animals receiving a milk diet, no CH4 was assumed to arise from the milk proportion of the diet.  

Table A3.1.1   Methane emissions from New Zealand measurements and IPCC defaults

	
	Adult dairy cattle
	Adult sheep
	Adult sheep < 1 year

	New Zealand data (g CH4/kg DMI)
	21.6
	20.9
	16.8

	New Zealand data (%GE)
	6.5
	6.3
	5.1

	IPCC (2000) defaults (%GE)
	6 ± 0.5
	6 ± 0.5
	5 ± 0.5


Table A3.1.2   Time-series of implied emission factors for enteric fermentation (kg methane per animal per annum)

	                        Year
	  Dairy cattle
	   Beef cattle
	       Sheep
	             Deer

	1990
	70.8
	51.0
	8.9
	21.0

	1991
	71.4
	51.7
	9.1
	20.7

	1992
	73.3
	52.7
	9.2
	20.6

	1993
	73.7
	54.2
	9.3
	20.5

	1994
	73.9
	53.6
	9.4
	20.6

	1995
	73.6
	53.3
	9.5
	20.9

	1996
	74.4
	52.6
	9.6
	21.3

	1997
	74.3
	54.5
	9.9
	21.9

	1998
	75.1
	54.5
	10.0
	22.2

	1999
	76.5
	55.3
	10.1
	22.3

	2000
	78.7
	55.1
	10.2
	22.4

	2001
	78.8
	56.4
	10.5
	22.3

	2002
	79.0
	56.1
	10.5
	22.3

	2003
	79.1
	56.3
	10.6
	22.1

	Previous fixed EF
	76.8
	67.5
	15.1
	30.6


A3.1.2  Uncertainty of animal population data

Details of the most recent surveys and census are included to provide an understanding of the livestock statistics process and uncertainty figures. The information documented is from Statistics New Zealand. Full details of the surveys are available from Statistics New Zealand’s website http://www.stats.govt.nz/datasets/primary-production/agriculture-production.htm.
2003/4 Agricultural Production Surveys
The target population for the Agricultural Production surveys is all businesses engaged in agricultural production activity (including livestock, cropping, horticulture and forestry) with the intention of selling that production and/or which owned land that was intended for agricultural activity during the year ended 30 June. The estimated proportion of eligible businesses responding to the 2003 Agricultural Production Survey was 85 percent. These businesses contributed 87 percent of the total agricultural output. The sample error and percentage imputed for 2003 are shown in Table A3.2.1. For the 2004 survey, 30,715 forms were distributed. The survey response rate was 87% or 91% of the estimated value of production. Interim animal number results from the 2004 survey have been used for the 2005 submission. The 2003 animal numbers have been updated with final animal number estimates.  

2002 Agricultural Production Census
The target population for the 2002 Agricultural Production census was all units that were engaged in agricultural production activity (including livestock, cropping, horticulture and forestry) with the intention of selling that production and/or which owned land that was intended for agricultural activity during the year ended 30 June 2002. The target population also includes businesses and persons commonly referred to as 'lifestylers' engaged in agricultural production activity. The response rate was 81 percent. Statistics New Zealand imputes using a random 'hot deck' procedure for values for farmers and growers who did not returned a completed questionnaire. 
The 1999 Livestock Survey

The frame for the 1999 Agricultural Production survey was based on a national database of farms called AgriBase which is maintained by AgriQuality New Zealand Ltd (formerly MAF Quality Management). A sample survey was conducted to obtain estimates of livestock on farms and area sown in grain and arable crops for the 30 June 1999 year. Questionnaires were sent to approximately 35,000 farms. The overall response rate for the survey was 85.7 percent. The remaining units were given imputed values based on either previous data or on the mean value of similar farms. Table A3.2.2 gives the sample errors based on a 95% confidence level for the survey data collected in 1999.

Table A3.2.1  Provisional sampling error and imputation levels for the 2003 Agricultural Production survey
	PRIVATE "TYPE=PICT;ALT="[image: image2] Statistic
	Sample errors
at 95% confidence interval (%)
	Percentage of total estimate imputed

	Ewe hoggets put to ram
	4
	12

	Breeding ewes 2 tooth and over
	2
	12

	Total number of sheep
	2
	11

	Total lambs marked or tailed
	2
	11

	Beef cows and heifers (in calf) 2 years and over
	2
	12

	Beef cows and heifers (in calf) 1 - 2 years
	5
	11

	Total number of beef cattle
	2
	12

	Calves born alive to beef heifers/cows
	3
	12

	Dairy cows and heifers, in milk or calf
	2
	14

	Total number of dairy cattle
	2
	14

	Calves born alive to dairy heifers/cows
	3
	13

	Female deer mated
	4
	9

	Total number of deer
	4
	9

	Fawns or calves weaned on the farm
	4
	9

	Area of potatoes harvested
	1
	12

	Area of wheat harvested
	4
	11

	Area of barley harvested
	4
	13


Table A3.2.2   Agricultural sector sample errors based on 95% confidence level

	Variable (total population)
	Survey design error (%)
	Achieved sample error (%)

	Dairy cattle
	1
	1.0

	Beef cattle
	1
	0.9

	Sheep
	1
	0.7

	Goats
	1
	1.5

	Deer
	1
	1.4

	Pigs
	1
	0.9


A3.2 Additional information for the LULUCF sector:   The Carbon Monitoring System plots and the New Zealand Carbon Accounting System.
Major ongoing work in the LULUCF sector includes research and implementing a monitoring system for the carbon stocks and fluxes in soils, shrublands and natural forests. This research was initiated by the MfE in 1996 and is being performed by two of New Zealand’s Crown Research Institutes - Landcare Research and Forest Research.  This five-year research project had the following objectives:

· The estimation of carbon storage in soils, shrublands and natural forests in 1990.

· The development of a national system to determine soil carbon changes associated with land-use change.

· The development of an effective information system to manage the above information.

Provisional results are available from the work under the first objective. Hall et al. (1998) have estimated that in 1990 carbon stored in natural forests was 933 MtC, while 527 Mt C was stored in shrublands and other woody mixed-vegetation. Forest floor litter carbon is estimated separately, based on Tate et al.(1997), as containing 570 Mt C for all natural vegetation (i.e. both forest and scrub areas). These estimates are highly sensitive to both the accuracy of mapped areas and heterogeneity within mapped classes. Current (very provisional) estimates for soil carbon at soil depth intervals of 0-0.1, 0.1-0.3 and 0.3-1m are 1300±20, 1590±30 and 1750±70 Tg C respectively (Tate et al., 2003). Some soil cells are still poorly represented in the database and additional field work is being undertaken. Further information on this project and initial estimates of carbon stocks at 1990 are found in Coomes et al. (2002), Lawton and Barton (2002), Lawton and Calman (1999) and Hall et al. (1998).  

In 1999, the soil and vegetation carbon monitoring systems (CMS) developed during the first three years of the project were reviewed by an international panel of forestry and soil experts.  The panel’s report concluded that the systems being developed for New Zealand’s natural forests are consistent with current forest inventory practices in other countries. Furthermore, the soils that the system represented are measured in a significantly advanced methodology as compared with the IPCC default method (Theron et al., 1999). The international review of the system was held in time for the key recommendations of the review to be undertaken before the development phase was concluded.

The statistical design of the vegetation CMS provides for the establishment of 1400 permanent field plots on an 8x8 km grid across natural forest and shrublands for territorial New Zealand (Coomes et al., 2002). This includes the North and South Islands, Stewart Island, the Chatham Islands and other offshore islands. To provide continuity, and to build on previously collected data, about one-third of the plots are existing ones matched to nearby grid intersection points, and the rest are new plots established at unmatched grid intersections specifically for monitoring forest carbon pools. The plot measurements use the 20m by 20m quadrat method (Allen 1993) which has been used at various sites of interest in New Zealand but never on a statistically representative basis across all of the nation’s natural forests and shrublands. Measurements are taken of above ground biomass, such as tree heights and diameters, understorey vegetation, litter, and coarse woody debris. These measurements will have utility for other international forestry reporting obligations such as those required under the Montreal Process, the FAO Global Forest Resource Assessment, and the Convention on Biological Diversity. 

The soil CMS analyses soil samples to a depth of 0.3m for carbon content. One in every three of the vegetation plots is sampled for soils to reduce the uncertainty in some soil cells. 

The CMS’s for soil and vegetation are currently moving from design to implementation. The first year’s fieldwork for the operational vegetation CMS commenced in January 2002 and was completed in early 2003.  The second year’s fieldwork began in March 2003.  Fieldwork over at least three more years will be required to install the complete network of field plots. Following this, another five-year round of sampling will be required to validate the implementation and begin monitoring of any changes. The current intention is then to repeat these measurements every ten years.  

For the soil CMS, 40 soil-paired plots sites will be established to monitor key changes in soil carbon when land-use changes, i.e. scrub to grassland, grassland to Kyoto forest and vice versa. The first four paired plots sites were established in 2003. 

The New Zealand Carbon Accounting System (NZCAS) is being developed. This system will account for human-induced carbon sources and sinks from New Zealand's land use, land-use change and forestry (LULUCF) activities which (a) is appropriate for annual UNFCCC greenhouse gas emission LULUCF sector reporting; (b) enables accounting and reporting under the Kyoto Protocol; and (c) underpins scenario development and modelling capabilities that support New Zealand’s Climate Change Policy development.

The most developed module of the NZCAS is for natural forests and shrublands (Coomes et al., 2002; Allen et al., 2003). This is based on the CMS plots. These unique natural forests cover 6.4 million hectares, and have been either too remote or inaccessible for timber extraction and are now largely protected, often as national parks. New Zealand has not, until now, needed to establish a national forest inventory to cover its protected forests.  This is in sharp contrast to the advanced system used for monitoring and forecasting future wood supply from its 1.8 million hectares of plantation forests.

A monitoring and modelling module is currently being designed for those areas where afforestation and reforestation activities have occurred since 1990 - the so-called Kyoto forests.  This will involve inventory measurements from permanent plots coupled with the use of existing allometric equations and/or forest volume and carbon models (Beets et al. 1999).
A3.3 Additional methodology for the LULUCF sector: the Land Cover Database 
The LCDB1 was completed in 2000 using SPOT 2 and SPOT 3 satellite imagery acquired over the summer of 1996/97. A 1 ha Minimum Mapping Unit (MMU) was used and this was retained for LCDB2. LCDB2 used the Landsat 7 ETM+ sensor, with the imagery pan-sharpened to a 15m spatial resolution. All imagery for LCDB2 was acquired during summer 2001/02. Development of the final database involved several Government Crown Research Institutes, Ministries and companies.  LCDB2 was released July 2004.
A description of the process to create LCDB2 is shown in figure A3c.1. A single set of polygon boundaries is used for both the attributes from LCDB1 and LCDB2. This removes the need for GIS overlay analysis to detect changes in landcover between databases. As part of the process of developing LCDB2, any errors identified in the LCDB1 were corrected and areas of apparent change confirmed. 

The target classes used for LCDB1 and 2 are hierarchical (and derived from eight first order classes at the highest level, with an increasing number of more detailed classes at lower levels. The first order classes are based on the physiognomy of the land cover (i.e. grassland, shrubland, forest etc). The following divisions are based on other characteristics, such as phenology (Evergreen / Deciduous) and floristic composition (Broadleaved / Needle leaved).

LCDB2 was developed from image processing supplemented by ancillary data such as vegetation surveys, plot data and aerial photography. The database was also subjected to intensive field checking to determine the following:

· Whether the land cover types identified in the draft vectors are present on the ground.

· Whether land cover types observed on the ground are captured and correctly labeled in the draft map.

· Identify land cover classes with unknown or questionable spectral signatures.

· Identify characteristic signatures of the target land cover classes to be used to train the classification in areas that cannot be field checked.  Extrapolation of ground data was restricted to one New Zealand 260 map sheet (30 km x 40 km), as the spectral signatures of target classes can vary across a Landsat 7 ETM+ scene (185 km wide).

In assigning land cover to a specific class, the dominant cover rule was used. For example, a shrubland polygon with three or more main species (where further subdivision of the patch based on the 1 ha MMU is not possible), is classified according to the dominant species in the matrix.  This procedure was maintained throughout the LCDB2 mapping project.

For LCDB1, overall user accuracy was assessed at 93.9%. A classification accuracy has not been established for LCDB2.  The database was released to ensure that users have access to the updated national dataset for planning and monitoring purposes. However users can be confident that the accuracy of LCDB2 will be equal to or higher than the User Accuracies for LCDB1, namely, bare ground (81%), natural forest (95%), mangrove (97%), planted forest (90%), horticultural (95%), pastoral (98%), scrubland (89%), tussock (95%), and wetlands (87%).
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Table A3.3.1. Mapping of LCDB classification to the IPCC land-use categories.
	IPCC category
	LCDB class

	Cropland
	

	CM (perennial)
	Orchard and Other Perennial Crops, Vineyard

	CM (annual)
	Short-rotation Cropland

	Forest land
	

	FM  (planted)
	Afforestation (imaged, post LCDB 1), Afforestation (not imaged), Deciduous Hardwoods, Forest Harvested, Other Exotic Forest, Pine Forest - Closed Canopy, Pine Forest - Open Canopy

	FM (natural)
	Natural Forest, Broadleaved Natural Hardwoods, Manuka and or Kanuka

	Grassland
	

	GM (low prod)
	Alpine Grass-/Herbfield, Depleted Tussock Grassland, Fernland, Gorse and Broom, Grey Scrub, Low Producing Grassland, Major Shelterbelts, Matagouri, Mixed Exotic Shrubland, Sub Alpine Shrubland, Tall Tussock Grassland, Flaxland, Herbaceous Freshwater Vegetation, Herbaceous Saline Vegetation, Mangrove

	GM (high prod)
	High Producing Exotic Grassland

	Other land
	

	O
	Alpine Gravel and Rock Coastal Sand and Gravel Landslide Permanent Snow and Ice River and Lakeshore Gravel and Rock

	Settlement
	

	S
	Built-up Area, Dump, Surface Mine, Transport Infrastructure, Urban Parkland/ Open Space

	Wetland
	

	W (unmanaged)
	Estuarine Open Water, Lake and Pond, River


Annex 4: CO2 reference approach and comparison with sectoral approach, and relevant information on the national energy balance.

Information on the CO2 reference approach and a comparison with sectoral approach is provided in Section 3.4.1. The section also includes a comparison with the IEA reference and sectoral approach for New Zealand.
Annex 5: Assessment of completeness and (potential) sources and sinks of greenhouse gas emissions and removals excluded

An assessment of completeness and (potential) sources and sinks of greenhouse gas emissions and removals excluded is included in section 1.8 of Chapter 1. 

Annex 6: Quality Assurance and Quality Control

During preparation of the New Zealand 2003 national greenhouse gas inventory, work continued on the implementation of the New Zealand National Greenhouse Gas Inventory Quality Control and Quality Assurance Plan. Specific checks have been completed as time and resources have allowed.
A6.1   QC procedures implemented in preparation of the 2003 inventory

Tier 1 quality control (QC) checks for key sources (as identified in the level and trend analysis of the 2002 national inventory) and a selection of non key sources were completed on the 2003 data. Two of these checklists with the results are included as examples in this Annex.  The checks incorporated in the CRF reporter (time-series consistency, recalculation and completeness checks) were undertaken to identify any outliers and inconsistencies in the trends from 1990-2003.
In addition to the QC checks undertaken with the Tier 1 QC checklists, a Tier 2 quality check was carried out on solid waste disposal (a key source category). 

Some specific findings and improvements included:
· SF6 data for 1998 and 1999 reported in the 2002 inventory was about twice as high as that of all other years in the time-series.  This was traced to an inconsistency in the method used to estimate emissions for those years compared to the rest of the time-series.  This was corrected for the 2003 inventory.

· Rounding errors were found in a table used to enter data for total emissions of      HFC-134a for mobile air conditioning in the 2002 inventory.  This was fixed in the 2003 inventory as separate entries were made for first-fill, operation and disposal emissions with the CRF software correctly summing these sub sources to give total emissions.  
· CH4 emissions from ammonia production for the years 2002 and 2003 were around half of that in previous years even though production levels were similar to previous years.  This was traced to incorrect emission factors and activity data being used.  This was corrected in the 2003 inventory.

· SO2 emissions from aluminium production for the years 2000 and 2001 were found to be missing. Values were interpolated. Emissions for NOx and CO for the entire time-series were back calculated using emission factors provided by the smelter for the 2003 data.

· Activity data for asphalt roofing in 1994 was entered as 0.4 kt in the 2002 inventory which was almost 10 times higher than activity data for the years around it.  After consultation with the external consultant who gathered the data it was decided to change it to 0.05 (the same value as previous years) as it is likely to have been a transcription error.
· A transcription error in the SF6 estimates from Mg foundries prior to the year 2000 was found in the previous inventory. This was fixed for the 2003 inventory.

· Potential emissions for the consumption of halocarbons and SF6 were calculated for the whole time-series for the first time. Potential emissions for SF6 for the years 1990, 1998 and 1999 were interpolated as data was missing for those years.
A6.2   QA procedures implemented
A checklist of recent reviews of specific sectors (including emission factors) undertaken as part of the quality assurance of the New Zealand national inventory is included in this Annex. It shows that during 2004 a peer review was undertaken of emissions from substitutes for ozone depleting substances (as part of the industrial processes sector) was undertaken.  New Zealand has taken note of the recommendations and will implement these as time and resources allow (the recommendation that potential emissions be calculated and included in future inventories has been addressed and included in this inventory submission).  A review of New Zealand’s Quality Assurance/Quality Control programme was also undertaken in late 2004.  New Zealand has also noted these recommendations and is working to address the issues raised. 

Documentation and archiving of important reports and resources have continued including email correspondence related to clarification of methodologies used by external agencies.
Procedures scheduled in New Zealand’s QA/QC plan for 2004/05 that have been implemented include:
· Tier 1 quality control checks extended to include a selection of non key sources for the 2003 data in the inventory.
· Tier 1 quality control checklists updated to include relevant checks on New Zealand data.
· Tier 2 quality control checks on solid waste disposal (key source category).
· Holding copies of CVs of people from external agencies who undertake expert reviews of parts of the national inventory.
A6.3   Future development of the QA/QC system

New Zealand will aim to implement the recommendations from the quality management review report during 2005 as time and resources allow. This will lead to a more structured QA/QC programme and a timetable for completing Tier 1 quality checks on all source categories and Tier 2 quality control checks for key source categories.

A6.4  Example worksheets for QC procedures in 2003
[image: image4.emf]TIER 1: INDIVIDUAL SOURCE CATEGORY CHECKLIST

Ver 1.0

Inventory Checked: 

2003

Source Category: 

4A Enteric fermentation-CH4

CH4

Estimates prepared by: 

Working spreadsheet(s)

QC Activity Procedures Procedures adopted for 2005 NIR

(2003 data)

Organisation/Person responsible for quality 

check

Brief description of check applied (include date/person & 

reference if required)

Results of check (include reference if required) Corrective Actions Taken

Check that assumptions and criteria 

for the selection of activity data and 

emission factors are documented.

Check descriptions of activity data and emission 

factors and ensure that these are properly 

recorded and archived.

Check activity data and emission factors are 

described in the NIR report and any changes from 

previous years are adequately documented. 

MfE-SP S. Petrie 13/04/05: Checked description of activity data, emission 

factors and methodology in NIR

Well documented in chapter 6 and Annex 3a of the NIR none

Confirm that bibliographical data references are 

properly cited in the internal documentation.

1. Undertake visual checks of module names for 

consistency in NIR worksheets.

2. Check all references cited in the appropriate 

source sector chapter in the NIR report and make 

sure they are corrctly referenced at the end of the 

chapter.

MfE-SP S. Petrie 13/04/05: 1. Checked module names in worksheets for 

consistency.

2. Check references cited in text are correctly referenced in the 

reference chapter.



1. Tables labeled correctly.

2. Some references cited in text missing in reference chpater and 

several references no longer cited in main text

corrected reference chapter

Cross-check a sample of input data from each 

source category (either measurements or 

parameters used in calculations) for transcription 

errors.

1. Cross check activity data from NIR worksheets 

with that in the CRF for transcription errors.

2. Check activity data figures from orginal source 

with data in the CRF.

1. MfE-SP  

2. MfE-SP

S. Petrie 13/04/05: 1. visual check by comparing enteric fermentation 

figures from NIR worksheet with that in the CRF reporter



Value in NIR worksheet is 1117.00Gg compared with 1123.44Gg in 

the CRF reporter. This was traced to a difference in the total CH4 

from dairy cattle: 402.37 Gg in NIR worksheet and 408.81 in CRF 

reporter.

Checked this with Len-confirmed the 

CRF value is the correct one. He will 

change the value in the NIR 

worksheet.

Reproduce a representative sample of emissions 

calculations.

Using the figures in the NIR worksheets, calculate 

representative sample of emissions manually and 

compare to emissions value in CRF.

MfE-SP S. Petrie 13/04/05: Calculated dairy cattle CH4 enteric fermentation 

emissions using figures from worksheet  4.1

Value was 402.35Gg compared with 402.37 Gg. Test passed. none

Selectively mimic complex model calculations with 

abbreviated calculations to judge relative 

accuracy.

Use Tier 1 approach to calculate a sub source of 

data (eg CH4 emissions from dairy cattle ) to 

judge relative accuracy.

MAF limited time meant this check was not undertaken

Check that units are properly labelled in 

calculation sheets

Check the units are correctly labelled in the NIR 

worksheets

MfE-SP S. Petrie 13/04/05: visual inspection of units labeled in agricultural 

worksheets

labeling of units in worksheets O.K none

Check that units are correctly carried through from 

beginning to end of calculations.

check appropriate units are used throughout 

calculations

Check that conversion factors are correct Check that the correct conversion factors have 

been used to calculate the emissions in the NIR 

worksheets-particularly conversion from tonnes to 

Gg and from C to CH4.

MfE S. Petrie 13/04/05: checked conversion from kg (as kg/head/yr) to 

Gg of CH4 for enteric fermentation and manure management 

occurred in NIR worksheet 4.1

conversion factors are correct and accounted for properly none

Check that temporal and spatial adjustment 

factors are used correctly.

Check that emissions are calculated 

correctly.

Check that parameter and emission 

units are correctly recorded and that 

appropriate conversion factors are 

used

Check for transcription errors in data 

input and reference

Ministry of Agriculture and Forestry with data from Statistics New Zealand and Agresearch 



Tier 1 QC Activity & Procedures



[image: image5.emf]Confirm that the appropriate data processing 

steps are correctly represented in the database.

confirm data processing steps within model for 

enteric fermentation are appropriate

MAF limited time meant this check was not undertaken

Confirm that data relationships are correctly 

represented in the database.

confirm data relationships within model are 

appropriate

MAF limited time meant this check was not undertaken

Ensure that data fields are properly labelled and 

have the correct design specifications.

Ensure the addition or deletion of datalines are 

adequately explained

MfE-SP S. Petrie 13/04/05: check worksheet tables for obvious gaps in the 

data-series

footnotes at bottom of tables generaaly explain missing data (which 

is usually population data  for 2004 which is not yet available)

Ensure that adequate documentation of database 

and model structure and operation are archived.

Ensure there is adequate documentation of the 

model structure and that it is archived.

MAF S. Petrie 13/04/05: check adequate documentation of enteric 

fermentation model

paper written by Clark et al (2003) describing the model is archived 

on the Mfe computer network and copies are also held at MAF

none

Check for consistency in data 

between source categories

Identify parameters (e.g. activity data, constants) 

that are common to multiple source categories 

and confirm that there is consistency in the values 

used for these parameters in the emissions 

calculations.

Check for consistency in animal number dataset. MAF/MfE consistency of animal number dataset was looked into and improved 

as part of recalculations in the agricultural sector

see comments under recalculations 

and improvements in the NIR

Check that emissions data are correctly 

aggregated from lower reporting levels to higher 

reporting levels when preparing summaries.

1. Manually sum CH4 emissions from dairy cattle 

& non dairy cattle sources for enteric fermentation 

& compare with values in cattle node in CRF 

reporter. 2. Compare total enteric fermentation 

CH4 emissions in CRF with those provided by 

Harry Clark and MAF

MfE-SP S.Petrie 13/04/05: 1. sum CH4 emissions from dairy cattle and non-

dairy cattle and compare with total in CRF reporter

2. Compare CRF value for total CH4 from enteric fermentation with 

value from model

1. The summed value of 663.3 Gg from dairy and non-dairy cattle is 

the same as the total for cattle

none

Check that emissions data are correctly 

transcribed between different intermediate 

products

QA/QC procedures used that show correct 

transcription between intermediate worksheets 

and final entry of data into CRF reporter

MfE on-going. It is anticipated during 2005 the QA/QC system will be 

improved and various checks of this nature will be able to be 

completed for the next inventory submission.

on-going. It is anticipated during 

2005 the QA/QC system will be 

improved and various checks of this 

nature will be able to be completed 

for the next inventory submission.

