Chapter 4 - New Zealand's Greenhouse Gas Emissions and the Contribution from Agriculture

Summary

	In 2000, the official estimates of New Zealand's greenhouse gas emissions showed that methane and nitrous oxide represented 59.6% of total emissions in CO2 equivalent terms, and emissions from agriculture were 55% of total emissions. Compared to 1990, methane emissions were 6.17% less, a fall largely attributable to the fall in sheep numbers, and nitrous oxide was 6.35% more.
The most important source of agricultural methane is ruminant enteric fermentation (98.7%), and the most important sources of nitrous oxide are faeces and urine deposited by grazing animals on pasture, animal waste and fertiliser nitrogen in soils, and indirect emissions from atmospheric deposition and leaching.
Research is leading to the adoption of revised models for estimating methane and nitrous oxide emissions that take into account animal numbers, animal productivity and New Zealand specific emission rates that are based on empirical data. In the decade 1990 to 2000, productivity gains have been significant, particularly in the dairy and sheep industries. The effect of the revised methodology is to show that the official estimates understate emission rates and that there is a rising linear trend in emission rates. Extrapolation of the curves to 2010 indicates that methane emissions will exceed 1990 levels by 15.7% in gross terms, and nitrous oxide emissions will exceed 1990 levels by 20-30%.
The use of nitrogen fertiliser is increasing at an exponential rate. Emission rates are most sensitive to changes in total animal numbers and to productivity. An emerging policy question is how the trade-off will be made between that national objective of maintaining emissions at 1990 levels and individual farmer's objectives for the performance of their livestock. A number of abatement strategy options may confer productivity advantages as well as reduced emissions.
Current and planned research is directed at:
· Extending the range of methane emission measurements from animals. 
· Improving the measurements of nitrous oxide release from excreta under a variety of soil and seasonal conditions. 
· Improving the assessment of indirect emissions. 

· Improving (or selecting) the models that can be used to estimate emissions in the future leading to robust estimates that conform with IPCC good practice. 

· Developing methodologies that allow broad scale assessments of herbage quality and paddock/farm/locality emissions.
It is particularly important that methods can verify that any abatement strategies adopted in the future are delivering the expected effects.
The New Zealand greenhouse gas emissions that have relevance to this report are summarised in Table 4.1.


Table 4.1: Summary of New Zealand's Greenhouse Gas Emissions 

	Gas
	1990
	2000
	% Change 1990 to 2000

	  
	CO2 Equiv (Gg)
	% total
	CO2 Equiv (Gg)
	% total
	  

	CO2
	25 266.88
	33.17
	30 851.78
	40.08
	22.10

	CH4 
	35 390.17
	46.47
	33 204.84
	43.15
	-6.17

	N2O 
	11 898.73
	16.26
	12 654.41
	16.44
	6.35

	Total
	73 161.17
	100
	76 955.61
	100
	5.19


Source: National Inventory Report for New Zealand, 1999/2000
	Total emissions from agriculture were 43 311 Gg CO2 equivalents in 1990 (59.2% of total) and 41 940 Gg CO2 equivalents in 2000 (54.5% of total). The 2000 figures represent an increase of 0.5% over 1999, but are 3.17% less than in 1990, due in large part to the reduction in sheep numbers.
The revised 1996 IPCC methodology was used in the preparation of the report. IPCC Good Practice Guidance was followed by subjecting the agricultural sector inventory to quality control and quality assurance procedures with scientific peer review. Changes from the previous National Report included adoption of a June figure for animal population statistics, and the emission factor for field burning of agricultural residues was increased from 0.05 to 0.5.
The report identifies the following planned work that will be incorporated in the next national report:
· in the methodology for calculating ruminant methane emissions 

· review of soil derived N2O emissions factors.
The report notes that the level of uncertainty in the inventory is very high, but no numerical estimates of the level are possible owing to a lack of the means to quantify uncertainty levels for the non-CO2 sources, particularly N2O.


4.1 Estimation of Agricultural Methane Emissions

Agricultural methane emissions arise from three principal sources (5th National Inventory Report). The relative importance of each source is reflected by the percent of total CH4 emissions from each source:

· Enteric fermentation by ruminants that results in methane release by eructation and flatus (98.7%) 

· Manure management (1.2%) (the estimate excludes emissions from pig and poultry manure - see below) 

· Field burning of agricultural residues (0.07%).

4.1.1 Estimation of methane from enteric fermentation

Methods of measurement of methane are discussed in Chapter 6.

Estimation of enteric methane emissions from ruminants in the National Inventory Report 1999/2000 is based on a Tier 1/Tier 2 hybrid method using the livestock numbers for the June year averaged over three years, multiplied by emission factors derived from a model of ruminant digestion developed by Ulyatt et al (1991). The model utilises climatic regions, land areas and grassland types to estimate the number of animals grazing particular types of forage, animal types (breeding and other) to estimate liveweight gain curves and the intake of digestible dry matter, and a mathematical model of methane production developed by Baldwin et al (1987) to estimate CH4 synthesis. The elements of the model are illustrated in Figure 4.1.

Figure 4.1 Elements of the Model Used to Estimate Enteric Methane Emissions from Ruminants

Source: Ulyatt et al, 1991
Clark and Ulyatt (2002) have reviewed the 1991 model with the following conclusions:

1. The climatic zones, North, Central, East and South with their temperature and rainfall descriptors were retained. 

2. The three grassland types (improved, unimproved and tussock) used in the 1991 model were replaced by a single type since studies by Clark (2001) showed that doing so altered emissions by <1%. A weighted average energy concentration for pastures in each climatic zone and for each animal class was calculated and used for all years. 

3. The animal numbers by species were those for the June year, and were based on census data or MAF estimates in those years where census data did not exist. Rolling three year averages were used as required by IPCC 1996 methodology. Actual production data for each year was derived from three sources (MAF, Livestock Improvement Corporation, The Economic Service). Milk yield data was available on a regional basis, but national figures were used for all regions where regional data was not available. 

4. The energy requirements of the classes and sub-classes of livestock were calculated from production figures using the 1991 model methodology with the exception of sheep (see below). The energy requirements and the energy concentrations of forage were used to calculate dry matter intake, and digestible dry matter intake was calculated using climate zone and seasonal data. 

5. Methane emissions were estimated from daily intakes of digestible dry matter and empirical data of methane emissions from New Zealand animals. This approach replaced the mathematical model of rumen function developed by Baldwin et al (1987) that is used in the 1991 emissions model. Clark (2001) found that the methane production values estimated by Ulyatt (1991) that averaged 32g CH4 per kg digestible dry matter intake exceeded data from a number of New Zealand experimental observations (see Clark & Ulyatt, 2002) by 15-20%. 

Ulyatt (Clark & Ulyatt, 2002) has concluded that methane emissions can be predicted from the amount of methane produced per kg of digestible dry matter intake that depended only on pasture quality. However, young sheep (<12 months old) produce less methane than their adult counterparts on the same ration. Data was only available for sheep and lactating dairy cows. For inventory calculations, goats are assumed to be the same as sheep, beef cattle the same as dairy cattle, and deer an average of sheep and cattle.

The main points of difference in the proposed methodology as compared with the 1991 model presently used for National Inventory calculations are:

1. Replacement of fixed specific emission factors by a model that uses actual animal numbers, actual production data and empirical data on diet quality. 

2. Livestock performance characteristics for each year are based on actual data. 

3. A methane emission factor that is based on New Zealand empirical data. 

When the enteric methane inventory is estimated using the revised model, two contradictory trends emerge. When compared to the official estimate of methane emissions for 1990 and 2000, the revised estimates are 26% and 16% lower, a difference largely explained by the lower estimates of methane emitted per kg of digestible dry matter intake. However, the revised estimates based on actual production data rather than a single emission factor show the effect of significant productivity gains in the sector, in particular in the dairy and sheep sectors with the revised 2000 methane emission estimate being about 7% higher than the revised 1990 estimate.

Davison (2000) has summarised the productivity gains in the sheep industry that have been made over the period 1986/87 to 1999/00 (Table 4.2).

Table 4.2: Productivity Gains in the New Zealand Sheep Industry in the Period 1986/87 to 1999/00

	  
	1986/87
	1999/00
	Change

	Total sheep numbers (million)
	67.47
	46.08
	-32%

	Number ewes (million)
	47.79
	32.20
	-33%

	Lambing %
	97.7
	114.30
	+16.6%

	Number slaughtered (million)
	31.63
	25.55
	-19%

	Average weight at slaughter (kg)
	13.2
	16.48
	+25%

	Total bone-in meat (000 tonnes)
	417.6
	421.00
	+ 0.8%

	Average fleece weight
	Estimated genetic gain +0.02kg/ sheep/year


Source: Davison, 2000
The decline in sheep numbers is attributable to the conversion of sheep and beef farms to dairying (an estimated 2 500 000 sheep and beef stock units displaced in the past six years (Davison, 2000)) and to forestry. Nevertheless, it is clear that farmers have achieved productivity gains by growing more pasture dry matter on a smaller area of land. 

The dairy industry presents a similar picture (Clark & Ulyatt, 2002). Milking cow numbers have increased by 887 864 and other dairy animals by 249 555 over the decade 1990 to 2000. Milk yields per cow have increased by an average 747 litres and cow weights by 34 kg. Thus the increase in methane emissions from the national dairy herd are in part due to the increase in number that would be taken account of in the official estimates, and in part by the increase in liveweight and milk production that the specific emission factor understates.

Rys (2002) has also summarised the productivity gains made by the sheep, beef cattle and dairy cattle industries over the period 1990 to 2000.

The net effect is that if the revised model to estimate methane emissions is adopted as the official inventory tool, it will show an upward trend in total enteric methane emissions over the period 1990 to 2000. Clark and Ulyatt (2002) found that the revised methane emissions per animal for dairy and beef cattle sheep and deer over the period 1990 to 2000 trend fitted a linear relationship (goats were assumed to have constant emissions over the period), and used this to estimate 2010 emissions by extrapolation. The predicted total and per animal methane emissions are shown in Table 4.3.

Table 4.3: Predicted Total and Per Animal Methane Emissions for 2010 Compared with 1990 Levels

	  
	Total Methane
(Gg)
	Methane per Animal
(kg/year)
	Change in Emissions since 1990
(Gg)
	Forecast % Change since 1990

	Dairy Cattle
	446.14
	81.9
	+220.30
	+97

	Beef Cattle
	237.47
	55.7
	+7.33
	+3

	Sheep 
	483.52
	13.3
	-130.27
	-21

	Deer
	101.23
	24.2
	+82.95
	+553

	Goats
	1.75
	9.4
	-7.9
	-72

	TOTAL
	1270.11
	  
	+172.41
	+15.7


Source: Clark & Ulyatt, 2002
Predictions of changes in levels are sensitive to two factors, changes in animal numbers and changes in productivity (in particular changes in liveweight and in the weight of product). For example, the predicted emissions from dairy cattle assume an increase of 2 000 000 head of cattle and an increase in methane emission per head of 23% over 1990 figures. By 2000, the increase in dairy cattle numbers over 1990 was 888 000, and it is predicted that continuing conversion of sheep and beef farms to dairy farms will enable increases in dairy cattle numbers of 10 000 per year (Davison, pers comm). Whether this rate will be achieved will depend on the availability and cost of land and the market prices for dairy products. Bodeker (pers comm) considers that the rate of expansion of dairying on to sheep and beef farms will slow, but there is considerable unrealised productive capacity on the newly established farms.

