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1 Introduction

This document describes in detail how New Zealand’s agricultural greenhouse gas (GHG) emissions
(referred to in this document as the agriculture inventory) are calculated. The methodology in this
document is used to help calculate the official statistics for anthropogenic (human-induced) emissions
of agricultural greenhouse gases in New Zealand. This information is used for reporting, forecasting,
and policy development purposes.

Emissions from agriculture include sources such as methane (CHas) from livestock digestive systems
(referred to as enteric CHa), and nitrous oxide (N20) from animal manure and fertiliser added to the soil.
Emissions included under the agriculture sector are what we call biological emissions, that is, emissions
from processes in living things. Emissions from fuel use or non-agricultural waste on farms are not
covered here, instead they are included in the energy and the waste sectors.

New Zealand is required to report on its emissions every year under international agreements. The
methods used to calculate emissions are based on internationally-agreed rules and guidelines. At the
same time, countries are encouraged to improve the accuracy of their estimates by developing methods
that are best suited to their country’s circumstances. A team of international experts reviews these
calculations, both the standard and country-specific methods, to ensure that emissions estimates are of
good quality.

New Zealand uses a model to calculate emissions. The model has been developed based on the
reporting guidelines as well as on both New Zealand and international scientific research. It draws on a
range of different sources of information and data, for example animal population numbers, to calculate
emissions.

This document is structured as follows:

The rest of Chapter 1 summarises the key international climate change agreements, provides an
overview of emissions reporting, and briefly discusses New Zealand’s particular circumstances for
agricultural emissions reporting. At the end of the Chapter a high level summary of the inventory model
structure is outlined.

Chapter 2 discusses the sources of activity data used in the inventory.

Chapter 3 shows how monthly population numbers are calculated for the main livestock categories (dairy
cattle, beef cattle, sheep and deer).

Chapter 4 outlines how the Inventory calculates energy and intake requirements for the major animal
species.

Chapter 5 outlines how nitrogen intake, nitrogen retention and excretion are calculated. The distribution
of nitrogen excretion on different hill slopes for beef cattle, sheep and deer are also covered

Chapters 6 and 7 explain how emissions from enteric fermentation and manure management are
calculated.

Chapter 8 explains direct and indirect N2O emissions from agricultural soils.

Chapter 9 describes how relatively minor emissions from field burning are calculated.
Chapter 10 discusses emissions of carbon dioxide (CO2) from carbon containing fertilisers.
Chapter 11 refers to Prescribed burning of Savannah.

Chapters 12 and 13 contain the references and appendices respectively.

1.1 International climate change agreements

New Zealand is a Party to the United Nations Framework Convention on Climate Change (UNFCCC),
which enables countries to collectively consider how to mitigate climate change and cope with its
impacts. The UNFCCC became operational on 21 March 1994 and now has near-universal membership
with 197 parties to the Convention.

The ultimate objective of the UNFCCC is to achieve stabilisation of GHG concentrations in the
atmosphere at a level that would prevent dangerous anthropogenic interference with the climate system.
Such a level should be achieved within a time frame sufficient to allow ecosystems to adapt naturally to
climate change, to ensure food production is not threatened, and to enable economic development to
proceed in a sustainable manner.
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The Kyoto Protocol, a subsidiary agreement under the UNFCC, was developed to bring about more
powerful and urgent action on climate change. It was adopted in 1997 and came into force in 2005. The
Kyoto Protocol shares and expands on the objective, principles and institutions of the UNFCCC. It
committed developed countries (known as Annex 1 Parties) to reduction targets of GHG emissions for
the first commitment period of the Kyoto Protocol (2008-2012).

A second commitment period under the Kyoto Protocol runs from 2013 until 2020. In 2009, New Zealand
decided to take an emissions reduction commitment for the period 2013-2020 under the UNFCCC rather
than under the Kyoto Protocol itself. New Zealand will apply the Kyoto Protocol framework of rules to its
unconditional 2020 target to ensure that actions are transparent and have integrity.

The Paris Agreement, which builds on the UNFCCC and — for the first time — brings all nations into a
common cause to undertake ambitious efforts to combat climate change and adapt to its effects, with
enhanced support to help developing countries do so, came into force on 4 November 2016. Under this
Agreement New Zealand is committed to reducing its GHG emissions by 30 per cent below 2005 levels
by 2030.

1.2 Guidelines for reporting emissions

Under the UNFCCC and the Kyoto Protocol, Annex | Parties are required to report on their GHG
emissions and show how they are tracking towards their targets. New Zealand calculates its emissions
following guidelines and reporting rules. Methodological guidelines for reporting emissions and removals
have been developed by the Intergovernmental Panel on Climate Change (IPCC). The IPCC is the
international body for assessing the science relating to climate change. The reporting rules are decided
in agreement by countries who are Parties to the Kyoto Protocol and the Paris Agreement.

Emissions are calculated from activity data and emission factors. An emission factor is defined as the
average emission rate of a given GHG for a given source, relative to units of activity. They can be default
values provided by the IPCC, or country-specific (i.e. emissions factors determined from in-country
research.

The IPCC guidelines provide tiered reporting levels (described in section 1.3 of this chapter). Countries
decide which method to follow based on the significance of a particular emissions source in their country,
on their capability and the availability of data, and on the importance of a particular GHG source category
in that inventory. The guidelines ensure emissions are estimated at a detailed level, but can also be
aggregated up to a common minimum level of details for comparison with all other reporting countries.

Since 2015, emissions are calculated using methodologies from the 2006 IPCC Guidelines for National
Greenhouse Gas Inventories. Prior to this, the Revised 1996 IPCC Guidelines for National Greenhouse
Gas Inventories, the Good Practice Guidance and Uncertainty Management in National Greenhouse
Gas Inventories, and the Good Practice Guidance for Land Use, Land-Use Change and Forestry were
used to calculate emissions. The use of standard guidelines enables the inventories of different
countries to be compared.

Countries are required to calculate direct and indirect emissions and removals of the following gases:
COz2, N20, CHa4, carbon monoxide, hydrofluorocarbons, perfluorocarbons and nitrogen trifluoride. These
are calculated across five sectors:

e Energy- (e.g., emissions from transport and electricity generation)

e Industrial Processes and Product Use (IPPU) — (e.g., cement production and refrigeration)
e Agriculture

e Land Use, Land-Use Change and Forestry (LULUCF)

e Waste.

Estimated emissions of different gasses are aggregated into one emissions value using the concept of
Global Warming Potential (GWP), which provides a measure of how much a given GHG contributes to
the Earth’s radiative forcing over a specified time period. Beginning with the 2015 submissions, Annex
| Parties use the GWP values for the 100-year horizon published in the Fourth Assessment Report of
the IPCC as the COz2-e conversion metric. (UNFCCC, 2013).