Check that qualifications of individuals providing 

expert judgement for uncertainty estimates are 

appropriate.

Check that qualifications, assumptions and expert 

judgements are recorded. Check that calculated 

uncertainties are complete and calculated 

correctly.

Check appropriate qualifications, assumptions 

and judgements for uncertainity analysis are 

recorded & archived.

Check calculated uncertainties are completed and 

correct



due to time constraints this has not been 

documented

If necessary, duplicate error calculations or a 

small sample of the probability distributions used 

by Monte Carlo analyses.

Check that there is detailed internal 

documentation to support the estimates and 

enable duplication of the emission and uncertainty 

estimates.

Review internal documentation-ensure there is 

adequate documentation to support the estimates 

and uncertainty analysis. 

MfE-SP on-going. It is anticipated during 2005 the QA/QC system will be 

improved and various checks of this nature will be able to be 

completed for the next inventory submission.

on-going. It is anticipated during 

2005 the QA/QC system will be 

improved and various checks of this 

nature will be able to be completed 

ofr the next inventory submission.

Check that inventory data, supporting data, and 

inventory records are archived and stored to 

facilitate detailed review.

Check to ensure copies of reports of sector 

reviews and methodologies are archived.

MfE-SP S.Petrie 13/04/05: Ensure spreadsheets and information on the 

enteric fermentation model are stored in an accessible and secure 

location

All data and methodologies associated with estimating enteric 

fermentation (and all agricultural emissions) are stored on the Mfe 

computer network which is regularly backed up.

none

Check integrity of any data archiving 

arrangements of outside organisations involved in 

inventory preparation.

Check data archiving arrangements at MAF MfE on-going. It is anticipated during 2005 the QA/QC system will be 

improved and various checks of this nature will be able to be 

completed for the next inventory submission.

Check for temporal consistency in time series 

input data for each source category.

record result from time series consistency check 

in CRF reporter software

MfE-SP

Check for consistency in the algorithm/method 

used for calculations throughout the time series.

Confirm with MAF the method used for estimating 

CH4 from enteric fermentation is consistent 

throughout the time series

MfE-SP S. Petrie 13/04/05: confirm consistent methodology Methodology is consistent-reading model description and training on 

how the model runs confirms this

none

Confirm that estimates are reported for all source 

categories and for all years from the appropriate 

base year to the period of the current inventory.

record result of completeness check in CRF 

reporter software

MfE-SP S.Petrie 13/04/05: run completeness checks all passed none

Check that known data gaps that result in 

incomplete source category emissions estimates 

are documented.

ensure any known data gaps are documented MfE-SP N/A N/A N/A

Compare estimates to previous 

estimates.

For each source category, current inventory 

estimates should be compared to previous 

estimates. If there are significant changes or 

departures from expected trends, recheck 

estimates and explain any difference.

Compare current inventory source category 

estimates with CRF tables from 2004 report

MfE-SP S.Petrie 13/04/05: Several recalculations from this source has meant 

the value is different from that in the 2004 report.

A value of 1116.98Gg for enteric fermentation in 2002 for this 

inventory cf with value of 1123.08Gg in 2002 inventory-result of 

recalculations

none

Undertake completeness checks.

Check the integrity of database 

and/or spreadsheet files.

Check methodological and data 

changes resulting in recalculations.

Check that the movement of 

inventory data among processing 

steps is correct.

Check that uncertainties in emissions 

and removals are estimated or 

calculated correctly.

Undertake review of internal 

documentation.


[image: image6.emf]TIER 1: INDIVIDUAL SOURCE CATEGORY CHECKLIST
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Inventory Checked: 

2003

Source Category: 

1AA3b Mobile combustion from road vehicles-CO2

CO2

Estimates prepared by: 

Working spreadsheet(s)

QC Activity Procedures Procedures adopted for 2005 NIR

(2003 data)

Organisation/Person responsible for quality 

check

Brief description of check applied (include date/person & 

reference if required)

Results of check (include reference if required) Corrective Actions Taken

Check that assumptions and criteria 

for the selection of activity data and 

emission factors are documented.

Check descriptions of activity data and emission 

factors and ensure that these are properly 

recorded and archived.

1. Check activity data and emission factors are 

described in the NIR report and any changes from 

previous years are adequately documented. 

2. Ensure any recommended changes to emission 

factors from the energy sector have been 

implemented and correctly recorded in the NIR 

worksheets

1. NZCCO-SP

2. MED - Ram SriRamaratnam (7/04/05)

New EFs  adopted  for the 2004 submission (2002 data) has been 

used for the 2003 data as well since the variability of C content and 

calorific value of liquid fuels is less than 5% .  They will require an 

update when there are any "significant" changes to fuel specification 

as anticipated. 

Hale & Twomey (2003) None.

Confirm that bibliographical data references are 

properly cited in the internal documentation.

1. Undertake visual checks of module names for 

consistency in NIR worksheets.

2. Check all references cited in the appropriate 

source sector chapter in the NIR report and make 

sure they are corrctly referenced at the end of the 

chapter.

1. MED - Ram SriRamaratnam (7/04/05)

2. NZCCO-SP

Visual check of module name in worksheets 1.1, 1.2 and 1.3 for all 

energy sector sub-categories.

No inconsistencies found with respect to the naming of modules or 

the references cited in the relevant source sector chapter in the NIR.

None.

Cross-check a sample of input data from each 

source category (either measurements or 

parameters used in calculations) for transcription 

errors.

1. Cross check activity data from NIR worksheets 

with that in the CRF for transcription errors.

2. Check activity data figures from orginal source 

(eg MED GHG report for energy sector) with data 

in the CRF.

1. MED - Stuart Black

2. MED - Ram SriRamaratnam (7/04/05)

1. visual check by comparing road transportation energy 

consumption figure from worksheet 1.2 (part 1) in NIR with road 

transportation energy consumption figure in Table 1A(a) in CRF.

2. Checked petrol activity data-comparing figures in MED's GHG 

Emissions report with figures in NIR worksheet 1.2 (adding up 

regular and premium petrol figures).

1. Value in worksheet 1.2 was 180,817 compared with same figure in 

the CRF. Test passed.

2. Value in Table 4.2 in MED report is 113.71 PJ (Prior to revision by 

SNZ in late 2004) while the aggregated petrol activity data in NIR 

worksheet 1.2 is 107.82 PJ (10782TJ). Test passed.

None.

Reproduce a representative sample of emissions 

calculations.

Using the figures in the NIR worksheets, calculate 

emissions manually and compare to emissions 

figure from worksheet.

MED - Ram SriRamaratnam (7/04/05) Calculated CO2 emissions from road transportation (petrol and 

diesel) using figures from worksheet 1.2  

Values calculated were 5559.99 Gg CO2 compared to 5504.39 in 

NIR worksheet (petrol-regular); 1596.57 compared to 1580.61 Gg 

CO2 in NIR (petrol-premium) and 4983.69 compared with 4933.85 

Gg CO2 calculated in NIR for diesel. Differences are less than 1%. 

Test passed.

None.

Selectively mimic complex model calculations with 

abbreviated calculations to judge relative 

accuracy.

Take petrol activity data from Table 4.2 in MED's Energy GHG 

emissions document (value is 107.8 PJ) multiplied by average 

weighted petrol EF (66.5 kt/PJ). This figure was multiplied by 0.99 

(fraction oxidised) to get Gg CO2 produced 

Result is 7097 Gg CO2; Value in working spreadsheet is 7085 

(regular & premium petrol aggregated together). Difference is 0.17%. 

Test passed.

None.

Check that units are properly labelled in 

calculation sheets

Check the units are correctly labelled in the NIR 

worksheets

MED - Ram SriRamaratnam (7/04/05) visual inspection of units labelled in worksheet 1.1 and 1.2 (including 

overview sheet) 

Labelling fine for worksheets 1.1 and 1.2 (parts 1 & 2).  None.

Check that units are correctly carried through from 

beginning to end of calculations.

Check correct units are used in calculations MED - Ram SriRamaratnam (7/04/05)

Check that conversion factors are correct Check that the correct conversion factors have 

been used to calculate the emissions in the NIR 

worksheets-particularly conversion from tonnes to 

Gg and from C to CO2 (where appropriate).

MED - Ram SriRamaratnam (7/04/05) Checked units, including conversion factors in petrol (regular) 

calculation on worksheet 1.2 in NIR.   TJ * tonnes C/TJ = tonnes C.

tonnes C/1000= Gg C.                                                                                               

Gg C * 44/12 (molecular mass CO2/C) = Gg CO2.                                                     

Conversion factors are correct .                                                                  

Checked all energy sector data on NIR worksheets 1.1and 1.2

Worrksheets 1.1 and 1.2 (sectoral tables) are consistent with 2 

decimal places for final CO2 emissions.

None.

Check that temporal and spatial adjustment 

factors are used correctly.

Check that emissions are calculated 

correctly.

Check that parameter and emission 

units are correctly recorded and that 

appropriate conversion factors are 

used

Ministry of Economic Development



Tier 1 QC Activity & Procedures

Check for transcription errors in data 

input and reference


[image: image7.emf]Confirm that the appropriate data processing 

steps are correctly represented in the database.

MED - Ram SriRamaratnam (7/04/05) The energy GHG database at MED consists of linked spreadsheets 

organised primarily according to sector.

None.

Confirm that data relationships are correctly 

represented in the database.

Ensure that data fields are properly labelled and 

have the correct design specifications.

1. Check labels on NIR worksheets are consistent 

with previous year's NIR

2. Ensure the addition or deletion of data lines are 

adequately explained

NZCCO-SP Visual check-compared data field labels for worksheets 1.1 and 1.2 

with the 2003 NIR worksheets.

Gasoline has been split into two separate data lines (for regular and 

premium gasoline).

Av Gas is a new data line (split aviation fuel) compared to 2003 NIR 

worksheet 1.1 (1-3 of 5)

Bitumen has been added as a new data line under liquid fossil fuels 

in worksheet 1.1 (4-5 of 5) compared to 2003 NIR.

In worksheet 1.2 gasoline has once again been split as well as fuel 

oil (heavy and light) and Av gas has been added as an extra data 

line. 

All of these additions were due to recommendations in the 2003 

energy sector EF review adopted for the 2002 NIR repeated in the 

None.

Ensure that adequate documentation of database 

and model structure and operation are archived.

Ensure adequate documentation of spreadsheet 

structure and how the emissions are calculated

MED

Check for consistency in data 

between source categories

Identify parameters (e.g. activity data, constants) 

that are common to multiple source categories 

and confirm that there is consistency in the values 

used for these parameters in the emissions 

calculations.

MED - Ram SriRamaratnam (11/04/05) Check mobile road combustion activity data and CO2 emissions 

totals from worksheet 1.2 and the overview worksheet.

Activity data exactly the same and CO2 emissions 12,094.67 in 

worksheet 1.2 compared with 12,094.67 Gg in overview worksheet. 

Test passed.

None.

Check that emissions data are correctly 

aggregated from lower reporting levels to higher 

reporting levels when preparing summaries.

1. Manually sum CO2 emissions from all fuels for 

road transportation & compare with values in road 

transportation node in CRF reporter. 2. Compare 

total road CO2 emissions in CRF with those 

provided from the original source 

MED -  Stuart Black (14/04/05) Check mobile road combustion CO2 emissions total from the road 

transportation node is consistent with internal worksheets and with 

the NIR.

The transportantion node gives 12094.67 Gg, exactly the same as 

the figure in worksheet 1.2 and the estimate calculated based on the 

figures in the internal worksheets. Test passed.

None.

Check that emissions data are correctly 

transcribed between different intermediate 

products

Document QA/QC procedures within MED that 

show correct transcription between intermediate 

worksheets and final entry of data into CRF 

reporter

MED - Stuart Black (14/04/05) Brief desription of how consistency between MED's internal 

worksheets and the NIR worksheets is ensured.

Emissions estimates for MED's publication Energy Greenhouse Gas 

Emissions  and CO2 estimates for the CRF are calculated 

independently, although the activity data is calculated only once.  

CO2 estimates for each purpose are checked against each other. 

Note that the emissions estimates in the Energy Greenhouse Gas 

Emissions do not assume unoxidised carbon so the estimates in this 

publication are not directly comparable with the figures in the CRF.

None.

Check that qualifications of individuals providing 

expert judgement for uncertainty estimates are 

appropriate.

Confirm qualifications of those experts providing 

uncertaintity estimates 

MED Nothing to communicate at this stage.

Check that qualifications, assumptions and expert 

judgements are recorded. Check that calculated 

uncertainties are complete and calculated 

correctly.

Check there is a documentation record of 

assumptions and expert judgements for 

uncertainty estimates.

MED

If necessary, duplicate error calculations or a 

small sample of the probability distributions used 

by Monte Carlo analyses.

Check that there is detailed internal 

documentation to support the estimates and 

enable duplication of the emission and uncertainty 

estimates.

Review internal documentation-ensure there is 

adequate documentation to support the emissions 

estimates & uncertainty analysis.

MED - Ram SriRamaratnam (12/04/05) Internal documentation at MED is facilitated by the preparation of the 

annual Energy Greenhouse Gas Emissions report.   The 2003 report 

was prepared in 2004.

None.

Check that inventory data, supporting data, and 

inventory records are archived and stored to 

facilitate detailed review.

1. Check to ensure copies of reports of sector 

reviews and methodologies are archived. 

2. Check inventory data is archived appropriately 

at MED

1. NZCCO-Len?

2. MED - Ram SriRamaratnam (12/04/05)

Make sure energy sector emission factor review by Hale and 

Twomey is archived in the NZCCO and easily accessible. Also 

ensure other reports written in response to that report are archived.

Reports stored on MfE computer network: 

m:\ClimateChange\greenhouse gas inventory\sector 

information\Energy.  The reports are also stored at MED.

* Emissions Factor Review Report

* Implications for energy emissions June 2003

* Energy EF review-changes resulting from peer review of HT report

None.

Check integrity of any data archiving 

arrangements of outside organisations involved in 

inventory preparation.

Check data archiving arangements at MED NZCCO-Len/SP?

Check for temporal consistency in time series 

input data for each source category.

record results from time series consistency check 

in CRF reporter software

NZCCO

Check for consistency in the algorithm/method 

used for calculations throughout the time series.

Confirm that method used to estimate CO2 from 

mobile combustion is consistent for all years

MED - Stuart Black (14/04/05) Check that the IEFs shown in the CRF reporter are consistent with 

the correct emission factors being used in all years.

*The IEFs for gasoline range between 65.54 and 65.8, consistent 

with changes in the mix between premium and regular unleaded and 

with the adoption of separate emission factors for premium and 

regular form 1996.

*The IEF for diesel is 68.81 in all years.

*The IEF for LPG is 59.8 in all years.

*The IEF for natural gas ranges between 51.81 and 52.58, consistent 

with changes in the natural gas emission factor used.



None.

Confirm that estimates are reported for all source 

categories and for all years from the appropriate 

base year to the period of the current inventory.

CRF reporter checks NZCCO-SP S. Petrie: check energy sector passes completeness checks first run through found a number of gaps-mainly lack of explanations 

for IE and NE comments

in consultation with Stuart Black filled 

in these gaps and re-an checks 

which now passed

Check that known data gaps that result in 

incomplete source category emissions estimates 

are documented.

ensure any known data gaps are documented NZCCO-SP no gaps in data series None.

Compare estimates to previous 

estimates.

For each source category, current inventory 

estimates should be compared to previous 

estimates. If there are significant changes or 

departures from expected trends, recheck 

estimates and explain any difference.

Compare current inventory source category 

estimates with CRF tables from 2004 report

NZCCO-SP S. Petrie compare total for road combustion in CRF report with that 

in 2002 CRF table

Value of 11680.74 Gg CO2 for 2002 (in 2003 CRF) compared with 

12,292.63 Gg for 2002 in 2002 inventory. The difference is due to 

misreporting of liquid fuels by oil companies in 2002 which has been 

fixed in the 2003 inventory and the correct emission factors (as 

recommended by Hale and Twomey) used

None.

Check that uncertainties in emissions 

and removals are estimated or 

calculated correctly.

Undertake review of internal 

documentation.

Check methodological and data 

changes resulting in recalculations.

Undertake completeness checks.

Check the integrity of database 

and/or spreadsheet files.

Check that the movement of 

inventory data among processing 

steps is correct.


A6.5   QA summary worksheet

[image: image8.emf]QUALITY ASSURANCE CHECKLIST

Includes all reviews up to and including the 2003 Inventory Report: 

QA Activity Description of QA procedure Date of 

review

Reviewer Expert qualifications 

assessed

Brief description of review scope (include a reference to 

the review contract)

Major conclusions from the review  (include a reference to 

the review)

Action taken  Place where it is filed

Review of complete inventory  Not possible to do as an external review due to 

lack of time. Chapter 7 (LUCF) put out to review 

within MfE.

Review by T.S Clarkson of NIWA on the Energy 

Sector GHG emissions on the NIR/CRF submitted 

in 2001 (1999 inventory)

Aug 2001 T.S Clarkson of NIWA NIWA report internally reviewed 

by K.R.Lassey

Peer review of energy sector as a quality control check, 

identify errors, make comments on GP and provide 

recommendations.

NIWA Report WLG2001/50

1. The inventory is generally well presented and complete.

2. A QA/QC plan should be developed and adhered to when 

preparing the inventory to remove inconsistencies in CRF 

tables. 

3. Need a review of all emission factors to ensure they are up to 

date. 

4. The documentation is insufficiently reported - statistics need 

explanation, and include supplementary documentation.

2. QA/QC plan being developed and 

will start to be implemented in 2004 

inventory report.

3. Review of emission factors 

occurred in 2003. 

4. Addressed in 2004 inventory 

report.                                                                                                                                    

Shortcut to Energy Sector Review by Tom 

Clarkson.lnk

Review by T.S Clarkson of NIWA on the Energy 

Sector GHG emission reporting prior to submitting 

the 2002 NIR (2000 inventory)

April 2002 T.S Clarkson of NIWA NIWA report internally reviewed 

by K.R.Lassey

Peer review of energy sector as a quality control check, 

identify errors, make comments on GP, provide 

recommendations, and comment on uptake of 

recommendations provided in 2001. 

NIWA Report WLG2002/30

1. The inventory is generally well presented and complete.

2. The CRF appears more robust than 2001 with fewer errors 

and inconsistencies

3. There is still a need to ensure a QA/QC plan is developed 

and adhered to when preparing the inventory. 

4. Provide more evidence of QA/QC in NIR. 

5. Bring documentation up to that mentioned in GP, QA/QC.  

6. Optimise T1 methods and bring in GP (including uncertainity 

estimates).

7. Note in NIR where GP applied. 

8. Develop longer plan for adopting a T2 or bottom up 

approach. 

9. Need a review of all emission factors to ensure they are up to 

date. 

10. More work on diferences between reference and sectoral 

approaches.

3. QA/QC plan-see comment above.

4. This is to be addressed in 2004 

NIR.

5. Is being addressed.

6. Addressed.

7. This is addressed in 2003 and 

2004 inventory reports.

8. T2 approach is being developed as 

time and resources allow.

9. This has now been addressed (see 

report details below).

10. 

Hard copy kept in Len's tambour

Review of Energy Sector Greenhouse Gas 

Emissions Factors. A report to the Energy 

Modelling and Statistics Unit of the Ministry of 

Economic Development.



(as a response to the previous reviews by T.S. 

Clarkson)

March 2003 Hale & Twomey Limited

Level 4, Gleneagles building

69-71 The Terrace

POBox 10444

Wellington

New Zealand.

Not documented (prior to QA 

procedures developed) 

To undertake a review of the energy sector emissions factors 

used in NZ's GHG inventury and to recommend what 

emissions factors should be used for each GHG and what 

further work the Ministry should arrange.

1. Changes recommended for the vast majority of emissions 

factors, including reverting to IPCC recommended factor. 

2. Methodology could also be improved  eg by splitting petrol to 

premium and regular.

3. Further work includes - review of coal CO2 emissions factors, 

review of coal CH4 fugitive emissions, routine updating of gas  

emissions moving to tier 3 calculation for Transport (MOT's 

Vehicle Fleet emissions model).

4. NZ standardise on kt/PJ as standard unit

5. Show emission factors to sufficient significant digits to 

indicate where grossing down has occurred.

1. Addressed-new recommended 

factors being used in 2004 inventory 

report. 

2. Addressed-this has been 

implemented in 2004 inventory report. 

3. This will depend on the time and 

resources of MED...

4. Consensus has not been reached 

on this issue.

5. This is addressed in the 2004 

inventory report.

Hard copy kept in Len's tambour and draft 

report kept on the MfE network.

Review of Industrial Processes Sector of National 

Greenhouse Gases Inventory submitted on 15 

April 2003

June 2003 Dr Doug Sheppard 

Geochemical Solutions

PO Box 33 224

Petone

New Zealand



Not documented (prior to QA 

procedures developed) 

To review the industrial processes sector with an aim to 

identify gaps in reporting. Coverage does not include 

emissions of PFC's, HFC's and SF6

1. Clarify differences between tables, worksheets, the CRF and 

consultant reports.

2. Review why CO2 from methanol production is not reported.

3. Check confusion over quantities of bitumen, ethanol and 

ammonia.

4. Check production quantities of wooden panel products.

5. Provide more explanation and documentation of underlying 

assumptions.

6. Review and restucture content of questionaire used to gather 

information from industry.

1. Energy sector?

2. This information is in the energy 

sector

3. Has been cleared up through CRL 

report (2004).

4. Very small part of inventory-not 

considered high priority at this stage.

5. This is being addressed in the 2004 

inventroy report.

6. A new consultant has been found 

for this section of work who is more 

quality conscious.

Shortcut to Industrial Processes review 

Doug Sheppard 30 06 03.doc.lnk

Review of synthetic greenhouse gases in 

industrial processes sector

August 2004 Iain McClinchy contractor to 

Ministry for the Environment

1. NZCCO to establish formal relationship with Customs to 

ensure provision of data on a more regular basis. 

2. NZCCO consider development of regulations under the 

Climate Change Reponse Act to clarify its powers to request 

data from importers and end users. 

3. NZCCO work with Customs and the MED to develop a more 

useful set of tariff codes. 

4. That potential emissions data be calculated and presented 

for future inventories in accordance with IPCC guidelines.

..\..\03 - Sector Reports\02 - Industrial 

Processes\Revised Comments on 

inventory of HFC, PFC and sf6 emisisons 

16'8'04.doc



QA Activity & Procedures

Expert review of Industrial Processes 

Sector 

Expert review of Energy Sector 


[image: image9.emf]QUALITY ASSURANCE CHECKLIST

Includes all reviews up to and including the 2003 Inventory Report: 

QA Activity Description of QA procedure Date of 

review

Reviewer Expert qualifications 

assessed

Brief description of review scope (include a reference to 

the review contract)

Major conclusions from the review  (include a reference to 

the review)

Action taken  Place where it is filed

Peer review of nitrous oxide work through 

scientific papers: 

de Klein C A M, Barton L, Sherlock R R, Li Z, 

Littlejohn R P (2003). Estimating a Nitrous Oxide 

Emission Factor for Animal Urine from Some New 

Zealand Pastoral Soils. Australian Journal of Soil 

Research. 41(3): 381-399  

2003 Not documented (prior to QA 

procedures developed) 

Report to MAF: Revised nitrous oxide emissions 

from New Zealand agricultural soils 1990-2001

2003 F.M. Kelliher, S.F. Ledgard, 

H. Clark, A.S. Walcroft, M. 

Buchan & R.R. Sherlock

Not documented (prior to QA 

procedures developed) 

Revision of nitrous oxide emissions from agricultural soils 

1990-2001-including recommendations for inventory 

improvement

1. N2O emissions from grazing animal's urine & dung excreta 

should be estimated using separate emission factors (these to 

be determined from available & future measurements of 

NzOnet).

2. Grazing animal feed intake should be determined by the 

model by Clark et.al. to connect N2O and CH4 emissions 

inventories.

3. Nitrogen excretion by grazing animals should be determined 

using model OVERSEER

4. Sales records should be used to determine N fertiliser use.

1. Not able to be done at present-

explanation in NIR. Research ongoing

2. Has been addressed-model used.

3. Has been addressed-model used

4. Has been addressed-sales records 

now used.

