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Executive Summary

Estimates of New Zealand’s greenhouse gas (GHG) emissions from the agricultural sector are
generated by the Ministry for Primary Industries (MPI), which has developed a mathematical
model, called the Agricultural Inventory Model (the Inventory), that calculates the amount of
GHG emissions from agricultural activities. Part of the Inventory involves estimating nitrous
oxide (N20) emissions arising from the application of fertiliser nitrogen (N) at the Tier 1
level, using a single EF1 value irrespective of slope. The inventory currently differentiates
between urea and other N fertilisers for which the EF1 values are 0.48% and 1% respectively,
from trials on flat pastoral land.

In New Zealand, however, a significant proportion of agricultural activity occurs on sloped
land. Nitrous oxide emissions from steeper slopes are lower than emissions from flatland
(Hoogendoorn et al. 2013; Kelliher et al. 2014; Luo et al. 2013, 2016). Using the New
Zealand-developed N2O emission factors from the dung and urine of ruminant animals
(sheep, beef cattle, and deer) deposited across different slope classes, Saggar et al. (2015)
generated estimates of direct N2O emissions from sheep, beef and deer that were 52% lower
than the estimates generated using current Inventory emission factors . In the same way
therefore, New Zealand’s N2O emissions from fertiliser N applied on slopes could be
overestimated in the current Inventory.

The aim of this study was to develop a framework for estimating N2O emissions from N
fertiliser use on pasture on different slope classes that would eventually be incorporated into
the Agricultural Inventory Model and help to ensure that New Zealand’s emissions estimates
are as accurate as possible.

In this study we used data provided by Beef + Lamb New Zealand from their annual survey
of beef and sheep farms. These data included the land area classified as low (<12°), medium
(12-24°), and high (>24°) slope. The total fertiliser N applied to pastures on New Zealand
sheep and beef farms varied between 8% and 25% of the total fertiliser N use in New Zealand
during 1990-2013. The EF; values for urea on medium and high slopes were estimated using
the current low slope value of 0.48% from the National Inventory (Ministry for the
Environment 2015) reduced by the same proportion as had been measured in urine EF; values
on medium and high slopes. The resulting estimated EF1 values for urea for low, medium and
high slope were 0.48%, 0.11% and 0.014%, respectively. Due to lack of data on the type of
fertiliser N used it was assumed that all fertiliser N was applied as urea. However, assuming
that the relative change in EF1 with slope is the same for all fertiliser N types, this should not
affect the relative change in N2O emissions compared to using a single EF1 value across all
slopes. The allocation of fertiliser N to each slope class was calculated for each region and
farm type, and then multiplied by the appropriate EF; for low, medium and high slopes,
respectively, to calculate the amount of N directly emitted as N2O.

Using a single EF1 of 0.48% across all slopes resulted in an estimate of direct N2O emissions
of 20.7 Gg CO2e from fertiliser N applied to sheep and beef farm pastures in 1990 rising to
86.7 Gg in 2013. Accounting for the lower emissions from medium and high slopes produced
estimated N2O emissions of 8.3 Gg in 1990 and 30.5 Gg in 2013. Thus, over the period
1990-2013, the use of revised EF1 values based on slope classes’ reduced estimated N.O
emissions from total fertiliser N applied to pastures on sheep and beef farms by between 60%
and 65%, compared with using a single flatland EF; value. In 2013 this was equivalent to a
reduction of 0.14% in the total greenhouse gas emissions from the agricultural sector.
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1 Introduction

It is mandatory for New Zealand to report its annual greenhouse gas (GHG) emissions to the
United Nations Framework Convention on Climate Change (UNFCCC) under the UNFCCC
and the Kyoto Protocol. Countries are encouraged to improve the transparency, accuracy,
comparability, consistency, and completeness of their emissions estimates and reporting. This
can be achieved by carrying out research and determining country-specific information,
enabling the use of country-specific emission factors and fractions rather than default
Intergovernmental Panel on Climate Change (IPCC) values.

New Zealand’s GHG emissions from the agricultural sector are generated by the Ministry for
Primary Industries (MPI), which has developed a mathematical model, called the Agricultural
Inventory Model (the Inventory), to calculate the amount of GHG emissions from agricultural
activities.

Part of the Inventory involves estimating nitrous oxide (N20) emissions arising from the
application of fertiliser nitrogen (N) at the Tier 1 level, using a single EF1 value irrespective
of slope. The inventory currently differentiates between urea and other N fertilisers for which
the EF1 values are 0.48% and 1% respectively, from trials on flat pastoral land. In New
Zealand, however, a significant portion of agricultural activity occurs on sloped land. As
emissions from steeper slopes are likely to be lower than emissions from flatland, New
Zealand’s N2O emissions from fertiliser could be overestimated in the Inventory.