The increased productivity of sheep is compensated for by a predicted continuing decline in sheep numbers as the result of conversion of sheep and beef farms to dairying or to forestry (predicted plantings are 20 000 to 60 000 per year). Deer numbers are predicted to continue to grow displacing sheep and beef cattle, but the rate will depend on market price differentials. Methane emissions per head are also expected to grow. However, actual measurement of methane emissions being undertaken at present will have an unknown impact on future per head estimates.

Clark and Ulyatt (2002) examined the sensitivity of methane emission estimates for 2010 to changes in the levels of animal performance, total animal numbers, and changes in the species mix in animal population estimates. Varying performance increases between 10 and 30%, and using 2010 population estimates, showed that total methane emissions could range from 1 127.71 to 1 322.99 Gg methane, 2.7% to 20.5% higher than 1990 levels. Since a 10% production increase has been obtained in the dairy and sheep industries in the 1990-2000 decade, and 30% is a likely upper limit, a more probable range of production increases of 15 to 25% increase would result in methane emission increases of 7 to 16% above 1990 levels. Methane emission rates were sensitive to changes in total animal numbers, but were relatively insensitive to varying the species mix in population numbers (for example reducing the estimated 2010 numbers of dairy cattle and deer and increasing the sheep numbers by a corresponding amount).

4.1.2 Methane emissions from animal manure management

Methane emissions from grazing animals is estimated by multiplying the estimated faecal dry matter output for dairy and beef cattle, sheep, goats and deer (Joblin & Waghorn, 1994) by emission factors derived from the measurement of the methane output of sheep faeces incubated at 37°C for 20 days. This experimental treatment measures the maximum rate of methane production rather than an actual rate at ambient temperatures. Thus the method probably overestimates actual methane emissions from this source.

It is thought that the faeces of most species shed on pasture decompose aerobically (National Inventory Report 1999/2000). However the form of bovine faeces may facilitate some anaerobic fermentation and the production of methane (Tate, pers comm). Further research is planned to clarify emission rates from the faeces of all animal types.

The National Inventory Report does not include emissions from pig and poultry faeces as no New Zealand specific emission factors are available. No methane emissions from dairy farm liquid manure disposal systems are reported.

4.1.3 Methane emissions from the field burning of agricultural residues

While the National Inventory Report 1999/2000 has changed the "fraction [of] land burned" from 0.05 to 0.5%, burning is not a significant source of trace gases because of the relatively small area devoted to grain crops (1.4% of total farm land), and burning of residues is not a common practice. The burning of tussock grasslands, once a common practice, is now actively discouraged for soil conservation and biodiversity reasons.

4.2 The Estimation of Nitrous Oxide Emissions from Agricultural Production Systems

The National Inventory is constructed using the six alternative animal waste management systems described in the IPCC guidelines. The elements that make up the National Inventory are illustrated in Figures 4.2 and 4.3. The keys to the figures indicate where specific New Zealand partitioning and emission factors are employed. IPCC guidelines and factors for Oceania are used for all other calculations.

The contributions that the various elements make to the nitrous oxide emission profile are summarised in Table 4.4. As would be expected in a country where 88% of agricultural land is devoted to pastoral farming, and where intensive swine and poultry farms make relatively minor contributors of animal waste, the principal sources of nitrous oxide are: emissions from urinary and faecal nitrogen deposited by grazing animals and nitrogenous fertilisers through direct emissions from agricultural soils; and indirect emissions arising from ammonia volatilisation and atmospheric deposition and leaching of nitrate to ground waters, rivers and to the sea. Other animal waste management systems and burning make only minor contributions. The relative inefficiency of use of plant nitrogen by grazing animals is a feature of the New Zealand pastoral system. Haynes and Williams (1993) reported N retention values of 16% on a typical dairy farm and 8% on a typical hill country sheep farm.

Figure 4.2: Sources of Direct Nitrous Oxide Emissions Estimated in the National Inventory
Source: National Inventory Report for New Zedaland, 1999/2000
Key to Figure 4.2 
Fractions
1. Animal waste (faeces and urine) deposited on pasture by grazing animals. This is made up of the entire nitrogen excretion from non-dairy cattle, sheep, goats and deer, 89% of dairy cattle output and 3% of swine output. The values for nitrogen excretion by dairy cattle, non-dairy cattle, sheep, goats and deer are New Zealand specific. Output calculations are based on McCrae and Ulyatt (1974) for sheep, Ulyatt (pers comm) for cattle, goats and deer. Oceania default values (IPCC, 1997) are used for pigs and poultry. 

2. A mixture of gases is emitted through burning. IPCC values are used to calculate the amount of each gas produced. The fraction of land burned was increased from 0.05 to 0.5 for the 5th National Inventory. 

3. The area of cultivated organic soils is an estimate since no data is collected. A review by Kelliher et al (2002) indicates that the area of `cultivated' organic soils is larger than the currently used figure, and that the revised IPCC default emission rate of 8 kg N/ha/year be used in the future. 

4.  Includes nitrogen from the residues of non-nitrogen fixing crops (FRACNCR0), residues of nitrogen from nitrogen-fixing crops (FRACNCRBF), but excludes the fraction of the crop residue removed from the field (FRACR) and the fraction of residue burned in the field (FRACBURN). 

5. Crop biomass multiplied by the fraction of nitrogen in the crop (FRACNCRBF). 

6. Nitrogen content of applied synthetic fertiliser, but excludes the fractions that are volatilised (FRACGASF) and leached (FRACLEACH), 

7. Excreta nitrogen is allocated proportionately to anaerobic lagoons, solid storage and dry lot and other systems. The nitrogen contribution from dairy cattle is based on Ulyatt (pers comm). The % nitrogen allocated to anaerobic lagoons is based on Haynes and Williams (1993). The amount spread on pasture and the amount deposited by grazing animals is considered under "soils". 

Emission factors
a. The emission factor (EF3 PR&P) for nitrous oxide emitted from animal waste deposited on pasture is New Zealand specific based on Carran et al (1995) and Sherlock et al (1995). 

b. The emission rate (EF2) is the IPCC default rate of 5 kg nitrous oxide N/ha/year. IPCC good practice guidance has updated this rate to 8 kg nitrous oxide N/ha/year since the 5th National Inventory was completed. 

c. The emission factor (EF1 ) is the IPCC rate of 0.0125 kg nitrous oxide N/kg N. 

d. The IPCC emission factors are applied to the proportions of nitrogen in anaerobic lagoons, solid storage and drylot, and other storage systems. 

Figure 4.3: Indirect Nitrous Oxide Emissions 

Source: National Inventory Report for New Zealand, 1999/2000
Key to Figure 4.3
Nitrogen applied to soils as synthetic fertiliser (NFERT) and animal wastes (NAWMS) may be lost to the atmosphere as ammonia and nitric oxides, or lost by leaching or run-off to water bodies.

Pathway 1 represents the fractions of fertiliser nitrogen and animal waste nitrogen that are volatilised, and the proportion that is converted to nitrous oxide.

Pathway 2 represents the proportion of leached nitrogen that is emitted as nitrous oxide from water bodies. A New Zealand specific emission factor based on data from Ledgard et al (1996) and Heng et al (1991) is used.

Table 4.4: Nitrous Oxide Emissions from Agricultural Production in 2000

The ongoing development of a robust, credible inventory based on IPCC Good Practice and Tier 2 methodology remains a high priority. Further, the bases for measuring and estimating the emissions of methane and nitrous oxide need to be sufficiently sensitive to demonstrate the impact of the introduction of abatement measures. There are a number of matters related to the calculation of the National Inventory that are the subject of current investigation. The research programme to support the development of the inventory is discussed in Section 5.4.

4.2.1 The effect of animal numbers and productivity

For faeces and urine deposited on pasture, nitrous oxide emissions are calculated from animal numbers*kg nitrogen excreted per animal*emission factor. The animal numbers are derived from national statistics, nitrogen excretion is based on a limited number of observations, and a single emission factor is used (de Klein et al, 2001; Ledgard, 2002).

An alternative approach is to calculate nitrogen excretion as the difference between nitrogen intake and nitrogen incorporated in the production of meat, milk, fibre etc using a nutrient balance model (OVERSEER) that employs regional livestock population statistics, regional animal production data and regional estimates of pasture dry matter production and nitrogen concentration (de Klein et al, 2001; Ledgard, 2002). When the inventory is calculated using these parameters, nitrogen excretion rates for 1990, 1999 and 2010 (estimated) were 33%, 51% and 58% higher than the official estimates. When the emission factor is applied, nitrous oxide emissions were estimated in 1999 to be 10% higher than 1990 levels and are projected to be 20-30% higher in 2010, whereas official estimates indicate a lesser increase (8%). The upward trend in emissions parallels the observations on methane emissions discussed above and the explanation is identical.

The OVERSEER model is widely used in New Zealand, both as a research tool and as a feed budgeting tool by farmers and their consultants (Ledgard, 2002). Currently, it accommodates environmental nitrogen losses and will be updated in 2003 to include greenhouse gas emissions.

4.2.2 Specific nitrous oxide emission factor

Since 1997, New Zealand has used a single country-specific emission factor to estimate nitrous oxide emissions from excreta (EF3PR&P) (Sherlock et al, 1997). The question is raised as to whether a single factor can be used to represent all excreta emissions in all regions and soil types, given the extent of variability in agricultural practices and husbandry. de Klein et al (2001) examined nitrous oxide emissions from cattle urine applied to four soils in three different regions and found emissions ranged from <0.5% to 2.6% of the urine nitrogen applied, the difference being largely attributable to soil drainage class. 

When the observed rates were applied to national soil drainage class distribution data and a weighted average EF calculated, the result, 0.94%, was close to the EF currently used (1%).

Saggar (2002) is developing a denitrification-decomposition model (NZ-DNDC model) to simulate emissions from soils that takes account of climate, drainage type, grazing and excretal nitrogen inputs.

Nonetheless, there are limited observations on the similarities and differences between cattle and sheep urine (Whitehead, 1995; Barton et al, 2000), a lack of data on the partitioning of nitrogen excreted between faeces and urine, and limited data on the rate of emission from urine as compared to faeces (Yamulki et al, 2000). While it is clear that emission rates are higher from poorly drained soils, it is not yet clear how much influence, if any, the form of nitrogen application has on emission rates.