..\..\03 - Sector Reports\04 - 

Agriculture\N2O A Revised Nitrous Oxide 

Emissions Inventory for New Zealand 

1990 - 2001 Kelliher.doc

Review of "Enteric methane emissions from New 

Zealand ruminants 1990-2001 calculated using an 

IPCC Tier 2 approach by Harry Clark, Ian Brookes 

and Adrian Walcroft"

K. R. Lassey of NIWA Not documented (prior to QA 

procedures developed) 

Report kept in Ag sector filemaster box in 

Len's tambour

Review of Agricultural sector GHG program to 

ascertain whether program is meeting objectives

2004 Marc Ullyatt The research projects contracted by MAF over the period 2001-

2004 to improve the methane inventory are reviewed within a 

framework that allows consideration of first the progress in 

developing an overall inventory model and second research 

into the components of the model.

The reviewer recommended the following areas need to be 

addressed, in the following order:

1. Evaluation of the soil sink for methane under plantation 

forests.

2. Continuation of the work determining enteric methane 

emission factors.

3. Determination of the proportion of methane emitted via the 

flatus. 

4. Continued evaluation of satellite imagery in determining 

nutritive value on a national scale.

Shortcut to CH4 UlyattMetReport2fin - 

review.doc.lnk

Review of NZ Official 1990 Animal Statistics 2004 Meat and Wool New 

Economic Service 

Rob Davison 

Organised by MAF Review sheep livestock numbers and provide an assessment 

for base livestock from 1989-1991.

1. Sheep numbers from the 1991 census are probably to low 

and should be revised in the inventory. They would likely 

increase by 2% from 55,162 to 56,300. Lambs tailed would 

increse 7% from 38,716 to 41,398.

Follow up with MAF to ensure 

consistency

..\..\03 - Sector Reports\04 - 

Agriculture\CB502 reestimation of sheep 

in 1991 report.doc



Review of QA/QC procedures and 

plan

Review of current QA/QC procedures and plans in 

the national inventory



2004 Mr Wayne Gillies 

Claws consulting Ltd

CV assessed and in records Report detailing how the current Quality Assurance and Quality 

Control (QA/QC) procedures and plan used in the Inventory 

compare to the QA/QC guidance  in GPG.



Provide a prioritised list of recommendations to be 

implemented for the New Zealand inventory QA/QC system to 

be consistent with GPG. 

Key short term recommendation is to document a plan to 

achieve consistency with GPG by 30/9/06 and ensure this plan 

is understood & agreed with all necessary parties.

Plans to address this during 2005 

calender year

REV CCO_Report from WGillies final.doc

Expert review of Waste Sector 



QA Activity & Procedures

Expert review of Land use change 

and forestry Sector 

Expert review of Solvent Sector 

Expert review of Agriculture Sector 



Annex 7: Uncertainty analysis (Table 6.1 of the IPCC good practice guidance)

Uncertainty estimates are an essential element of a complete emissions inventory. The purpose of uncertainty information is not to dispute the validity of the inventory estimates, but to help prioritise efforts to improve the accuracy of inventories in the future and guide decisions on methodological choice (GPG, 2000). Good Practice also notes that inventories prepared following the IPCC Guidelines and Good Practice Guidance will typically contain a wide range of emission estimates, varying from carefully measured and demonstrably complete data on emissions to order-of-magnitude estimates of highly variable N2O fluxes from soils and waterways. 
New Zealand has included a Tier 1 uncertainty analysis as required by the inventory guidelines (FCCC/SBSTA/2004/8) and Good Practice. Uncertainties in the categories are combined to provide uncertainty estimates for the entire inventory in any year and the uncertainty in the overall inventory trend over time. The New Zealand methodology follows the tier 1 calculation procedure as specified in Good Practice. LULUCF categories have been included using the absolute value of any removals of CO2 (Table A7.1). Table A7.2 calculates the uncertainty only in emissions, i.e. excluding LULUCF removals.
A7.1 Tier 1 uncertainty calculation

The uncertainty in activity data and emission/removal factors shown in table A7.1 and A7.2 are equal to half the 95% confidence interval divided by the mean and expressed as a percentage. The reason for halving the 95% confidence interval is that the value corresponds to the familiar plus or minus value when uncertainties are loosely quoted as ‘plus or minus x%’. 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:
• If uncertainty is correlated across years, the uncertainty is entered as emission or removal factor uncertainty and 0 in activity data uncertainty. 

• If uncertainty is not correlated across years, enter the uncertainty is entered as uncertainty in activity data and 0 in emission or removal factor uncertainty. 

In tables A7.1 and A7.2, the figure labeled “uncertainty in the year” is an estimate of the percentage uncertainty in total national emissions and removals in the current year. This figure is calculated from the entries for individual categories combined by summing the squares of all the entries in column H and taking the square root. 

In the Tier 1 methodology, uncertainties in the trend are estimated using two sensitivities:

• Type A sensitivity: the change in the difference in the national total between the base year and the current year, expressed as a percentage, resulting from a 1% increase in emissions of a given source 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% increase in emissions of a given source category and gas in the current year only.

Uncertainties that are fully correlated between years will be associated with Type A sensitivities, and uncertainties that are not correlated between years will be associated with Type B sensitivities. 
In tables A7.1and A7.2, the figure labeled “uncertainty in the trend” is an estimate of the total uncertainty in the trend, calculated from the entries above by summing the squares of all the entries and taking the square root. The values for the individual categories are an estimate of the uncertainty introduced into the trend by the category in question. 

Table A7.1 Uncertainty calculation for the New Zealand Greenhouse Gas Inventory 1990 - 2003 including LULUCF removals  (following IPCC Tier 1)
[image: image10.emf]IPCC Source category Gas Base year 

emissions or 

absolute 

value of 

removals 

Year t 

emissions or 

absolute 

value of 

removals

activity data 

uncertainty

emission or 

removal 

factor 

uncertainty

combined 

uncertainty

combined 

uncertainty 

as a % of the 

national total 

in year t 

type A 

sensitivity

type b 

sensitvity

Uncertainty 

in the trend 

in national 

totals 

introduced 

by emission 

or removal 

factor 

uncertainty

Uncertainty 

in trend in 

national total 

introduced 

by activity 

data 

uncertainty

Uncertainty 

introduced 

into the trend 

in the 

national total

Emission 

/removal 

factor quality 

indicator

Activity data 

quality 

indicator

Energy sector CO

2

22652.63 31229.51 5 0 5 1.50 0.0410 0.3666 0.0000 2.5921 2.59 M R

Industrial processes sector  CO

2

2662.18 3470.04 5 0 5 0.17 0.0025 0.0407 0.0000 0.2880 0.29 M R

LULUCF sector - forest land CO

2

23638.06 27349.40 5 25 25 6.69 -0.0185 0.3210 -0.4634 2.2701 2.32 M R

LULUCF sector  other land use categories CO

2

NE 1540.60 15 184 185 2.73 M R

Energy sector  CH

4

796.92 840.98 5 50 50 0.41 -0.0016 0.0099 -0.0789 0.0698 0.11 D R

CRF2A - mineral products CH

4

NO NO

CRF2B - chemical industry CH

4

21.59 42.91 45 120 128 0.05 0.0002 0.0005 0.0232 0.0321 0.04 D R

CRF4A - enteric fermentation CH

4

21530.77 23592.21 2 53 53 12.00 -0.0323 0.2769 -1.7136 0.7833 1.88 M M

CRF4B - manure management CH

4

574.51 549.44 2 100 100 0.53 -0.0018 0.0064 -0.1805 0.0182 0.18 M M

CRF4E- prescribed burning CH

4

2.82 0.84 20 60 63 0.00 0.0000 0.0000 -0.0018 0.0003 0.00 D R

CRF4F - burning of residues CH

4

18.78 22.91 50 40 64 0.01 0.0000 0.0003 0.0000 0.0190 0.02 D R

LULUCF sector CH

4

88.90 85.68 10 35 36 0.03 -0.0003 0.0010 -0.0095 0.0142 0.02

CRF 6A - Solid waste disposal CH

4

2177.70 1425.48 0 20 20 0.27 -0.0146 0.0167 -0.2910 0.0000 0.29 M R

CRF 6B - wastewater handling CH

4

156.66 166.11 0 20 20 0.03 -0.0003 0.0019 -0.0060 0.0000 0.01 D R

Energy sector  N

2

O 144.56 250.43 5 50 50 0.12 0.0009 0.0029 0.0431 0.0208 0.05 D R

CRF4D -Agricultural soils N

2

O 10021.98 12968.99 5 73 73 9.10 0.0082 0.1522 0.6010 1.0765 1.23 M M

CRF4B - manure management N

2

O 15.91 61.07 5 100 100 0.06 0.0005 0.0007 0.0488 0.0051 0.05    

CRF4E- prescribed burning N

2

O 0.51 0.15 20 60 63 0.00 0.0000 0.0000 -0.0003 0.0001 0.00 D R

CRF4F - burning of residues N

2

O 6.46 7.61 50 40 64 0.00 0.0000 0.0001 -0.0001 0.0063 0.01 D R

LULUCF sector  N

2

O 9.02 8.70 10 35 36 0.00 0.0000 0.0001 -0.0010 0.0014 0.00

CRF6B - wastewater handling N

2

O 145.70 162.89 0 1200 1200 1.87 -0.0002 0.0019 -0.2176 0.0000 0.22 D R

CRF2F HFCs 0.00 403.96 105 60 121 0.47 0.0047 0.0047 0.2845 0.7041 0.76 D R

CRF2C PFCs 515.60 80.70 0 30 30 0.02 -0.0065 0.0009 -0.1938 0.0000 0.19 M M

CRF2F SF

6

9.46 12.38 66 63 91 0.01 0.0000 0.0001 0.0006 0.0136 0.01

Total emissions/removals

85190.71 104272.99

Uncertainty in the year 16.9% Uncertainty in the trend 4.2%

assumptions as per IPCC GPG

1. where only total uncertainty is known for a source category then the following rules have been used.

a) if uncertainity is assumed to be correlated across years, then total uncertainty is entered as emission factor uncertainty 

b) if uncertainty is assumed not to be correlated across years, then the total uncertainty is entered as activity data uncertainty 

2. Column K: The same emission factor is used in both years and the emission factors are fully correlated.  

3. Column L: The activity data in both years is assumed independent (not correlated).

Note that the total shown will not equal the gross or net totals reported in the CRF/NIR as not every source is specified in the uncertainty analysis


Table A7.2 Uncertainty calculation for the New Zealand Greenhouse Gas Inventory 1990 - 2003 excluding LULUCF removals (following IPCC Tier 1)

[image: image11.emf]Uncertainty calculation for the New Zealand Greenhouse Gas Inventory 1990 - 2003 excluding LULUCF removals (following IPCC Tier 1)

IPCC Source category Gas Base year 

emissions  

Year t 

emissions

activity data 

uncertainty

emission 

factor 

uncertainty

combined 

uncertainty

combined 

uncertainty 

as a % of the 

total 

emissions in 

year t 

type A 

sensitivity

type b 

sensitvity

Uncertainty 

in the trend 

in national 

totals 

introduced 

by emission 

factor 

uncertainty

Uncertainty 

in trend in 

national total 

introduced 

by activity 

data 

uncertainty

Uncertainty 

introduced 

into the trend 

in total 

emissions

Emission 

/removal 

factor quality 

indicator

Activity data 

quality 

indicator

Energy sector CO

2

22652.63 31229.51 5 0 5 2.07 0.0564 0.5074 0.0000 3.5876 3.59 M R

Industrial processes sector  CO

2

2662.18 3470.04 5 0 5 0.23 0.0034 0.0564 0.0000 0.3986 0.40 M R

Energy sector  CH

4

796.92 840.98 5 50 50 0.56 -0.0022 0.0137 -0.1096 0.0966 0.15 D R

CRF2A - mineral products CH

4

NO NO

CRF2B - chemical industry CH

4

21.59 42.91 45 120 128 0.07 0.0003 0.0007 0.0321 0.0444 0.05 D R

CRF4A - enteric fermentation CH

4

21530.77 23592.21 2 53 53 16.60 -0.0449 0.3833 -2.3822 1.0841 2.62 M M

CRF4B - manure management CH

4

574.51 549.44 2 100 100 0.73 -0.0025 0.0089 -0.2504 0.0252 0.25 M M

CRF4E- prescribed burning CH

4

2.82 0.84 20 60 63 0.00 0.0000 0.0000 -0.0025 0.0004 0.00 D R

CRF4F - burning of residues CH

4

18.78 22.91 50 40 64 0.02 0.0000 0.0004 -0.0001 0.0263 0.03 D R

LULUCF sector CH

4

88.90 85.68 10 35 36 0.04 -0.0004 0.0014 -0.0132 0.0197 0.02

CRF 6A - Solid waste disposal CH

4

2177.70 1425.48 0 20 20 0.38 -0.0202 0.0232 -0.4033 0.0000 0.40 M R

CRF 6B - wastewater handling CH

4

156.66 166.11 0 20 20 0.04 -0.0004 0.0027 -0.0084 0.0000 0.01 D R

Energy sector  N

2

O 144.56 250.43 5 50 50 0.17 0.0012 0.0041 0.0596 0.0288 0.07 D R

CRF4D -Agricultural soils N

2

O 10021.98 12968.99 5 73 73 12.59 0.0113 0.2107 0.8231 1.4899 1.70 M M

CRF4B - manure management N

2

O 15.91 61.07 2 100 100 0.08 0.0007 0.0010 0.0676 0.0028 0.07    

CRF4E- prescribed burning N

2

O 0.51 0.15 20 60 63 0.00 0.0000 0.0000 -0.0005 0.0001 0.00 D R

CRF4F - burning of residues N

2

O 6.46 7.61 50 40 64 0.01 0.0000 0.0001 -0.0002 0.0087 0.01 D R

LULUCF sector  N

2

O 9.02 8.70 10 35 36 0.00 0.0000 0.0001 -0.0013 0.0020 0.00

CRF6B - wastewater handling N

2

O 145.70 162.89 0 1200 1200 2.59 -0.0003 0.0026 -0.3031 0.0000 0.30 D R

CRF2F HFCs 0.00 403.96 105 60 121 0.65 0.0066 0.0066 0.3938 0.9745 1.05 D R

CRF2C PFCs 515.60 80.70 0 30 30 0.03 -0.0089 0.0013 -0.2684 0.0000 0.27 M M

CRF2F SF

6

9.46 12.38 66 63 91 0.01 0.0000 0.0002 0.0008 0.0188 0.02

Total emissions/removals

61552.65 75383.00

Uncertainty in the year 21.1% Uncertainty in the trend 4.9%

assumptions as per IPCC GPG

1. where only total uncertainty is known for a source category then the following rules have been used.

a) if uncertainity is assumed to be correlated across years, then total uncertainty is entered as emission factor uncertainty 

b) if uncertainty is assumed not to be correlated across years, then the total uncertainty is entered as activity data uncertainty 

2. Column K: The same emission factor is used in both years and the emission factors are fully correlated.  

3. Column L: The activity data in both years is assumed independent (not correlated).

Note that the total emissions shown will not equal the total reported in the CRF/NIR as not every source is specified in the uncertainty analysis


Annex 8: Worksheets for all sectors

A8.1  Worksheets for the energy sector

[image: image12.emf]Module

2003 Energy (New Zealand)

Submodule

CO

2

 emissions from energy sources (reference approach)

Worksheet 1.1 (1-3 of 5)

Sheet Emissions from domestic fuel combustion

Fuel type Production Imports Exports Inter- Stock Apparent Conversion Apparent Carbon Carbon Carbon Carbon Net C Fraction Actual C

Actual CO

2

national change consump- factor consump- emis fact content content stored emissions of carbon emissions emissions

bunkers tion (TJ/unit) tion (TJ) (t C/TJ) (t C) (Gg) (Gg) (Gg) oxidised (Gg) (Gg)

Liquid fossil fuels - primary Crude oil 49.19 217.66 41.85 5.47 219.52 1,000 219,524.64 17.80 3,907,538.60 3,907.54 3,907.54 0.99 3,868.46 14,184.37

Orimulsion 0.00 0.00 0.00 0.00 0.00

Natural gas liquids 9.60 0.54 1.24 0.38 8.52 1,000 8,523.36 16.47 140,402.98 140.40 140.40 0.99 139.00 509.66

Liquid fossil fuels - secondary Gasoline - Regular Unleaded 27.50 0.00 0.00 -0.86 28.36 1,000 28,356.89 18.05 511,970.75 511.97 511.97 0.99 506.85 1,858.45

Gasoline - Premium Unleaded 8.97 0.62 0.00 -2.49 10.83 1,000 10,834.17 18.27 197,969.92 197.97 197.97 0.99 195.99 718.63

Jet kerosene 8.30 0.00 33.08 -0.93 -23.85 1,000 -23,851.22 18.57 -442,982.13 -442.98 -442.98 0.99 -438.55 -1,608.03

Av Gas 0.60 0.00 0.00 -0.14 0.74 1,000 744.20 17.73 13,192.64 13.19 13.19 0.99 13.06 47.89

Other kerosene 0.00 0.00 0.00 0.00 0.00

Shale oil 0.00 0.00 0.00 0.00 0.00

Gas/diesel oil 15.26 0.30 2.27 -2.70 15.40 1,000 15,396.89 18.95 291,841.07 291.84 291.84 0.99 288.92 1,059.38

Residual fuel oil 1.17 1.85 8.77 2.83 -12.28 1,000 -12,275.72 19.91 -244,398.45 -244.40 -244.40 0.99 -241.95 -887.17

LPG 0.00 0.00 0.00 0.00

Ethane 0.00 0.00 0.00 0.00

Naphtha 0.00 0.00 0.00 0.00

Bitumen 6.57 0.00 0.00 0.59 5.98 1,000 5,979.99 20.76 124,144.60 124.14 243.72 -119.57 0.99 -118.38 -434.04

Lubricants 0.00 0.00 0.00 0.00 0.00

Petroleum coke 0.00 0.00 0.00 0.00

Refinery feedstocks 17.48 0.00 -1.09 18.57 1,000 18,565.74 17.80 330,470.16 330.47 330.47 0.99 327.17 1,199.61

Other oil 0.00 0.00 0.00 0.00

Total liquid fossil fuels 58.80 304.06 45.87 44.11 1.08 271.80 271,798.95 4,830,150.14 4,830.15 243.72 4,586.43 4,540.57 16,648.76

Solid fossil fuels - primary Anthracite 0 0 0 0 0

Coking coal 2249738 0 2210066 39672 0 0.0321 0.00 24.22 0.00 0.00 0.00 0.00 0.98 0.00 0.00

Other bituminous coal 101283 92253 0 0 0 193536 0.0321 6,212.50 24.22 150,455.55 150.46 150.46 0.98 147.45 540.64

Sub-bituminous coal 2576555 329436 0 0 0 2905991 0.0226 65,675.41 24.87 1,633,526.46 1,633.53 448.66 1,184.87 0.98 1,161.17 4,257.64

Lignite 252336 25 0 0 252361 0.015 3,785.42 25.96 98,283.21 98.28 98.28 0.98 96.32 353.16

Peat 0 0 0 0 0

Solid fossil fuels - secondary BKB & patent fuel 0 0 0 0

Coke 5225 0 0 5225 0.0279 145.79 27.90 4,067.46 4.07 4.07 0.98 3.99 14.62

Total solid fossil fuels 5179912 426940 2210066 0 39672 3357114 75,819.11 1,886,332.68 1,886.33 448.66 1,437.68 1,408.92 5,166.05

Total gaseous fossil fuels

179 0 0 0

179 1,000 179,274.61

15.83

2,837,550.31 2,837.55 468.69 2,368.86

0.995

2,357.02 8,642.39

Total fossil fuels 526,892.67 9,554,033.13 9,554.03 1,161.06 8,392.97 8,306.51 30,457.20

Total biomass fuels 35,645.00 1,011,124.34 1,011.12 1,011.12 962.53 3,529.29

Solid biomass 34.06 34.06 1,000 34,059.00 28.41 967,445.90 967.45 967.45 0.95 919.07 3,369.94

Liquid biomass ne ne

Gas biomass 1.59 1.59 1,000 1,586.00 27.54 43,678.44 43.68 43.68 0.995 43.46 159.35

Liquid and gaseous fossil fuel data are shown initially in petajoules. Solid fossil fuel data are shown initially in tonnes.
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Worksheet 1.1 (4-5 of 5)

Sheet Emissions from international bunkers

Fuel type Quantities Conversion Quantities Carbon Carbon Carbon Fraction Carbon Net C Fraction Actual C

Actual CO

2

delivered factor delivered emis fact content content of carbon stored emissions of carbon emissions emissions

(TJ/unit) (TJ) (t C/TJ) (t C) (Gg) stored (Gg) (Gg) oxidised (Gg) (Gg)

Solid fossil fuels Other bituminous coal 0.00 no

Sub-bituminous coal 0.00 no

Liquid fossil fuels Gasoline 0.00

Jet kerosene 33.08 1,000 33,079.93 18.57 614,384.53 614.38 0.00 0.00 614.38 0.99 608.24 2,230.22

Gas/diesel oil 2.27 1,000 2,266.31 18.95 42,956.83 42.96 0.00 0.00 42.96 0.99 42.53 155.93

Residual fuel oil 8.77 1,000 8,765.54 19.91 174,513.85 174.51 0.00 0.00 174.51 0.99 172.77 633.49

Lubricants 0.00 no

Bitumen 0.00 1,000 0.00 20.76 0.00 0.00 0.00 0.00 0.00 0.99 0.00 0.00

Total fossil fuels 44,111.77 823.54 3,019.63

Liquid fossil fuel data are shown initially in petajoules.

Module

2003 Energy (New Zealand)

Submodule

CO

2

 emissions from energy sources (reference approach)

Worksheet 1.1 (supplemental)

Sheet Estimating the carbon stored in products

Fuel type Estimated Conversion Estimated Carbon Carbon Carbon Fraction Carbon

fuel factor quantities emis fact content content of carbon stored

quantities (TJ/unit) (TJ) (t C/TJ) (t C) (Gg) stored (Gg)

Naphtha 0.00 no

Lubricants 0.00 no

Bitumen 11.74 1,000 11739.69 20.76 243715.86 243.72 1 243.72

Coal oils and tars 0.00 0.0325 0.00 24.24 0.00 0.00 0.75 0.00

Coal

1

17.56 1,000 17556.77 25.55 448655.30 448.66 1 448.66

Natural gas

2

conf 1,000 conf conf conf conf conf 468.69

Gas/diesel oil 0.00 no

LPG 0.00 no

Ethane 0.00 no

Other fuels 0.00 no

Total 1161.06

All data are shown initially in petajoules, except coal oils and tars, which is shown in tonnes.

1  Refers to coal used in the production of iron and steel. This carbon is emitted but is reported in the industrial processes sector.