As an example, Saggar et al. (2015) recently used New Zealand-developed N2O emission
factors for dung and urine of ruminant animals deposited across different slope classes to
estimate N2O emissions from excreta deposited on New Zealand’s sheep, beef and deer
farms. These estimated N2O emissions were 52% lower than estimates made using the
current Inventory emission factor, developed from trials on flat pastoral land. The improved
methodology is transparent and complete, and will improve accuracy of emission estimates.

Saggar et al (2015) also estimated that about 8.6 m ha of New Zealand hill land receives
about 20% of the fertiliser N applied annually in New Zealand, and approximately 80% of
this is applied to medium- and high-slope areas which are likely to have significantly lower
EF. values than flat or low-slope areas. The current New Zealand-specific emission factors
for estimating N2O emissions from fertiliser N (EF1) were developed on flat pastoral land,
and are 0.48% for urea-N and 1.00% for all other forms of N fertiliser. By using these
emission factors across all land slope classes it is probable that NoO emissions from fertiliser
applied to New Zealand hill country are being over-estimated.

Recognising this, Landcare Research was contracted to undertake a desk study to develop a
framework for estimating N2O emission factors from fertiliser use (EF1) on different slope
pasture classes, which would potentially be incorporated into the Agricultural Inventory
Model and help ensure that New Zealand’s emissions estimates are as accurate as possible.
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2 Objectives

To calculate the annual amounts of fertiliser nitrogen (fertiliser N input) applied to
different hill slope categories (low (<12°), medium (12-24°), and high >24°) from 1990
to 2013 using the Beef +Lamb NZ Economic Survey data, including documentation of the
limitations and uncertainty of these data.

To develop a scientifically robust and easily implementable methodology for calculating
nitrous oxide (N20) emissions from fertiliser N using values estimated N2O EF; on
different slope categories, based on the latest flat pastoral land EF; values used in the
Inventory [0.48% for urea-N and 1.00% for all other forms of N fertiliser as obtained
from MPI] .

To provide advice, consistent with IPCC good practice guidance, on how this
methodology could be incorporated into MPI’s Agricultural Greenhouse Gas Inventory
Model.

2.1 Expected outcomes

1.

A spreadsheet containing values for the amounts of fertiliser N applied to different hill
slope categories from 1990 to 2014.

A report that describes a valid approach/methodology for calculating N2O emissions
from N fertiliser applied on hill land slopes including advice, consistent with IPCC good
practice guidance, on how the methodology could be incorporated into MPI’s
Agricultural Inventory Model.
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3 Methodology

3.1 Data sources etc.

For this study, we used data provided by Beef + Lamb New Zealand from their annual survey
of Sheep and Beef Sheep Farms. The population of commercial farms for the annual survey is
drawn from Statistics NZ (SNZ) Agricultural Census/Survey database and are allocated into
eight classes (plus non-commercial), five regions, and three slope categories: low (<12°
slope), medium (12—-24° slope), and high (>24° slope) based on individual farm data
characteristics and location that imply Farm Class and their management systems. The farm
classes represent different types of farm enterprises that typically have different proportions
of low, medium, and high slope land area, and are randomly selected by SNZ from the Sheep
and Beef Farm population to bring into Beef + Lamb New Zealand’s Sheep and Beef Farm
Survey. Farms entering the Survey have their farm Class verified from the on-farm
inspection.

The Sheep and Beef Farm Survey fertiliser “products” for each farm are recorded by their
elemental content:

e.g., Urea N 46%, DAP (Di-ammonium phosphate) Sulphur Super N 10.8% and Ammonium
Sulphate (AS) N 21%

10 tonnes urea at 46% =4,600 kg N
10 tonnes DAP S at 10.8% =1,080 kg N
10 tonnes AS at 21% =2,100 kg N
Total N Fertiliser applied =7,780 kg N

Each farm in the Survey is visited once per year in the Survey process. Fertiliser data are
captured from invoices on a standard June ending year basis. The invoices verify the actual
brand and volume from which the elemental kg content is derived. Farmer input determines
the volumes used on pasture and volumes used on crop. Farmers in the Survey are provided a
diary to record this specific information. These data also included the total* amount (but not
type) of fertiliser N applied to pastures on New Zealand sheep and beef farms. The aim of
this study was to quantify emissions from fertiliser applied to sheep, beef and deer pastures.
The fertiliser N applied to crops on sheep and beef farms was not included. This could
include fodder crops or other commercial crops (e.g. in a mixed farming system).