Most of the observations to date have been made on flat, relatively fertile, land. There is a lack of data on emissions in hill country that is more typical of the land grazed by sheep, beef cattle and deer. In general, this land would be expected to be less fertile with a much tighter nitrogen cycle.

4.2.3 Use of nitrogen fertiliser

While the fixation of nitrogen by pasture legumes remains the most important means of supplying nitrogen to New Zealand soils, the use of synthetic nitrogen fertiliser has been growing steadily over the past decade (Table 4.5).

Table 4.5: Nitrogen Fertiliser Use 1988 to 2002
	YEAR
	N
(tonnes)

	1988/89
	51 663

	1989/90
	59 265

	1990/91
	61 694

	1991/92
	70 122

	1992/93
	104 095

	1993/94
	124 131

	1994/95
	151 263

	1995/96
	153 780

	1996/97
	143 295

	1997/98
	155 467

	1998/99
	166 819

	1999/2000
	189 096

	2000/01
	248 000

	2001/02
	279 148


Source: Furness, pers comm, 2002
Furness (pers comm) noted that some caution should be exercised in using these figures, because in some years estimates have been used in the absence of actual figures.

There are a number of reasons for the increased use, for example, increased returns for products, tactical use to overcome seasonal feed shortages, and loss of clover in pasture due to clover root weevil. There is some evidence indicating that it is being used more strategically to ensure a steady supply of forage, and that this accounts for the sharper increase in use in the last three years. Whether the trend will continue, and how much it might be modified by the economics of farming, is difficult to determine. Ledgard (2002) has shown that nitrous oxide emissions from nitrogen fertiliser in 2000 were 117% higher than the 1990 levels and, assuming a linear extrapolation of the rate of increase over the past three years, are projected to be 178% higher in 2010.

The extent of use of nitrogen fertiliser in the future represents an area of uncertainty in estimating future nitrous oxide emissions.

4.3 Uncertainty

The National Inventory 1999/2000 notes:

"The current level of uncertainty in the inventory is very high, although a numerical value for this submission has not been included as there is currently no accurate method of assessing the uncertainty of several of the non-CO2 key sources - particularly that of nitrous oxide."

Animal numbers used in calculations are based on census and sample data, and do not contribute significantly to uncertainty. The uncertainty of methane emissions estimated according to the Ulyatt (1991) model as used to compile the National Inventory is considered to be about ±20% (National Inventory). The revised method of estimating emissions (Clark & Ulyatt, 2002) is believed to give a more accurate picture of emissions from grazing animals, but is not necessarily less uncertain because of the variation inherent in the biological processes being measured. 

The National Inventory does not assign a numerical value to the uncertainty of nitrous oxide emission estimates for the following reasons:

· Some of the input data is highly uncertain. 

· There is inconsistency in the source data for fertiliser use statistics. 

· Some of the New Zealand specific emission factors are based on limited data - for example, the leaching fraction estimate is based on studies of high nitrogen input land and should be regarded as an upper limit rather than an average value. 

· The area of organic soils under cultivation is not accurately known. 

· The nitrogen in New Zealand soils is mostly derived from biological processes - the decay of nitrogen-fixing pasture legumes and animal excreta - and can only be estimated by indirect means. 

· Some IPCC guidelines and default values do not represent New Zealand conditions or practices. 

In their study of the revised method of estimating nitrous oxide emissions, de Klein et al (2001) found that the emission factor for nitrogen from faeces and urine (EF3PR&P) was most highly correlated with empirical emission rates accounting for 80% of the uncertainty. The emission factor for leachate nitrogen (EF5) was the next most influential variable accounting for 95% of the uncertainty. New Zealand's N2O emission rate has a positively skewed distribution reflecting the skewed distribution of soil drainage classes. They are 95% confident that the emission rate is between 23 and 81 Gg per year (mean=44.3 Gg, mode=40.6 Gg).

The adoption of the revised model for estimating enteric methane, and the OVERSEER model for estimating nitrogen output by grazing ruminants, needs to be preceded by completion of the work and its publication in a peer reviewed journal. Clark and Ulyatt (2002) identified the need for methane emission measurement from a wider cross-section of the livestock sector in order to verify and expand the relationship of emissions to herbage quality, feed intake, animal, age and production characteristics. However, the inherent variability of the biological processes that lead to the formation of methane is likely to limit the degree to which measurement error can be reduced. This suggests that measurement of the scale of uncertainty should be a part of research to improve the accuracy of measurements or development of estimation models. de Klein et al (2001) have made such uncertainty estimates in their examination of the emission factor for nitrous oxide from urine.

4.4 Research to Improve the National Inventory

As the figures in Table 3.2 show, there has been a substantial increase in effort to improve the estimates of methane and nitrous oxide emissions from agriculture and this effort will continue (Rys, pers comm). The objectives of the research programme are to develop New Zealand specific Tier 2 emission estimates wherever appropriate, or verify that IPCC default values provide a satisfactory estimate:

Develop robust models for estimation of emissions that reflect New Zealand farming conditions and systems

Reduce the level of uncertainty in emission estimates as far as is practical

Provide for estimating changes in emission rates as the result of the adoption of mitigation strategies.

The funding agencies, FRST, MAF and MfE are assisted in identifying and setting priorities by inter-institutional expert groups (`Methanet' and `NZOnet'). The groups also foster collaborative research.

The current research is summarised in Table 4.6.

Table 4.6: Current Research to Improve the National Inventory

	  
	2001/02
	2002/03

	Nitrous oxide
	Determination of the N2O emission factor from animal urine following application in summer in three regions of NZ (Lincoln University, AgResearch, Landcare)
	Determination of the N2O emission factor from dung and urine following application in spring in three regions of NZ

	  
	Indirect N2O emissions from leached nitrogen (Crop & Food, AgResearch)
	Partitioning of nitrogen excretion by sheep, beef and dairy cattle between dung and urine

	  
	Evaluation of process based models (Crop & Food, AgResearch, Landcare)
	Upscaling national N2O estimates: method evaluation

	  
	Improved estimates of nitrogen intake by grazing animals (AgResearch)
	Recalculation of the NZ N2O inventory using all new emission factors gathered to date and expert judgement for the remainder

	  
	  
	Quantification of N2O emissions from soils using 15N isotopomer analysis

	Methane
	Recalculate the 1990-2000 methane inventory using a modified version of the Ulyatt et al (1991) model and update emission predictions for 2010 (AgResearch)
	Methane emissions from growing dairy heifers using SF6 technique

	  
	Tier 2 methane inventory development (AgResearch)
	Methane emissions from grazing deer using SF6 technique

	  
	Quantify methane emissions from dung deposition on pastures by grazing sheep (AgResearch and others)
	Derive generalised relationships between methane emissions from grazing ruminants and feed/animal characteristics

	  
	Develop a methodology to obtain spatial and temporal estimates of herbage quality using satellite imagery (Landcare, AgResearch)
	Spatial and temporal estimates of herbage quality

	  
	Paddock and farm-scale N2O and CH4 emissions measurement (Landcare)
	Re-calculation of the NZ CH4 emissions inventory using IPCC Tier 2 approach and provision of a prototype computerised method for inventory calculations

	  
	Novel field-based method for measuring N2O and CH4 fluxes (Landcare)
	  


Source: MAF; FRST
4.5 Conclusions

It is clear that grazing ruminants are responsible directly or indirectly for almost all of the methane and most of the nitrous oxide emissions from agriculture. The work of Clark and Ulyatt (2002) and Ledgard (2002) demonstrates the sensitivity of the emissions estimates, not only to animal numbers, but also to the effect of productivity gains. These gains have been significant in the dairy and sheep industries in the past decade. Revised inventory calculations, which take both animal numbers and productivity gains into account, demonstrate an upward trend in emissions that is in contrast to the trend demonstrated by the present method of making inventory calculations.

The adoption of abatement strategies, which yield both a reduced emission rate and a productivity gain, such as greater retention of carbon and nitrogen as animal tissue or product, will pose an interesting policy question as to the relative values of the increased production and the cost of emissions and who captures the benefits of productivity gains or emission reductions.

To illustrate this point, the productivity and methane output changes for an `average' dairy cow and an `average' ewe were compared based on the production data of Rys (2002), methane output data of Clark and Ulyatt (2002), and nitrogen excretion data of Ledgard et al (2002).

The difference in milk solids produced per cow between 1990 and 2000 is 68 kg, which at the 2002 announced price of $3.60/kg is valued at $244.80. The difference in methane output per cow is 8.5 kg methane/year or 1785 kg CO2 equivalent/year. The difference in N2O output is 294g/year or 91.14 kg CO2 equivalent. At $25/tonne these emissions are valued at $6.74.

As compared to the 1990 ewe that produced 0.98 lambs at an average slaughter weight of 13.2 kg, the 2000 ewe produced 1.14 lambs at an average slaughter weight of 16.48 kg, that is, 5.85 kg more lamb meat valued at $21.90 ($3.75/kg). She also produced 0.5 kg more wool valued at $2.25 ($4.50/kg). The difference in methane output was 1.4kg/year (29.4 kg CO2 equivalent), and the difference in N2O production was 45g/year (13.95 kg CO2 equivalent). Thus the increment in her emissions was valued at $1.08 at $25/tonne.

Greenhouse gas measurements in New Zealand

[image: image13.png]




Components of greenhouse gas emissions (1st of 2)
In New Zealand the National Institute of Water and Atmospheric Research makes high-precision measurements of the three main greenhouse gases. Carbon dioxide, methane and nitrous oxide are measured at the Baring Head Atmospheric Research Station near Wellington, at Scott Base (Antarctica), and from ships and aircraft in the Pacific Ocean and Southern Ocean.

The institute has measured the background levels of atmospheric carbon dioxide since 1973, methane since 1989, and nitrous oxide since 1997. Most of the data is from clean-air samples collected at Baring Head.

The measurements record a steady rise in greenhouse gas levels over that period. For example, the release of methane into the atmosphere has increased from natural levels of about 250 million tonnes per year to about 600 million tonnes per year in the early 2000s as a result of human activities.

New Zealand’s greenhouse gas emissions

As a signatory to the United Nations Framework Convention on Climate Change, New Zealand must report annually on the quantities of greenhouse gases emitted through human activities. This inventory involves measuring emissions and determining their sources.

New Zealand is also a signatory to the Kyoto Protocol, drawn up in 1997 to implement the Convention on Climate Change. Under the protocol industrialised nations have committed to reducing their greenhouse gas emissions, between the years 2008 and 2012, to levels that are 5.2% below those of 1990.