2  Refers to gas used in the production of methanol, synthetic petrol and urea. Some natural gas data are confidential.
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Sub-module

CO

2

 emissions from fuel combustion by source categories (tier 1)

Worksheets 1.2 (part I)

Source and sink categories Energy Carbon Carbon Carbon Fraction Carbon Net C Fraction Actual C

Actual CO

2

consumption emis fact content content of carbon

stored

1

emissions of carbon emissions emissions

(TJ) (t C/TJ) (t C) (Gg)

stored

1

(t C) (Gg) oxidised (Gg) (Gg)

Total energy (parts I and II of worksheet)

2

452,091.86 8,427,515.84 8,427.52 8,427.52 8,339.86 30,579.47

Total Liquid Fuels 246,390.28 4,566,560.87 4,566.56 4,566.56 0.99 4,520.90 16,576.62

Total Coal 61,610.41 1,512,604.77 1,512.60 1,512.60 0.98 1,482.35 5,435.29

Total Gaseous Fuels 144,091.17 2,348,350.20 2,348.35 2,348.35 0.995 2,336.61 8,567.56

1  Energy industries

2

121,091.77 2,090,137.48 2,090.14 2,090.14 2,067.71 7,581.60

a  Public electricity and heat 100,730.63 1,759,687.70 1,759.69 1,759.69 9 1,739.19 6,377.05

Total Liquid Fuels 32.68 617.93 0.62 0.62 7 0.61 2.24

Motor gasoline Regular 1.64 18.05 29.66 0.03 0.03 0.99 0.03 0.11

Motor gasoline Premium 0.00 18.27 0.00 0.00 0.00 0.99 0.00 0.00

Diesel 31.04 18.95 588.28 0.59 0.59 0.99 0.58 2.14

Heavy Fuel oil 0.00 20.05 0.00 0.00 0.00 0.99 0.00 0.00

Light Fuel oil 0.00 19.64 0.00 0.00 0.00 0.99 0.00 0.00

Jet Kerosene 0.00 18.57 0.00 0.00 0.00 0.99 0.00 0.00

Av Gas 0.00 17.73 0.00 0.00 0.00 0.99 0.00 0.00

Coal 32,063.00 24.31 779,454.35 779.45 779.45 0.98 763.87 2,800.84

Natural gas 68,634.95 14.27 979,615.41 979.62 979.62 0.995 974.72 3,573.96

Biogas (memo item)

3

922.06 28.41 26,191.14 26.19 26.19 0.995 26.06 95.55

b  Petroleum refining 14,001.98 236,443.09 236.44 236.44 4 234.98 861.58

Total Liquid Fuels 2,777.79 56,740.36 56.74 56.74 2 56.17 205.97

Fuel oil 651.61 19.33 12,596.18 12.60 12.60 0.99 12.47 45.72

Asphalt 2,126.18 20.76 44,144.18 44.14 44.14 0.99 43.70 160.24

Total Natural Gas 11,224.19 179,702.73 179.70 179.70 2 178.80 655.62

Refinery gas 11,152.70 16.02 178,638.00 178.64 178.64 0.995 177.74 651.73

Natural gas 71.50 14.89 1,064.73 1.06 1.06 0.995 1.06 3.88

c  Solid fuels and other energy

6,359.17 94,006.70 94.01 94.01 2 93.54 342.97

Total Natural Gas

6,359.17

94,006.70 94.01 94.01 2 93.54 342.97

Natural gas in synthetic petrol production 0.00 na 0.00 0.00 0.00 0.995 0.00 0.00

Natural gas in oil and gas extraction 6,359.17 14.78 94,006.70 94.01 94.01 0.995 93.54 342.97
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 emissions from fuel combustion by source categories (tier 1)

Worksheets 1.2 (part II)

Source and sink categories Energy Carbon Carbon Carbon Fraction Carbon Net C Fraction Actual C

Actual CO

2

consumption emis fact content content of carbon

stored

1

emissions of carbon emissions emissions

(TJ) (t C/TJ) (t C) (Gg)

stored

1

(t C) (Gg) oxidised (Gg) (Gg)

2  Manufacturing and construction

2

73,112.98 1,610,766.15 1,610.77 1,610.77 1 1,592.78 5,840.19

a Iron and Steel 2,491.15 35,513.94 35.51 35.51 35.34 129.57

Natural gas 2,491.15 14.26 35,513.94 35.51 35.51 0.995 35.34 129.57

c Chemicals (methanol production) conf conf 271,466.78 271.47 271.47 1 270.11 990.40

Natural gas in methanol production

4

conf conf 271,466.78 271.47 271.47 0.995 270.11 990.40

f Other 70,621.83 1,303,785.43 1,303.79 1,303.79 1,287.33 4,720.22

Total Liquid Fuels 11,051.43 203,446.67 203.45 203.45 201.41 738.51

Petrol Regular 81.80 18.05 1,476.84 1.48 1.48 0.99 1.46 5.36

Petrol Premium 57.21 18.27 1,045.32 1.05 1.05 0.99 1.03 3.79

Diesel 6,686.41 18.95 126,737.89 126.74 126.74 0.99 125.47 460.06

Heavy Fuel oil 313.31 20.05 6,280.45 6.28 6.28 0.99 6.22 22.80

Light Fuel oil 964.34 19.64 18,936.08 18.94 18.94 0.99 18.75 68.74

Jet Kerosene 183.78 18.57 3,413.25 3.41 3.41 0.99 3.38 12.39

Av Gas 13.20 17.73 233.94 0.23 0.23 0.99 0.23 0.85

LPG 2,751.39 16.47 45,322.89 45.32 45.32 0.99 44.87 164.52

Other liquid 0.00 19.88 0.00 0.00 0.00 0.99 0.00 0.00

Coal 23,977.48 24.79 594,404.14 594.40 594.40 0.98 582.52 2,135.89

Total Natural Gas

35,592.92 505,934.62 505.93 505.93 2 503.40 1,845.82

Autoproduction 16,913.83 14.17 239,644.57 239.64 239.64 0.995 238.45 874.30

Other natural gas 18,679.09 14.26 266,290.05 266.29 266.29 0.995 264.96 971.51

Total Biomass 31,187.20 885,447.32 885.45 885.45 2 885.38 3,246.39

Wood (memo item)

3

30,695.78 28.41 871,913.56 871.91 871.91 1 871.91 3,197.02

Biogas - Autoproduction (memo item)

3

491.42 27.54 13,533.76 13.53 13.53 0.995 13.47 49.38
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Sub-module

CO

2

 emissions from fuel combustion by source categories (tier 1)

Worksheets 1.2 (part III)

Source and sink categories Energy Carbon Carbon Carbon Fraction Carbon Net C Fraction Actual C

Actual CO

2

Consumption emis fact content content of carbon

stored

1

emissions of carbon emissions emissions

(TJ) (t C/TJ) (t C) (Gg)

stored

1

(t C) (Gg) oxidised (Gg) (Gg)

3  Transport 205,553.09 3,798,369.87 3,798.37 3,798.37 11 3,760.40 13,788.13

a  Civil aviation 17,208.24 319,100.10 319.10 319.10 2 315.91 1,158.33

Jet Kerosene 16,612.31 18.57 308,535.84 308.54 308.54 0.99 305.45 1,119.99

Av Gas 595.93 17.73 10,564.26 10.56 10.56 0.99 10.46 38.35

b  Road transport 180,816.62 3,331,851.48 3,331.85 3,331.85 5 3,298.55 12,094.67

Total Liquid Fuels 180,634.62 3,329,256.88 3,329.26 3,329.26 3,295.96 12,085.20

Petrol Regular 83,987.81 18.05 1,516,361.65 1,516.36 1,516.36 0.99 1,501.20 5,504.39

Petrol Premium 23,829.44 18.27 435,428.84 435.43 435.43 0.99 431.07 1,580.61

Diesel 71,707.75 18.95 1,359,187.89 1,359.19 1,359.19 0.99 1,345.60 4,933.85

LPG 1,109.62 16.47 18,278.49 18.28 18.28 0.99 18.10 66.35

CNG 182.00 14.26 2,594.60 2.59 2.59 0.995 2.58 9.47

c  Rail transport (diesel) 2,386.35 18.95 45,232.15 45.23 45.23 0.99 44.78 164.19

d  National navigation (fuel oil and diesel) 5,141.89 102,186.13 102.19 102.19 3 101.16 370.94

Diesel 0.00 18.95 0.00 0.00 0.00 0.99 0.00 0.00

Heavy Fuel oil 2,977.84 20.05 59,692.14 59.69 59.69 0.99 59.10 216.68

Light Fuel oil 2,164.05 19.64 42,493.99 42.49 42.49 0.99 42.07 154.25

Marine bunkers (memo item)

3

11,031.84 218,458.12 218.46 218.46 216.27 793.00

Diesel 2,266.31 18.95 42,956.83 42.96 42.96 0.99 42.53 155.93

Heavy Fuel oil 8,257.46 20.05 165,524.52 165.52 165.52 0.99 163.87 600.85

Light Fuel oil 508.08 19.64 9,976.78 9.98 9.98 0.99 9.88 36.22

Aviation bunkers (memo item)

3

33,079.93 0.00 614,384.53 614.38 614.38 1 608.24 2,230.22

Av Fuels 33,079.93 18.57 614,384.53 614.38 614.38 0.99 608.24 2,230.22
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Sub-module

CO

2

 emissions from fuel combustion by source categories (tier 1)

Worksheets 1.2 (part IV)

Source and sink categories Energy Carbon Carbon Carbon Fraction Carbon Net C Fraction Actual C

Actual CO

2

Consumption emis fact content content of carbon

stored

1

emissions of carbon emissions emissions

(TJ) (t C/TJ) (t C) (Gg)

stored

1

(t C) (Gg) oxidised (Gg) (Gg)

4  Other sectors 52,334.02 928,242.34 928.24 928.24 918.97 3,369.56

a  Commercial/institutional 22,118.70 382,032.09 382.03 382.03 10 378.08 1,386.30

Total Liquid Fuels 5,203.98 96,771.42 96.77 96.77 8 95.80 351.28

Petrol Regular 77.90 18.05 1,406.52 1.41 1.41 0.99 1.39 5.11

Petrol Premium 14.44 18.27 263.92 0.26 0.26 0.99 0.26 0.96

Diesel 2,270.81 18.95 43,042.25 43.04 43.04 0.99 42.61 156.24

Heavy Fuel oil 777.75 20.05 15,590.29 15.59 15.59 0.99 15.43 56.59

Light Fuel oil 370.17 19.64 7,268.87 7.27 7.27 0.99 7.20 26.39

Jet Kerosene 614.96 18.57 11,421.52 11.42 11.42 0.99 11.31 41.46

Av Gas 17.17 17.73 304.38 0.30 0.30 0.99 0.30 1.10

LPG 1,060.76 16.47 17,473.67 17.47 17.47 0.99 17.30 63.43

Coal 4,178.93 24.81 103,698.58 103.70 103.70 0.98 101.62 372.62

Natural gas 12,735.79 14.26 181,562.10 181.56 181.56 0.995 180.65 662.40

Biogas (memo item)

3

171.20 27.54 4,714.94 4.71 4.71 0.995 4.69 17.20

b  Residential 9,629.54 150,946.04 150.95 150.95 10 149.71 548.95

Total Liquid Fuels 1,923.81 31,705.72 31.71 31.71 8 31.39 115.09

Petrol Regular 3.33 18.05 60.16 0.06 0.06 0.99 0.06 0.22

Petrol Premium 0.00 18.27 0.00 0.00 0.00 0.99 0.00 0.00

Diesel 3.63 18.95 68.85 0.07 0.07 0.99 0.07 0.25

Heavy Fuel oil 0.00 20.05 0.00 0.00 0.00 0.99 0.00 0.00

Light Fuel oil 0.00 19.64 0.00 0.00 0.00 0.99 0.00 0.00

Jet Kerosene 0.23 18.57 4.31 0.00 0.00 0.99 0.00 0.02

Av Gas 0.43 17.73 7.55 0.01 0.01 0.99 0.01 0.03

LPG 1,916.19 16.47 31,564.86 31.56 31.56 0.99 31.25 114.58

Coal 834.73 25.50 21,286.99 21.29 21.29 0.98 20.86 76.49

Natural gas 6,871.00 14.26 97,953.33 97.95 97.95 0.995 97.46 357.37

Wood (memo item)

3

2,560.69 28.41 72,736.26 72.74 72.74 1 72.74 266.70

c  Agriculture/forestry/fishing 20,585.78 395,264.21 395.26 395.26 8 391.17 1,434.30

Total Liquid Fuels 20,029.50 381,503.50 381.50 381.50 7 377.69 1,384.86

Petrol Regular 1,058.41 18.05 19,109.15 19.11 19.11 0.99 18.92 69.37

Petrol Premium 174.07 18.27 3,180.80 3.18 3.18 0.99 3.15 11.55

Diesel 15,140.16 18.95 286,974.76 286.97 286.97 0.99 284.11 1,041.72

Heavy Fuel oil 1,630.45 20.05 32,683.12 32.68 32.68 0.99 32.36 118.64

Light Fuel oil 1,834.06 19.64 36,014.35 36.01 36.01 0.99 35.65 130.73

Jet Kerosene 155.55 18.57 2,888.97 2.89 2.89 0.99 2.86 10.49

Av Gas 36.80 17.73 652.35 0.65 0.65 0.99 0.65 2.37

Coal 556.27 24.74 13,760.71 13.76 13.76 0.98 13.49 49.45

Sheets 1-16 of worksheet 1-2 have been combined. Only New Zealand relevant source and sink categories have been included.

1  Energy containing carbon which is later stored is not included in the energy consumption reported here.

2 Does not include energy use for methanol production.

3 Data are included only as memo items and do not contribute to the data totals

4 Natural gas consumption data for methanol production is confidential.
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Submodule

CO

2

 from fuel combustion by source category (tier 1)

Worksheet 1.2 overview (totals)

Total Total Total Total Total

liquid solid

gaseous biomass all

fossil fossil

fossil

1

fuels

2

fuels

TJ

Total energy consumption 246,390 61,610 144,091 34,841 452,092

Energy industries 2,810 32,063 86,218 922 121,092

Manufacturing industries and construction 11,051 23,977 38,084 31,187 73,113

Transport Civil aviation 17,208 17,208

Road 180,635 182 no 180,817

Railways 2,386 ne 2,386

Navigation 5,142 ne 5,142

Other sectors Commercial/institutional 5,204 4,179 12,736 171 22,119

Residential 1,924 835 6,871 2,561 9,630

Ag/forest/fish 20,030 556 ne ne 20,586

International marine bunkers (memo item) 11,032 ne 11,032

International aviation bunkers (memo item) 33,080 33,080

Total CO

2

 emissions

16,577 5,435 8,568 3,626 30,579

Energy industries 208 2,801 4,573 96 7,582

Manufacturing industries and construction 739 2,136 2,966 3,246 5,840

Transport Civil aviation 1,158 1,158

Road 12,085 9 no 12,095

Railways 164 ne 164

Navigation 371 ne 371

Other sectors Commercial/institutional 351 373 662 17 1,386

Residential 115 76 357 267 549

Ag/forest/fish 1,385 49 ne ne 1,434

International marine bunkers (memo item) 793 ne 793

International aviation bunkers (memo item) 2,230 2,230

1 The figures  for 'Manfufacturing industries and construction' and total gaseous fuels do not include gas used for methanol 

production, which is confidential.

2  Emissions from biomass (wood and biogas) are included as memo items only and are not included in totals.
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Submodule

Non-CO

2

 emissions from fuel combustion by source categories (tier 1)

Worksheets 1.3 (part I)

CH

4

N

2

O NO

X

CO NMVOC

CH

4

N

2

O NO

X

CO NMVOC

Source and sink categories Energy Emission Emission Emission Emission Emission

consumption Factor Factor Factor Factor Factor Emissions Emissions Emissions Emissions Emissions

(TJ)

(t CH

4

/TJ) (t N

2

O/TJ) (t NO

X

/TJ)

(t CO/TJ) (t NMVOC/TJ)

t CH

4

t N

2

O t NO

X

t CO t NMVOC

Total energy (parts I and II of worksheet)

1

486,933.33 4417.11 807.84 163142.01 585051.06 112383.70

1  Energy industries 122,013.83 241.84 58.61 29615.35 2580.99 557.78

a  Public electricity and heat 101,652.69 210.93 56.22 25209.10 2260.76 465.46

Total Liquid Fuels 32.68 0.03 0.01 6.83 0.50 0.16

Distillate 32.68 0.00086 0.00038 0.20900 0.01520 0.00475 0.03 0.01 6.83 0.50 0.16

Residual 0.00 0.00086 0.00029 0.19000 0.01400 0.00475 0.00 0.00 0.00 0.00 0.00

Coal 32,063.00 0.00067 0.00150 0.36100 0.00860 0.00475 21.48 48.09 11574.74 275.74 152.30

Natural Gas 68,634.95 0.00275 0.00009 0.19800 0.02880 0.00450 188.40 6.18 13589.72 1976.69 308.86

Bio Gas  922.06 0.00110 0.00210 0.04100 0.00850 0.00450 1.01 1.94 37.80 7.84 4.15

b  Petroleum refining 14,001.98 22.65 1.82 2975.44 218.48 63.70

Oil 2,777.79 0.00290 0.00029 0.16200 0.01400 0.00475 8.06 0.81 450.00 38.89 13.19

Gas

11,224.19 14.59 1.01 2525.44 179.59 50.51

Natural Gas 71.50 0.00130 0.00009 0.22500 0.01600 0.00450 0.09 0.01 16.09 1.14 0.32

Refinery Gas 11,152.70 0.00130 0.00009 0.22500 0.01600 0.00450 14.50 1.00 2509.36 178.44 50.19

c  Solid fuels and other energy 6,359.17 8.27 0.57 1430.81 101.75 28.62

Natural Gas in synthetic petrol prodn 0.00 0.00130 0.00009 0.22500 0.01600 0.00450 0.00 0.00 0.00 0.00 0.00

Natural Gas in oil and Gas extraction 6,359.17 0.00130 0.00009 0.22500 0.01600 0.00450 8.27 0.57 1430.81 101.75 28.62

2  Manufacturing and construction

1

104,300.10 555.59 169.54 29306.90 19163.76 2311.88

a Iron and Steel 2,491.15 3.24 0.22 560.51 39.86 11.21

Natural Gas 2,491.15 0.00130 0.00009 0.22500 0.01600 0.00450 3.24 0.22 560.51 39.86 11.21

c Chemicals (methanol production)

2

conf 49.74 3.44 8608.88 612.19 172.18

Natural Gas

conf conf  conf conf conf conf

49.74 3.44 8608.88 612.19 172.18

f Other 101,808.95 502.61 165.87 20137.52 18511.71 2128.49

Total Liquid Fuels 11,051.43 8.46 3.98 785.88 149.16 52.49

Distillate 6,825.42 0.00019 0.00029 0.06200 0.01500 0.00475 1.30 1.98 423.18 102.38 32.42

Residual 1,474.62 0.00290 0.00029 0.16200 0.01400 0.00475 4.28 0.43 238.89 20.64 7.00

LPG 2,751.39 0.00105 0.00057 0.04500 0.00950 0.00475 2.89 1.57 123.81 26.14 13.07

Total Coal 23,977.48 17.59 34.87 9419.95 568.60 455.57

Lime and Cement 5,457.72 0.00095 0.00130 0.50100 0.07500 0.01900 5.18 7.10 2734.32 409.33 103.70

Other 18,519.76 0.00067 0.00150 0.36100 0.00860 0.01900 12.41 27.78 6685.63 159.27 351.88

natural gas 35,592.92 0.00130 0.00009 0.22500 0.01600 0.00450 46.27 3.20 8008.41 569.49 160.17

Total Biomass 31,187.12 430.28 123.81 1923.28 17224.46 1460.26

Wood  30,695.70 0.01400 0.00400 0.06200 0.56100 0.04750 429.74 122.78 1903.13 17220.29 1458.05

Biogas 491.42 0.00110 0.00210 0.04100 0.00850 0.00450 0.54 1.03 20.15 4.18 2.21
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Worksheets 1.3 (part II)

CH

4

N

2

O NO

X

CO NMVOC

CH

4

N

2

O NO

X

CO NMVOC

Source and sink categories Energy Emission Emission Emission Emission Emission

consumption Factor Factor Factor Factor Factor Emissions Emissions Emissions Emissions Emissions

(TJ)

(t CH

4

/TJ) (t N

2

O/TJ) (t NO

X

/TJ)

(t CO/TJ) (t NMVOC/TJ)

t CH

4

t N

2

O t NO

X

t CO t NMVOC

3 Transport 205,553.09 2477.88 470.36 84066.76 521821.88 104209.74

a  Civil aviation 17,208.24 32.70 32.70 4749.47 1961.74 292.54

Jet Kerosene 16,612.31 0.00190 0.00190 0.27600 0.11400 0.01700 31.56 31.56 4585.00 1893.80 282.41

Av Gas 595.93 0.00190 0.00190 0.27600 0.11400 0.01700 1.13 1.13 164.48 67.94 10.13

b  Road transport 180,816.62 2401.93 419.07 68997.40 518257.82 103421.84

Total Liquid Fuels 180,634.62 2298.73 419.05 68935.16 518139.88 103407.10

Petrol 107,817.24 0.01850 0.00142 0.21000 4.59000 0.88500 1994.62 153.10 22641.62 494881.15 95418.26

Diesel 71,707.75 0.00380 0.00370 0.64000 0.30300 0.10200 272.49 265.32 45892.96 21727.45 7314.19

LPG 1,109.62 0.02850 0.00057 0.36100 1.38000 0.60800 31.62 0.63 400.57 1531.28 674.65

CNG 182.00 0.56700 0.00009 0.34200 0.64800 0.08100 103.19 0.02 62.24 117.94 14.74

c  Rail transport (diesel) 2,386.35

0.00380 0.00370 0.64000 0.30300 0.10200

9.07 8.83 1527.26 723.06 243.41

d  National navigation (fuel oil and diesel) 5,141.89 34.19 9.77 8792.62 879.26 251.95

Diesel 0.00 0.00665 0.00190 1.71000 0.17100 0.04900 0.00 0.00 0.00 0.00 0.00

Fuel oil 5,141.89 0.00665 0.00190 1.71000 0.17100 0.04900 34.19 9.77 8792.62 879.26 251.95

Aviation bunkers 33,079.93

0.00150 0.00190 0.28000 0.11000 0.01700

49.62 62.85 9262.38 3638.79 562.36

Marine bunkers 11,031.84 77.22 22.06 18864.45 1886.45 540.56

Diesel 2,266.31 0.00700 0.00200 1.71000 0.17100 0.04900 15.86 4.53 3875.39 387.54 111.05

Fuel Oil 8,765.54 0.00700 0.00200 1.71000 0.17100 0.04900 61.36 17.53 14989.07 1498.91 429.51

4  Other sectors 55,066.30 1141.80 109.33 20153.00 41484.44 5304.29

a  Commercial/institutional 22,290.30 58.86 34.56 4331.34 974.69 876.80

Total Liquid Fuels 5,203.98 4.96 2.02 505.96 70.98 24.72

Distillate Fuel oil 2,363.16 0.00067 0.00038 0.06200 0.01500 0.00475 1.58 0.90 146.52 35.45 11.23

Residual Fuel oil 1,780.05 0.00130 0.00029 0.16200 0.01400 0.00475 2.31 0.52 288.37 24.92 8.46

LPG 1,060.76 0.00100 0.00057 0.06700 0.01000 0.00475 1.06 0.60 71.07 10.61 5.04

Coal 4,178.93 0.00950 0.00130 0.22800 0.19000 0.19000 39.70 5.43 952.80 794.00 794.00

Natural Gas 12,735.79 0.00110 0.00210 0.22500 0.00850 0.00450 14.01 26.75 2865.55 108.25 57.31

Biogas 171.60 0.00110 0.00210 0.04100 0.00850 0.00450 0.19 0.36 7.04 1.46 0.77

b  Residential 12,190.22 975.80 12.53 827.03 29694.08 1658.25

Total Liquid Fuels 1,923.81 1.92 1.09 86.77 18.32 9.14

Distillate Fuel oil 6.96 0.00067 0.00019 0.06200 0.01500 0.00475 0.00 0.00 0.43 0.10 0.03

Residual Fuel oil 0.66 0.00000 0.00019 0.16150 0.01425 0.00475 0.00 0.00 0.11 0.01 0.00

LPG 1,916.19 0.00100 0.00057 0.04500 0.00950 0.00475 1.92 1.09 86.23 18.20 9.10

Coal 834.73 0.28500 0.00130 0.21900 3.42000 0.19000 237.90 1.09 182.81 2854.77 158.60

Natural Gas 6,871.00 0.00090 0.00009 0.04200 0.00900 0.00450 6.18 0.62 288.58 61.84 30.92

Wood 2,560.69 0.28500 0.00380 0.10500 10.45000 0.57000 729.80 9.73 268.87 26759.16 1459.59

c  Agriculture/forestry/fishing  20,585.78 107.14 62.25 14994.63 10815.67 2769.25

Total Liquid Fuels 20,029.50 101.86 61.53 14867.80 10709.98 2663.55

Distillate Fuel oil - Stationary 818.63 0.00380 0.00038 0.06200 0.35200 0.00475 3.11 0.31 50.76 288.16 3.89

Residual Fuel oil - Stationary 403.29 0.00380 0.00038 0.06200 0.35200 0.00475 1.53 0.15 25.00 141.96 1.92

Petrol - Mobile 1,170.86 0.01850 0.00142 0.21000 4.59000 0.88500 21.66 1.66 245.88 5374.25 1036.21

Diesel - Mobile 14,383.15 0.00380 0.00370 0.64000 0.30300 0.10200 54.66 53.22 9205.21 4358.09 1467.08

Fuel Oil - Mobile 3,098.30 0.00665 0.00190 1.71000 0.17100 0.04900 20.60 5.89 5298.09 529.81 151.82

Aviation fuels - Mobile 155.27 0.00190 0.00190 0.27600 0.11400 0.01700 0.30 0.30 42.86 17.70 2.64

Coal 556.27 0.00950 0.00130 0.22800 0.19000 0.19000 5.28 0.72 126.83 105.69 105.69

Only New Zealand relevant source and sink categories have been included.

1 Does not include energy use for methanol production.

2 Natural gas consumption data for methanol production is confidential.
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Submodule

SO

2

 emissions from fuel combustion by source categories (tier 1)

Worksheet 1.4

Fuel type Fuel Sulphur Sulphur Abatement Gross cal.