Data were provided for the years ended 30 June 1990 to 30 June 20142 and were broken
down by region and farm type. The average distribution of land between the three slope
categories was given for each region and farm type based on survey data. Figure 1 displays
the five regions and Table 1 shows the five regions and eight farm types used in the annual

1 Beef + Lamb scaled their survey results so the totals matched the Statistics New Zealand Agricultural
Production survey values

2 Data for the year ended 30 June 2015 were not available at the time of writing
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survey data. The actual land areas by slope class, region and farm type for each year are
given in Appendix 1 (Table 5). There was also a small amount of fertiliser N used on ‘non-
commercial’ farms in each region. Fertiliser use on non-commercial farms accounted for 2
t05% of the total and was accounted for by assuming non-commercial farms had the mean
slope distribution for their region.

1. Northland-Waikato-BoP
2. East Coast

3. Taranaki-Manawatu

4. Marlborough-Canterbury w?i',;, ‘

5. Otago-Southland o e

rwrrcmmen

Source: Beef + Lamb New Zealand Economic Service

Figure 1: Five Regions used in Beef+Lamb New Zealand annual survey

Table 1: Region and farm type classifications used in Beef+Lamb New Zealand annual survey
data

Region Farm Types

Northland-Waikato-Bay of Plenty North Island Hard Hill Country
North Island Hill Country
North Island Intensive Finishing
East Coast North Island Hard Hill Country
North Island Hill Country
North Island Intensive Finishing
Taranaki-Manawatu North Island Hard Hill Country
North Island Hill Country
North Island Intensive Finishing
Marlborough-Canterbury South Island High Country
South Island Hill Country
South Island Finishing Breeding
South Island Mixed Finishing
Otago-Southland South Island High Country
South Island Hill Country
South Island Finishing Breeding
South Island Intensive Finishing

The total amount of fertiliser N applied to sheep and beef farm pastures was calculated by
Beef + Lamb New Zealand, based on the average application rate for each farm type and
region, multiplied by the pasture land area. The total amount of N applied to sheep and beef
farm pastures is compared to the national amount in the inventory calculation for total N
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fertiliser use (which includes cropping and dairying) in Table 2. Note that the Beef + Lamb
New Zealand data were converted to calendar years by taking the average of consecutive
July—June years (e.g. 1990 calendar year is the average of July 1989-June 1990 and July
1990-June 1991 values). This means that 2013 is the last year for which a calendar year
value can be determined, as the July 2014—June 2015 data were not available at time of
writing.

Table 2: Total fertiliser N application to sheep and beef farm pastures compared to total fertiliser
N use. Data from Beef + Lamb New Zealand and National Inventory Report (Ministry for the
Environment, 2014)

Year Fertiliser N applied to Total New Zealand fertiliser Sheep and beef pasture
sheep and beef farm N use (MfE) fertiliser N as a percentage
pastures over each (tonnes) of national fertiliser N use
calendar year
(tonnes)?
1990 9,207 59,265 16%
1991 10,969 61,694 18%
1992 17,642 70,122 25%
1993 24,214 104,095 23%
1994 23,420 124,131 19%
1995 22,187 151,263 15%
1996 23,553 153,780 15%
1997 26,563 143,295 19%
1998 32,112 155,467 21%
1999 33,480 166,819 20%
2000 34,264 189,096 18%
2001 41,122 248,000 17%
2002 55,913 309,200 18%
2003 59,554 337,400 18%
2004 63,084 348,000 18%
2005 66,270 350,320 19%
2006 55,014 329,700 17%
2007 43,384 315,920 14%
2008 29,451 328,157 9%
2009 27,703 279,752 10%
2010 31,922 332,981 10%
2011 28,610 360,284 8%
2012 32,088 362,508 9%
2013 38,576 366,600 11%

Appendix 1 contains a complete breakdown of land area by region, year, farm type, and slope
class (Table 5) as well as fertiliser application by year, region and farm type (Table 6). This
information was supplied by Beef + Lamb New Zealand from their economic survey data.

The data on the quantities of N fertilisers used in New Zealand in 2014 (sourced from
Statistics New Zealand and provided by Prof Russ Tillman) (Table 3) demonstrate that

3 Calendar year amounts were calculated by taking the average of consecutive July-June year values from Table
3.
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throughout New Zealand the weight of N applied as urea is over 8 times larger than the
amount of N applied as DAP. Thus urea is the dominant N fertiliser used in New Zealand.