In the Fourth Assessment Report for a 100-year time span, CO:is set as the reference gas, and has a
GWP of 1, while CH4 and N20O have GWPs of 25 and 298, respectively (Myhre et al., 2013). For each
gas, the amount of emissions (by mass) is multiplied by its associated GWP value to obtain a measure
of carbon-dioxide equivalent (CO2-e) emissions.
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The inventory is submitted to the UNFCCC Secretariat in April each year. Each inventory is reviewed
by a team of international experts to ensure emissions and removals are estimated accurately and
transparently (UNFCCC, 2010).

1.3 Complexity of reporting —tiers 1, 2, and 3

The most basic level of reporting complexity is the Tier 1 level. At this level, countries use activity data
from their own country but can use equations and default parameters and emission factors provided by
the IPCC. The methodology for Tier 1 uses data which are not broken down into subcategories, for
example, total sheep population rather than the population of ewes, rams, lambs etc. The Tier 1
methodology accounts for country-specific livestock population demographics and production data
through assumptions incorporated into default emission factors and related parameters. These default
values are provided on a regional level, for example for Western Europe or Oceania.

The guidelines encourage countries to improve the estimation of emissions by developing country-
specific emission factors and related parameters through research and application of country-specific
information. A more complex methodology, Tier 2, can be used if disaggregated population data and
production data for a country are available. The basis of this Tier 2 methodology for livestock emissions
is the estimation of the energy requirements for cattle and sheep, and the dry matter intake needed to
meet these requirements. Dry matter intake is the weight of feed material consumed by an animal
excluding the moisture the feed contains. CHs4 and N2O emissions can then be calculated based on
estimates of dry matter intake.

There is also a third tier, Tier 3, where countries develop their own country-specific models and
measurement systems that are tailored to address national circumstances, repeated over time and use
high-resolution sub-national datasets. Approaches under the hierarchy of tiers conform to a standard
reporting format common to all tiers. This ensures that estimates calculated at a detailed level that can
also be aggregated up to a common minimum level of detail for comparison with all other reporting
countries.

1.4 New Zealand’s agricultural emissions context

Pastoral grazing is a major component of the New Zealand agricultural sector, and pastoral agricultural
products (i.e. excluding seafood and forestry) comprise around 61 percent of total merchandise exports
(Statistics New Zealand, 2017). As a result, GHG emissions from pastoral agriculture make up around
50 percent of New Zealand’s total emissions (excluding LULUCF), the largest proportion of any Annex
| party to the UNFCCC.

The Tier 2 methodology developed by the IPCC for cattle is based on the US feeding systems with high
levels of grain feed.

New Zealand has a favourable temperate climate, abundant agricultural land, and unique farming
practices. Most livestock are born during July through to November (late winter to late spring). Farming
practices are based on year-round extensive outdoor grazing systems with a greater reliance on nitrogen
fixation by legumes rather than nitrogen fertiliser as the main nitrogen source.

In New Zealand dairy cattle, beef cattle, sheep and deer are grazed outside on pasture all year round.
In its original form the Tier 2 methodology developed by the IPCC for developed countries is not well
suited for New Zealand’s farming systems, as it is:

e based on feeding systems in Europe and the US, which use high levels of grain feed
e assumes that animals are housed for a significant portion of time

For example, New Zealand, like Australia, has a much lower proportion of agricultural emissions from
manure management compared with other Annex 1 Parties to the UNFCCC, as intensive housing of
major livestock species is rare in New Zealand.

Because of this New Zealand has developed its own Tier 2 methodology to determine the energy
requirements of cattle, sheep and deer, and subsequently the CH4 and N2O emissions from each
species (Clark et al, 2003). This methodology was developed to conform to the IPCC good practice
guidelines and takes into account the:

e unique characteristics and lifecycle of each species
e changing productivity of dairy, beef, sheep and deer, industries
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This provides a more accurate estimate of emissions from New Zealand'’s key animal species compared
with fixed default emission factors. Research focused on improving the accuracy of the inventory is
ongoing.

For further information of New Zealand’s agriculture sector (in the context of greenhouse gas emissions)
see chapters 1 and 2 (Executive summary and National Circumstances) of New Zealand’'s seventh
national communication (http://www.mfe.govt.nz/publications/climate/nz-sixth-national-
communication/index.html).

1.5 Sources of New Zealand’s agricultural emissions

New Zealand uses a range of methods to calculate agricultural emissions that are appropriate to the
size of the different emission categories. In 2016, 91.7 per cent of New Zealand'’s agriculture emissions
were due to four grazed livestock categories: Dairy cattle, Non-dairy cattle, Sheep and Deer. New
Zealand uses a detailed livestock population characterisation and a complex ruminant animal nutritional
and energy model to support the calculation of emissions from these livestock.

Other livestock species (Swine, Goats, Horses, Llama and alpacas, Mules and asses, and Poultry —

referred to as ‘minor’ livestock categories) account for only 0.5 per cent of New Zealand’s agriculture
emissions and are estimated using Tier 1 methods. Where possible, New Zealand has used country-
specific emission methods and factors to estimate emissions for these minor livestock species.

Direct and indirect N2O emissions from synthetic fertiliser account for 4.2 per cent of New Zealand’s
agricultural emissions and are calculated using country-specific emission factors. CO2 emissions from
liming and urea contributed a combination of 2.8 per cent towards total agricultural emissions in 2016.

The remaining 0.8 per cent of New Zealand’s agriculture emissions is due to organic fertiliser, crop
residue returned to the soil, cropland cultivation (histosols and N mineralisation) and cropland burning.
Emissions from crop residues and the burning of some agriculture residues are calculated by using a
Tier 2 method.

The diagram below outlines how the inventory calculates different emission categories. Livestock
emissions from dairy and beef cattle, sheep and deer are calculated by using activity data to calculate
the energy and intake requirements of these animals. Methodology specific to New Zealand is then used
to calculate the resulting CH4 and N20O emissions from the calculated intake level.

Emissions from minor species such as goats and swine are calculated using activity data and IPCC
emission factors and methodology.

Emissions associated with the use of fertiliser are calculated from activity data and a mixture of New
Zealand and IPCC emission factors.

Emissions from field burning are calculated using activity data and New Zealand specific emission
factors aligned with IPCC methodology.
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Figure 1.1: Schematic diagram of how New Zealand’s agriculture emissions are calculated
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2 Activity data — sources and assumptions

The inventory model uses activity data along with emission factors, equations and methodologies to
estimate emissions. Activity data is defined as “data on the magnitude of human activity resulting in
emissions or removals taking place during a given period of time” (UNFCCC, 2014).