Methane

Because many countries burn coal to generate electricity, their major greenhouse gas emissions are carbon dioxide. However, New Zealand is unique. Methane made up 37% and carbon dioxide 45% of greenhouse gas emissions in the early 2000s. This reflected the large number of farmed livestock and relatively low use of fossil fuels for generating electricity. All ruminant livestock (such as cows, sheep, deer and goats) produce methane by belching as a result of the action of anaerobic bacteria during digestion.

Nitrous oxide

Nitrous oxide is also important in New Zealand’s emissions inventory, making 18% of greenhouse gas emissions in the early 2000s. It is produced through the breakdown of animal excreta and the nitrogenous fertilisers applied to farmlands.

Energy and climate change

Agriculture and energy are two of the largest emitting sectors in New Zealand. Since 1990 emissions from the energy sector have increased by 35%, largely due to increased CO2 from road transport and thermal electricity generation using natural gas and coal. 

Therefore, a good way to reduce greenhouse gas emissions is through reducing the demand for energy and improving energy efficiency. 

	The global climate changes naturally over time and has undergone significant changes over millions of years. There is a blanket of gases around the Earth, which the sun's warmth can pass through easily. Usually when energy from the sun enters the Earth's atmosphere, about one third of this energy is reflected back into space. Of the rest, the atmosphere absorbs some, but most of it is absorbed by the surface of the Earth. 

	

	

	Certain gases in the atmosphere (commonly referred to as greenhouse gases) block the heat being reflected back to space and radiate it back to the Earth's surface, having an insulation effect. Water vapour is the main natural greenhouse gas. Other gases include carbon dioxide (CO2), nitrous oxide (N2O), methane (CH4), hydrofluorocarbons (HFCs), perfluorocarbons (PFCs), and sulphur hexafluoride (SF6).

While water vapour is the most significant natural greenhouse gas, it cannot be controlled by humans. Human activity has, however, influenced the atmospheric concentrations of the other greenhouse gases listed above. Since the beginning of the industrial revolution (about 1700 A.D.), the levels of other greenhouse gases in the atmosphere have significantly increased. This increase is largely associated with human activities such as the combustion of fossil fuels and vegetation changes. As a result, more radiation is being trapped in the Earth's atmosphere, causing it to warm (global warming).

Climate change is a global environmental problem, predominantly caused by human activities. The likely effects of climate change include rising average temperatures, rising sea levels, more frequent extreme weather events and a change in rainfall patterns. There is strong scientific consensus that, by the end of this century, these changes will occur on a scale that will cause serious harm to ecosystems, industries, infrastructure, human health, biosecurity and economies world wide.

This global warming has begun to affect the world's climate. The effects on weather patterns and larger scale climatic trends are expected to become steadily more pronounced over time.

There will be both positive and negative consequences of climate change. But globally, more people are likely to be harmed by the effects of climate change than will benefit. If greenhouse gas emissions are not reduced significantly over the coming decades, the impacts of climate change will more than likely get steadily worse and the costs could be severe. 

	

	

	In response to this risk, the Kyoto Protocol was initiated to try to reduce global greenhouse gas emissions, with each member country being set reduction targets. Under the Kyoto Protocol, New Zealand will have to limit net average greenhouse gas emissions to 1990 levels during the period 2008 to 2012 (the first commitment period).

Almost 62 million tonnes of CO2 equivalent were emitted in 1990, meaning that New Zealand must take responsibility for any emissions in excess of its 307 million tonnes allocation over the first commitment period. New Zealand is steadily increasing its greenhouse gas emissions. Current estimates suggest total emissions for 2002 were 22% higher than in 1990 (excluding net removals from forest sinks).

	In order for New Zealand to meet its Kyoto Protocol target the Government has introduced a climate change policy. This policy includes the use of an emissions charge, incentives for greenhouse gas emission reduction projects, agriculture sector funded research, negotiated greenhouse agreements (NGAs) with mainly larger industries, the encouragement of forest sinks and the possible use of emissions trading.

For this policy to be a success the Government requires the assistance and cooperation of a wide variety of sectors of the economy.

Further information in relation to this policy can be found at the New Zealand Climate Change Office website www.climatechange.govt.nz. 


Energy efficiency on your farm 

 Every New Zealand farm uses electricity. Around two thirds of our electricity is generated from renewable sources such as hydro. The remainder is generated by burning fossil fuels such as coal and gas which emit the greenhouse gas carbon dioxide (CO2) into the atmosphere. To reduce these emissions, we need to think about conserving energy (using less) and being more energy efficient.

What is energy efficiency?

Energy efficiency means using energy wisely - in other words using less energy to perform the same task. For example, using energy efficient lightbulbs and appliances or regularly servicing and tuning all farm vehicles means less energy is used to achieve the same outcome.

Why be more energy efficient

· It makes economic sense to use less energy to achieve the same outcome. Energy efficient practices will save you money on your power bill and fuel costs. 

· Improved energy efficiency is better for the environment - using less energy reduces the emission of greenhouse gases into the atmosphere. 

· New Zealand relies on its 'clean, green' image to market its products. Consumers, particularly in overseas markets, are demanding sustainable production systems that incorporate energy efficiency. 

· An emissions charge (on CO2), to be introduced in 2007, will increase energy costs. 

· It's healthier - for example, good insulation means homes are warmer and more comfortable. 

Low or no-cost ways of improving your energy efficiency

Irrigation

· Monitor and track water use with a meter. 

· Use a soil moisture sensor or a professional service to schedule your irrigation applications. 

· Correctly match the pump to the system requirements, rather than throttling a system with a gate valve. 

· Irrigate little and often - do not irrigate below the active root zone. 

Electricity

· Turn off lights, appliances and computers when you're not using them. 

· Replace the light bulbs in your most frequently used lights with energy-efficient compact fluorescent bulbs (available from supermarkets or hardware stores). 

· Make sure you switch off equipment on 'stand-by' (with display lights and clocks visible) such as televisions, VCRs, DVDs, stereos & microwaves at the wall. 

· Use the yellow and red 'Energy Rating' label to compare models when buying whiteware such as fridges, dishwashers and dryers (the higher the number of stars on the label, the better the energy efficiency of the model). The additional cost of an energy efficient model is easily repaid in energy savings. 

· Insulate your hot water cylinder with a wrap and insulate pipes near the cylinder. 

· Use 'Energy Star' computers and equipment with shut-down timers and sleep modes. 

· Track water use with a meter - many pumping hours can be wasted through undetected leaks. 

· When replacing a motor, choose the most energy efficient model, not the cheapest. Annual running costs can be 10 times the capital cost. 

· While not strictly reducing energy use, using electricity at offpeak times can significantly reduce power costs. 

· Monitor and track energy use - you cannot manage what you do not monitor. 

Diesel

· Regularly service and tune all farm vehicles and machinery. 

· Correctly ballast the tractor to optimise wheel slip. 

· Radial ply tyres properly inflated to low pressure values can achieve better fuel efficiency. 

· Use minimum tillage techniques. 

What you can do to help . . .

What five changes can you make?

  

	 
	Task
	By who?
	By When?

	1
	 
	 
	 

	2
	 
	 
	 

	3
	 
	 
	 

	4
	 
	 
	 

	5
	 
	 
	 


Track your electricity use & costs

	 
	Jan
	Feb
	Mar
	Apr
	May
	Jun
	Jul
	Aug
	Sep
	Oct
	Nov 
	Dec
	Total Year

	Electricity use
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Electricity costs 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 


Useful websites

· www.energywise.org.nz (tips on being more energy efficient) 

· www.emprove.org.nz (tips for reducing the energy your business uses) 

· www.eeca.govt.nz (the Energy Efficiency & Conservation Authority website) 

· www.climatechange.govt.nz (the NZ Climate Change Office website) 

· www.maf.govt.nz (the Ministry of Agriculture & Forestry website) 

· www.4million.org.nz (tips on how to reduce greenhouse gas emissions) 

· www.agrilink.co.nz (energy reports and tools) 

Written by Andrew Barber (AgriLINK NZ Ltd) with support from:

the Ministry of Agriculture & Forestry, the NZ Climate Change Office and the Energy Efficiency & Conservation Authority.

 

Inventory of New Zealand Greenhouse Gas Emissions – 2001
The Inventory of New Zealand Greenhouse Gas Emissions – 2001 is a database of greenhouse gases. Total greenhouse gas emissions for all Territorial Local Authorities (TLA) in New Zealand are available, including the assumptions and formulae used to calculate these emissions. This tool is based on the 1995 air emissions framework developed by NIWA and is designed to help government departments, territorial authorities, industry, and other stakeholder groups to formulate effective policies for mitigating greenhouse gases and other air quality issues.

The inventory covers the six greenhouse gases recommended by the Intergovernmental Panel on Climate Change (1996) – Carbon Dioxide (CO2), Nitrous Oxide (N2O), Methane (CH4), Hydrofluorocarbons (HFCs), Perfluorocarbons (PFCs), and Sulphur Hexafluoride (SF6). While some of these gases occur naturally in the atmosphere (carbon dioxide, methane and nitrous oxide) certain human activities have added significantly to the atmospheric levels of these gases. The remaining three gases are manufactured, and, while produced in lesser quantities, are very potent greenhouse gases. 

The inventory is divided into five activity sectors: Agriculture, Area, Industry, Natural and Transport. These sectors are commonly used in total air emissions inventories and contain the sub-sectors listed below. The emissions are calculated using Territorial Local Authority (TLA) boundaries (see TLA boundary map) and using the 2001 census as base year. The methods used to calculate the greenhouse gas emissions, total figures and national maps are provided for each sector. 

Total Greenhouse Gas Emissions – 2001
Total greenhouse gas emissions for the five sectors are shown below. Emissions have been calculated using 'top down', 'middle up' or 'bottom up' approaches. The choice of approach is dependant on access to activity information and appropriate emission factors (both local and overseas). The top-down approach typically uses national totals and aggregates these across the TLAs based on population or area. In contrast, the bottom-up approach uses often detailed and localised emissions for each TLA, which are summed to give a national total. The middle-up approach uses a combination of top-down and bottom-up approaches. Many diverse and subtle generation sources of greenhouse gases (such as gases in plastics production) have not been included in this inventory. These sources, where omitted, are stated.