Table 3: Quantities of nitrogen fertilisers used in New Zealand in 2014 (sourced from Statistics
New Zealand)

Fertiliser Weight of Fertiliser Weight of Nitrogen
(tonnes) (tonnes)

Urea 533,373 250,685

Ammonium Sulphate 59,846 12,567

DAP 166,924 30,046

Fertiliser form (urea vs ammonium-based vs nitrate-based fertiliser) can also influence the
N20 emissions. For example, Smith et al. (1997) suggested that when soil conditions favour
denitrification, nitrate fertilisers produce higher emissions, whereas in dry conditions
emissions from urea or ammonium-based fertilisers were higher. Kuikman et al. (2006)
analysed N2O measurements taken across the Netherlands, and concluded that N.O emissions
were greater from nitrate -based fertilisers than from ammonium-based fertiliser and urea due
to the former providing a more readily available mineral N pool for denitrification. Smith et
al. (2012) reported on a UK-wide series of field experiments comparing N fertiliser forms,
where there was evidence of lower emissions from urea. This may have also been partly due
to losses of NH3 following rapid urea hydrolysis, which can reduce the net amount of N
remaining in the soil as a potential source of N2O (van der Weerden et al., 2016).

In the absence of any activity data on the form of fertiliser N applied on hill country farms,
we have assumed that all N fertiliser was applied to pasture as urea. From the discussions
with Fertiliser representatives (Ants Roberts, Ravensdown and Aaron Stafford, Ballance
Agri-Nutrients Pers. Comm.), we understand that it is highly likely that DAP is used on
fodder crops on the low slopes but also on slopes where farmers are undertaking hill country
cropping. However, in some areas in some years DAP will also be the fertiliser of choice to
be spread on hill country pastures depending on the price relativity between DAP (sometimes
with S added) and super/urea mixes. Very little AS is generally applied to forage crops grown
on hill slopes, but this was not included in our sheep and beef pasture fertiliser N estimates.
In either case, the relative reduction in N>O emissions due to accounting for slope should
remain the same assuming that all types of N fertiliser have the same relative reduction in EF;
for high and medium slopes.

3.2 Emission factor (EF4) values

Kelliher et al. (2014) performed a statistical analysis of New Zealand field trial data of
nitrous oxide emissions from pasture. The best estimate for the emission factor for urea
fertiliser based 22 field trials in New Zealand was 0.48 + 0.13 %. A later study by van der
Weerden et al. (2016) measured N2O emissions from urea applications at four sites. The
mean emission factors for each site varied from 0.03% to 1.52% with an average of 0.51%. A
weighted average of the results from Kelliher et al. (2014) and van der Weerden et al. (2016)
gave an EF; value of 0.48%, the same as the value currently used in the National Inventory.

However, all these trials were conducted on flat land and, based on the results for urine we
expect emission factors to decrease with slope. To estimate the reduction in EF1 on medium
and high slopes we assumed that the reduction in emission factors for urea with slope would
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be the same as for urine because the initial chemical form of N in urine is similar to that in
urea fertiliser. However, this will need to be verified experimentally, as there have been no
field studies on this, either in NZ or overseas. Table 4 shows the emission factors for sheep
and beef urine. The low-slope values are those recommended by Saggar et al. (2015) for hill
country (which in turn were based on Kelliher et al. 2014). The medium-slope values
combine new measurements from Luo et al. (2016) with the recommendations from Saggar et
al. (2015). The high-slope values are from the field trials of Luo et al. (2016).

Table 4: Emission factors for urine on low, medium and high slopes. Values from Saggar et al.
(2015) and Luo et al. (2016)

N Source Slope EF (%) EF relative to low

slope

Beef Urine Low 0.99 1
Medium 0.19 0.19
High 0.03 0.03

Sheep Urine Low 0.55 1
Medium 0.12 0.22
High 0.005 0.009

To calculate the EF; values for urea on medium and high slopes, we took the current, low-
slope value of 0.48% from the National Inventory (Ministry for the Environment 2015), and
multiplied it by the average of the medium-to-low (0.21) and high-to-low (0.02) slope ratios
from Table 4, respectively. Table 5 shows the calculated EF; values for urea. It is important
to note that these EF1 values for urea need to be verified by collecting data from field
experiments.