SO

2

SO

2

SO

2

consumption content retention efficiency value emis fact emissions emissions

(TJ) (%) in ash (%) (%) (TJ/kt) (kg/TJ) (t) (Gg)

Total 334,419 63,656 63.656

Coal

Low

1

4,795 0.30% 12.50% 0.00% 15.0 350.0 1,678 1.678

Medium

2

46,113 0.50% 12.50% 0.00% 22.6 387.2 17,854 17.854

High

3

10,702 1.10% 2.50% 0.00% 32.1 668.2 7,151 7.151

Heavy fuel oil Low no no

Medium

4

6,351 2.30% 0.00% 0.00% 44.06 1,044.0 6,631 6.631

High no no

Light fuel oil

Low

5

5,333 1.75% 0.00% 0.00% 44.46 787.2 4,198 4.198

High no no

Diesel 98,226 0.24% 0.00% 0.00% 45.98 104.4 10,254 10.254

Petrol 109,286 0.01% 0.00% 0.00% 46.93 2.1 233 0.233

Jet kerosene 18,230 0.01% 0.00% 0.00% 46.4 4.3 79 0.079

Asphalt

6

2,126 4.50% 0.00% 0.00% 41.9 2,148.0 4,567 4.567

LPG 0.00% no no

Natural gas 0.00% no no

Municipal Waste ne ne

Industrial Waste ne ne

Black Liquor ne ne

Fuelwood 33,256 0.20% 0.00% 0.00% 12.1 331.1 11,012 11.012

Other Biomass ne ne

Marine bunkers (memo item) HFO 8,257 2.30% 0.00% 0.00% 44.06 1,044.0 8,621 8.621

LFO 508 1.75% 0.00% 0.00% 44.46 787.2 400 0.400

Diesel 2,266 0.24% 0.00% 0.00% 45.98 104.4 237 0.237

Aviation bunkers (memo item) Jet kero 33,080 0.01% 0.00% 0.00% 46.4 4.3 143 0.143

1  Lignite coal.

2  Sub-bituminious coal.

3  Bituminous coal.

4  All HFO assumed to be medium sulphur.

5  All LFO assumed to be low sulphur.

6  Includes other liquids in manufacturing and construction.
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2003 Energy (New Zealand)

Submodule Fugitive emissions from coal mining and handling (tier 1) Submodule Fugitive emissions from oil and gas handling (tier 1)

Worksheet 1.6 (adapted) Worksheet 1.7 (adapted)

Category Coal

CH

4

CH

4

Category Fuel

CO

2

CH

4

CO

2

CH

4

production emis fact emissions quantity emis fact emis fact emissions emissions

(Mt) (Gg/Mt) (Gg) (TJ) (kg/TJ) (kg/TJ) (Gg) (Gg)

Total

5.18 15.82

Total

380.929 17.37

Underground mines Mining

0.81 10.87

Oil Exploration ne ne

Bituminous 0.22 16.75 3.71 Production of crude oil ne ne

Sub-bituminous 0.59 12.1 7.15 Transport of crude oil 49,195 0.745 ne 0.04

Post-mining 1.6 1.30 Refining/storage 220,103 0.885 ne 0.19

Surface mines Mining 4.37 0.77 3.36 Distribution of oil products ne ne

Post-mining 0.067 0.29 Gas Production/processing ne ne

Transmission / Distribution  65,910 21.6 249.38 1.42 16.44

Other leakage ne ne ne ne ne

Venting and flaring from oil and gas prod. 1,708 412.83 379.51 0.71

Module

2003 Energy (New Zealand)

Module 2003 Energy (New Zealand)

Submodule Fugitive emissions from geothermal activities (tier 1) Submodule Ozone precursors and SO2 from oil refining

Worksheet NZ 1a (additional) Worksheet 1.8 (additional)

Sheet NMVOC emissions from oil refining (tier 1)

Category Fuel

CO

2

CH

4

CO

2

CH

4

quantity emis fact emis fact emissions emissions

Crude oil Emission Emissions Emissions

(TJ) (kg/GJ) (kg/GJ) (Gg) (Gg)

Throughput factor (t) (Gg)

(m3) (kg/m3)

Elec. generation and heat 69,187 3.890 0.035 269.11 2.43

5,643,657 0.53 2,991 2.99

Module 2003 Energy (New Zealand) Module 2003 Energy (New Zealand)

Submodule Ozone precursors and SO2 from oil refining Submodule Ozone precursors and SO2 from oil refining

Worksheet 1.8 (3 of 4) Worksheet 1.8 (4 of 4)

Sheet SO2 from sulphur recovery plants (tier 2) Sheet NMVOC emissions from storage and handling (tier 2)

Quantity Emission Emissions Emissions Storage type Crude oil Emission Emissions Emissions

of sulphur factor (kg) (Gg) throughput factor (t) (Gg)

recovered (t) (kg/t) (kt) (kg/t)

26,476 139 3,680,164 3.68 Floating roof (primary seals) 4,837 0.70 3,386 3.39


A8.2  Worksheets for the Industrial Processes sector
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Worksheet NZ 2a

Sheet CO

2

 emissions

 

Source category Production CO

2

CO

2

Quantity emissions emis factor

(t) (Gg) (t/t)

Total industrial processes 3,470

Cement1

1,239,580 527.47 0.43

Lime1

152,180 111.36 0.73

Hydrogen1

28,303

184.35 6.51

Urea1

269,428

387.92 1.44

Iron and steel1

845,328

1,716.80 2.03

Aluminium1

333,653

542.14 1.62

1  Production and emissions data provided by industry and reported in Ministry of Economic Development (2004):
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Worksheet

Sheet CH

4

 and CO emissions-ammonia/urea production

Year Urea Ammonia CH

4

 EF CH

4

 emissions CO EF CO emissions

production production

kt kt t/t Gg t/t Gg

1990 171.08 97.52 7.00E-03 0.68 5.00E-06 4.88E-04

1991 171.01 97.48 7.00E-03 0.68 5.00E-06 4.87E-04

1992 146.96 83.77 7.00E-03 0.59 5.00E-06 4.19E-04

1993 165.14 94.13 7.00E-03 0.66 5.00E-06 4.71E-04

1994 172.22 98.17 7.00E-03 0.69 5.00E-06 4.91E-04

1995 170.68 97.29 7.00E-03 0.68 5.00E-06 4.86E-04

1996 145.35 82.85 7.00E-03 0.58 5.00E-06 4.14E-04

1997 167.74 95.61 7.00E-03 0.67 5.00E-06 4.78E-04

1998 200.93 114.53 7.00E-03 0.80 5.00E-06 5.73E-04

1999 230.60 131.44 7.00E-03 0.92 5.00E-06 6.57E-04

2000 227.24 129.53 7.00E-03 0.91 5.00E-06 6.48E-04

2001 250.55 142.81 7.00E-03 1.00 5.00E-06 7.14E-04

2002 234.30 133.55 7.00E-03 0.93 5.00E-06 6.68E-04

2003 269.43 153.57 7.00E-03 1.08 5.00E-06 7.68E-04
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Worksheet NZ 2b

Sheet Non-CO

2

 emissions

Source  Categories ACTIVITY DATA Emission Estimates Aggregate Emission Factor

A B C

Production

Quantity Full Mass of Pollutants Tonne of pollutant per tonne of product

(kt)

(Gg)  Tonnes x 1000 (t/t)

CO CH4 N20 NOx NMVOC HFC PFC SF6 SO2 CO CH4 N20 NOx NMVOC HFC PFC SF6 SO2

A Iron and Steel

Pacific Steel 217.0 0.0007 0.0127 0.000003 0.00006

NZ Steel  628.0 0.2355 0.9420 0.7222 0.000375 0.00150 0.001150

B Non-Ferrous Metals

NZ Aluminium Smelters 333.6 36.7 0.7172 6.5060 0.11000 0.00215 0.01950

C Inorganic Chemicals (excepting solvent use)

Sulphuric Acid (Ballance and Ravensdown) 541.6 2.35 0.00434

Superphosphate (Ballance and Ravensdown)

1719.4 1.62 0.00094

Urea (Ballance) 269.4

Ammonia (Ballance) 153.6 0.0008 0.1075 0.000005 0.00070

D Organic Chemicals

Formaldehyde (Orica Adhesives and Dynea) 52.1 0.0000 0.0000 0.2912 0.00000 0.00000 0.00559

Methanol (Methanex) 967.7 0.0968 1.9354 0.8709 4.8385 0.00010 0.00200 0.00090 0.00500

E Non-Metallic Mineral Products

Cement

1050.8

0.0000 1.0266 0.0000 0.0000 0.00098

Lime 161.7 0.1803 0.00111

Asphalt Roofing 0.1 0.0000 0.0002 0.000010 0.00245

Road Paving  105.0 0.0037 0.0088 2.5200 0.0126 0.000035 0.000084 0.02400 0.000120

Glass

114.8 0.5166 0.00450

F Other (ISIC)

Paper and Pulp (chemical processes) 623.4 1.0723 0.9663 0.3429 0.0642 0.00172 0.00155 0.00055 0.00010

Paper and Pulp (mechanical processes) 795.2 0.4374 0.00055

Panel Products (particleboard) 197.9 0.0257 0.00013

Panel Products (fibreboard) 871.2 0.9583 0.00110

Food and drink production

Wine (million litres) 68.0 0.0544 0.000833

Beer (million litres) 313.0 0.1096 0.000350

Spirits (million litres) 8.7 0.0173 0.002151

Meat 1255.6 0.3767 0.000300

Fish 297.1 0.0891 0.000300

Poultry 142.9 0.0429 0.000300

Sugar 228.6 2.2860 0.010000

Margarine and solid cooking fats 0.0 0.0000 0.010000

Cakes, biscuits and breakfast cereals 44.6 0.0446 0.001000

Bread 260.0 2.0800 0.008000

Animal feed 797.0 0.7970 0.001000

Coffee roasting 5.6 0.0031 0.000550

TOTAL 38.11 2.04 0.00 3.52 15.83 0.00 0.00 0.00 12.48

 

Note:  Use of halocarbons and SF6 covered in separate tables


[image: image26.emf]Module 1990 - 2003 Consumption of halocarbons (New Zealand) Module 1990 - 2003 Consumption of halocarbons (New Zealand)

Worksheet Supplementary 2.F. Aerosol 1 of 2 Worksheet Supplementary 2.F. MDIs 1 of 1

Sheet

HFCs from aerosols (based on equation 3.351)

Sheet HFCs from metered dose inhalers

Year Quantity HFC-134a Emission Quantity HFC-134a Emission of

Year1

Estimated no. Proportion Emission of

contained in aerosol  factor contained in aerosol  HFC-134a of doses of HFC-134a HFC-134a

products sold in  products sold in  (millions) doses

(tonnes)2

year t  year t-1

(tonnes)2 (tonnes) (tonnes)

1992 2.8 0.5 0.0 1.4 1995 500.0 1% 0.4

1993 3.4 0.5 2.8 3.1 1996 500.0 5% 1.9

1994 5.3 0.5 3.4 4.4 1997 500.0 5% 1.9

1995 13.0 0.5 5.3 9.2 1998 500.0 5% 1.9

1996 17.5 0.5 13.0 15.2 1999 526.4 7% 2.8

1997 20.6 0.5 17.5 19.0 2000 510.1 9% 3.3

1998 20.1 0.5 20.6 20.4 2001 835.4 39% 24.4

1999 19.1 0.5 20.1 19.6 2002 716.4 73% 39.1

2000 21.1 0.5 19.1 20.1 2003 634.7 66% 31.3

2001 22.0 0.5 21.1 21.6 1.  HFC-134a not used in MDIs before 1995

2002 22.8 0.5 22.0 22.4 2.  Only HFC used in MDIs is HFC-134a; average 0.075 gram per dose

2003 23.6 0.5 22.8 23.2

1.  IPCC (2001) Equation 3.35

Module 1990 - 2003 Consumption of halocarbons (New Zealand)

2.  Only HFC used in aerosols is HFC-134a

Worksheet Supplementary 2.F.  Fire protection 1 of 1

Sheet Annual emissions from the fire protection industry

Year1

Total HFC-227a installed Emission Emissions

Module 1990 - 2003 Consumption of halocarbons (New Zealand) Streaming Portable rate of

Worksheet Supplementary 2.F. Aerosols 2 of 2 HFC-227a

Sheet Imports and domestic production of aerosols  (tonnes)  (tonnes) (tonnes)

1994 1.6 0 0.015 0.02

Year   Domestic  Total HFC

1995 3.2 0 0.015 0.05

of import Number of Units

HFC1

loading HFC contained in

1996 4.8 0 0.015 0.07

products 

1997 6.4 0 0.015 0.10

(tonnes) (tonnes) (tonnes)

1998 8.0 0 0.015 0.12

1992 3,300,000 2.8 0.0 2.8 1999 10.2 0 0.015 0.15

1993 4,000,000 3.4 0.0 3.4 2000 11.4 0 0.015 0.17

1994 5,400,000 4.5 0.8 5.3 2001 12.6 0 0.015 0.19

1995 8,700,000 7.3 5.7 13.0 2002 17.0 0 0.015 0.26

1996 13,100,000 11.0 6.5 17.5 2003 19.4 0 0.015 0.29

1997 16,800,000 14.1 6.5 20.6 1.  Use of HFC-227a in fire protection industry not occurring before 1994

1998 17,400,000 14.6 5.5 20.1

1999 17,500,000 14.7 4.4 19.1

Module 1990 - 2003 Consumption of halocarbons (New Zealand)

2000 18,848,536 15.8 5.3 21.1

Worksheet Supplementary 2.F.  Foam blowing 1 of 1

2001 19,773,731 16.6 5.4 22.0

Sheet Annual emissions from the foam blowing industry

2002 20,000,000 16.8 6.0 22.8

2003 21,000,000 17.6 6.0 23.6

Year1 HFC-134a usage Emission Emission Emissions

1.  Assumes average propellant charge = 84 grams, 1.0+0.5% of all imported aerosols contain HFCs

rate rate of

first year later years HFC-134a

(tonnes) (tonnes)

2000 1.5 0.100 0.045 0.15

2001 1.5 0.100 0.045 0.22

2002 1.5 0.100 0.045 0.29

2003 1.5 0.100 0.045 0.35

1.  Assumed no use of HFC-134a in foam blowing industry before 2000

Aerosol imports
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Worksheet Supplementary 2.F. RAC 1 of 4

Sheet

Stationary Refrigeration and Air Conditioning - annual sales of refrigerant (input to Box 3.4 equation)

Year Domestically Imported Exported Chemical in  Chemical in Annual sales

manufactured bulk bulk imported exported

chemical chemical chemical equipment equipment

(tonnes) (tonnes) (tonnes) (tonnes) (tonnes) (tonnes)

1990 0 0.0 0 0 0.0 0.0

1991 0 0.0 0 0 0.0 0.0

1992 0 0.0 0 3.9 0.3 3.6

1993 0 6.0 0 6.4 2.0 10.4

1994 0 53.0 0 6.8 10.5 49.3

1995 0 105.4 0 8.4 16.6 97.2

1996 0 152.3 0 10.6 15.9 147.0

1997 0 88.5 0 10.5 14.9 84.1

1998 0 192.9 0 9.9 16.8 186.0

1999 0 170.1 0 12.6 17.8 165.0

2000 0 134.0 0 11.9 19.0 126.9

2001 0 184.9 0 11.5 18.9 177.5

2002 0 257.2 0 15.5 19.6 253.1

2003 0 300.2 0 17.2 20.7 296.8

1.  IPCC (2001) Box 3.4 equation

Module 1990 - 2002 Consumption of halocarbons (New Zealand) Module 1990 - 2003 Consumption of halocarbons (New Zealand)

Worksheet Supplementary 2.F. RAC 2 of 4 Worksheet Supplementary 2.F. RAC 3 of 4

Sheet Stationary Refrigeration and Air Conditioning - total charge of new equipment  Sheet All HFC and PFC emissions from stationary refrigeration

(input to Box 3.4 equation)

Year Chemical to charge  Chemical contained Chemical  Total Year Annual sales of Total charge Emissions Amount of 

Emissions2 

domestically  in factory charged contained in charge of  new refrigerant of new from intentional

manufactured + imported equipment factory charged new equipment retiring  destruction

imported equipment exported eqpmnt equipment equipment

(tonnes) 2 (tonnes) (tonnes) (tonnes) (tonnes) (tonnes) (tonnes) (tonnes) (tonnes)

1990 0.0 0 0.0 0.0 1990 0.0 0.0 0 0 0.0

1991 0.0 0 0.0 0.0 1991 0.0 0.0 0 0 0.0

1992 0.0 3.7 0.3 3.4 1992 3.4 3.4 0 0 0.0

1993 4.7 6.4 2.0 9.1 1993 10.0 9.1 0 0 0.9

1994 36.5 6.8 10.5 32.8 1994 46.1 32.8 0 0 13.3

1995 71.2 8.4 16.6 63.0 1995 92.0 63.0 0 0 29.0

1996 98.0 10.6 15.9 92.7 1996 140.0 92.7 0 0 47.3

1997 62.1 10.5 14.9 57.7 1997 81.6 57.7 0 0 23.9

1998 122.1 9.9 16.8 115.2 1998 177.7 115.2 0 0 62.5

1999 110.3 12.6 17.8 105.1 1999 158.7 105.1 0 0 53.6

2000 94.1 11.9 19.0 87.0 2000 126.9 87.0 0 0 39.9

2001 140.4 11.5 18.9 133.1 2001 177.5 133.1 0 0 44.5

2002 168.4 15.5 19.6 164.3 2002 253.1 164.3 0.8 0 89.6

2003 194.8 17.2 20.7 191.4 2003 296.8 191.4 2.6 0 108.0

1.  IPCC (2001) Box 3.4 equation 1.  IPCC (2001) equation 3.40

2. Can not distinguish chemical to charge domestically manufactured and imported non-factory charged equipment. 2.  The methodology produces a negative number for 1992, thus 0 has been entered for this year.
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Worksheet Supplementary 2.F. RAC 1 of 4

Sheet

Stationary Refrigeration and Air Conditioning - annual sales of refrigerant (input to Box 3.4 equation)

Year Domestically Imported Exported Chemical in  Chemical in Annual sales

manufactured bulk bulk imported exported

chemical chemical chemical equipment equipment

(tonnes) (tonnes) (tonnes) (tonnes) (tonnes) (tonnes)

1990 0 0.0 0 0 0.0 0.0

1991 0 0.0 0 0 0.0 0.0

1992 0 0.0 0 3.9 0.3 3.6

1993 0 6.0 0 6.4 2.0 10.4

1994 0 53.0 0 6.8 10.5 49.3

1995 0 105.4 0 8.4 16.6 97.2

1996 0 152.3 0 10.6 15.9 147.0

1997 0 88.5 0 10.5 14.9 84.1

1998 0 192.9 0 9.9 16.8 186.0

1999 0 170.1 0 12.6 17.8 165.0

2000 0 134.0 0 11.9 19.0 126.9

2001 0 184.9 0 11.5 18.9 177.5

2002 0 257.2 0 15.5 19.6 253.1

2003 0 300.2 0 17.2 20.7 296.8

1.  IPCC (2001) Box 3.4 equation

Module 1990 - 2002 Consumption of halocarbons (New Zealand) Module 1990 - 2003 Consumption of halocarbons (New Zealand)

Worksheet Supplementary 2.F. RAC 2 of 4 Worksheet Supplementary 2.F. RAC 3 of 4

Sheet Stationary Refrigeration and Air Conditioning - total charge of new equipment  Sheet All HFC and PFC emissions from stationary refrigeration

(input to Box 3.4 equation)

Year Chemical to charge  Chemical contained Chemical  Total Year Annual sales of Total charge Emissions Amount of 

Emissions2 

domestically  in factory charged contained in charge of  new refrigerant of new from intentional

manufactured + imported equipment factory charged new equipment retiring  destruction

imported equipment exported eqpmnt equipment equipment

(tonnes) 2 (tonnes) (tonnes) (tonnes) (tonnes) (tonnes) (tonnes) (tonnes) (tonnes)

1990 0.0 0 0.0 0.0 1990 0.0 0.0 0 0 0.0

1991 0.0 0 0.0 0.0 1991 0.0 0.0 0 0 0.0

1992 0.0 3.7 0.3 3.4 1992 3.4 3.4 0 0 0.0

1993 4.7 6.4 2.0 9.1 1993 10.0 9.1 0 0 0.9

1994 36.5 6.8 10.5 32.8 1994 46.1 32.8 0 0 13.3

1995 71.2 8.4 16.6 63.0 1995 92.0 63.0 0 0 29.0

1996 98.0 10.6 15.9 92.7 1996 140.0 92.7 0 0 47.3

1997 62.1 10.5 14.9 57.7 1997 81.6 57.7 0 0 23.9

1998 122.1 9.9 16.8 115.2 1998 177.7 115.2 0 0 62.5

1999 110.3 12.6 17.8 105.1 1999 158.7 105.1 0 0 53.6

2000 94.1 11.9 19.0 87.0 2000 126.9 87.0 0 0 39.9

2001 140.4 11.5 18.9 133.1 2001 177.5 133.1 0 0 44.5

2002 168.4 15.5 19.6 164.3 2002 253.1 164.3 0.8 0 89.6

2003 194.8 17.2 20.7 191.4 2003 296.8 191.4 2.6 0 108.0

1.  IPCC (2001) Box 3.4 equation 1.  IPCC (2001) equation 3.40

2. Can not distinguish chemical to charge domestically manufactured and imported non-factory charged equipment. 2.  The methodology produces a negative number for 1992, thus 0 has been entered for this year.
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Worksheet Supplementary 2.F. MAC 1 of 4 Worksheet Supplementary 2.F. MAC 2 of 4

Sheet

Mobile air conditioning Equation 3.451 (input to equation 3.441)

Sheet

Mobile air conditioning Equation 3.461 (input to equation 3.441)

Year2 Total virgin HFC-134a3

Emission First-fill emissions

Year2

Total annual Operation

in first-fill MAC  factor HFC-134a virgin  Buses Trucks Cars/vans Cars/vans  Total emissions

systems HFC-134a (new) HFC-134a

(tonnes) (tonnes) (tonnes) (tonnes) (tonnes) (tonnes) (tonnes) (tonnes) (tonnes)

1994 2.9 0.005 0.015 1994 3.2 0.2 1.0 1.7 0.0 2.9 0.3

1995 10.8 0.005 0.054 1995 20.8 0.2 3.3 6.9 0.3 10.8 10.0

1996 15.8 0.005 0.079 1996 37.5 0.3 3.3 10.2 2.0 15.8 21.7

1997 11.0 0.005 0.055 1997 12.9 0.3 2.8 6.5 1.4 11.0 1.9

1998 8.2 0.005 0.041 1998 54.6 0.2 2.3 5.0 0.8 8.2 46.3

1999 6.9 0.005 0.035 1999 27.4 0.3 2.5 3.9 0.2 6.9 20.5

2000 5.5 0.005 0.028 2000 44.1 0.3 2.6 2.4 0.2 5.5 38.5

2001 4.6 0.005 0.023 2001 46.3 0.3 2.7 1.3 0.3 4.6 41.7

2002 2.9 0.005 0.014 2002 62.1 0.4 1.9 0.4 0.2 2.9 59.3

2003 3.3 0.005 0.017 2003 48.6 0.4 1.9 0.4 0.6 3.3 45.3

1.  IPCC (2001) Equations 3.44 and 3.45 1.  IPCC (2001) Equations 3.44 and 3.45

2.  No use recorded before 1994 2.  No use recorded before 1994

3.  HFC-134a the only HFC used in MAC

Module 1990 - 2002 Consumption of halocarbons (New Zealand) Module 1990 - 2002 Consumption of halocarbons (New Zealand)

Worksheet Supplementary 2.F. MAC 3 of 4 (IPCC (2001) equation 3.47) Worksheet Supplementary 2.F. MAC 4 of 4

Sheet

HFC-134a emissions from mobile air conditioning ( equation 3.441)

Sheet

HFC-134a emissions from mobile air conditioning ( equation 3.441)

Year Annual scrap  Number of Average Destruction Disposal

Year2

First-fill  Operation Disposal  Intentional Annual 

rate of vehicles vehicles  HFC-134a emissions emissions emissions

emissions3

destruction emissions

with MAC using with MAC charge per of HFC-134a

HFC-134a using vehicle

HFC-134a (kg) (tonnes) (tonnes) (tonnes) (tonnes) (tonnes) (tonnes) (tonnes)