Data for the inventory is collected annually from the sources listed in table 1.

A large amount of data for the inventory is collected by Statistics New Zealand, through a census held
every five years (the Agricultural Production Census, (APC)) or through a survey (the Agricultural
Production Survey APS)) held annually between census years. Activity data is also collected from
industry organisations and from the Ministry for Primary Industries.

Detailed data from the APS, DairyNZ, Beef and Lamb New Zealand, Deer Industry New Zealand, and
slaughter statistics collected by the Ministry for Primary Industries (MPI) are all required for the Tier 2
part of the inventory model.

Most inventory data is collected on a June year-end basis but the Inventory is calculated on a calendar
year. Data collection in the year to June corresponds with the financial year for most New Zealand
businesses, and enables reporting of stable livestock populations at the end of June prior to the spring
births that bulge the populations. January—December values are calculated from two years of data; the
last six months of one June year and the first six months of the next June year. An underlying ‘population
model’ of month-by-month demographic changes, including births and slaughters, has been developed
using industry knowledge and assumptions as detailed in chapter 3 and in Clark (2008). This provides
population data for each subcategory of species for use in the model calculations.

Table 2.1: Sources of agricultural activity data used in the inventory

Description of data

Source

animal population

dairy production

Dairy cow liveweight

Wool production

Sheep, beef and deer farm area by hill slope
Meat production and liveweight (Sheep and beef)
Meat production (swine)

Deer liveweight

Synthetic fertiliser and urea

Limestone and dolomite use

Urease inhibitor use

Soil organic matter loss

Pasture renewal

Crop yield or area

Pea production

Potato production

Burning of crop residue

Seed production

Statistics New Zealand (APS and APC)
Livestock Improvement Corporation (LIC)
Livestock Improvement Corporation (LIC)
Beef + Lamb New Zealand

Beef + Lamb New Zealand

Ministry for Primary Industries

Ministry for Primary Industries

Ministry for Primary Industries

Fertiliser Association of New Zealand
Statistics New Zealand (APS and APC)
Fertiliser Association of New Zealand
Ministry for the Environment
AsureQuality

Statistics New Zealand (APS and APC)
Horticulture New Zealand

Potatoes New Zealand

Statistics New Zealand (APS and APC)
AsureQuality

2.1 Animal population data - Dairy

For dairy, population data for the following subcategories of dairy cattle is required for the inventory:

e Milking cows and heifers
e Growing females < 1 year old

10 e Detailed methodologies for agricultural greenhouse gas emission calculation
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e Growing females 1-2 years old
e Breeding bulls

This data is collected by Statistics New Zealand. The inventory model uses regional dairy population
data which is combined with regional production data to calculate dairy emissions at a regional level.

Under the IPCC Guidelines, it is recommended that emissions reported as “dairy” include only those
emissions from dairy cows in commercial milk production, with emissions from the other cattle in the
dairy herd reported along with beef cattle emissions under “other cattle”. However, for New Zealand’s
inventory the definition of “dairy cattle” includes all heifers and growing females that will be used for milk
production, and the breeding bulls specific to the dairy industry. The growing females are divided into
two age classes. Therefore emissions are estimated for four sub-categories of dairy cattle: milking cows
and heifers, growing females < 1 year old, growing females 1-2 years old, and breeding bulls.
Consequently, emissions reported in the inventory under the dairy Section cover a broader range of
animals than may be reported by other countries.

2.2 Animal population data - Beef
Population data for the following subcategories of beef cattle is required for the inventory:

e Growing cows 0 — 1 years

e Growing cows 1 — 2 years

e Breeding growing cows 2 — 3 years
e Breeding mature cows

e Breeding Bulls — mixed age
e Slaughter heifers 0 — 1 years
e Slaughter heifers 1 - 2 years
e Slaughter steers 0 — 1 years
e Slaughter steers 1 - 2 years
e Slaughter Bulls 0 - 1 years

e Slaughter Bulls 1 — 2 years

This data is collected by Statistics New Zealand. Data from Beef + Lamb NZ (see section 2.8) on the
area of farm land and proportion of animals on different slopes is also needed to calculate nitrous oxide
emissions.

2.3 Animal population data - Sheep

Population data on following subcategories of sheep is required for the inventory:

e Dryewes

e Mature Breeding ewes

e Growing breeding sheep

e Growing non-breeding sheep

e Wethers
e Lambs
e Rams

This data is collected by Statistics New Zealand. Data from Beef + Lamb NZ (see section 2.8) on the
area of farm land and proportion of animals on different slopes is also needed to calculate nitrous oxide
emissions.

2.4 Animal population data - Deer
Population data on the following subcategories of deer is required for the inventory:

e Breeding hinds

e Hinds <1 year old

e Hinds 1-2 years old

e Stags <1 yearold

e Stags1-2yearsold
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e Stags 2 -3 yearsold
e Mixed age and breeding stags

This data is collected by Statistics New Zealand.

2.5 Animal population data — Minor Species

Population data on goats, swine, poultry, emus, ostriches, horses, and alpacas is collected annually by
Statistics New Zealand. A Tier 1 methodology is used to calculate emissions from these animals.

2.6 Meat, wool and dairy production

In the inventory, production data refers to milk, meat and wool that is produced by the major livestock
species (dairy cattle, beef cattle, sheep and deer). This information is collected by industry organisations
and the Ministry for Primary Industries.

For the major livestock species, population data is combined with production data (e.g. milk, meat, wool)
to calculate the energy requirements of these animals, which is discussed in the following chapter.

2.7 Fertiliser data

Data on the use of the following types of fertiliser is required for the inventory:

e Fertiliser nitrogen

e Urea

e Urea fertiliser coated with urease inhibitor
e Limestone

e Dolomite

This information is collected by industry organisations and Statistics New Zealand.

2.8 Topography data

Following changes made to the 2020 inventory, data on the topography of sheep, beef and deer farm
land is required:

e Area of sheep, beef and deer farm land classed as flat, rolling or steep (split by region)
e Proportion of sheep, beef and deer on flat, rolling or steep land (split by region)

This information is compiled by Beef + Lamb New Zealand

2.9 Additional information
Further information on the following is collected for the inventory:

e Land undergoing pasture renewal
e Crop production
e Seed production
This is sourced from Statistics New Zealand and industry organisations, and is used to calculate

emissions from pasture renewal, the decay of crop residue and the burning of crop residue. Emissions
from these sources make up less than one per cent of New Zealand’s total agricultural emissions.
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3 Monthly population model

As stated in the previous section, a population model is used to calculate monthly populations for the
major livestock (Dairy cattle, beef cattle, sheep and deer) species. This model is outlined below, and in
the paper by Clark (2008). Additional refinements to the population models, as recommended by
Thompson et.al. (2010).