Table 5: EF4 for urea by slope class

Slope class EF1 (%)
Low 0.48
Medium 0.098
High 0.009

3.3 Calculating N2O emissions from fertiliser

The method used to calculate N>O emissions is based on available data on the following
components:

Arss — the land area in region r, farm type f, and slope class s (ha)

Nrert,r.f — the total amount of N fertiliser applied to pastures in region r and farm type f
(tonnes)

EF1s — the emission factor for direct emissions from fertiliser N applied to slope s (%)

The total amount of direct N20 emissions (N2Ofert,sb tonnes CO2e) for N-fertiliser
application to sheep and beef farm pastures is then calculated using the following equation

(Eq.1):
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_ Arfs  EFis _ 44
N3 Ofere,sp = 2r Zf Ds Neererp X Arftor X Too X %8 X 298 (1)

where Ar 1ot IS the total area in region r and farm type f; 44/28 is the factor to convert between
tonnes N2O-N and tonnes N2O; 298 is the factor to convert tonnes N2O to tonnes CO2e.

For this study we assumed that all the fertiliser N applied to sheep and beef pasture farms was
in the form of urea, as the information on the distinction between the forms of fertiliser N
used was not available. Moreover, the New Zealand-specific EF; values for other forms of N
fertilisers have not been determined. This is an important aspect which needs to examine in
the future. Note that the choice of the low slope EF1 value (currently 0.48%) does not affect
the relative impact of incorporating slope effects on direct NoO emissions.

The major methodological difference between calculating direct N2O emissions from
fertiliser application and deposition of animal excreta (other than different emission factors)
is in the allocation of N to the different slope classes. For animal excreta, Saggar et al. (2015)
used a nutrient transfer model to reflect animals’ preference to spend more time on lower
slopes. However, for fertiliser N we assume that aerial top dressing is the main method of
application* and, therefore, the allocation of N is directly proportional to the land area in each
slope class. However, this may lead to systematic errors as on many farms only part of the
total area will have fertiliser applied, and the fertiliser is likely to be preferentially applied to
the more productive areas. This is an area where further research is required.

The allocation of fertiliser N to each slope class was calculated for each region and farm type,
as shown in Table 1, and was then multiplied by the appropriate emission factors from Table
4 to calculate the amount of N directly emitted as N2O. For the non-commercial farms
(accounting for 3-5% of the total area) it was assumed that the land area in each slope class
was proportional to the regional average. Explicit formulae for these calculations are given in
Appendix 2.

To convert from July-June years used in the Beef+Lamb Sheep and Beef Farm survey data to
calendar years as used in the National Inventory, the averages of consecutive years were
used. For example, the emissions for calendar year 2000 were the averages of the emissions
for the years ended 30 June 2000 and 30 June 2001.

3.4 Feasibility of integration into national inventory methodology

The current Inventory reports nitrous oxide (N20) estimates from applied fertiliser N at the
Tier 1 level, using a single EF1 value irrespective of slope. The inventory currently
differentiates between urea and other N fertilisers for which the EF; values are 0.48% and 1%
respectively, but does not differentiate between N fertiliser application on different slope
classes or farm types.

The proposed framework is similar in structure to that suggested for estimating direct N.O
emissions from hill country by Saggar et al. (2015), the main difference being allocation of N

4 According to the Beef + Lamb New Zealand data for 2013-14, on average 56% of the fertilised land area was
aerially top-dressed. This amount ranges from 3% for Marlborough-Canterbury mixed finishing up to 94% for
East Coast hard hill country.
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is simply proportional to land area (Section 3.3). Incorporation of this report’s methodology
into the Inventory would require the inclusion of emission factor (EF1) values for urea by
slope class (Table 4), and the following additional activity data:

— land area by slope class, region and farm class (Table 6)
— fertiliser N application by region and farm class (Table7).

The N2O emissions from fertiliser N would then be calculated according to equation 1 in
Section 3.3, and reported at the Tier 1 section of the Inventory. Further work may be needed
to confirm that the allocation of N fertiliser according to the relative area in each slope class
is reasonable.
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4 Results

The allocation of fertiliser N across slope classes for New Zealand sheep and beef farms is
shown in Figure 1. The total fertiliser N applied to pastures on New Zealand sheep and beef
farms varied between 9207 and 66 270 tonnes N (as a percentage of the total fertiliser N use
in New Zealand the range was 8% to 25% ), during 1990-2013. As the aim of this study was
to quantify emissions from fertiliser applied to sheep, beef and deer pastures the fertiliser N
applied to forage crops grown on slopes was not included and only the pasture fertiliser N
values were used. Using a single emission factor of 0.48% across all slope classes gave
estimates of direct NoO emissions of 20.7 Gg CO2e in 1990 rising to 86.7 Gg in 2013.
Accounting for the lower emissions from higher slopes brought this down to 8.3 Gg CO2e in
1990 (60% reduction) and 30.5 Gg in 2013 (65% reduction over using a single EF; value)
(Figure 2).