Map of total greenhouse gas emissions – 2001
Total greenhouse gas emissions by sector – 2001 (tonnes/year)
	North Island
	CO2 
	CH4 
	N2O 
	HFCs 
	PFCs 
	SF6 

	Agricultural
	442,529
	16,418,000
	7,443,303
	0
	0
	0

	Area
	2,443,443
	2,074,287
	96,614
	590,695
	0
	0

	Industrial
	19,205,805
	584,897
	113,303
	112,181
	0
	11,802

	Natural
	1,142,378
	174,304
	20,346,590
	0
	0
	0

	Transport
	10,176,333
	51,310
	81,605
	0
	0
	0

	South Island
	CO2 
	CH4 
	N2O 
	HFCs 
	PFCs 
	SF6 

	Agricultural
	414,869
	9,541,977
	4,374,923
	0
	0
	0

	Area
	1,336,251
	715,726
	34,704
	189,305
	0
	0

	Industrial
	2,515,499
	565,457
	23,858
	36,669
	56,550
	3,858

	Natural
	1,531
	33,936
	13,008,238
	0
	0
	0

	Transport
	3,376,780
	16,812
	27,905
	0
	0
	0

	
	CO2 
	CH4 
	N2O 
	HFCs 
	PFCs 
	SF6 

	NZ Total Emissions
	41,055,418
	30,176,706
	45,551,043
	928,850
	56,550
	15,660


Estimates are reported in units of CO2 equivalents (tonnes) using IPCC Third Assessment Report (2001) Global Warming Potentials.

This inventory contributes to the NIWA-led research programme “Urban Air Quality Processes”. The programme aims to assist in the management of urban air quality in New Zealand to ensure that we have a healthy and safe living environment for people. 

Agricultural Emissions Sector
Agricultural greenhouse gas emissions in New Zealand are primarily from four categories: livestock enteric fermentation, agricultural soils, manure management and off-road vehicles (farming/forestry). Emissions from these sources in 2001 are calculated for each Territorial Local Authority in New Zealand and provided below. 

Emissions from these sources in 2001 are calculated for each Territorial Local Authority in New Zealand. 

· Agricultural emissions Excel spreadsheet 

· Agricultural emissions map 

Livestock Enteric Fermentation
CH4 emissions are typically generated via the digestion process of farm stock (often referred to as ruminants). By virtue of their size, cattle generate the highest emissions, followed by sheep and other domestic stock. In this sub-sector estimates are based on the New Zealand National Inventory Report (NZNIR) [1] and emission factors have been collated from New Zealand average values for methane emissions from different categories of livestock and supported by experimental data derived from Clark et al. [2]. The emissions have been distributed using regional council area animal statistics and the total pasture area in each TLA. Total animal numbers are from Statistics New Zealand and the Ministry of Agriculture and Forestry website (regional council area statistics). The NZNIR [1] estimates 97.6% of agricultural CH4 emissions are from enteric fermentation by ruminants. 

Animal emissions were calculated using the formula:

Enteric Fermentation Emissions = Stock numbers * Emission factors (kg/head/yr)
Stock numbers and CH4 emissions factors for enteric methane emissions from New Zealand ruminants (NZNIR) 
	Animal Type
	Stock Numbers
	Kg CH4/head/yr

	Dairy cattle
	4,984,400
	74.74

	Beef cattle
	4,536,500
	55.98

	Sheep
	41,360,667
	10.61

	Deer
	1,552,770
	20.85

	Goats
	165,000
	8.91


The emission factors used in this inventory are assumed to apply to all animal types irrespective of age. Further, it is assumed that ruminant stock principally emit CH4 from the land type Pasture. Ulyatt et al. [3] suggest that less than 1% of methane originates from stock in highland tussock areas. The data are less complete for non-ruminant livestock such as horses and pigs. Emissions of CO2 from animal respiration are not reported.

Agricultural Soils
Greenhouse gas emissions from agricultural soils (pasture) represent practically all N2O emissions (some 99%) from agriculture in New Zealand (NZNIR) [1]. These emissions are largely dependant on the fraction of nitrogen deposited on soils that volatises to the atmosphere as N2O. 

In this sub-sector, N2O emissions estimates are from the NZNIR [1]. N2O emissions from agricultural soils are estimated from direct soil emissions, indirect soil emissions and animal production. Direct soil emissions are from synthetic fertilisers, animal waste applied to soils, N-fixing crops, crop residues and cultivation of organic soils (histosols). Indirect N2O emissions are from the amount of nitrogen from synthetic fertiliser and animal excretion that volatises into the atmosphere as N2O. The amount of nitrogen from fertilisers and animal waste that is leached and carried in run-off is also included in this sub-category. N2O emissions from animal production are the largest source of emissions and are associated with nitrogen from urine deposition on pasture from grazing stock. All N2O emissions from agricultural soils were distributed using regional council animal population statistics and total TLA pasture areas (see above). 

It is unclear what percentage of stock wander into grass and scrubland or forest scrub and grassland land type categories, however, it is estimated that wild deer, goats and possums emit only a very small fraction of national animal emissions. These stock are classified as 'wild animals' and are not included in this inventory. 

Manure Management
Emissions of CH4 and N2O from manure management are derived from the decomposition process of animal waste on pasture. Figures from NZNIR [1] estimate 2.3% of total agricultural CH4 emissions (26.23 Gg CH4) were derived from manure management systems on dairy farms in 2001. This estimate is derived from methane emission factors for manure developed by Joblin and Waghorn [4] and Ulyatt et al.[3]. Nitrous oxide emissions from manure management are also derived from manure deposition from grazing stock. Total national emissions of N2O from manure management for 2001 were 0.24 Gg N2O (NZNIR) [1]. All manure management emissions were distributed using regional council animal population and total TLA pasture areas (see above). Emissions from poultry are not included as they make up a small part of total animal emissions (Sherlock et al.) [5]. 

Off-road Vehicles (farming and forestry)
Off-road vehicles (farming and forestry) include off-road farm vehicles, forestry vehicles, and other small off-road engines, such as chainsaws, motorcycles, construction vehicles and stationary engines (generators and pumps). Information on off-road vehicles is adapted from Greenhouse Gas Emissions from New Zealand Transport [6]. This report, which was prepared for the Ministry of Transport, contains percentage diesel and petrol fuel use figures for three sub-categories of off-road vehicles (i.e. agriculture & forestry, recreational & fishing boats, and other off-road). The data have been adjusted using growth rates in fuel use between 1993 and 2001. The emissions factors for diesel and petrol farm vehicles are derived from IPCC estimates [7]. Petrol vehicles comprise a 50:50 split between 2 and 4-stroke engines. All off-road emissions are distributed based on population. 

Chapter 6: Agriculture

6.1 Sector overview

The agriculture sector emissions totalled 36,866.67 Gg CO2 equivalent and represented 49.4 percent of all greenhouse gas emissions in 2004. Emissions in this sector are now 4,750.08 Gg CO2 equivalent (14.8 percent) higher than the 1990 level of 32,116.58 Gg CO2 equivalent (Figure 6.1.1). The increase is primarily attributable to a 2,161.00 Gg CO2 equivalent (10.0 percent) increase in CH4 emissions from enteric fermentation and a 2,413.64 Gg CO2 equivalent (24.3 percent) increase in N2O emissions from the agricultural soils category. 

Figure 6.1.1 Agricultural sector emissions from 1990 to 2004 

Emissions of CH4 from enteric fermentation dominate the sector producing 64.3 percent of CO2 equivalent emissions in the sector (Figure 6.1.2) and 31.8 percent of New Zealand's total emissions. N2O emissions from agricultural soils are the other major component of the sector comprising 33.4 percent of agricultural CO2 equivalent emissions.

Agriculture is the principal industry of New Zealand and agricultural products are the predominant component of exports. This is due to several factors: the favourable temperate climate, the abundance of agricultural land and the unique farming practices used in New Zealand. These practices include the extensive use of year-round grazing systems and a reliance on nitrogen fixation by legumes rather than nitrogen fertiliser.

Figure 6.1.2 Emissions from the agricultural sector in 2004 (all figures Gg CO2 equivalent) 

Since 1984, there have been changes in the balance of livestock species. There has been a trend for increased dairy and deer production due to prevailing good world prices. This has been counterbalanced by land coming out of sheep production and consequently decreased sheep numbers. Beef numbers have remained relatively static. There have also been productivity increases across all major animal species and classes. The land area used for horticulture has not changed significantly since 1990 although the types of produce grown have changed with less grain but more vegetables, fruit and grapes for wine production. There has also been an expansion of the land used for plantation forestry. 

New Zealand uses a June year for all animal statistics and reports a rolling three-year average in the inventory. The June year reflects the natural biological cycle for animals in the southern hemisphere. To maintain consistency, a single livestock population characterisation is used as the framework for estimating CH4 emissions from enteric fermentation, CH4 and N2O emissions from manure management and N2O emissions from animal production. A complete time-series of the agriculture data are shown in Annex 8.4 and information on livestock population census and survey procedures are included in Annex 3.1. 

6.2 Enteric fermentation (CRF 4A)

6.2.1 Description

In 2004, emissions from enteric fermentation comprised 23,714.98 Gg CO2 equivalent. This represents 31.8 percent of New Zealand's total CO2 equivalent emissions and is the largest single category of emissions in the New Zealand inventory. The category is dominated by emissions from cattle (dairy and non-dairy) which represent 58.5 percent of emissions from enteric fermentation. The current level of emissions from enteric fermentation is 10.0 percent above the 1990 level, however there have been large changes within the category. The largest increase has been in emissions from dairy cattle which have increased 69.3 percent since 1990. This increase has been offset by decreases in emissions from sheep (-17.6 percent) and minor livestock populations such as goats horses and swine.

CH4 is produced as a by-product of digestion in ruminants, eg, cattle, and some non-ruminant animals such as swine and horses. Ruminants are the largest source of CH4 as they are able to digest cellulose. The amount of CH4 released depends on the type, age and weight of the animal, the quality and quantity of feed and the energy expenditure of the animal. 

CH4 emissions from enteric fermentation have been identified as the largest key category for New Zealand in the level assessment (excluding LULUCF). In accordance with good practice (IPCC, 2001), the methodology for estimating CH4 emissions from enteric fermentation in domestic livestock was revised to a Tier 2 modelling approach for the 2001 inventory. All subsequent inventories have used this Tier 2 approach. 

6.2.2 Methodological issues 

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 (figure 6.2.1). The calculation process is explained in the full description of the Tier 2 approach in Annex 3.1 and Clark et al, (2003). 

There has been a gradual increase in the implied emission factors for dairy cattle and beef cattle from 1990 to 2004. This is to be expected because the methodology is able to use animal performance data that reflects the increased levels of productivity achieved by New Zealand farmers since 1990. Increases in animal weight and animal performance (milk yield) require increased feed intake by the animal to meet energy demands. Increased feed intake produces increased CH4 emissions per animal. The increases in productivity are shown in the agricultural worksheets in Annex 8.4 and in the detailed description in Annex 3.1.

Figure 6.2.1 Schematic of New Zealand's enteric methane calculation methodology 

6.2.3 Uncertainties and time-series consistency

Animal numbers

Many of the calculations in this sector require livestock numbers. Both census and survey methods are used with surveys occurring in the intervening years between each census. Detailed information from Statistics New Zealand on the census and survey methods is included in Annex 3.1.2. 