The population models have been constructed to reflect the natural variation in livestock populations
that occur throughout the year. Data from the Agricultural Production Survey (APS) as well as fixed
parameters and assumptions are used in these models. To calculate month-by-month populations for
an entire particular calendar year, APS data from three years is required (see figure 3.1).

The rest of this chapter explains the equations used to calculate monthly populations for the
subcategories of livestock.

3.1 Dairy population model

3.1.1 Mature milking cows

To calculate the population of mature milking cows for a particular month, data from two agricultural
production surveys are required. The figure below shows the survey data that would be required to
calculate the population of mature milking cows from January 2001 to December 2003.

Figure 3.1: data required to estimate monthly populations in the agriculture inventory model

Agricultural Production Survey Year

January
February
March
April

APS 2000

May
June

2001
July

August

September
October
November

APS 2001

December

January
February
March
April
May
June

2002
July

August

APS 2002

September
October
November
December

January
February
March
2003 April
May

APS 2003

June

July
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The equations used to calculate monthly populations on mature milking cows for a particular year have
been constructed to ensure that the population peaks between May, June, and July. Individual equations
need to be specified for May, June, July, and August. For the months from September to April the same
equation format is used.

Population of mature milking cows, in May of year t (Equation 3.1)

POPMmMCyqy ) = POPMMCjypnery + DMMCoxcrqug-1)

Where:
POPmMmMcmayt = population of mature milking cows in May (year t)
POPmMmMcjunety = population of mature milking cows in June (year t)

DmmMmCexcl.augt-1) = humber of mature milking cow deaths per month between July (year
t-1) and June (year t), excluding august (year t-1)

This equation uses the June mature milking cow population (calculated in equation 3.2) to back-calculate
the population for May, and assumes that DmmCexc.augt-1) NUMber of deaths will occur in May.

Population of mature milking cows, in June of year t (Equation 3.2)

POPmijune(t) = POPdm, + Dmmcexcl.aug(t—l)

Where:
POPmMmMcjuney = population of mature milking cows in June (year t)

POPdm; = Total number of dairy cows and heifers, in milk or calf in year t (using data
from APS)

DmmMmCcexcl.augt-1) = humber of mature milking cow deaths per month between July (year
t-1) and June (year t), excluding August (year t-1)

Population of mature milking cows, in July of year t (Equation 3.3)

POPmMmCjyy ) = POPdm; + POPdnmc, X Py,

Where:
POPmmcjuy = population of mature milking cows in July (year t)

POPdm: = Total number of dairy cows and heifers, in milk or calf in year t (using data
from APS)

POPdnmc: = Total number of dairy cows and heifers NOT in milk or calf in year t (using
data from APS)

Pary = proportion of dry cows compared to the total number of dairy cows and heifers
NOT in milk or calf (currently assumed to be 53%)

In the model, the mature milking cow numbers in July includes dry cows which are assumed to be sold
to slaughter during the July calving period. The parameter POPdnmct, which counts the number of dry
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cows and heifers, is an annual number provided by the APS. It has been assumed (based on 1990-1996
data) that 53% of the animals making up POPdnmc: are dry cows (as opposed to heifers).

Population of mature milking cows, in August of year t (Equation 3.4)

POPmMmMcyyg) = POPdm, — Dmmcgy g

Where:
POPmMmMcaugty = population of mature milking cows in August (year t)

POPdm = Total number of dairy cows and heifers, in milk or calf in year t (using data
from APS)

Dmmcaug® = number of mature milking cow deaths in August of year t

Monthly population of mature milking cows, between September (year t) and April (year t+1) (Equation
3.5)

POPmmc,, = POPmmc,,_; — Dmmcexcl_aug(t)

Where:
POPmMmcm = population of mature milking cows in particular month m
POPmMmcm-1 = population of mature milking cows in previous month m-1

Dmmcexcl.augty = Number of mature milking cow deaths per month between July (year t)
and June (year t+1), excluding august (year t)

Equations 3.6-3.10 outline the equations used to calculate the number of mature milking cow deaths
occurring in a particular month.

Number of deaths per month for mature milking cows, from July of year t-1 to June of year t, (excluding
august) (Equation 3.6)

Dmmcjy(e—1)- juney = Dmmcayge-1)
11

Dmmcexcl.aug(t— 1) =

Where:

DmmMmCexcl.augt-1) = number of mature milking cow deaths per month between July (year
t-1) and June (year t), excluding August (year t-1)

Dmmcjuit1) - apry = NUMber of mature milking cow deaths, between July (year t-1) and
June (year t)

Dmmcauge-1) = number of mature milking cow deaths, in August of year t-1

Number of deaths for mature milking cows, in August of year t-1(Equation 3.7)

Dmmecgyge—1) = DMMCjyie—1)-june) X PDMmcgyg

Where:
Dmmcauge-1) = number of mature milking cow deaths, in August of year t-1

Dmmcjuit-1) - apry = NUMber of mature milking cow deaths, between July (year t-1) and
June (year t)
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PDmmcaug= proportion of total deaths in 12 month period that occur in August (currently
set at 50%)

Number of deaths for mature milking cows, between July of year t-1 to June of year t (Equation 3.8)

Where:

Dmmcjul(t—l)—jun(t) = Dmmcjul(t—l)—apr(t) + Dmmcmay(t)—jun(t)

number of mature milking cow deaths, between July (year t-1) and

DmmCcjui-1) - juncy
June (year t)

Dmmcjuit1) - apry = NUMber of mature milking cow deaths, between July (year t-1) and
April (year t)

Dmmcjuit-1) - aprty = NUMber of mature milking cow deaths, between May and June in year
t

Number of deaths for mature milking cows, between July of year t-1 to April of year t (Equation 3.9)

Where:

Rmmc

Dmijul(t_l)_apr(t) = POPdmt_l X ( ) X nodjul_apr

Nnodyeqr

Dmmcjuit1) - apry = NUMber of mature milking cow deaths, between July (year t-1) and
April (year t)

POPdm:.1 = Total number of dairy cows and heifers, in milk or calf in year t-1 (using
data from the APS)

DRmmc = annual death rate for mature milking cows (currently set at 2.1%)
nodyear = NuMber of days in year t

nodju-apr = NUMber of days from the beginning of July (year t-1) to the end of April (year

Y

Number of deaths for mature milking cows, between May of year t to June of year t (Equation 3.10)

Where:

Rmmc

Dmmcomay (t)- juney = POPdm; X ( ) X n0djy1_apr

NnoAyeqr

Dmmcmay( - juny = Number of mature milking cow deaths, between May and June in year
t

POPdm: = Total number of dairy cows and heifers, in milk or calf in year t (using data
from the APS)

DRmmc = annual death rate for mature milking cows (currently set at 2.1%)
nodyear = NnuMber of days in year t

nodmay-un = Number of days from the beginning of May (year t) to the end of June (year

t)

3.1.2 Growing Heifers 0-1 years

For each physiological year (July to June), the number of growing heifers aged 0-1 remains constant,
and the death rate over the year is assumed to be zero. The following equation is used to calculate the
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monthly population of growing heifers aged between zero and one years. All of the required data are
from the Agricultural Production Survey.