1994 0.000 90,780 0.86 0 0.04 1994 0.015 0.3 0.04 0 0.3

1995 0.012 200,564 0.81 0 1.98 1995 0.054 10.0 1.98 0 12.1

1996 0.017 318,586 0.80 0 4.38 1996 0.079 21.7 4.38 0 26.2

1997 0.032 446,168 0.81 0 11.40 1997 0.055 1.9 11.40 0 13.3

1998 0.022 580,065 0.79 0 9.98 1998 0.041 46.3 9.98 0 56.3

1999 0.017 755,133 0.78 0 9.77 1999 0.035 20.5 9.77 0 30.3

2000 0.020 925,705 0.77 0 14.00 2000 0.028 38.5 14.00 0 52.5

2001 0.023 1,101,395 0.77 0 19.34 2001 0.023 41.7 19.34 0 61.1

2002 0.024 1,290,412 0.77 0 23.76 2002 0.014 59.3 23.76 0 83.0

2003 0.022 1,506,253 0.76 0 25.14 2003 0.017 45.3 25.14 0 70.4

1.  IPCC (2001) Equations 3.44 and 3.47 1.  IPCC (2001) Equation 3.44 

2.  No use recorded before 1994

3.  Calculated using IPCC (2001) equation 3.47 

Annual virgin HFC in first-fill MAC systems
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Worksheet Supplementary 2.F. RAC 4 of 4 Worksheet

Sheet All HFC and PFC emissions from stationary refrigeration Sheet SF

6

 from Electrical Equipment and Other Sources (based on equations 3.17, 3.18 and 3.22)

Year Bulk  HFC-32 HFC-125 HFC-134a HFC-143a HFC-152 PFC-218 Year Potential SF

6 

Emissions from  Emissions from Actual SF

6

emissions Emissions Electrical Equipment

Other Sources

4

Emissions

(tonnes) (tonnes) (tonnes) (tonnes) (tonnes) (tonnes) (tonnes)

1990 0.0 0.0 0.0 0.0 0.0 0.0 0.0

 (kg)

1

(kg)

2

(kg)

3

 (kg)

1991 0.0 0.0 0.0 0.0 0.0 0.0 0.0

1992 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1990 2030 396 120 516

1993 1.1 0.0 0.0 1.1 0.0 0.0 0.0 1991 2256 409 131 540

1994 14.6 0.0 1.2 11.3 0.4 0.4 0.0 1992 1393 423 147 570

1995 31.1 0.4 0.5 18.2 7.9 1.2 0.8 1993 2026 435 153 588

1996 50.1 0.0 6.7 28.3 7.1 0.4 4.8 1994 1842 448 155 603

1997 24.8 0.0 10.5 3.6 9.3 0.2 0.3 1995 1566 466 162 628

1998 65.8 0.0 9.5 35.2 9.4 0.4 8.0 1996 2240 485 134 619

1999 57.8 7.4 10.4 23.0 11.0 1.7 0.0 1997 2354 505 135 640

2000 39.9 0.0 4.1 29.3 6.4 0.0 0.0 1998 1952 439 148 587

2001 44.5 0.1 12.8 16.6 14.9 0.0 0.0 1999 1851 414 138 552

2002 89.6 0.9 19.4 47.4 21.6 0.0 0.4 2000 1753 489 11 500

2003 108.0 1.8 23.6 55.3 26.6 0.0 0.6 2001 1483 490 14 504

2002 2014 526 14 540

2003 2182 507 11 518

1.  IPCC (2001) Equation 3.18

2.  IPCC (2001) Equation 3.17

3.  IPCC (2001) Equation 3.22


A8.3  Worksheets for the Solvents sector
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Worksheet NZ 3a

Sheet Non-CO

2

 emissions

Source Categories ACTIVITY DATA Emissions Estimates Emission Factors

B C

Quantity Consumed (Gg) Tonnes x 1000 kg/year/person

tonnes

N

2

0 HFC NMVOC N

2

0 HFC NMVOC

TOTAL SOLVENT EMISSIONS

A Surface Coatings

     Architectural/ Decorative

Organic Base 4447 1.4795

Primers and Undercoats 1671 0.4513 0.1118

Finishing Coats - Gloss 1333 0.4531 0.1122

Finishing Coats - Semi Gloss 348 0.0904 0.0224

Finishing Coats - Flat 263 0.0683 0.0169

Clears and Satins 833 0.4164 0.1032

Water Base 32702 2.0990

Primers and Undercoats 2730 0.1911 0.0473

Finishing Coats - Gloss 12846 0.8992 0.2228

Finishing Coats - Semi Gloss 7296 0.5107 0.1265

Finishing Coats - Flat 9180 0.4590 0.1137

Clears and Satins 650 0.0390 0.0097

    Industrial

Organic Base 17245 8.5452

Primers and Undercoats 6601 2.2442 0.5560

Finishing Coats 9787 5.8722 1.4548

Clears 857 0.4287 0.1062

Water Base 1425 0.0998

Primers and Undercoats 1281 0.0897 0.0222

Finishing Coats 144 0.0101 0.0025

Thinners 4.0602

Solvents/Thinners 4060 4.0602 1.0059

B Degreasing and Drycleaning

2

0.8450

C Chemical Products  0.0980

Ethanol

1

0.0624

Hydrogen Peroxide

1

0.0356

D  Other 14.3873

Printing

2

1.8893

Aerosols

2

2.245

Domestic and Commercial Use 10.253 2.5400

Nitrous oxide use 0.16 0.04

Total 0.16 31.61

Emission factors derived on a kg/person/year basis, 

1

 Emissions calculated on production not consumption data,

 2

 Emissions calculated from 

import not consumption data 

POPULATION (end of 2003)

4,036,400                  (Population data based on provisional data of 4024400 as at 30/9/03)


A8.4  Worksheets for the Agriculture sector
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Agricultural sector calculations: emissions from domestic livestock and agricultural soils

Dairy Dairy Non-dairy Non-dairy Sheep Sheep Goat Goat Deer Deer Swine Swine

cattle

1

cattle

cattle

1

cattle

numbers

1

numbers

numbers

1

numbers

numbers

2

numbers

numbers

1

numbers

(jun yr) (3 yr av) (jun yr) (3 yr av) (jun yr) (3 yr av) (jun yr) (3 yr av) (jun yr) (3 yr av) (jun yr) (3 yr av)

(1000s) (1000s) (1000s) (1000s)

1989 3,302,377 4,526,056 60,568,653 1,222 834,972 411

1990 3,440,815 3,390,873 4,593,160 4,596,595 57,852,192 57,860,829 1,063 1,026 1,042,986 1,035,915 395 404

1991 3,429,427 3,446,022 4,670,569 4,646,742 55,161,643 55,194,076 793 796 1,229,788 1,204,193 407 404

1992 3,467,824 3,482,464 4,676,497 4,701,676 52,568,393 52,676,132 533 559 1,339,804 1,269,824 411 405

1993 3,550,140 3,619,049 4,757,962 4,827,436 50,298,361 50,777,603 353 390 1,239,880 1,286,611 395 410

1994 3,839,184 3,826,380 5,047,848 4,996,106 49,466,054 49,526,895 284 324 1,280,148 1,246,352 423 416

1995 4,089,817 4,031,366 5,182,508 5,027,512 48,816,271 48,558,744 337 283 1,219,029 1,243,856 431 426

1996 4,165,098 4,170,305 4,852,179 4,946,896 47,393,907 47,681,393 228 264 1,232,391 1,264,401 424 424

1997 4,256,000 4,255,033 4,806,000 4,696,726 46,834,000 46,727,969 228 228 1,341,784 1,324,601 417 418

1998 4,344,000 4,305,470 4,432,000 4,627,235 45,956,000 46,156,630 228 214 1,399,629 1,388,297 412 399

1999 4,316,409 4,419,515 4,643,705 4,556,578 45,679,891 45,093,255 186 197 1,423,478 1,439,739 369 383

2000 4,598,136 4,598,136 4,594,029 4,594,029 43,643,873 43,643,873 175 175 1,496,110 1,490,786 369 364

2001 4,879,862 4,879,862 4,544,354 4,543,221 41,607,855 41,607,855 164 164 1,552,770 1,565,593 354 355

2002 5,161,589 5,049,071 4,491,281 4,559,966 39,571,837 40,289,383 153 153 1,647,900 1,630,023 342 350

2003 5,105,761 5,165,017 4,644,263 4,517,115 39,688,458 39,427,232 142 142 1,689,400 1,692,267 355 351

2004 5,227,700 4,415,800 39,021,400 131 1,739,500 355

1.  1994, 1995, 1996, 1999 and 2002 data from Statistics New Zealand. Other estimates provided by MAF based   

on a combination of official livestock survey data, information from the Meat and Wool Board Economic Service,and CES Forecast estimates.

2.  MAF estimates February 2003

Animal numbers in New Zealand (thousands) Revised  2004

Agricultural sector calculations: emissions from domestic livestock and agricultural soils

Poultry Poultry Poultry Poultry Horse Horse

numbers others and numbers numbers

numbers

3

numbers

layers

1

broilers

2

total (3 yr av) (jun yr) (3 yr av)

(June yr) (June yr) (June yr)

1989 3,324 4,925 8,249 98.0

1990 2,996 6,089 9,085 8,670 94.0 94.0

1991 2,908 5,770 8,677 8,677 90.0 90.6

1992 2,819 5,450 8,270 8,988 87.9 88.4

1993 2,862 7,154 10,016 10,016 87.2 81.0

1994 2,905 8,858 11,762 11,762 67.8 74.5

1995 2,947 10,561 13,509 12,914 68.6 68.0

1996 3,210 10,262 13,472 13,953 67.7 68.5

1997 3,211 11,667 14,878 14,878 69.1 69.1

1998 3,212 13,072 16,284 16,284 70.4 70.4

1999 3,213 14,476 17,690 17,690 71.8 71.8

2000 3,215 15,881 19,096 19,096 73.1 73.1

2001 3,216 17,286 20,502 20,502 74.5 74.5

2002 3,217 18,691 21,908 21,499 75.9 76.9

2003 3,218 18,868 22,086 22,389 80.4 78.9

2004 3,219 19,954 23,173 80.4

1. 1995, 1996 and 2002 (provisional) data from Statistics New Zealand.  1989, 1990 and 1992 from MAF survey data.

    Other estimates provided by MAF February 2003. 

2. 2002 data from Statistics New Zealand. 1989, 1990, 1992, 1995 and 1996 from MAF survey data. 

3. 1994, 1995, 1996 and 2002 data from Statistics New Zealand.  1990, 1992 and 1993 from MAF survey data.  

2003 and 2004 data not available in time for inventory from Statistics New Zealand and are extrapolated.
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Agricultural sector calculations: emissions from field burning and agricultural soils

Barley Barley Wheat Wheat Maize Maize Oats Oats Non-N-

prodn prodn prodn prodn prodn prodn prodn prodn fixing crops

(jun yr) (3 yr av) (jun yr) (3 yr av) (jun yr) (3 yr av) (jun yr) (3 yr av) (3 yr av)

(tonnes) (tonnes) (tonnes) (Gg) (tonnes) (Gg) (tonnes) (Gg) (kg)

1989 326,850 134,994 138,694 65,892

1990 434,856 381.2 188,042 167.9 161,651 161.2 78,877 67.3 777,721,333

1991 382,043 378.6 180,690 186.6 183,388 169.6 57,187 64.6 799,342,333

1992 318,787 363.5 191,039 197.0 163,842 160.1 57,625 57.2 777,800,000

1993 389,523 367.9 219,414 217.5 133,069 146.6 56,793 57.4 789,326,000

1994 395,500 362.6 241,900 235.5 142,768 145.5 57,718 51.1 794,739,000

1995 302,800 355.2 245,200 254.7 160,797 171.1 38,735 45.9 826,848,333

1996 367,200 360.3 277,000 279.9 209,710 188.1 41,217 43.0 871,302,897

1997 411,000 372.7 317,379 298.8 193,806 193.2 49,065 44.2 908,949,449

1998 340,000 351.7 302,100 313.2 176,148 189.0 42,223 44.3 898,141,049

1999 304,000 315.3 320,000 316.0 197,000 184.7 41,702 39.8 855,857,115

2000 302,000 300.7 326,000 336.7 181,000 185.0 35,398 33.2 855,499,896

2001 296,000 346.3 364,000 330.5 177,000 168.9 22,400 30.9 876,670,963

2002 440,883 371.7 301,498 328.7 148,847 164.9 34,987 29.4 894,777,432

2003 378,340 399.2 320,500 314.2 168,949 162.2 30,928 32.3 907,883,198

2004 378,340 320,500 168,949 30,928

Source: Statistics New Zealand. 

Estimates provided by MAF for 1998, 1999, 2000 and 2001

2004 production not processed by Statistics New Zealand, set equal to 2003. 

N-fixing crop yields in New Zealand Revised 2004 Micsellaneous agricultural data Revised 2004

Agricultural sector calculations: emissions from field burning and agricultural soils Agricultural sector calculations: emissions from agricultural soils

Processed Peas Peas Peas Lentils Lentils N-fixing Cultivated Cultivated Synthetic Synthetic

peas prodn

1

prodn

2

Processed  prodn

prodn

1

prodn crops organic organic fertiliser fertiliser

(jun yr) (jun yr) and (3 yr av) (jun yr) (3 yr av) (3 yr av)

soils (ha)

1

soils (ha)

use (kg N)

2

use (kg N)

(tonnes (tonnes) Seed Peas  (Gg) (tonnes) (Gg) (kg) (jun yr) (3 yr av) (jun yr) (3 yr av)

dry weight) (tonnes DW)

1989 24,000 47,308 71,308 3,386 1989 10,109 51,663,000

1990 24,000 57,378 81,378 80.6 3,386 3.4 83,969,333 1990 10,109 10,109 59,265,000 57,540,667

1991 24,000 65,064 89,064 89.9 3,386 4.0 93,902,667 1991 10,109 10,109 61,694,000 63,693,667

1992 24,000 75,290 99,290 91.9 5,204 4.5 96,410,000 1992 10,109 10,109 70,122,000 78,637,000

1993 24,000 63,268 87,268 90.2 5,018 4.3 94,463,333 1993 10,109 10,109 104,095,000 99,449,333

1994 24,000 59,898 83,898 83.9 2,712 2.9 86,755,667 1994 10,109 10,109 124,131,000 126,496,333

1995 24,000 56,448 80,448 79.6 923 1.5 81,080,333 1995 10,109 10,109 151,263,000 143,058,000

1996 24,000 50,337 74,337 76.5 923 0.9 77,397,000 1996 10,109 10,109 153,780,000 149,446,000

1997 24,300 50,337 74,637 82.1 923 0.9 83,053,333 1997 10,109 10,109 143,295,000 150,847,333

1998 31,200 66,200 97,400 86.1 940 0.6 86,766,667 1998 10,109 10,109 155,467,000 155,193,667

1999 34,200 52,200 86,400 94.6 0 0.3 94,913,333 1999 10,109 10,109 166,819,000 170,460,667

2000 36,000 64,000 100,000 86.7 0 0.0 86,700,000 2000 10,109 10,109 189,096,000 201,305,000

2001 36,000 37,700 73,700 79.7 0 1.1 80,819,667 2001 10,109 10,109 248,000,000 248,765,333

2002 36,000 29,457 65,457 75.1 3,302 1.8 76,886,333 2002 10,109 10,109 309,200,000 298,200,000

2003 31,200 55,000 86,200 78.4 2,000 2.4 80,819,667 2003 10,109 10,109 337,400,000 331,533,333

2004 28,500 55,000 83,500 2,000 2004 10,109 348,000,000

1  MAF estimate. Zero has been entered when production negligible. 1  MAF estimate 2003

2  Statistics New Zealand. 1998, 1999, 2000, 2001 estimates provided by MAF. 2  Best estimate from MAF and sales records obtained by FertResearch   

Production pea data for 2003 calculated from area in peas.  2004 data set to 2003 as no data.
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Submodule Prescribed burning of savanna

Year  Otago  Canterbury  Southland  Total  3 yr ave  assume 20%  above ground biomass density1 (t/ha) fraction  biomass

consented  consented  consented  consented  consented  consented  ground bio- burned burnt (t)

area (ha) area (ha) area (ha) area (ha) area (ha) area (ha) mass density

burnt

1989 11310.0 15425.7 5445.0 32180.7

1990 14332.0 15425.7 5634.0 35391.7 36471.2 7294.2 28.0 0.32 65254.9

1991 22020.0 15241.2 4580.0 41841.2 36108.1 7221.6 28.0 0.32 64605.3

1992 10740.0 15531.5 4820.0 31091.5 34571.7 6914.3 28.0 0.32 61856.4

1993 15229.0 10953.5 4600.0 30782.5 27819.7 5563.9 28.0 0.32 49775.5

1994 7875.0 9900.0 3810.0 21585.0 22006.2 4401.2 28.0 0.32 39373.9

1995 7485.0 1626.0 4540.0 13651.0 17770.7 3554.1 28.0 0.32 31795.6

1996 4790.0 9061.0 4225.0 18076.0 16109.0 3221.8 28.0 0.32 28822.5

1997 5895.0 6955.0 3750.0 16600.0 14466.7 2893.3 28.0 0.32 25884.0

1998 1810.0 5314.0 1600.0 8724.0 10919.0 2183.8 28.0 0.32 19536.5

1999 0.0 4963.0 2470.0 7433.0 9921.0 1984.2 28.0 0.32 17750.8

2000 2425.0 9491.0 1690.0 13606.0 10424.0 2084.8 28.0 0.32 18650.8

2001 3770.0 4303.0 2160.0 10233.0 11943.7 2388.7 28.0 0.32 21369.8

2002 350.0 8792.0 2850.0 11992.0 10972.0 2194.4 28.0 0.32 19631.3

2003 4670.0 3721.0 2300.0 10691.0 10901.7 2180.3 28.0 0.32 19505.5

2004 1125.0 2714.0 6183.0 10022.0

Notes

1

 from Ian J. Payton & Grant Pearce (2001) Does fire deplete the physical and biological resources of tall-tussock (Chionochloa) 

grasslands? The latest attempt at some answers . Pp. 243-249 in proceedings: Bushfire 2001. Australasian Bushfire Conference. 

3-6 July 2001, Christchurch, New Zealand 

2

 from Revised 1996 IPCC Guidelines for National Greenhouse Gas Inventories: Reference Manual

[image: image35.emf]Module 2003 Agriculture (New Zealand)

Submodule Prescribed burning of savanna

Worksheet 4.3 (3 of 3)

Sheet Non-CO2 released from savanna burning

Year  CH4 

emission 

ratio2

CO emission 

ratio2

N2O 

emission 

ratio2

NOx 

emission 

ratio2

N/C ratio2 CH4 

emissions 

(Gg)

CO 

emissions 

(Gg)

N2O 

emissions 

(Gg)

NOx 

emissions 

(Gg)

Total CH4 

and N2O in 

CO2 

equivalent 

(Gg)

2003 0.00 0.06 0.01 0.12 0.01 0.040 1.053 0.000 0.018 0.996

1 from Ian J. Payton & Grant Pearce (2001) Does fire deplete the physical and biological resources of tall-tussock (Chionochloa) 

grasslands? The latest attempt at some answers . Pp. 243-249 in proceedings: Bushfire 2001. Australasian Bushfire Conference. 

3-6 July 2001, Christchurch, New Zealand 

2 from Revised 1996 IPCC Guidelines for National Greenhouse Gas Inventories: Reference Manual

Module 2003 Agriculture (New Zealand)

Submodule Prescribed burning of savanna

Worksheet 4.3 (2 of 3)

Sheet Total carbon released from burning

Year  biomass 

burned (t)

fraction of 

live material1

fraction of 

dead 

material1

fraction live 

material 

oxidised2

fraction dead 

material 

oxidised2

C content of 

live biomass 

(living)2

C content 

dead 

biomass2

carbon 

released 

from live 

biomass (t)

carbon 

released 

from dead 

biomass (t)

total carbon 

released (t)

2003 19505 0.36 0.64 0.8 1 0.45 0.4 2532 4989 7521
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Agricultural sector calculations: CH

4

 emissions from domestic livestock  Agricultural sector calculations: CH

4

 emissions from domestic livestock  Agricultural sector calculations: CH

4

 emissions from domestic livestock 

Table 1:   Average weights, average annual milk yields and average milk composition Table 2:   Average weights of beef cattle in New Zealand 1990-2002 Table 3:   Weights of ewes and lambs in New Zealand 1990-2002

of dairy cattle in New Zealand 1990-2002.  All data are three year averages. All data are three year averages All data are three year averages

Dairy cow Milk yields Milk fat Milk protein Beef cow Heifer Bull  Steer  Ewe Lamb

weights (litres/year) (percent) (percent) weights weights at weights at  weights at weights weights at

(kg) (kg) slaughter slaughter slaughter (kg) slaughter

(kg) (kg) (kg) (kg)

1990 447 2801 4.85 3.58 1990 379 413 553 568 1990 48.4 31.2

1991 449 2858 4.88 3.61 1991 381 417 562 577 1991 49.0 32.1

1992 450 3011 4.90 3.63 1992 389 422 566 584 1992 49.1 33.0

1993 451 3029 4.90 3.62 1993 403 427 574 593 1993 49.6 33.6

1994 452 3076 4.89 3.61 1994 406 432 581 598 1994 49.4 33.5

1995 451 3121 4.88 3.61 1995 412 436 585 601 1995 49.7 33.4

1996 452 3227 4.85 3.59 1996 418 438 593 601 1996 50.0 33.7

1997 449 3247 4.82 3.58 1997 430 438 600 601 1997 51.1 34.4

1998 451 3303 4.80 3.58 1998 426 438 603 599 1998 52.0 34.7

1999 453 3430 4.81 3.61 1999 423 437 599 602 1999 53.0 35.4

2000 456 3625 4.83 3.63 2000 423 437 599 607 2000 54.1 36.2

2001 458 3670 4.84 3.66 2001 432 441 603 614 2001 54.7 37.0

2002 457 3679 4.86 3.67 2002 433 446 605 615 2002 54.8 37.1

2003 458 3673 4.88 3.70 2003 429 453 608 617 2003 55.1 37.6

Livestock productivity data for New Zealand  2004 Livestock productivity data for New Zealand  2004 Livestock productivity data for New Zealand  2004

Agricultural sector calculations: CH

4

 emissions from domestic livestock  Agricultural sector calculations: CH

4

 emissions from domestic livestock  Agriculture sector calculations: emissions from domestic livestock and soils

Table 4:   Weights of deer in New Zealand 1990-2002 Table 5:   Assumed monthly energy concentrations of the diets consumed Table 6: Nitrogen excretion (Nex) for grazing animals 

All data are three year averages by beef cattle, sheep, dairy cattle and deer for all years 1990-2002

Breeding Breeding Growing Growing Dairy cattle Beef cattle Sheep Non-dairy Dairy Deer

hind stag stag live hind live and deer and sheep cattle cattle

live weight live weight weight at weight at MJ ME/kg  MJ ME/kg  (kg/head/yr) (kg/head/yr) (kg/head/yr) (kg/head/yr)

(kg) (kg) slaughter (kg) slaughter (kg) dry matter dry matter 1990 12.16 65.89 106.24 27.37

1990 112.5 153.2 95.6 79.0 July 12.6 10.8 1991 12.35 66.73 107.14 27.07

1991 115.1 157.4 98.3 80.8 August 11.5 10.8 1992 12.47 68.09 109.56 26.88

1992 114.7 162.1 101.2 80.5 September 11.7 11.4 1993 12.67 70.07 110.21 26.75

1993 115.4 165.7 103.4 81.0 October 12.0 11.4 1994 12.73 69.37 110.33 26.88

1994 114.5 166.0 103.6 80.4 November 11.6 11.4 1995 12.87 69.09 109.82 27.31

1995 116.8 166.3 103.8 82.0 December 10.8 9.9 1996 13.10 68.15 110.65 27.81

1996 117.8 170.0 106.1 82.7 January 11.1 9.9 1997 13.50 70.71 110.30 28.55

1997 121.8 176.6 110.3 85.5 February 10.6 9.9 1998 13.61 70.62 111.51 28.93

1998 124.3 181.0 113.0 87.2 March 10.7 9.6 1999 13.77 71.62 113.33 29.13

1999 127.6 175.9 109.8 89.6 April 11.3 9.6 2000 13.98 71.30 116.31 29.21

2000 128.8 170.6 106.5 90.4 May 12.0 9.6 2001 14.35 72.91 116.39 29.18

2001 129.9 168.1 104.9 91.2 June 11.7 10.8 2002 14.39 72.40 116.63 29.17

2002 130.2 167.5 104.6 91.4 2003 14.60 72.72 116.88 28.93

2003 129.5 168.9 105.4 90.9
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Submodule Domestic livestock emissions from enteric fermentation and manure management