Methane emissions from enteric fermentation

In the 2001 inventory, the CH4 emissions data from domestic livestock in 1990 and 2001 were subjected to Monte Carlo analysis using the software package @RISK to determine the uncertainty of the annual estimate (Clark et al., 2003; Table 6.2.1). For the 2004 inventory, the uncertainty in the annual estimate was calculated using the 95 percent confidence interval determined from the Monte Carlo simulation as a percentage of the mean value, ie, in 2001, the uncertainty in annual emissions was ± 53 percent. 

The overall inventory uncertainty analysis shown in Annex 7 (Good Practice Table 6.1) demonstrates that the uncertainty in annual emissions from enteric fermentation is 12.0 percent of New Zealand's total emissions and removals for 2004, and is the largest single component affecting the national total. However in the trend from 1990 to 2004, the uncertainty from enteric fermentation is only 1.9 percent of the trend in emissions and removals. The uncertainty between years is assumed to be correlated, therefore the uncertainty is mostly in the emission factors and the uncertainty in the trend is much lower than uncertainty for an annual estimate.

Table 6.2.1 Uncertainty in the annual estimate of enteric methane emissions 1990, 2001 and 2004 and the 95 percent confidence interval (± 1.96 standard deviations from the mean) estimated using Monte Carlo simulation
	Year
	Enteric CH4 emissions (Gg/annum)
	95% CI Min
	95% CI Max

	1990
	1,015.5
	478.1
	1,552.9

	2001
	1,099.4
	517.6
	1,681.2

	2004
	1,129.3
	531.7
	1,726.9


Note: The methane emissions used in the Monte Carlo analysis exclude those from swine and horses.

Uncertainty in the annual estimate is dominated by variance in the measurements used to determine the 'CH4 per unit of intake' factor. For the measurements made of this factor, the standard deviation divided by the mean is equal to 0.26. This uncertainty is thought to be mostly natural variation from one animal to the next. Uncertainties in the estimation of energy requirements, herbage quality and population data are thought to be much smaller (0.005-0.05), so these variables play a much smaller role.

6.2.4 Source-specific QA/QC and verification

CH4 emission rates measured for 20 selected dairy cows scaled up to a herd have been corroborated using micrometeorological techniques. Laubach and Kelliher (2005) used the integrated horizontal flux (IHF) technique and the flux gradient technique to measure CH4 flux above a dairy herd. Both techniques are comparable, within estimated errors, to scaled-up animal emissions. The emissions from the cows measured by IHF and averaged over three campaigns are 329 (±153) g CH4/day/cow compared to 365 (± 61) g CH4/day/cow for the scaled-up measurements reported by Waghorn et al. (2002) and Waghorn et al. (2003).

6.2.5 Source-specific recalculations

The provisional livestock population data for 2004 was updated to final population numbers, and the corresponding three-year average populations for 2002, 2003 and 2004 updated. 

6.2.6 Source-specific planned improvements

A national inter-institutional ruminant CH4 expert group was formed to identify the key strategic directions for research into the CH4 inventory and mitigation, and to develop a collaborative approach to improve the certainty of CH4 emissions. This is funded through the Ministry of Agriculture and Forestry. A private sector funded Pastoral Greenhouse Gas Research Consortium has been established to carry out research primarily into mitigation technologies and management practices but also on-farm inventory considerations. The implementation of the Tier 3 approach for CH4 emissions from enteric fermentation and manure management is a consequence of the research conducted by the expert group and continues to be improved. Validation of the SF6 technique is also occurring through intercomparison with calorimeter estimates through collaborative research between Australian and New Zealand scientists. 

6.3 Manure management (CRF 4B)

6.3.1 Description

Emissions from the manure management category comprised 809.38 Gg CO2 equivalent (2.2 percent) of emissions from the agriculture sector. 

Livestock manure is composed principally of organic material. When the manure decomposes in the absence of oxygen, methanogenic bacteria produce CH4. The emissions of CH4 are related to the amount of manure produced and the amount that decomposes anaerobically. CH4 from manure management has been identified as a key category for New Zealand in the 2004 level assessment (Table 1.5.2).

This category also includes emissions of N2O related to manure handling before the manure is added to the soil. The amount of N2O released depends on the system of waste management and the duration of storage. With New Zealand's extensive use of all year round grazing systems, this category is relatively small at 63.50 Gg CO2 equivalent of N2O in 2004. In comparison, agricultural soil emissions of N2O totalled 12,326.45 Gg CO2 equivalent.

6.3.2 Methodological issues

Methane

Methane emissions from ruminant animal wastes in New Zealand have been recalculated using an IPCC Tier 2 approach. This replaces the Tier 1 approach used in previous inventory submissions. The methodology adopted is based on the methods recommended by Saggar et al (2003) in a review commissioned by the Ministry of Agriculture and Forestry. 

The approach is based on (1) an estimation of the total quantity of faecal material produced, (2) the partitioning of this faecal material between that deposited directly onto pastures and that stored in anaerobic lagoons and (3) the development of specific New Zealand emission factors for the quantity of methane produced per unit of faecal dry matter produced.

The quantity of faecal dry matter produced is calculated by multiplying the feed intake by the dry matter digestibility of the feed. The feed intake estimates and dry matter digestibility's are the same as in the current enteric methane and nitrous oxide inventories. 

In New Zealand only dairy cows have a fraction (5 percent) of the excreta stored in an anaerobic lagoon waste system. The remaining 95 percent of excreta from dairy cattle is deposited directly on pasture. All other ruminant species (sheep, beef cattle, deer and goats) deposit all faecal material directly onto pastures. Values for the quantity of CH4 produced per unit of faecal dry matter deposited on pastures for cattle are obtained from New Zealand research by Saggar et al, 2003 and Sherlock et al, 2003. The value for sheep comes from a New Zealand study by Carran et al, 2003. The mean of cattle and sheep values is used for deer so as no values for deer are available. Methane emissions from anaerobic lagoons are estimated using a water dilution rate (Heatley 2001), the average depth of a lagoon and the emissions data from lagoons (McGrath and Mason 2002).

Table 6.3.1 Derivation of methane emissions from manure management 

	Animal species
	Proportion of faecal material deposited on pasture
	CH4 from animal waste on pastures (g CH4/kg faecal dry matter)
	Proportion of faecal material stored in anaerobic lagoons
	Water dilution rate (litres water/kg faecal dry matter)
	Average depth of a lagoon (metres)
	CH4 from anaerobic lagoon 
(g CH4/M2/year)

	Dairy Cattle
	0.95
	0.98
	0.05
	90
	4.6
	3.27

	Beef Cattle
	1.0
	0.98
	0.0
	-
	-
	-

	Sheep
	1.0
	0.69
	0.0
	-
	-
	-

	Deer
	1.0
	0.92
	0.0
	-
	-
	-


New Zealand specific emissions factors are not available for CH4 emissions from manure management for swine, horses and poultry. These are minor livestock categories in New Zealand and emissions estimates for these species use IPCC default emission factors (refer to the agricultural worksheets in Annex 8.4). 

Nitrous oxide

For the N2O calculation, six alternative regimes for treating animal manure, known as animal waste management systems (AWMS) are identified in the 1996 IPCC Guidelines. New Zealand farming uses four AWMS; (1) anaerobic lagoons, (2) pasture, range and paddock, (3) solid storage and dry-lot, and (4) other systems (poultry without bedding and swine deep litter). With the exception of dairy cattle, animals were allocated to the different AWMS according to the information provided in the IPCC 1996 guidelines for the Oceania region as Ministry of Agriculture and Forestry considered these were applicable to New Zealand farming practices. For dairy cattle, New Zealand specific data from Ledgard and Brier (2004) was used. 

The "pasture, range and paddock" AWMS is the predominant regime for animal waste in New Zealand. All sheep, goats, deer and non-dairy cattle excreta are allocated to the pasture, range and paddock AWMS. For dairy cattle, 95 percent of excreta is allocated to pasture, range and paddock and 5 percent is allocated to anaerobic lagoons. Emissions from the "pasture, range and paddock" AWMS are reported in the "Agricultural soils" category.

The calculation for nitrogen in each animal waste management system is shown in the agricultural worksheets in Annex 8.4. A time series of nitrogen excreta (Nex) values used for calculating animal production N2O emissions is also shown in 

the worksheets in Annex 8.4. The Nex values show an increase over time reflecting the increases in animal production. The nutrient input/output model OVERSEER® (Wheeler et al., 2003) is used to determine the annual quantities of nitrogen deposited in excreta by grazing animals. The OVERSEER® model uses the same animal populations and feed intake from the Tier 2 model used to determine methane emissions (Clark et al., 2003), and an assessment of feed nitrogen content modified by farm type.

6.3.3 Uncertainties and time-series consistency

Emission factors from manure and manure management systems, the livestock population, nitrogen excretion rates and the usage of the various manure management systems are the main factors causing uncertainty in N2O emissions from manure management (IPCC, 2000). New Zealand uses the IPCC default values for EF3 (direct emissions from waste) for all AWMS except for EF3PRP (manure deposited on pasture, range and paddock). The value of EF3PRP which is a country-specific factor is 0.01 kg N2O-N/kg N. The IPCC default values have uncertainties of -50 percent to +100 percent (IPCC, 2000). 

The overall inventory uncertainty analysis shown in Annex 7 (Good Practice Table 6.1) demonstrates that the effect of uncertainty in annual emissions from manure management is relatively minor compared to the effect from CH4 emissions from enteric fermentation and N2O from agricultural soils. 

6.3.4 Source-specific QA/QC and verification

Methane from manure management was identified as a key category for New Zealand in the 2003 inventory. In preparation of the 2004 inventory, the data for this category underwent a Tier 1 quality check (refer Annex 6 for examples).

6.3.5 Source-specific recalculations

Methane from manure management is a key category. To ensure consistency with good practice, the methodology was upgraded to a Tier 2 approach for the 2004 inventory. The entire time series (1990-2004) has been recalculated.

6.3.6 Source-specific planned improvements, if applicable

No source specific improvements are planned during 2006.

6.4 Rice cultivation (CRF 4C)

6.4.1 Description

There is no rice cultivation in New Zealand. The 'NO' notation is reported in the CRF.

6.5 Agricultural soils (CRF 4D)

6.5.1 Description

The agricultural soils category is the category of the majority of N2O emissions in New Zealand comprising 12,326.45 Gg CO2 equivalent in 2004. Emissions are 2,413.64 Gg CO2 equivalent (24.3 percent) over the level in 1990. The category comprises three sub-categories: 

· direct N2O emissions from animal production (the pasture, range and paddock AWMS) 

· indirect N2O from nitrogen lost from the field as NOx or NH3 
· direct N2O emissions from agricultural soils as a result of adding nitrogen in the form of synthetic fertilisers, animal waste, biological fixation, inputs from crop residues and sewage sludge. 