Monthly population of growing heifers aged between zero and one, between August (year t) and June
(year t+1) (Equation 3.11)

POPghy_1montnry = POPtotaldairy, — POPdm; — POPdnm, — POPdbb,

Where:

POPgho-1monthty = population of growing heifers aged between zero and one in particular
month and year t

POPtotaldairy: = Total number of dairy cows (using APS data)

POPdm¢ = Total number of dairy cows and heifers, in milk or calf year t (using data from
the APS)

POPdnm: = Number of dairy cows and heifers not in milk or calf year t (using data from
the APS)

POPdbb: = Number of dairy breeding bulls year t (using data from the APS)

In July the population of growing heifers aged 0-1 is assumed to be zero as the June population of
heifers in this age group move into the growing heifer 1-2 year category.

3.1.3 Growing Heifers 1-2 years

For each physiological year between July and April, number of growing heifers aged between zero and
one remains constant, and the death rate over the year is assumed to be zero. The following equation
is used to calculate the monthly population of growing heifers aged between one and two years.

Monthly population of growing heifers aged between one and two, between July (year t) and April (year
t+1) (Equation 3.12)

POPghl—Zmonth = Popgho—lmonth(t—l) + POPdnmt X (1 - Pdry)

Where:

POPgh1-2month = population of growing heifers aged between one and two in particular
month

POPgho-1montht-1) = population of growing heifers aged between zero and one in previous
year t-1

POPdnmc: = Total number of dairy cows and heifers, NOT in milk or calf in year t (using
data from the APS)

Pary = proportion of dry cows compared to the total number of dairy cows and heifers
NOT in milk or calf (currently assumed to be 53%)

In May and June the population of growing heifers aged 1-2 is assumed to be zero as the population of
heifers in this age group move into the mature milking cows category.

3.1.4 Breeding Bulls

To calculate the population of breeding bulls for a particular month, data from two agricultural production
surveys are required.

The July breeding bull population for any given year is equal to the dairy breeding population in the APS
for that year. For the four months preceding July (March-June) the monthly populations are calculated
by going backward month by month from the July value. The following equation is used to estimate the
breeding bull population for June, May, April and March:
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Monthly population of breeding bulls, from March to June in year t (Equation 3.13)

Where:

POPbbAPS(t—l) - POPbbAPS(L‘)
POPbb(m)(t) = POPbb(m+1)(t) ar ( X TlOdm

nOdyear

POPbbm) = population of breeding bulls in specific month m (year t)
POPbbm-+1® = population of breeding bulls in next month m+1 (year t)

POPbbapst-1y = population of dairy breeding bulls in previous year t-1 (using data from
the APS)

POPbbarst = population of dairy breeding bulls from APS in current year t (using data
from the APS)

nodyear = NnumMber of days in year

nodm = number of days in month m

For the seven months after July (August-February) the monthly populations are calculated by going
forward month by month from the July value.

Monthly population of breeding bulls, from August in year t to February in year t+1 (Equation 3.14)

Where:

POPbbAps(t) - POPbbAPS(t+1)
nOdyear

POPbb(m) = POPbb(m_l) + < ) X TLOdm

POPbbm) = population of breeding bulls in specific month m
POPbbm-1) = population of breeding bulls in previous month m-1

POPDbbaps(y = population of dairy breeding bulls from APS in year t (using data from the
APS)

POPDbbapst+1) = population of dairy breeding bulls from APS in year t+1 (using data from
the APS)

nodyear = NuMber of days in year

nodm = number of days in month m

The equations are designed to adjust the population of bulls gradually throughout the year, with a large
change in from February to March as bulls are introduced into the herd or culled.

3.2 Beef population model

Eleven different classes of beef cattle are used in the model. These populations have strong links with
each other as the cattle move from one age group to another:

e Breeding Growing Cows 0-1
e Breeding Growing Cows 1-2
e Breeding Bulls Mixed Age

e Slaughter Heifers 0-1

e Slaughter Heifers 1-2

e Slaughter Steers 0-1

e Slaughter Steers 1-2

e Slaughter Bulls 0-1

e Slaughter Bulls 1-2

e Breeding Growing Cows 2-3
e Breeding Mature Cows
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3.2.1 Breeding growing cows 0-1 (less than on year old)

The four classes of breeding growing cow are:

Breeding Growing Cows 0-1
Breeding Growing Cows 1-2
Breeding Growing Cows 2-3
Breeding Mature Cows

These populations are calculated using the same APS data (beef cows and heifers in calf). The inventory
assumes that the July population of breeding growing cows aged 0-1, 1-2, and 2-3 are the same.

In July, it is assumed that the number of breeding cows less than one year old will be equal to 17% of
the number of beef cows and heifers in calf found from the APS in that year (line codes 7056 and 7057).

In August, the population of breeding growing cows aged between 0 and 1 is calculated using the
following equation:

Population of breeding growing cows aged between 0 and 1, for August in year t (Equation 3.15)

DRbgcl
POPbgclgyugy = POPbgcl iy X (1 — ——— X nodjy
nOdyear
Where:
POPbgclaug = population of breeding growing cows aged 0-1 in August in year t

POPbgcljuw = population of breeding growing cows aged 0-1 in July in year t (equal to
17% of the number of beef cows and heifers in calf found from the APS in that year —
line codes 7056 and 7057)

DRunge1 = annual death rate of breeding growing cows aged 0-1 (currently assumed to
be 2% per year

nodyear = NnumMber of days in year
nodjuy = number of days in July

In September, breeding cows move into the next age group. A new population of breeding cows less
than one year old is calculated in the inventory using the following formula:

Population of breeding growing cows aged 0-1, for September in year t (Equation 3.16)

POPbgclsep(t) =17% X POPbmcsep(t)

Where:
POPbgclsepr = population of breeding growing cows aged 0-1 in September in year t

POPbmcsepr) = population of breeding mature cows in September in year t (see equation
3.29)

The calculation of the September population of breeding mature cows is outlined in section 3.2.4 in
equation 3.29.