Worksheet  4.1 (1 of 2)

Sheet Methane emissions

Livestock type Number Emission factor Emissions Emission factor Emissions

Total CH

4

of animals for enteric from enteric for manure from manure emissions from

(3 yr av)

fermentation

1

fermentation

management

2

management dom livestock

(1000s)

(kg CH

4

/head/yr)

(Gg)

(kg CH

4

/head/yr)

(Gg) (Gg)

Dairy cattle

5,165

79.1 408.81 0.889 4.592 413.40

Non-dairy cattle 4,517 56.3 254.49 0.909 4.106 258.60

Sheep 39,427 10.6 419.44 0.178 7.018 426.45

Goats 142 9.0 1.28 0.180 0.026 1.30

Deer 1,692 22.1 37.48 0.369 0.624 38.10

Horses 79 18.0 1.42 2.080 0.164 1.58

Swine 351 1.5 0.53 20.000 7.015 7.54

Poultry 22,389 NE NE 0.117 2.619 2.62

Total  1,123.44 26.164 1,149.60

1. Horses, goats and swine use IPCC default emission factors for enteric fermentation.

1. Enteric emission factors for dairy, non-dairy, sheep and deer are implied emission factors

2. Manure management: Horses, goats, swine and poultry use IPCC default emission factors from IPCC Reference Manual B-7 & B-6

2. Manure management: Dairy, non-dairy cattle, sheep and deer from Joblin and Waghorn (1994)

Module 2003 Agriculture (New Zealand)

Submodule Domestic livestock emissions from enteric fermentation and manure management

Worksheet  4.1 (2 of 2)

Sheet Nitrous oxide emissions from manure management

Animal waste N excretion Emission Emissions

management system for each AWMS factor for each from domestic

(AWMS)

(Nex

(AWMS)

) AWMS (EF

3

)

livestock

(kg N)

(kg N

2

O-N/kg N) (Gg N

2

O)

Anaerobic lagoons 33,270,822 0.001 0.052

Liquid Systems NO

Daily spread IE

Solid storage and drylot 953,995 0.02 0.030

Pasture range and paddock IE

Other 14,601,554 0.005 0.115

Total 0.197

N

2

O emissions from daily spread and pasture range and paddock are reported under agricultural soils.
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Table 4.17 (IPCC Workbook, adapted)

Parameter values for agricultural emissions of nitrous oxide

Parameter Value Fraction of ... Additional sources

Frac

BURN

0.5 ... crop residue burned in fields Ministry of Agriculture and Forestry (expert opinion)

Frac

BURNL

0 ... Legume crop residue burned in fields Ministry of Agriculture and Forestry (expert opinion)

Frac

FUEL

0 ... livestock nitrogen excretion in excrements burned for fuel Practice does not occur in New Zealand

Frac

GASF

0.1

... total synthetic fertiliser emitted as NO

x

 or NH

3

IPCC Reference manual Table 4.19

Frac

GASM

0.2

... total nitrogen excretion emitted as NO

x

 or NH

3

IPCC Reference manual Table 4.19

Frac

GRAZ

... livestock nitrogen excreted and deposited onto soil during grazing Refer worksheet 4.1Supplemental

Frac

LEACH

0.07 ... nitrogen input to soils that is lost through leaching and run-off Thomas et al (2002)

Frac

NCRBF

0.03 ... nitrogen in N-fixing crops IPCC Reference manual Table 4.19

Frac

NCR0

0.015 ... nitrogen in non-N-fixing crops IPCC Reference manual Table 4.19

Frac

R

0.45 ... crop residue removed from the field as crop IPCC Reference manual Table 4.19

2003 Agriculture (New Zealand)

Table 4.18 (IPCC Workbook, adapted)

Emission factors for agricultural emissions of nitrous oxide

Emission factor Value Emission factor for ... Additional sources

EF

1

0.0125 ... direct emissions from N input to soil IPCC GPG Table 4.17

EF

2

8 ... direct emissions from organic soil mineralisation due to cultivation IPCC GPG Table 4.17

EF

3

 (AL)

0.001 ... direct emissions from waste in the 

anaerobic lagoons

 AWMS IPCC GPG Table 4.12

EF

3

 (SS&D)

0.02 ... direct emissions from waste in the 

solid waste and drylot

 AWMS IPCC GPG Table 4.12

EF

3

 (PR&P)

0.01 ... direct emissions from waste in the 

pasture range and paddock

 AWMS

Carran etal (1995), Sherlock et al (1995), Kelliher et al.(2003)

EF

3

 (OTHER)

0.005 ... direct emissions from waste in other AWMSs IPCC GPG Table 4.13 (poultry manure without bedding)

and swine deep litter < 1 month

EF

4

0.01 ... indirect emissions from volatising nitrogen IPCC GPG Table 4.18

EF

5

0.025 ... indirect emissions from leaching nitrogen IPCC GPG Table 4.18
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Submodule Domestic livestock emissions Submodule Agricultural soils

Worksheet 4.1 (supplemental) for worksheet 4.1 (2 of 2) Worksheet 4.1 (supplemental) for worksheet 4.5 (3 of 5)

Sheet Nitrogen excretion from anaerobic lagoons (AWMS=AL) Sheet Nitrogen excretion from pasture range and paddock (AWMS=PR&P)

Livestock type Number Nitrogen Percentage Nitrogen Livestock type Number Nitrogen Percentage Nitrogen

of animals

excretion

1

of nitrogen excretion of animals

excretion

1

of nitrogen excretion

(3 yr av) (Nex) excretion in  from AL (3 yr av) (Nex) excretion in from PR&P

(1000s) (kg/head/yr)

AWMS=AL

2

(kg N) (1000s) (kg/head/yr)

AWMS=PR&P

2 3 

(kg N)

Non-dairy cattle 4,517 no Non-dairy cattle 4,517 72.7 100% 328,484,614

Dairy cattle 5,165 116.9 5% 30,184,369 Dairy cattle 5,165 116.9 95% 573,503,009

Poultry 22,389 no Poultry 22,389 0.6 3% 402,998

Sheep 39,427 no Sheep 39,427 14.6 100% 575,599,847

Swine 351 16.0 55% 3,086,453 Swine 351 no

Goats 142 no Goats 142 9.5 100% 1,349,317

Deer 1,692 no Deer 1,692 28.9 100% 48,962,585

Horses 79 no Horses 79 25.0 100% 1,972,083

Total (Nex

AL

)

33,270,822

Total (Nex

PR&P

)

1,530,274,453

1  Nex value for dairy cattle based on Ledgard, AgResearch (2003) 1  Values for sheep, non-dairy and dairy cattle, and deer from Ledgard, AgResearch (2003)

2  Value for dairy cattle from Ledgard and Brier (2004).

     Values from goats from Ulyatt (pers comm).

2  Value for dairy cattle from Ledgard and Brier (2004).

3  Values for goats and deer from the Ministry of Agriculture and Forestry.

Module 2003 Agriculture (New Zealand) Module 2003 Agriculture (New Zealand)

Submodule Domestic livestock emissions Submodule Domestic livestock emissions

Worksheet 4.1 (supplemental) for worksheet 4.1 (2 of 2) Worksheet 4.1 (supplemental) for worksheet 4.1 (2 of 2)

Sheet Nitrogen excretion from solid storage and drylot (AWMS=SS&D) Sheet Nitrogen excretion from other management systems (AWMS=OTHER)

Livestock type Number Nitrogen Percentage Nitrogen Livestock type Number Nitrogen Percentage Nitrogen

of animals excretion of nitrogen excretion of animals excretion of nitrogen excretion

(3 yr av) (Nex) excretion in from SS&D (3 yr av) (Nex) excretion in from OTHER

(1000s) (kg/head/yr) AWMS=SS&D (kg N) (1000s) (kg/head/yr) AWMS=OTHER (kg N)

Non-dairy cattle 4,517 no Non-dairy cattle 4,517 no

Dairy cattle 5,165 no Dairy cattle 5,165 no

Poultry 22,389 no Poultry 22,389 0.6 97% 13,030,268

Sheep 39,427 no Sheep 39,427 no

Swine 351 16.0 17% 953,995 Swine 351 16.0 28% 1,571,285

Goats 142 no Goats 142 no

Deer 1,692 no Deer 1,692 no

Horses 79 no Horses 0 no

Total (Nex

SS&D

)

953,995

Total (Nex

OTHER

)

14,601,554
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F

AW

 calculation for worksheet 4.5 (1 of 5) F

BN

 calculation for worksheet 4.5 (1 of 5)

Nitrogen input to agricultural soils from animal waste (supplemental worksheet 4.5A) Nitrogen input to agricultural soils from N-fixing crops

N excretion Fraction of Fraction of N Fraction of N Nitrogen input Production Fraction of Nitrogen input

spread from N excretion excretion deposited excretion from of pulses nitrogen in from

all AWMSs burned for fuel onto soil emitted as animal waste and soyabeans N-fixing crops N-fixing crops

(kg N)

1

during grazing

NO

x

 or NH

3

(kg N) (kg dry biomass) (kg N)

Nex

spread

x  (1-(Frac

FUEL

+  Frac

GRAZ

+  Frac

GASM

)) =  F

AW

Crop

BF

x  Frac

NCRBF

x  2  =  F

BN

48,826,371 0 0.2 39,061,096 80,819,667 0.03 4,849,180

1  Animal waste in all AWMS except 

pasture range and paddock.

2  FracGRAZ is not required as waste from grazing livestock is already excluded.

2003 Agriculture (New Zealand) 2003 Agriculture (New Zealand)

F

SN

 calculation for worksheet 4.5 (1 of 5) F

CR

 calculation for worksheet 4.5 (1 of 5)

Nitrogen input to agricultural soils from synthetic fertiliser use Nitrogen input to agricultural soils from crop residues (supplemental worksheet 4.5B)

Synthetic One minus the Nitrogen input Production Fraction of Production Fraction of One minus the One minus the Nitrogen input

fertiliser use fraction of syn. from synthetic of non-N- nitrogen in non- of pulses nitrogen in fraction of crop fraction of crop from crop

(kg N) fertiliser emitted fertiliser use fixing crops N-fixing crops and soyabeans N-fixing crops residue removed residue burned

residues (F

CR

)

as NO

x

 or NH

3

(kg N) (kg dry biomass) (kg dry biomass) from field as crop in the field (kg N)

N

FERT

x  (1-Frac

GASF

) =  F

SN

(Crop

0

x  Frac

NCR0

+  Crop

BF

x  Frac

NCRBF

) x  (1 - Frac

R

) x  (1 - Frac

BURN

) x  2  =  F

CR

331,533,333 0.9 298,380,000 80,819,667 0.03 0.55 1 2,667,049

907,883,198 0.015 0.55 0.50 7,490,036

10,157,085
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Submodule Field burning of agricultural residues

Worksheet 4.4 (1 and 2 of 3)

Sheet Calculation of carbon and nitrogen releases

Crops Production Residue Quantity Dry Quantity of Fraction Fraction Biomass Carbon Carbon Nitrogen- Nitrogen

(3 yr av) to crop of residue matter dry residue burned in oxidised burned fraction released carbon released

(Gg crop) ratio (Gg biomass) fraction (Gg dm)

fields

1

(Gg dm) of residue (Gg C) ratio (Gg N)

Cereals 745.6 929.4 775.2 348.8 163.675 2.233

a  Barley 399.2 1.2 479.0 0.83 397.6 0.5 0.9 178.9 0.4567 81.711 0.015 1.226

b  Wheat 314.2 1.3 408.4 0.83 339.0 0.5 0.9 152.5 0.4853 74.029 0.012 0.888

c  Oats 32.3 1.3 42.0 0.92 38.6 0.5 0.9 17.4 0.4567 7.935 0.015 0.119

1  Ministry of Agriculture and Forestry.

Maize no longer included in calculation as no maize residue burning occurs - MAF 2003

Module 2003 Agriculture (New Zealand)

Submodule Field burning of agricultural residues

Worksheet 4.4 (3 of 3)

Sheet

Total non-CO

2

 trace gas emissions from cereals

Emission Emissions Conversion Emissions

ratio to C or N (Gg C or N) ratio (Gg of gas)

CH

4

0.005 0.818 1.333 1.091

CO 0.060 9.820 2.333 22.914

N

2

O

0.007 0.016 1.571 0.025

NO

x

0.121 0.270 3.286 0.888

Module 2003 Agriculture (New Zealand)

Submodule Field burning of agricultural residues

Worksheet 4.4 (supplementary)

Sheet Calculation of carbon and nitrogen releases per crop type

Crops Emissions Emissions Emissions Emissions 

of of of of 

CH

4 

(Gg)

CO (Gg)

N

2

O (Gg) NO

x

 (Gg)

Cereals

a  Barley 0.545 11.440 0.013 0.487

b  Wheat 0.494 10.364 0.010 0.353

d  Oats 0.053 1.111 0.001 0.047
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Submodule Agricultural soils Submodule Agricultural soils

Worksheet 4.5 (1 of 5) Worksheet 4.5 (2 of 5)

Sheet Direct nitrous oxide emissions from agricultural soils (excluding histosols) Sheet Direct nitrous oxide emissions from agricultural soils (histosols)

Type of N input to soil Amount of Emission factor Direct soil Direct soil Area of Emission factor Direct soil Direct soil

N input for direct emissions emissions cultivated for direct soil emissions emissions

to soil

emissions (EF

1

)

(excl. histosols) (excl. histosols)

organic soils

1

emissions (EF

2

)

from histosols from histosols

(kg N)

(kg N

2

O-N/kg N) (Gg N

2

O-N) (Gg N

2

O) (ha) (F

OS

) (kg N

2

O-N/ha/yr) (Gg N

2

O-N) (Gg N

2

O)

Synthetic fertiliser (F

SN

)

298,380,000 0.0125 3.730 5.861 10,109 8 0.081 0.127

Animal Waste (F

AW

)

1

39,061,096 0.0125 0.488 0.767 1  MAF estimate

N-Fixing crops (F

BN

)

4,849,180 0.0125 0.061 0.095

Crop residue (F

CR

)

10,157,085 0.0125 0.127 0.200

Total 4.406 6.923

1  Based on animal waste in all AWMS except 

pasture range and paddock

.

Module 2003 Agriculture (New Zealand)

Submodule Agricultural soils

Worksheet 4.5 (3 of 5)

Sheet Direct nitrous oxide emissions from animal production (grazing animals)

Pasture,range N excretion Emission Total direct Total direct

and paddock for AWMS factor for animal prodn. animal prodn.

AWMS PRP

AWMS (EF

3 PRP

)

1

emissions emissions

(kg N)

(kg N

2

O-N/kg N) of N

2

O-N (Gg) of N

2

O (Gg)

PRP 1,530,274,453 0.01 15.303 24.047

1  Value based on Carran et al (1995) and Sherlock et al (1995).

Module 2003 Agriculture (New Zealand)

Submodule Agricultural soils

Worksheet 4.5 (4 of 5)

Sheet

Indirect nitrous oxide emissions from nitrogen used in agriculture (atmospheric deposition of NH

3

 and NO

x

)

Synthetic Fraction of Amount of syn. Total nitrogen Fraction of Amount of Emission

Indirect N

2

O Indirect N

2

O

fertiliser applied syn. fertiliser N N applied to soil excreted N excretion N excretion

factor (EF

4

)

emissions from emissions from

to soil that volatises that volatises by livestock that volatises that volatises

(kg N

2

O-N/

atmos. deposition atmos. deposition

(N

FERT

) (kg N) (Frac

GASF

)

(kg N) (kg N)

(Frac

GASM

)

(kg N) kg volatised N)

(Gg N

2

O-N) (Gg N

2

O)

331,533,333 0.1 33,153,333 1,579,100,824 0.2 315,820,165 0.01 3.490 5.484

Module 2003 Agriculture (New Zealand)

Submodule Agricultural soils Module 2003 Agriculture (New Zealand)

Worksheet 4.5 (5 of 5) Submodule Agricultural soils

Sheet Indirect nitrous oxide emissions from nitrogen used in agriculture (leaching) Worksheet 4.5 (4 of 5)

and total nitrous oxide emissions from agricultural soils Sheet Total nitrous oxide emissions agricultural soils 

Synthetic Total nitrogen Fraction of Emission

Indirect N

2

O Indirect N

2

O

Total indirect Total direct Total nitrous

fertiliser applied excreted nitrogen

factor (EF

5

)

emissions emissions

N

2

O emissions N

2

O emissions

oxide emissions

to soil by livestock that leaches

(kg N

2

O-N/

from leaching from leaching from N used in  from agricultural

(N

FERT

) (kg N)

(kg N)

(Frac

LEACH

)

kg leached N)

(Gg N

2

O-N) (Gg N

2

O) agric. (Gg N

2

O)  (Gg N

2

O) soils (Gg N

2

O)

331,533,333 1,579,100,824 0.07 0.025 3.344 5.254 10.738 31.097 41.835


A8.5  Worksheets for the LULUCF sector
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Submodule Forest remaining Forest 

Carbon stock change in living biomass

Sheet Carbon release from harvesting in Pinus radiata plantations (temperate) and native forests

Stem volume Biomass Dry matter Carbon in  Stem volume Biomass Biomass Dry matter in Carbon in  Carbon release

in plantation conversion in stem1 3  plantation in native conversion expansion total native native forest from total 

forest harvest1 ratio2 t C/t dm = 0.5 forest harvest 1 forest harvest ratio ratio forest harvest harvest (t C) forest harvest

(merch. m3) (t dm/m3) (t dm) (t C) (merch. m3) (t dm/m3) (t dm/m3) (t dm) t C/t dm = 0.5 (t C)

1990 10,813,787 0.497 5,375,576 2,687,788 365,000 0.50 2.04 372,300 186,150 2,873,938

1991 11,797,488 0.483 5,695,944 2,847,972 307,667 0.50 2.04 313,820 156,910 3,004,882

1992 12,500,583 0.482 6,029,456 3,014,728 257,333 0.50 2.04 262,480 131,240 3,145,968

1993 13,232,522 0.482 6,373,329 3,186,664 205,000 0.50 2.04 209,100 104,550 3,291,214

1994 13,987,203 0.479 6,698,479 3,349,240 158,000 0.50 2.04 161,160 80,580 3,429,820

1995 14,700,793 0.472 6,932,502 3,466,251 107,333 0.50 2.04 109,480 54,740 3,520,991

1996 15,214,390 0.455 6,926,911 3,463,455 50,000 0.50 2.04 51,000 25,500 3,488,955

1997 15,202,119 0.472 7,174,913 3,587,457 56,667 0.50 2.04 57,800 28,900 3,616,357

1998 15,746,397 0.482 7,596,912 3,798,456 57,667 0.50 2.04 58,820 29,410 3,827,866

1999 16,672,535 0.498 8,305,796 4,152,898 57,000 0.50 2.04 58,140 29,070 4,181,968

2000 18,228,285 0.493 8,981,586 4,490,793 38,333 0.50 2.04 39,100 19,550 4,510,343

2001 19,711,404 0.472 9,304,012 4,652,006 23,000 0.50 2.04 23,460 11,730 4,663,736

2002 20,419,017 0.459 9,371,459 4,685,729 16,333 0.50 2.04 16,660 8,330 4,694,059

2003 20,508,697 0.459 9,421,909 4,710,955 10,333 0.50 2.04 10,540 5,270 4,716,225

All data are three-year straight averages.

1  Estimated using Forest Research models.

2 Derived from the model results contained in columns 1 and 3. 

3 No adjustment from stem volume to total biomass volume is made here as on-site decay is accounted for in the carbon uptake data.

Module LULUCF Module LULUCF

Submodule  Forest remaining Forest  Submodule  Forest remaining Forest 

Worksheet Carbon stock change in living biomass Worksheet Carbon stock change in living biomass

Sheet Carbon uptake in Pinus radiata plantations (temperate) Sheet Net Carbon uptake in forest

Total forest Total Forest Forest estate Carbon in Total forest Total forest Carbon release Net carbon Net CO2

estate area estate carbon carbon uptake plantation carbon uptake carbon uptake from total uptake in uptake in 

(net of harvest) (net of harvest) (net of harvest) forest harvest (before harvest) (before harvest) forest harvest forests forests

(ha) (t C) (t C) (t C) (t C) (Gg C) (Gg C) (Gg C) (Gg CO2)

1990 1,219,430 116,176,914 6,370,915 2,687,788 9,058,703 1990 9,059 2,874 6,185 22,677

1991 1,248,034 122,306,137 6,129,224 2,847,972 8,977,196 1991 8,977 3,005 5,972 21,898

1992 1,288,486 127,955,851 5,649,714 3,014,728 8,664,442 1992 8,664 3,146 5,518 20,234

1993 1,351,055 133,108,509 5,152,657 3,186,664 8,339,322 1993 8,339 3,291 5,048 18,510

1994 1,426,089 138,037,423 4,928,914 3,349,240 8,278,154 1994 8,278 3,430 4,848 17,777

1995 1,508,665 142,872,726 4,835,303 3,466,251 8,301,554 1995 8,302 3,521 4,781 17,529

1996 1,585,196 147,819,449 4,946,723 3,463,455 8,410,178 1996 8,410 3,489 4,921 18,044

1997 1,654,972 153,194,165 5,374,716 3,587,457 8,962,173 1997 8,962 3,616 5,346 19,601

1998 1,711,807 159,077,011 5,882,846 3,798,456 9,681,302 1998 9,681 3,828 5,853 21,463

1999 1,758,009 165,567,822 6,490,811 4,152,898 10,643,709 1999 10,644 4,182 6,462 23,693

2000 1,796,162 172,556,270 6,988,448 4,490,793 11,479,241 2000 11,479 4,510 6,969 25,553

2001 1,828,624 179,724,098 7,167,828 4,652,006 11,819,834 2001 11,820 4,664 7,156 26,239

2002 1,855,950 186,832,330 7,108,232 4,685,729 11,793,962 2002 11,794 4,694 7,100 26,033

2003 1,877,472 193,815,031 6,982,700 4,710,955 11,693,655 2003 11,694 4,716 6,977 25,584

All data are three year straight averages. All data are three year straight averages.

Data were estimated using Forest Research Institute models. Data were estimated using Forest Research Institute models.
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Submodule  Land converted to Forest

Worksheet

Sheet Carbon release from grassland (woody vegetation) cleared for new forest planting

Grassland Clearance where Quantity of Oxidised C release from  CO2 release Clearance where Initial quantity of  C release CO2 release 

cleared forvegetation burned

2

biomass burned biomass burning vegetation from burning for grassland decays

2

biomass to decay

3

from decay from decay for

forest planting

1

(25% of total) (t dm/ha = 136) (90% of total) (t C/t dm = 0.5) new planting (75% of total) (t dm/ha =136) (t C/t dm = 0.5) new planting

(ha) (ha) (t dm) (t dm) (t C) (t CO2) (ha) (t dm) (t C) (t CO2)

1990 3,579 895 121,679 109,511 54,756 200,771 2,684 365,038 182,519 669,236

1991 5,427 1,357 184,507 166,056 83,028 304,436 4,070 553,520 276,760 1,014,787

1992 8,480 2,120 288,320 259,488 129,744 475,728 6,360 864,960 432,480 1,585,760

1993 11,200 2,800 380,800 342,720 171,360 628,320 8,400 1,142,400 571,200 2,094,400

1994 12,464 3,116 423,776 381,398 190,699 699,230 9,348 1,271,328 635,664 2,330,768

1995 9,376 2,344 318,773 286,895 143,448 525,975 7,032 956,318 478,159 1,753,250

1996 10,323 2,581 350,971 315,874 157,937 579,102 7,742 1,052,912 526,456 1,930,339

1997 9,263 2,316 314,953 283,458 141,729 519,673 6,948 944,860 472,430 1,732,243

1998 4,662 1,166 158,508 142,657 71,329 261,538 3,497 475,524 237,762 871,794

1999 5,847 1,462 198,809 178,928 89,464 328,035 4,386 596,428 298,214 1,093,451

2000 5,905 1,476 200,759 180,683 90,341 331,252 4,429 602,276 301,138 1,104,173

2001 6,662 1,666 226,519 203,867 101,934 373,757 4,997 679,558 339,779 1,245,856

2002 4,880 1,220 165,920 149,328 74,664 273,768 3,660 497,760 248,880 912,560

2003 4,654 1,164 158,236 142,412 71,206 261,089 3,491 474,708 237,354 870,298

All data are three year straight averages

1

  Ministry of Agriculture and Forestry

2  

 Percentage assumed for calculation purposes.