All of these sub-categories have been identified as key categories for New Zealand (Tables 1.5.2 and 1.5.3). Direct soil emissions from animal production is the third largest key category comprising 7,248.77 Gg CO2 equivalent, indirect N2O from nitrogen used in agriculture comprised 3,271.38 Gg CO2 equivalent and direct N2O emissions from agricultural soils comprised 1,806.29 Gg CO2 equivalent. 

CO2 emissions from limed soils are reported in the LULUCF sector.

6.5.2 Methodological issues

N2O emissions are determined using the IPCC 1996 approach where emission factors dictate the fraction of nitrogen deposited on the soils that is emitted into the atmosphere as N2O. The two main inputs in New Zealand are from nitrogen fertiliser and the excreta deposited during animal grazing.

The worksheets for the agricultural sector (Annex 8.4) document the emission factors and other parameters used in New Zealand's calculations. Three New Zealand specific factors/parameters have been used: EF1, EF3(PR&P) and FracLEACH. The EF3(PR&P) emission factor and FracLEACH were extensively reviewed for the 2001 submission, and a new value for FracLEACH was used from the 2001 inventory onwards and back-calculated to 1990. Data on EF1 was reviewed during 2006 and the recommendation by Kelliher and de Klein (2006) to use a country-specific factor of 1 percent has been adopted. 

Animal production (N2O)

Direct soil emissions from animal production refers to the N2O produced from the pasture, range and paddock AWMS. This AWMS is the predominant regime for animal waste in New Zealand as 95 percent of dairy cattle and 100 percent of sheep, deer and non-dairy cattle are allocated to it. The emissions calculation is based on the livestock population multiplied by nitrogen excretion (Nex) values and the percentage of the population on the pasture, range and paddock AWMS. The Nex and allocation to AWMS are discussed in section 6.3.2 nitrous oxide. The Nex values have been calculated using the model OVERSEER® (Wheeler et al., 2003)based on the same animal intake values used for calculating CH4 emissions for the different animal classes and species. This ensures that the same base values are used for both CH4 and N2O emission calculations.

New Zealand uses a country-specific emission factor for EF3(PRP) of 0.01 (Carran et al, 1995., Muller et al, 1995; de Klein et al, 2003 and Kelliher et al, 2003). Considerable research effort has gone into establishing a country-specific value for EF3(PRP)). Field studies have been performed as part of a collaborative research effort called NzOnet. The parameter EF3(PRP) has been measured by NzOnet researchers in the Waikato (Hamilton), Canterbury (Lincoln) and Otago (Invermay) regions for pastoral soils of different drainage class (de Klein et al, 2003). These regional data are comparable because the same measurement methods were used at the three locations. The percentage of applied nitrogen (as urine or dung) emitted as N2O, and environmental variables, were measured in three separate trials that began in autumn 2000, summer 2002, and spring 2002. Measurements were carried out for up to 250 days or until urine treated pasture measurements dropped back to background emission levels. 

Kelliher et al (2003) assessed all available EF3(PRP) data, its distribution with respect to pastoral soil drainage class, to determine an appropriate national, annual mean value. The complete EF3(PRP) data set of NzOnet was synthesised using the national assessment of pastoral soils drainage classes. This study recognises that (1) environmental (climate) data are not used to estimate N2O emissions using the IPCC 1996 methodology, (2) the N2O emission rate can be strongly governed by soil water content, (3) soil water content depends on drainage that can moderate the effects of rainfall and drought, and (4) as a surrogate for soil water content, drainage classes of pastoral soils can be assessed nationally using a geographic information system. In New Zealand, earlier analysis showed the distribution of drainage classes for pasture land is highly skewed with 74 percent well-drained, 17 percent imperfectly drained and 9 percent poorly drained (Sherlock et al, 2001). 

The research and analysis to date indicates that if excreta is separated into urine and dung components, EF3 for urine and dung could be set to 0.007 and 0.003, respectively. However, it is recognised that the dung EF3 data are limited. Research by NzOnet is continuing into the possibility of separate emission factors for dung and urine. Combining urine and dung EF3 values, the dairy cattle total excreta EF3 is 0.006. Conservatively rounding the total excreta EF3 of 0.006 provides a country-specific value of 0.01 for EF3(PRP). The IPCC default value of EF3(PRP) is 0.02.

Indirect N2O from nitrogen used in agriculture

The N2O emitted indirectly from nitrogen lost from agricultural soils through leaching and run-off is shown in the agricultural worksheets in Annex 8.4. This nitrogen enters water systems and eventually the sea with quantities of N2O being emitted along the way. The amount of nitrogen that leaches is a fraction that is deposited or spread on land (FracLEACH). 

Research studies in New Zealand together with a literature review have shown lower rates of nitrogen leaching than is suggested in the IPCC guidelines. In inventories reported prior to 2003, a New Zealand parameter for FracLEACH of 0.15 was used. However, IPCC based estimates for different farm systems were found on average to be 50 percent higher than those estimated using the OVERSEER® (Wheeler et al., 2003) nutrient budgeting model. The model provides average estimates of the fate of N for a range of pastoral, arable and horticultural systems. In pastoral systems, N leaching is determined by the amount of N in fertiliser, dairy farm effluent and that excreted in urine and dung by grazing animals. The latter is calculated from the difference between N intake by grazing animals and N output in animal products, based on user inputs of stocking rate or production and an internal database with information on the N content of pasture and animal products. The IPCC estimates were closer for farms using high rates of N fertiliser, indicating that the IPCC based estimates for N leaching associated with animal excreta were too high. When the IPCC methodology was applied to field sites where N leaching was measured (four large scale, multi-year animal grazing trials) it resulted in values that were double the measured values. This indicated that a value of 0.07 for FracLEACH more closely followed actual field emissions (Thomas et al, 2005) and this value was adopted and used for all years as it reflects New Zealand's national circumstances. 

Direct N2O emissions from agricultural soils

Direct emissions from agricultural soils are calculated in the five tables of worksheet 4.5.

The emissions arise from synthetic fertiliser use, spreading animal waste as fertiliser, nitrogen fixing in soils by crops and decomposition of crop residues left on fields. All of the nitrogen inputs are collected together and an emissions factor applied to calculate total direct emissions from non-organic soils. 

Nitrogen fertiliser use is determined by the Zealand Fertiliser Manufacturers' Research Association (FertResearch) from sales records for 1990 to 2004. A rolling three year average is used to calculate inventory data. There has been a six fold increase in nitrogen fertiliser use over the time series, from 51,787 tonnes in 1990 to 310,716 tonnes in 2004. The calculation of N2O that is emitted indirectly through synthetic fertiliser and animal waste being spread on agricultural soils is shown in the agricultural worksheets in Annex 8.4. Some of the nitrogen contained in these compounds is emitted into the atmosphere as ammonia (NH3) and nitrogen oxides (NOx)through volatilisation, which returns to the ground during rainfall and is then re-emitted as N2O. This is shown as an indirect emission of N2O. 

The calculation for animal waste includes all manure that is spread on agricultural soils irrespective of which AWMS it was initially stored in. This includes all waste in New Zealand except for emissions from the pasture range and paddock AWMS. New Zealand uses a country-specific value for EF1 of 0.01 kg N2O-N/kg N (Kelliher and de Klein, 2006). 

Direct N2O emissions from organic soils are calculated by multiplying the area of cultivated organic soils by an emission factor. Recent analysis identified 202,181 hectares of organic soils of which it is estimated that 5 percent (ie, 10,109 ha) are cultivated on an annual basis (Kelliher et al, 2003). New Zealand uses the IPCC default emissions factor (EF2 equal to 8 kg N2O-N/kg N) for all years of the time-series.

6.5.3 Uncertainties and time-series consistency

Uncertainties in N2O emissions from agricultural soils are assessed for the 1990, 2001 and 2002 inventory using a Monte Carlo simulation of 5000 scenarios with the @RISK software (Kelliher et al., 2003) (Table 6.5.1). The emissions distributions are strongly skewed reflecting that of pastoral soil drainage whereby 74 percent of soils are classified as well-drained, while only 9 percent are classified as poorly drained. For the 2004 inventory, the uncertainty in the annual estimate was calculated using the 95 percent confidence interval determined from the Monte Carlo simulation as a percentage of the mean value, ie, in 2002, the uncertainty in annual emissions was + 74 percent and -42 percent. 

Table 6.5.1 Uncertainties in N2O emissions from agricultural soils for 1990, 2002 and 2004 estimated using Monte Carlo simulation (1990, 2002) and the 95 percent CI (2004) 
	Year
	N2O emissions from agricultural soils (Gg/annum)
	95% CI Min
	95% CI Max

	1990
	31.9
	17.2
	58.2

	2002
	40.6
	23.4
	70.4

	2003
	39.8
	22.9
	69.0


The overall inventory uncertainty analysis shown in Annex 7 (Good Practice Table 6.1) demonstrates that the uncertainty in annual emissions from agricultural soils is a major contributor to uncertainty in the total estimate and trend from 1990. The uncertainty between years is assumed to be correlated, therefore the uncertainty is mostly in the emission factors and the uncertainty in the trend is much lower than uncertainty for an annual estimate. Uncertainty in the N2O emissions contributes 9.1 percent of the uncertainty in New Zealand's total emissions and removals in 2004 and 1.2 percent to the trend in emissions and removals from 1990-2004. 

The Monte Carlo numerical assessment was also used to determine the effects of variability in the nine most influential parameters on uncertainty of the calculated N2O emissions in 1990 and 2001. These parameters are shown in Table 6.5.2 together with their percentage contributions to the uncertainty. There was no recalculation of the influence of parameters for the 2004 inventory. The Monte Carlo analysis confirmed that uncertainty in parameter EF3(PRP) has the most influence on total uncertainty accounting for 91 percent of the uncertainty in total N2O emissions in 1990. This broad uncertainty reflects natural variance in EF3 determined largely by the vagaries of the weather and soil type.

Table 6.5.2 Percentage contribution of the nine most influential parameters on the uncertainty of total N2O emissions inventories for 1990 and 2001 

	Parameter
	1990
	2001

	 
	% contribution to uncertainty
	% contribution to uncertainty

	EF3(PRP)
	90.8
	88.0

	EF4
	2.9
	3.3

	Sheep Nex
	2.5
	1.8

	EF5
	2.2
	2.8

	Dairy Nex
	0.5
	0.7

	FracGASM
	0.5
	0.5

	EF1
	0.3
	2.4

	Beef Nex
	0.2
	0.3

	FracLEACH
	0.1
	0.2


6.5.4 Source-specific QA/QC and verification

The nitrogen fertiliser data obtained from FertResearch are corroborated by the Ministry of Agriculture and Forestry using N imports and exports, urea production figures and industrial applications (including resin manufacture for timber processing) data. 

6.5.5 Source-specific recalculations

Nitrous oxide from agricultural soils is a key category. To ensure consistency with good practice, the EF1 emission factor was changed to a country-specific emission factor of 1 percent. The agricultural soils category has therefore been recalculated for the entire time-series (1990-2004).