30,000 - = Low slope
25,000 - = Medium slope
High slope
20,000 -
2
Q
c 15,000 -
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F 10,000 -
5,000 -
r— r T T+ T T T T T T T T T T T T T T T T T T T T
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Figure 2: Allocation of fertiliser N applied to sheep and beef pastures by slope class.

The highest amount of fertiliser N (66 270 tonnes) applied to sheep and beef grazed pastures
in 2005 contributed to the highest estimates of N>O emissions (149 Gg CO2e using a single
EF: value of 0.48%). However, with the slope-dependent EFs, the estimated N.O emissions
were slightly higher in 2003 (57.1 compared to 55.9 Gg CO2e). This difference in timing
occurs because although N fertiliser use on sheep and beef pastures was at its maximum in
2005, there was a higher percentage of the fertiliser N applied to low slopes in 2003.
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Figure 3: Direct N.O emissions for fertiliser applied to pasture on sheep and beef farms using a
single emission factor for all slopes (blue line) and using lower emission factors for medium

and high slopes (red line).
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5 Conclusions

The total fertiliser N applied to pastures on New Zealand sheep and beef farms varied
between 9207 and 66 270 tonnes N (as a percentage of the total fertiliser N use in New
Zealand the range was 8% to 25% ), during 1990-2013. The proposed framework is similar
in structure to that suggested for estimating direct N.O emissions from hill country by Saggar
et al. (2015), the main difference being allocation of fertiliser N is simply proportional to land
area. However, this assumption needs to be confirmed.

Calculating direct N2O emissions from sheep and beef farm pasture using estimated EF
values of 0.48%, 0.98% and 0.009%, for low, medium, and high slopes, respectively, rather
than a single EF; value of 0.48% indicated the potential for a 60% to 65% reduction in
estimated emissions of N.O. Estimates of direct N2O emissions in 1990 and 2013 were
reduced from 20.7 and 86.7 Gg CO2e/y to 8.3 and 30.5Gg CO2ely, respectively. In 2013 this
was equivalent to a reduction of 0.14% in the total greenhouse gas emissions from the
agricultural sector.

Incorporation of this report’s methodology into the Inventory would require the inclusion of
emission factor (EF1) values for urea N by slope class, and the following additional activity
data: land area by slope class, region and farm class, and fertiliser N application by region
and farm class. The N>O emissions from fertiliser N would then be calculated according to
equation 1 in Section 3.3, and reported at the Tier 1 section of the Inventory.

In the absence of available New Zealand EF; data on slopes, EF: values used in this study
were estimated from the measured average emission factors for beef and sheep urine applied
on slopes. These values need to be confirmed with field measurements of N2O emissions
from fertiliser urea before this work can be incorporated into the inventory.

Further work may be needed to confirm that the allocation of N fertiliser according to the
relative area in each slope class is reasonable.
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Appendix 1 - Selected data from Sheep and Beef Farm Survey data

Land area (ha) in sheep and beef farms by region, farm type, and slope class for years ending 30 June. Data provided by Beef + Lamb New
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Fertiliser N allocation (tonnes) on sheep & beef pasture by region and farm class for years ended 30 June. Data provided by Beef + Lamb
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Appendix 2 — Formulae for calculating direct N2O emissions
from Sheep + Beef pasture fertiliser

This method assumes the following data is available:
Arts —the land area in region r, farm type f, and slope class s (ha)

Nrert,r.f — the total amount of N fertiliser applied to pastures in region r and farm type f
(tonnes)

EF1s — the emission factor for direct emissions from fertiliser N applied to slope s (%)

The total amount of direct N2O emissions (N2Orert,sb tonnes CO.¢e) for N fertiliser application
to sheep and beef farm pastures is calculated according to equation 1:

EFy s

_ Ar,f,s 44
N2Oertsp = L Lp Xos Npereyr,p X 7700 X 00 X 52X 298 1)

where:
Ar ot — IS the total area in region r and farm type f
44/28 — is the factor to convert between tonnes N2O-N and tonnes N.O

298 — is the factor to convert tonnes N2O into tonnes CO»e
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