From October to February, the population of breeding growing cows aged between 0 and 1 is calculated
using the following equation:

Monthly population of breeding growing cows aged 0 to 1, from October in year t to February in year t+1
(Equation 3.17)

DRhgcl
POPbgcl,, = POPbgcl(pm 1y X (1 — X nod,,_q
nOdyear
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Where:
POPbgclm = population of breeding growing cows aged 0-1 in month m
POPbgclm-1 = population of breeding growing cows aged 0-1 in previous month m-1

DRuge1 = annual death rate of breeding growing cows aged 0-1 (currently assumed to
be 2% per year

nodyear = NnUMber of days in year
nodm = number of days in month m

The March to June populations of breeding growing cows aged between 0 and 1 is calculated in reverse
order

June population of breeding growing cows aged 0 to 1 (Equation 3.18)

DRbgcl
POPbgcljyne = 17% X POPbmcj,; X | 1+ X nodjyy,
NOoQyeqr
Where:
POPbgcljune = population of breeding growing cows aged 0-1 in June
POPbmcju = population of breeding mature cows in July (see equation 3.29)

DRunge1 = annual death rate of breeding growing cows aged 0-1 (currently assumed to
be 2% per year

nodyear = NUMber of days in year
nodjun = number of days in June

Monthly population of breeding growing cows aged 0 to 1, from March to May (Equation 3.19)

DRbgcl
POPbgcl,, = POPbgcl, .1 X |1 + ——— X nod,,
nOdyear
Where:
POPbgclm = population of breeding growing cows aged 0-1 in month m
POPbgclm+1 = population of breeding growing cows in next month m+1

DRunge1 = annual death rate of breeding growing cows aged 0-1 (currently assumed to
be 2% per year

nodyear = NnuMber of days in year

nodm = number of days in month m

3.2.2 Breeding growing cows 1-2 (one to two years old)

The population of breeding growing cows varies throughout the year. In July, it is assumed that the
number of breeding cows between one and two years old will be equal to 17% of the number of beef
cows and heifers in calf found from the APS in that year.

The number of breeding growing cows aged 1-2 for any particular month is assumed to be equal to the
number of breeding growing cows aged 2-3, so the equations outlined in this section can also be used
to calculate the population for breeding growing cows aged 2-3.

In August, the population of breeding growing cows aged between 1 and 2 is calculated using the same
formula that is used to calculate the population of breeding growing cows aged between 0 and 1.
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Population of breeding growing cows aged 1 to 2 years old, for August in year t (Equation 3.20)

Where:

DRbch

POPbgCZaug(t) = POPbgCZJul(t) X (1 — X TlOdjul>

NoGyeqr

POPbgc2augty = population of breeding growing cows aged 1-2 in August in year t

POPbgc2jum = population of breeding growing cows aged 1-2 in July in year t (equal to
17% of the number of beef cows and heifers in calf found from the APS in that year —
line codes 7056 and 7057)

DRuge1 = annual death rate of breeding growing cows aged 1-2 (currently assumed to
be 2% per year

nodyear = NuMber of days in year

nodjuy = number of days in July

In September, breeding cows move into the next age group. A new population of breeding cows between
one and two years old is calculated in the inventory using the following formula:

Population of breeding growing cows aged 1-2, for September in year t (Equation 3.21)

Where:

DRbch
POPbgc2se, iy = POPbgclyygiy X | 1— s X nodgyg
year

POPDbgc2septy = population of breeding growing cows aged 1-2 in September of year t
POPbgclaugt = population of breeding growing cows aged 1-2 in August of year t

DRuge1 = annual death rate of breeding growing cows aged 1-2 (currently assumed to
be 2% per year

nodyear = NnumMber of days in year

nodaug = number of days in August

From October to February, the population of breeding growing cows aged between 1 and 2 is calculated
using the following equation:

Monthly population of breeding growing cows aged 1 to 2, from October in year t to February in year t+1

(Equation 3.22)

Where:

DRbch
POPbgc2,, = POPbgc2(y,_1y X (1 — X nod,,_q
no year

POPbgclm = population of breeding growing cows aged 1-2 in month m
POPbgclm1 = population of breeding growing cows aged 1-2 in previous month m-1

DRubge1 = annual death rate of breeding growing cows aged 1-2 (currently assumed to
be 2% per year

nodyear = number of days in year

nodm-1 = number of days in previous month m

The March to June populations of breeding growing cows aged between 1 and 2 is calculated in reverse
order (e.g. the June population is used to calculate the May population, and so on).
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June population of breeding growing cows aged 1 to 2 (Equation 3.23)

DRbch
POPbgc2jynery = 17% X POPbmcjypy X | 1 + ——— X nodjy,
nOdyear
Where:
POPbgc2june = population of breeding growing cows aged 1-2 in June of year t
POPbmcju = population of breeding mature cows in July of year t (see equation 3.29)

DRunge2 = annual death rate of breeding growing cows aged 1-2 (currently assumed to
be 2% per year

nodyear = NuMber of days in year
nodm = number of days in June
Monthly population of breeding growing cows aged 1 to 2, from March to May (Equation 3.24)

DRbch
POPbgc2,, )y = POPbgc2py X | 1+ X nod,,
NoQyeqar
Where:
POPbgc2m@ = population of breeding growing cows aged 1-2 in month m and year t

POPbgc2m+1 = population of breeding growing cows aged 1-2 in next month m+1, year
t

DRuge1 = annual death rate of breeding growing cows aged 1-2 (currently assumed to
be 2% per year

nodyear = NuMber of days in year

nodm = number of days in month m

3.2.3 Breeding growing cows 2-3 (two to three years old)

As stated at the start of section 3.2.2, the number of breeding growing cows aged 2-3 for any particular
month is assumed to be equal to the number of breeding growing cows aged 1-2, so the equations
outlined in section 3.2.3 can also be used to calculate the population for breeding growing cows aged
2-3.

3.2.4 Breeding mature cows

The calculation of monthly mature breeding populations is more complicated than the calculation of
younger breeding cow populations, and follows a three-step process detailed below.

Step 1

A first iteration of breeding mature cow populations are calculated using the equations detailed in section
3.2.2, with a few key differences:

e The death rate parameter (DRogc1, NOW DRbmc) is 2.7% instead of 2%

e The 17% value used to calculate the population of cows in July is changed to 83%, to reflect
the assumption that the number of breeding mature cows will be equal to 83% of the number of
beef cows and heifers in calf found from the APS in that year

In July, it is assumed that the number of breeding cows less than one year old will be equal to 83% of
the number of beef cows and heifers in calf found from the APS in that year.