6.5.6 Source-specific planned improvements

The work of NzOnet will continue in order to better quantify N2O emission factors for New Zealand's pastoral agriculture.

6.6 Prescribed burning of Savanna (CRF 4E)

6.6.1 Description

Prescribed burning of savanna is not a key category for New Zealand. The New Zealand inventory includes burning of tussock (Chionochloa) grassland in the South Island for pasture renewal and weed control. The amount of burning has been steadily decreasing since 1959 as a result of changes in lease tenure and a reduction in grazing pressure. In 2004, total emissions accounted for 0.82 Gg CO2 equivalent - a 2.51 Gg CO2 equivalent (75.4 percent) reduction from the 3.33 Gg CO2 equivalent reported in 1990.

The IPCC Guidelines (1996) state that in agricultural burning, the CO2 released is not considered to be a net emission as the biomass burned is generally replaced by regrowth over the subsequent year. Therefore the long term net emissions of CO2 are considered to be zero. However the by-products of incomplete combustion, CH4, CO, N2O and NOx, are net transfers from the biosphere to the atmosphere. 

6.6.2 Methodological issues 

New Zealand has adopted a modified version of the IPCC methodology (IPCC, 1996). The same five equations are used to calculate emissions however instead of using total grassland and a fraction burnt, New Zealand uses statistics of the total amount of tussock grassland that has been granted a consent (a legal right) under New Zealand's Resource Management Act (1991) for burning. Only those areas with a consent are legally allowed to be burned. Expert opinion obtained from land managers in local government is that approximately 20 percent of the area allowed to be burnt is actually burnt in a given year.

Current practice in New Zealand is to burn in damp spring conditions which reduces the amount of biomass consumed in the fire. The composition and burning ratios used in calculations are from New Zealand specific research (Payton and Pearce, 2001) and the IPCC reference manual (1996).

6.6.3 Uncertainties and time-series consistency

The same sources of data and emission factors are used for all years. This gives confidence in comparing emissions through the time-series from 1990 and 2004. The major sources of uncertainty are the percentage of consented area actually burnt in that season, that biomass data from two study sites are extrapolated for all areas of tussock, and that many of the other parameters (ie, the carbon content of the live and dead components, the fraction of the live and dead material that oxidise and the N:C ratio for the tussocks) are the IPCC default values. Uncertainty in the New Zealand biomass data has been quantified at ±6 percent (Payton and Pearce, 2001), however many IPCC parameters vary by ±50 percent and some parameters lack uncertainty estimates.

6.6.4 Source-specific QA/QC and verification

There was no source-specific QA/QC for this category. 

6.6.5 Source-specific recalculations

There were no recalculations for the 2004 inventory. 

6.7 Field burning of agricultural residues (CRF 4F)

6.7.1 Description

Burning of agricultural residues produced 15.04 Gg CO2 equivalent in 2004. Emissions are currently 10.19 Gg CO2 equivalent lower (-40.4 percent) than the level of 25.24 Gg CO2 equivalent in 1990. Burning of agricultural residues is not identified as a key category for New Zealand. 

New Zealand reports emissions from burning barley, wheat and oats residue in this category. Maize residue is not burnt in New Zealand. New Zealand uses three-year averages of crop production in combination with the IPCC default emission ratios and residue statistics. Oats are included under the same emission factors as barley.

Burning of crop residues is not considered to be a net source of CO2 because the CO2 released into the atmosphere is reabsorbed during the next growing season. However, the burning is a source of emissions of CH4, CO, N2O and NOx (IPCC, 1996). Burning of residues varies between years due to climatic conditions and is becoming a declining source. 

6.7.2 Methodological issues 

The emissions from burning of agricultural residues are estimated in accordance with the IPCC guidelines (IPCC, 1996). The calculation uses crop production statistics, the ratio of residue to crop product, the dry matter content of the residue, the fraction of residue actually burned, the fraction of carbon oxidised and the carbon fraction of the residue (Annex 8.4). These figures are multiplied to calculate the carbon released. The emissions of CH4, CO, N2O and NOx are calculated using the carbon released and an emissions ratio. N2O and NOx emissions calculations also use the nitrogen to carbon ratio. 

Good practice suggests that an estimate of 10 percent of residue burnt may be appropriate for developed countries but also notes that the IPCC defaults "are very speculative and should be used with caution. The actual percentage burned varies substantially by country and crop type. This is an area where locally developed, country-specific data are highly desirable."(IPCC, 2001). For the years 1990 to 2003 it is estimated that 50 percent of stubble is burnt. For the year 2004 experts assessed this percentage dropped to 30 percent. These figures are developed from expert opinion of the Ministry of Agriculture and Forestry officials working with the arable production sector.

6.7.3 Uncertainties and time-series consistency

No numerical estimates for uncertainty are available for these emissions. The fraction of agricultural residue burned in the field is considered to make the largest contribution to uncertainty in the estimated emissions. 

6.7.4 Source-specific QA/QC and verification

There was no source-specific QA/QC for this category.

6.7.5 Source-specific recalculations

There are no recalculations for this category.

[New Zealand greenhouse gas emissions and inventory systems

New Zealand's greenhouse footprint

New Zealand is unusual amongst developed nations in the share of its total greenhouse gas emissions that comes from agriculture. Nearly half of New Zealand's total emissions are produced by agriculture, predominantly methane from farm animals and nitrous oxide from soils and fertilisers. According to estimates in New Zealand's Greenhouse Gas Inventory: 1990-2004, these agricultural emissions are 14.8 percent above 1990 levels.

However, the principal growth in New Zealand's emissions comes from increased carbon dioxide (CO2), primarily from the energy sector which has grown by almost 33.8 percent relative to its emissions in 1990. Most of this increase has come from transport and electricity generation. About two thirds of New Zealand's electricity production comes from hydro power stations, but there has been an increasing proportion of fossil fuelled electricity generation, initially from Maui gas and increasingly from coal. This means that electricity sector emissions are growing at a rapid rate.

Another unique characteristic of New Zealand's greenhouse footprint is its forest sinks. New Zealand's plentiful forests, including the planting of a great number of post-1990 pinus radiata forests, mean that it can expect to absorb around 71 million tonnes of carbon dioxide in the Kyoto Protocol's first commitment period (2008 to 2012). However, this should not give rise to complacency as forest plantings since 1990 have been falling steadily over the past decade.

Under the Kyoto Protocol, New Zealand will have to limit its levels of greenhouse gas emissions to 1990 levels, on average, during the period 2008 to 2012. If we cannot reach this target, we will have to take responsibility for any excess emissions.

In 1990, our total greenhouse gas emissions were equivalent to almost 61.5 million tonnes of carbon dioxide. This amount of gas would be enough to fill about 10 million hot air balloons every year. The most recent data indicates that total greenhouse gas emissions have risen by 21.3 percent since 1990 and projections indicate that we could be above our target during 2008 to 2012 if we do nothing to reduce our emissions.

New Zealand's national inventory reporting

A part of New Zealand's obligations to the United Nations Framework Convention on Climate Change (UNFCCC) and the Kyoto Protocol involves developing and publishing an annual inventory of all human-induced emissions and removals of greenhouse gases in New Zealand. The inventory closely follows a format and guidelines defined by the Intergovernmental Panel on Climate Change (IPCC) and the UNFCCC, and reports emissions from five sectors: energy, industrial processes, solvents, agriculture and waste, and emissions and removals from land use change and forestry. As well as the current emissions and removals, the inventory also records how emissions and removals are changing by showing the trend from 1990 onwards.

Only emissions of carbon dioxide, methane, nitrous oxide, hydrofluorocarbons, perfluorocarbons and sulphur hexafluoride are included in New Zealand's total emissions figures. Emissions of carbon dioxide, methane and nitrous oxide totalled 99 percent of total emissions in 2004. To compare and total all the emissions from different gases, a Global Warming Potential (GWP) is used to convert all gases back to the equivalent warming effect of carbon dioxide. The GWP's are based on analysis by the IPCC and agreed to by parties to the UNFCCC. For more information see the National Inventory Report: 1990-2004 (published 2006).

 Government policy for the agriculture sector

· No emissions charge imposed on methane or nitrous oxide for at least the first commitment period (2008 to 2012). 

· The Government and agricultural sector groups have signed a partnership agreement on voluntary research into agricultural greenhouse gas emissions. 

· Energy used on-farm, such as fuel and electricity, will be subject to the emissions price that is applied generally to the New Zealand economy. 

· Processors of agricultural products and potential new investors in processing whose competitiveness is at risk will have access to the Negotiated Greenhouse Agreements mechanism. 

 

Agriculture

Agriculture is a key economic driver for New Zealand, generating more than half of New Zealand's exports.

New Zealand is also unique amongst developed countries, in that 49.4 percent of our greenhouse gas emissions are non-carbon dioxide emissions from agriculture (methane and nitrous oxide). (For more information, see the New Zealand's Greenhouse Gas Inventory 1990-2004.)

These two features mean climate change policy presents special challenges for New Zealand. On the one hand, we must take some action to address agricultural greenhouse gases or we risk ballooning emissions and consequent costs for the economy. On the other hand, policies should not damage the farming sector.

According to latest estimates, emissions from agriculture are 14.8 percent above 1990 levels. Although in tonnage terms New Zealand emits more carbon dioxide than methane or nitrous oxide in a given year, these two greenhouse gases are both more potent in terms of their global warming effect than carbon dioxide (methane is 21 times more potent and nitrous oxide 310 times).

Methane emissions from ruminant livestock (cattle, sheep, deer and goats) are a primary source of New Zealand's greenhouse gas emissions, accounting for 31.8 percent of our total emissions. Ruminants produce methane in the rumen (forestomach) as a waste by-product of digestion.

Nitrous oxide emissions are also a waste by-product of agriculture, arising from processes of nitrification and denitrification in the soil. The major source of nitrogen for these processes is animal waste (urine and dung). Nitrous oxide emissions are also associated with use of nitrogen-based fertilisers, including the run-off and leaching contributions.

The Government and agricultural sector groups have signed a partnership agreement on voluntary research into agricultural greenhouse gas emissions.

The Memorandum of Understanding is underpinned by an industry-led research strategy, coordinated by the Pastoral Greenhouse Gas Research Consortium, which aims to develop safe, cost-effective greenhouse gas abatement technologies that will seek to reduce methane and nitrous oxide emissions from livestock by at least 20 percent by 2012.

Consistent with its climate change policy, the Government will bear the cost under the Kyoto Protocol of the agricultural sector's non-carbon dioxide emissions. It will also maintain at least its current level of investment in agricultural greenhouse gas abatement research.

· Government policy for the agriculture sector 

· Policy options considered for the on-farm agriculture sector 

· Current research projects 

· Information sheet: Energy efficiency on your farm 
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