Module LULUCF

Submodule  Grassland remaining grassland/forest land remaining forest land

Worksheet

Sheet Carbon release from wildfires

Area of Quantity of Oxidised C release from Area of  Quantity of Oxidised C release from 

grassland burned biomass burned biomass  wildfires Forest burned biomass burned biomass forest wildfires

in wildfires

1

(t dm/ha = 136) (90% of total)(t C\t dm = 0.5) in wildfires

1

(t dm/ha = 364) (90 % of total) (t C/t dm = 0.5)

(ha) (t dm) (t dm) (t C) (ha) (t dm) (t dm) (t C)

1990 2,564 348,738 313,864 156,932 323 117,663 105,897 52,948

1991 2,064 280,659 252,593 126,296 207 75,318 67,786 33,893

1992 1,954 265,744 239,170 119,585 165 60,151 54,136 27,068

1993 2,330 316,812 285,131 142,565 239 86,814 78,133 39,066

1994 2,529 343,978 309,580 154,790 314 114,266 102,839 51,420

1995 2,645 359,765 323,789 161,894 472 171,929 154,736 77,368

1996 2,532 344,318 309,886 154,943 727 264,598 238,138 119,069

1997 3,320 451,565 406,409 203,204 762 277,520 249,768 124,884

1998 3,268 444,391 399,952 199,976 692 251,949 226,754 113,377

1999 3,049 414,709 373,238 186,619 403 146,571 131,914 65,957

2000 2,119 288,184 259,366 129,683 334 121,576 109,418 54,709

2001 1,954 265,789 239,210 119,605 282 102,648 92,383 46,192

2002 2,165 294,440 264,996 132,498 283 102,891 92,602 46,301

2003 2,236 304,096 273,686 136,843 287 104,468 94,021 47,011


[image: image45.emf]Module LULUCF

Submodule  Forest land remaining forest land

Worksheet

Sheet Non-CO2 emissions from the on-site burning of forests

Carbon  Nitrogen Carbon in Nitrogen in Nitrogen in  Carbon in CO CH

4

 emissions N

2

O emissions NO

x

 emissions CO emissions

release by released CH

4

 emissions N

2

O emissionsNO

x

 emissions emissions from burning from burning from burning from burning

on-site burning (t N/t c = 0.01) (ratio = 0.012) (ratio = 0.007) (ratio = 0.121) (ratio = 0.06) (ratio = 1.333) (ratio = 1.571) (ratio = 3.286) (ratio = 2.333)

(t C) (t C) (t C) (t N) (t N) (t C) Gg CH (Gg N2O) (Gg NOx) (Gg CO)

1990 52,948 529 635 4 64 3,177 0.847 0.006 0.211 7.412

1991 33,893 339 407 2 41 2,034 0.542 0.004 0.135 4.744

1992 27,068 271 325 2 33 1,624 0.433 0.003 0.108 3.789

1993 39,066 391 469 3 47 2,344 0.625 0.004 0.155 5.469

1994 51,420 514 617 4 62 3,085 0.823 0.006 0.204 7.198

1995 77,368 774 928 5 94 4,642 1.238 0.009 0.308 10.830

1996 119,069 1,191 1,429 8 144 7,144 1.905 0.013 0.473 16.667

1997 124,884 1,249 1,499 9 151 7,493 1.998 0.014 0.497 17.481

1998 113,377 1,134 1,361 8 137 6,803 1.814 0.012 0.451 15.870

1999 65,957 660 791 5 80 3,957 1.055 0.007 0.262 9.233

2000 54,709 547 657 4 66 3,283 0.875 0.006 0.218 7.658

2001 46,192 462 554 3 56 2,771 0.739 0.005 0.184 6.466

2002 46,301 463 556 3 56 2,778 0.741 0.005 0.184 6.481

2003 47,011 470 564 3 57 2,821 0.752 0.005 0.187 6.581

Module LULUCF

Submodule  Grassland remaining grassland

Worksheet

Sheet Non-CO2 emissions from the on-site burning of grassland - WILDFIRE ONLY

Carbon  Nitrogen Carbon in Nitrogen in Nitrogen in  Carbon in CO CH

4

 emissions N

2

O emissions NO

x

 emissions CO emissions

release by released CH

4

 emissions N

2

O emissionsNO

x

 emissions emissions from burning from burning from burning from burning

on-site burning (t N/t c = 0.01) (ratio = 0.012) (ratio = 0.007) (ratio = 0.121) (ratio = 0.06) (ratio = 1.333) (ratio = 1.571) (ratio = 3.286) (ratio = 2.333)

(t C) (t C) (t C) (t N) (t N) (t C) Gg CH (Gg N2O) (Gg NOx) (Gg CO)

1990 156,932 1,569 1,883 11 190 9,416 2.510 0.017 0.624 21.967

1991 126,296 1,263 1,516 9 153 7,578 2.020 0.014 0.502 17.679

1992 119,585 1,196 1,435 8 145 7,175 1.913 0.013 0.475 16.739

1993 142,565 1,426 1,711 10 173 8,554 2.280 0.016 0.567 19.956

1994 154,790 1,548 1,857 11 187 9,287 2.476 0.017 0.615 21.668

1995 161,894 1,619 1,943 11 196 9,714 2.590 0.018 0.644 22.662

1996 154,943 1,549 1,859 11 187 9,297 2.478 0.017 0.616 21.689

1997 203,204 2,032 2,438 14 246 12,192 3.250 0.022 0.808 28.445

1998 199,976 2,000 2,400 14 242 11,999 3.199 0.022 0.795 27.993

1999 186,619 1,866 2,239 13 226 11,197 2.985 0.021 0.742 26.123

2000 129,683 1,297 1,556 9 157 7,781 2.074 0.014 0.516 18.153

2001 119,605 1,196 1,435 8 145 7,176 1.913 0.013 0.476 16.742

2002 132,498 1,325 1,590 9 160 7,950 2.119 0.015 0.527 18.547

2003 136,843 1,368 1,642 10 166 8,211 2.189 0.015 0.544 19.155
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Submodule  Grassland converted to forest land

Worksheet

Sheet Non-CO2 emissions from the on-site burning of grassland - CONTROLLED BURN ONLY

Carbon  Nitrogen Carbon in Nitrogen in Nitrogen in  Carbon in CO CH

4

 emissions N

2

O emissions NO

x

 emissions CO emissions

release by released CH

4

 emissions N

2

O emissionsNO

x

 emissions emissions from burning from burning from burning from burning

on-site burning (t N/t c = 0.01) (ratio = 0.012) (ratio = 0.007) (ratio = 0.121) (ratio = 0.06) (ratio = 1.333) (ratio = 1.571) (ratio = 3.286) (ratio = 2.333)

(t C) (t C) (t C) (t N) (t N) (t C) Gg CH (Gg N2O) (Gg NOx) (Gg CO)

1990 54,756 548 657 4 66 3,285 0.876 0.006 0.218 7.665

1991 83,028 830 996 6 100 4,982 1.328 0.009 0.330 11.622

1992 129,744 1,297 1,557 9 157 7,785 2.075 0.014 0.516 18.162

1993 171,360 1,714 2,056 12 207 10,282 2.741 0.019 0.681 23.987

1994 190,699 1,907 2,288 13 231 11,442 3.050 0.021 0.758 26.694

1995 143,448 1,434 1,721 10 174 8,607 2.295 0.016 0.570 20.080

1996 157,937 1,579 1,895 11 191 9,476 2.526 0.017 0.628 22.108

1997 141,729 1,417 1,701 10 171 8,504 2.267 0.016 0.564 19.839

1998 71,329 713 856 5 86 4,280 1.141 0.008 0.284 9.985

1999 89,464 895 1,074 6 108 5,368 1.431 0.010 0.356 12.523

2000 90,341 903 1,084 6 109 5,420 1.445 0.010 0.359 12.646

2001 101,934 1,019 1,223 7 123 6,116 1.631 0.011 0.405 14.269

2002 74,664 747 896 5 90 4,480 1.194 0.008 0.297 10.451

2003 71,206 712 854 5 86 4,272 1.139 0.008 0.283 9.967


[image: image47.emf]Module LULUCF

Submodule Carbon emissions from liming soils

Worksheet 5.5

Sheet 3 of 4 (adapted)

Total annual Total annual Carbon Carbon Emissions1.  Statistics New Zealand June year data for 1989, 1990, 1992, 1993, 1995, 1996, 2002, 2003

amount of amount ofconversion emissions of1991 estimate is average of 1990 and 1992

limestone1 limestone  factor2  from CO

2

1994 estimate is average of 1993 and 1995

(3yr average) liming 1997 to 2001 is interpolated between 1996 and 2002

(Mg) (Mg) (MgC) (Gg)Data for 2004 was not processed in time for inclusion in the inventory and is set equal to 2003

1989 662,753 2  IPCC default value

1990 817,127 787,329 0.12 94,479 346

1991 882,107 882,107 0.12 105,853 388

1992 947,087 951,619 0.12 114,194 419

1993 1,025,662 1,033,210 0.12 123,985 455

1994 1,126,880 1,126,880 0.12 135,226 496

1995 1,228,097 1,152,047 0.12 138,246 507

1996 1,101,163 1,180,840 0.12 141,701 520

1997 1,213,261 1,213,261 0.12 145,591 534

1998 1,325,360 1,325,360 0.12 159,043 583

1999 1,437,458 1,437,458 0.12 172,495 632

2000 1,549,556 1,549,556 0.12 185,947 682

2001 1,661,655 1,661,655 0.12 199,399 731

2002 1,773,753 1,666,600 0.12 199,992 733

2003 1,564,392 1,634,179 0.12 196,101 719

2004 1,564,392


[image: image48.emf]Land use change matrix from 1997 to 2002 (based on the LCDB1 and LCDB2 data)

Land area categories from LCDB1 (1997) (kha)

FMp FMn CMa CMp GMh GMl WM WU S O Total

FMp 1904.478 10.841 0.007 0.015 90.986 39.611 0.000 0.000 0.027 0.023 2045.988

FMn 0.020 8182.228 0.000 0.000 0.281 0.005 0.000 0.000 0.031 0.033 8182.598

CMa 0.000 0.003 333.590 0.000 0.119 0.000 0.000 0.000 0.000 0.006 333.719

CMp 0.212 0.000 1.363 77.954 4.197 0.000 0.000 0.000 0.000 0.000 83.726

LCDB2 GMh 0.132 0.928 0.000 0.000 8883.802 0.903 0.000 0.000 0.027 0.000 8885.793

2002 GMl 1.250 2.801 0.000 0.000 0.135 5475.786 0.000 0.000 0.034 0.213 5480.217

WM 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.000 0.000 0.001

WU 0.000 0.001 0.000 0.000 0.646 0.019 0.000 531.244 0.038 0.014 531.960

S 0.544 0.019 0.000 0.023 5.006 0.026 0.000 0.000 214.844 0.000 220.462

O 0.002 0.192 0.000 0.000 0.043 0.018 0.000 0.000 0.000 1056.841 1057.095

Total 1906.638 8197.012 334.960 77.992 8985.215 5516.369 0.000 531.244 215.000 1057.129 26821.559

Net 139.350 -14.414 -1.241 5.734 -99.422 -36.152 0.001 0.716 5.462 -0.034

Land use change matrix from 1997 to 1998 (an example showing interpolated annual changes)

Implied land use changes from 1997 to 1998 (kha)

1997

FMp FMn CMa CMp GMh GMl WM WU S O Total

1998FMp 1906.206 2.168 0.001 0.003 18.197 7.922 0.000 0.000 0.005 0.005 1934.508

FMn 0.004 8194.055 0.000 0.000 0.056 0.001 0.000 0.000 0.006 0.007 8194.129

CMa 0.000 0.001 334.686 0.000 0.024 0.000 0.000 0.000 0.000 0.001 334.712

CMp 0.042 0.000 0.273 77.984 0.839 0.000 0.000 0.000 0.000 0.000 79.139

GMh 0.026 0.186 0.000 0.000 8964.932 0.181 0.000 0.000 0.005 0.000 8965.330

GMl 0.250 0.560 0.000 0.000 0.027 5508.252 0.000 0.000 0.007 0.043 5509.138

WM 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

WU 0.000 0.000 0.000 0.000 0.129 0.004 0.000 531.244 0.008 0.003 531.387

S 0.109 0.004 0.000 0.005 1.001 0.005 0.000 0.000 214.969 0.000 216.093

O 0.000 0.038 0.000 0.000 0.009 0.004 0.000 0.000 0.000 1057.071 1057.122

total 1906.638 8197.012 334.960 77.992 8985.215 5516.369 0.000 531.244 215.000 1057.129 26821.559

net 27.870 -2.883 -0.248 1.147 -19.884 -7.230 0.000 0.143 1.092 -0.007

Land use change matrix from 2003 to 2004 (an example showing extrapolated annual changes for 2003)

Extrapolated land use changes from 2003 to 2004 (kha)

2003

FMp FMn CMa CMp GMh GMl WM WU S O Total

2004FMp 2073.426 2.168 0.001 0.003 18.197 7.922 0.000 0.000 0.005 0.005 2101.728

FMn 0.004 8176.758 0.000 0.000 0.056 0.001 0.000 0.000 0.006 0.007 8176.832

CMa 0.000 0.001 333.197 0.000 0.024 0.000 0.000 0.000 0.000 0.001 333.222

CMp 0.042 0.000 0.273 84.865 0.839 0.000 0.000 0.000 0.000 0.000 86.019

GMh 0.026 0.186 0.000 0.000 8845.626 0.181 0.000 0.000 0.005 0.000 8846.024

GMl 0.250 0.560 0.000 0.000 0.027 5464.870 0.000 0.000 0.007 0.043 5465.756

WM 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.000 0.000 0.000 0.001

WU 0.000 0.000 0.000 0.000 0.129 0.004 0.000 532.104 0.008 0.003 532.247

S 0.109 0.004 0.000 0.005 1.001 0.005 0.000 0.000 221.523 0.000 222.647

O 0.000 0.038 0.000 0.000 0.009 0.004 0.000 0.000 0.000 1057.030 1057.081

total 2073.858 8179.715 333.471 84.872 8865.908 5472.987 0.001 532.104 221.555 1057.088 26821.559


A8.6  Worksheets for the Waste sector
[image: image49.emf]Module 2003 Waste (New Zealand)

Submodule Methane emissions from solid waste disposal sites

Worksheet 6.1A (supplemental)

Total MSW  Annual MSW Fraction of  Total MSW

population

1

generation generated MSW to SWDs to SWDSs

rate

2 

(kg/cap/day) (Gg/yr) (Gg)

4039400

2.07 3045 1.00 3,045

1

  Statistics New Zealand "100 years of population growth"

2

 Solid Waste Analysis Protocol (2003 results), Ministry for the Environment

Module 2003 Waste (New Zealand)

Submodule Methane emissions from solid waste disposal sites (tier 2)

Worksheet 6.1

Year Total annual Methane Methane Gross annual Total annual Percentage Estimated Recovered Net One minus Net

MSW disposed generation Generation methane MSW disposed of MSW  average  methane methane oxidation methane

to SWDs potential rate constant  generation to SWDs with with  LFG system per year generation correction emissions

LFG systems LFG systems collection factor

efficiency

(Gg MSW)

(L

o

)

(k) (model output) (Gg MSW) (%) (%)

(Gg CH

4

) (Gg CH

4

) (Gg CH

4

)

1990

2975 69.55 0.06 115.2 683.0 0.00 0.00 0.00 115.22 0.9 103.70

1991 3067 69.55 0.06 116.5 679.0 0.00 0.00 0.00 116.55 0.9 104.89

1992 3099 69.55 0.06 117.9 729.0 23.53 0.60 20.07 97.81 0.9 88.03

1993 3139 69.55 0.06 119.2 783.0 24.95 0.60 21.60 97.65 0.9 87.88

1994 3183 69.55 0.06 120.6 1019.0 32.02 0.60 28.11 92.54 0.9 83.28

1995 3182 69.55 0.06 122.0 1074.0 33.21 0.60 29.55 92.41 0.9 83.17

1996 3159 68.84 0.06 123.1 1203.0 36.65 0.60 33.03 90.02 0.9 81.02

1997 3136 68.13 0.06 123.9 1608.0 48.47 0.60 44.24 79.70 0.9 71.73

1998 3113 67.42 0.06 124.6 1645.0 49.25 0.60 45.47 79.15 0.9 71.23

1999 3091 66.71 0.06 125.1 1709.0 50.87 0.60 47.52 77.60 0.9 69.84

2000 3068 66.01 0.06 125.5 1700.0 50.32 0.65 51.45 74.01 0.9 66.61

2001 3045 65.30 0.06 125.6 1708.0 50.05 0.65 51.69 73.94 0.9 66.55

2002 3022 64.59 0.06 125.7 1703.0 49.10 0.65 51.26 74.40 0.9 66.96

2003 3045 63.88 0.06 125.6 1631.0 47.70 0.65 50.22 75.42 0.9 67.88

Information in this table based on SCS Wetherill 2002, Solid Waste Analysis Protocol (2003 results) and 2002 Landfill Review and Audit

2003 Calculations of DOC and L

o

New Zealand DOC Estimate Worksheet

Waste  Waste Waste Fraction DOC

Methane Generation Potential Calculation by Using Waste Type Data in 2003

category

Quantity

composition (by weight)

(NZ WAP)

(tonnes)

(% by weight)

Methane  Degradable Fraction of Fraction by Conversion Methane Methane

Paper 386,697 13 0.4

correction  organic  DOC volume of from  Generation Generation

Plastic 207,050 7 0

factor carbon dissimilated CH

4

C to CH

4

Potential Potential

Glass 82,211 3 0

(MCF) (DOC) (DOC

F

) (L

o

) (L

o

)

Ferrous Metal 140,063 5 0

GgC/Gg waste GgCH

4

/Gg waste m

3

CH

4

/Mg waste

Non ferr metal 33,493 1 0

0.9813 0.1303 0.50 0.50 1.3333 0.0426 63.88

Organic 752,080 25 0.17

Rubble/concrete 496,312 16 0

Timber 380,607 13 0.3

Rubber 39,583 1 0

Nappies/Sanitary 60,897 2 0

Textiles 115,705 4 0

Pot Haz 353,203 12 0

Total  3,044,857 100
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Submodule Methane emissions from domestic and commercial wastewater treatment Submodule Methane emissions from domestic and commercial wastewater

Worksheet NZ 6.2

and sludge treatment

Sheet Estimation of emission factor for wastewater handling systems

Worksheet NZ 6.2

Sheet Estimation of methane emissions from domestic/commercial wastewater 

Wastewater

Fraction of  Methane  Product Maximum

Emission 

and sludge

handling system1wastewaterconversion  methane

factor for

treated by factor for producing

domestic/ Total organic EmissionCH

4

 emissionsCH

4

 recovered Net CH

4

the handlingthe handling capacity

commercial product1 factor without and/or emissions

system1 system (kg CH

4

/kg 

wastewater (kg BOD/yr) (kg CH

4

/ recovery/ flared2

(percent) BOD)

(kg CH4/kg kg BOD flaring (kg CH

4

/yr)(Gg CH

4

/yr)

B

o

BOD) (kg CH

4

/yr)

Anaerobic pond 1.7 0.65

0.01105 0.375

0.00415 Wastewater 143,033,614 0.0278 3,976,137 0 4.0

Imhoff tank 0.3 0.55

0.00186

0.375 0.00070 Sludge2 0.0

Septic tank 7.4 0.40

0.02974

0.375 0.01115 Total 4.0

Oxidation pond 10.7 0.20

0.02131

0.375 0.00799

Facultative aerated pd 1.8 0.10

0.00181

0.375 0.00068 1 SCS Wetherill 2002

Fully mixed aerated pd 1.6 0

0

0.375 0 2 Almost all CH4 generated from aerobic sludge handling is collected therefore does not contribute 

Activated sludge 31.2 0

0

0.375 0     to methane emissions, thus emissions from sludge have not been estimated; after methane recovery

Other aerobic plant 12.6 0

0

0.375 0    net emissions of methane from sludge are zero.

Milliscreening2 24.0 0

0

0.375 0

Aerobic3 8.4 0.10

0.00836

0.375 0.00313

Aggregate MCF 0.0278

1  SCS Wetherill 2002 Module 2003 Waste (New Zealand)

2  Milliscreening or no treatment Submodule Indirect nitrous oxide emissions from human sewage

3  Methane from sludge Worksheet 6.4 (adapted)

Per capita Total Emission Total

wastewater N  Population2 factor N

2

O

(kg/person/ (EF

6

) emissions

year)1

(kg N

2

O-N/kg (Gg)

sewage-N 

produced)

4.75 4,039,400 0.01 0.30

1  SCS Wetherill 2002

2  Statistics New Zealand.


[image: image51.emf]Module 2003 Waste (New Zealand) Module 2003 Waste (New Zealand)

Submodule Methane emissions from industrial wastewater and sludge handling Submodule Nitrous oxide emissions from industrial wastewater handling

Worksheet NZ 6.3 (modified) Worksheet (adapted from 6.3 and 6.4)

Total industrial DegradableTotal industrial Proportion of Proportion of Maximum CH

4

Emission

CH

4

 emissions Total industrial Ratio of N to Total Nitrogen

Emission 

N2O 

output organic organicindustry usingincoming COD producing factor

organic COD inin wastewater

factor (EF

6

)

emissions

(tonne  component wastewater anaerobic degraded capacity

(Gg/year) wastewater wastewater (kg N/yr)

(kg N

2

O-N/kg

(Gg/year)

product/year) (kg COD/ treatment anaerobically(kg CH

4

/kg COD) (kg CH

4

/

(kg COD/yr)

wastewater-N

tonne product) (kg COD/yr) (without CH

4

in anaerobic kg incoming TOW

ind

collection) plant COD) Meat industry

TOW

ind

B

0

  beef 30,000,000

0.08 2,400,000 0.02 0.075

Meat industry   sheep/lambs 27,250,000

0.08 2,180,000 0.02 0.069

  beef 600,000 50 30,000,000 43% 55% 0.25 0.059

1.77

  pigs 2,416,900

0.08 193,352 0.02 0.006

  sheep/lambs 545,000 50 27,250,000 33% 55% 0.25 0.045

1.24

  venison 1,354,050

0.08 108,324 0.02 0.003

  pigs 48,338 50 2,416,900 40% 55% 0.25 0.055

0.13

  goats 64,250

0.08 5,140 0.02 0.000

  venison 27,081 50 1,354,050 40% 55% 0.25 0.055

0.07

  poultry 13,653,000

0.08 1,092,240 0.02 0.034

  goats 1,285 50 64,250 40% 55% 0.25 0.055

0.00

Leather & skins 15,300,000

0.08 1,224,000 0.02 0.038

  poultry 111,000 123 13,653,000 20% 55% 0.25 0.028

0.38

Pulp and paper 56,889,552

0.0038 216,180 0.00

Leather and skins 85,000 180 15,300,000 0% 70% 0.25 0.000

0.00

Wool scouring 4,026,000

0.018 72,468 0.01 0.001

Pulp and paper 56,889,552 100% 2% 0.25 0.005

0.28

Wine

Wool scouring 183,000 22 4,026,000 9% 29% 0.25 0.007

0.03

Beverages

Wine1

0.02

Dairy processing 9,943,305

0.018 178,979 0.0025 0.001

Beverages 0% 0 Food processing

Dairy processing 1,714,363 5.8 9,943,305 0% 0 Metals & mins

Food processing 0% 0 Petrochemical

Metals and minerals 0% 0 Plastics

Petrochemical 0% 0 Textiles

Plastics 0% 0 Iron and steel

Textiles 0% 0 Non-ferrous 

Iron and steel 0% 0 Fertiliser

Non-ferrous metals 0% 0 Total

0.23

Fertiliser 0% 0

Total

3.93

1  Emissions estimate for wine from Savage 1997. All other data from SCS Wetherill 2002


� The LPG CO2 emissions factor was confirmed by checks of 2002 gas data.


� Number of beef breeding cows assumed to be 25% of the total beef breeding cow herd; other adult cows slaughtered assumed to be dairy cows.  Carcass weight of dairy cattle slaughtered was estimated using the adult dairy cow liveweights and a killing out percentage of 40%.  Total weight of dairy cattle slaughtered was then deducted from the national total carcass weight of slaughtered adult cows.  This figure was then divided by the number of beef cows slaughtered to obtain an estimate of the carcass weight of adult beef cows; liveweights are then obtained assuming a killing out percentage of 45%.


� For example Blaxter and Clapperton,1995;  Moe and Tyrrel, 1975;  Baldwin et al., 1988; Djikstra et al., 1992; and Benchaar et al., 2001 – all cited in Clarke et al., 2003.
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