The calculated monthly populations from step 1 are not the final population figures used in the model.
Step 2
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Using the population figures from step 1, an interim number of deaths for breeding mature cows for each
month is calculated using the following formula:

Number of deaths of breeding mature cows in month m (Equation 3.25)

Dbmc = POPbmc X bme X nod
m(t) m(t) l oar m
Where:

Dbmcmy = calculated number of deaths of mature breeding cows in month m and year
t

POPbmcm = population of breeding mature cows in month m and year t

DRomc = annual death rate of breeding growing cows aged 1-2 (currently assumed to
be 2.7% per year

nodyear = NumMber of days in year
nodm = number of days in month m
These monthly death numbers are aggregated to give an annual death figure (from July to June).

Annual number of deaths of breeding mature cows from July to June (Equation 3.26)

jun
Dbmcyr = Z Dbmc,,
m=jul
Where:
Dbmcar = Annual number of deaths of mature breeding cows
Dbmcm = calculated number of deaths of mature breeding cows in month m

These calculated death numbers are reallocated, based on the assumption that half of the annual
mature breeding cow deaths will occur in September. The remaining death numbers are spread evenly
throughout the year.

Number of deaths of breeding mature cows in September (Equation 3.27)

Dbmcgep vy = Dbmcyr X Pdeathyme sep)

Where:
Dbmcsepry = calculated number of deaths of mature breeding cows in September
Dbmcat = Annual number of deaths of mature breeding cows

Pdeathomc(sep) = proportion of annual mature breeding cow deaths assumed to occur in
September. Currently set at 50%

Annual number of deaths of breeding mature cows, excluding September (Equation 3.28)

Dbmcey sep = Dbmcyr — Dbmcsep(t)

Where:

Dbmcexisep = Nnumber of deaths of breeding mature cows calculated to occur over the
course of a year excluding September

Dbmcar = Annual number of deaths of mature breeding cows

Dbmcsep = calculated number of deaths of mature breeding cows in September
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Step 3

The population of mature breeding cows are re-calculated based on the annual number of deaths for
mature breeding cows calculated in step two. It is assumed that half of the total annual deaths will occur
in September, with the remaining amount distributed evenly throughout the rest of the year.

In July, it is assumed that the number of breeding mature cows will be equal to 83% of the number of
beef cows and heifers in calf found from the APS in that year (line codes 7056 and 7057). The equations
below are used to calculate the monthly populations of mature breeding cows for the remaining months.

Population of breeding mature cows, for August in year t (Equation 3.29)

POPmejul(t) = 83% x POPbCthul(t)

Where:
POPbmcjut = population of breeding mature cows in July of year t

POPDbchcjuy = population of beef cows and heifers in calf in July of year t (using data
from the APS, line codes 7056 and 7057)

Population of breeding mature cows, for August in year t (Equation 3.30)

Dbmcexl.sep

POPbmcaug(t) = POPbmcjul(t) - X nodjy,,

Odyear - nOdsep
Where:

POPbmcaugt = population of breeding mature cows in August of year t

POPbmcjut = population of breeding mature cows in July of year t (see equation 3.29)

Dbmcex.sep = Number of deaths of breeding mature cows calculated to occur over the
course of a year excluding September

nodyear = NnumMber of days in year
nodsep = number of days in September
nodjuy = number of days in July

The calculation of Dbmcexi.sep is outlined in equation 3.28

Population of breeding mature cows, for September in year t (Equation 3.31)

POPbmcsep(t) = POPmeaug(t) - Dbmcsep(t)

Where:
POPbmcju = population of breeding mature cows in September of year t

POPbmcaugy = population of breeding mature cows in August of year t (see equation
3.30)

Dbmcsepy = Number of deaths calculated to occur in September (see equation 3.27)

Population of breeding mature cows, for October in year t to February in year t+1 (Equation 3.32)

Dbmc
POPbmc,, = POPbmc,,_, — T

X nod,_,
N0dyeqr — N0dgey,
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Where:

POPbmcm = population of breeding mature cows in month m
POPbmcm-1 = population of breeding mature cows in previous month m-1

Dbmcexi.sep = number of deaths of breeding mature cows calculated to occur over the
course of a year excluding September

nodyear = NumMber of days in year
nodsep = Nnumber of days in September

nodm-1 = number of days in previous month m

The March to June populations of breeding mature cows is calculated in reverse order (e.g. the June
population is used to calculate the May population, and so on).

Population of breeding mature cows in June (Equation 3.33)

Where:

Dbmcexl.sep

POPmejune(t) = POPmejuly(t) + X nOd]'une

N0dyeqr — NOdgep

POPbmcjunety = population of breeding mature cows in June of year t
POPbmcauy = population of breeding mature cows in July of year t

Dbmcexisep = Number of deaths of breeding mature cows calculated to occur over the
course of a year excluding September (see equation 3.28)

nodyear = NnumMber of days in year
nodsep = Nnumber of days in September

nodijune = Number of days in June

Monthly population of breeding mature cows, from March to May (Equation 3.34)

Where:

Dbmcexl.sep

POPbMCyy () = POPbMCyyyq(r) + X nod,,

nodyear — nodsep

POPbmcm = population of breeding mature cows in month m and year t
POPbmcm-1t = population of breeding mature cows in next month m+1and year t

Dbmcexisep = Nnumber of deaths of breeding mature cows calculated to occur over the
course of a year excluding September (see equation 3.28).

nodyear = NnuMber of days in year
nodsep = Number of days in September

nodm = number of days in month m

3.2.5 Slaughter Heifers 0-1

The population of slaughter heifers aged 0-1 are calculated monthly, using an assumed annual death
rate of 2%. Information on the number of slaughtered beef cattle is also required to calculate monthly
populations for this class.
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Population of slaughter heifers aged 0-1 in July (Equation 3.35)

POPShljul(t) = POPhelfer]ul(t) X Pscheifer

Where:
POPsh1jug = population of slaughter heifers aged 0-1 in July of year t
POPheiferju(y = population of heifers in July of year t (calculated in equation 3.36)
Pscheiter = percentage of slaughter heifers that are calves (currently assumed to be 50%)
The population of heifers in July is calculated using the following formulae:

Population of heifers in July (Equation 3.36)

slaupeifer ()

POPheiferj, ) = X slaugyarr)

slaupeer(r)
Where:
POPheiferjuy = population of heifers in July of year t

slauneifer = NumMber of heifers slaughtered during financial year ending in June of year t
(from slaughter statistics)

slaubeer = total number of beef cattle slaughtered during financial year ending in June of
year t (from slaughter statistics)

slauavaiy = Nnumber of beef available for slaughter (see equation 3.37)

Calculation of beef available for slaughter (Equation 3.37)

slatgpary = POPbeefyy ity — (POPbbcyyy X (Pbca + 3 X Pbch) + POPbbbyy1yr))

Where:
slauaval = number of beef available for slaughter in year t

POPDbbcauy = population of beef breeding cows in July of year t (from APS, sum of line
codes 7056 and 7057)

Pbca = proportion of beef breeding cows assumed to be adults (currently set at 83%
Pbch = proportion of beef breeding cows assumed to be heifers (currently set at 17%

POPbbbuyt = population of beef breeding bulls in July of year t (from APS, line code
7068)

Calculation of total beef slaughtered (Equation 3.38)

Slaubeef(t) = SIauheifer(t) + Slausteer(t) + Slaubull(t)

Where:

slaubeet(y = total number of beef cattle slaughtered during financial year ending in June
of year t
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slauneiterty = NUMber of heifers slaughtered during financial year ending in June of year
t (from slaughter statistics)

slausteerty = NUMber of steers slaughtered during financial year ending in June of year t
(from slaughter statistics)

slaubuiy = number of bulls slaughtered during financial year ending in June of year t
(from slaughter statistics)

For August and September the population of slaughter heifers aged 0-1 is calculated using the following

formula:

Monthly population of slaughter heifers aged 0 to 1, for August and September (Equation 3.39)

Where:

DRshl

POPShlm(t) = POPShl(m_l)(t) X (1 — X nOdm_l)

NoAyeqr

POPsh1m = population of slaughter heifers aged 0-1 in month m and year t

POPbgclm1 = population of slaughter heifers aged 0-1 in previous month m-1 and
year t

DRsh1 = annual death rate of slaughter heifers aged 0-1 (currently assumed to be 2%
per year)

nodyear = NuMber of days in year

nodm = number of days in previous month m-1

During September it is assumed that new heifers for the year are born, while 12 month old heifers are
either slaughtered or moved into the next age class. These changes are seen in the October population

figure.

The October to June populations of slaughter heifers aged between 0 and 1 is calculated in reverse
order (e.g. the June population is used to calculate the May population, and so on).

June population of slaughter heifers aged 0 to 1 (Equation 3.40)

Where:

DRshl
nOdyear

POPShljune(t) = POPShljul(t) X (1 + X nodjun>

POPsh1june(y = population of slaughter heifers aged 0-1 in June of year t
POPsh1jut = population of slaughter heifers aged 0-1 in July of year t

DRsh1 = annual death rate of slaughter heifers aged 0-1 (currently assumed to be 2%
per year)

nodyear = NnuMber of days in year

nodm = number of days in June

Monthly population of slaughter heifers aged 0 to 1, from October in year t-1 to May in year t (Equation

3.41)

Where:

DRshl
nOdyear

POPShlm(t) = P0P5h1m+1(t) X (1 + X nOdm)

POPsh1m = population of slaughter heifers aged 0-1 in month m and year t
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POPbsh1m+1 = population of slaughter heifers aged 0-1 in next month m+1 and year t

DRsh1 = annual death rate of slaughter heifers aged 0-1 (currently assumed to be 2%
per year)

nodyear = number of days in year

nodm = number of days in month m

3.2.6 Slaughter Heifers 1-2

The monthly population of slaughter heifers aged 1-2 are calculated using identical equations to the
ones used to calculate monthly population of slaughter heifers aged 0-1. These formulae are below.

Population of slaughter heifers aged 1-2 in July (Equation 3.42)

Where:

POPSthul(t) = POPheier']'ul(t) — POPShljul(t)

POPsh2ju = population of slaughter heifers aged 1-2 in July of year t

POPshljug = population of slaughter heifers aged 0-1 in July of year t (calculated in
equation 3.35)

POPheiferjuy = population of heifers in July of year t (calculated in equation 3.36)

For August and September the population of slaughter heifers aged 1-2 is calculated using the following

formula:

Monthly population of slaughter heifers aged 1 to 2, for August and September (Equation 3.43)

Where:

DRshZ

POPSth(t) = POPShZ(m_l)(t) X (1 — X nOdm_1>

NnoAyeqr

POPsh2m@ = population of slaughter heifers aged 1-2 in month m and year t

POPsh2m-1) = population of slaughter heifers aged aged 1-2 in previous month m-1
and year t

DRsh2 = annual death rate of slaughter heifers aged 1-2 (currently assumed to be 2%
per year)

nodyear = NnumMber of days in year

nodm-1 = number of days in previous month m-1

During September it assumed that 12 month old heifers are moved into the next age class, and some
of the slaughter heifers aged 1-2 are slaughtered. These changes are seen in the October population

figure.

The October to June populations of slaughter heifers aged between 1 and 2 is calculated in reverse
order (e.g. the June population is used to calculate the May population, and so on).

June population of slaughter heifers aged 1 to 2 (Equation 3.44)

Where:

DRshZ
nOdyear

POPSthune(t) = POPShZJul(t) X <1 + X TlOd}-un)

POPsh2juney = population of slaughter heifers aged 1-2 in June of year t
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POPsh2ju = population of slaughter heifers aged 1-2 in July of year t

DRsh2 = annual death rate of slaughter heifers aged 1-2 (currently assumed to be 2%
per year)

nodyear = number of days in year

nodjun = number of days in June

Monthly population of slaughter heifers aged 1 to 2, from October in year t-1 to May in year t (Equation
3.45)

DRshZ
POPsh2,, = POPsh2,,,; X | 1+ ——— X nod,,
nodyear

Where:
POPsh2m = population of slaughter heifers aged 1-2 in month m
POPbsh2m+1 = population of slaughter heifers aged 1-2 in next month m+1

DRsh1 = annual death rate of slaughter heifers aged 1-2 (currently assumed to be 2%
per year)

nodyear = NuMber of days in year

nodm = number of days in month m

3.2.7 Slaughter Steers 0-1
The following equations show how the monthly population of slaughter steers is calculated.

Population of slaughter steers aged 0-1 in July (Equation 3.46)

Slausteer(t)

POPSSljul(t) = X Slaua,,al(t) X PSCsteer

Slaubeef(t)

Where:
POPss1juy = population of slaughter steers aged 0-1 in July of year t

Slausteery = number of steers slaughtered during financial year ending in June of year t
(from slaughter statistics)

slaubeet(ty = total number of beef cattle slaughtered during financial year ending in June
of year t (from equation 3.38)

slauavaiy = number of beef available for slaughter (from equation 3.37)
Pscsteer = percentage of slaughter steers that are calves (currently assumed to be 50%)

For August and September the population of slaughter steers aged 0-1 is calculated using the following
formula:

Monthly population of slaughter steers aged 0 to 1, for August and September (Equation 3.47)

Ry

DRy,
POPss1,(r) = POPsS1,_y(py X (1 - Wyiar X nodm_l)

Where:

POPss1mt = population of slaughter steers aged 0-1 in month m of year t
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POPssl1m1 = population of slaughter steers aged aged 0-1 in previous month m-1 of
year t

DRss1 = annual death rate of slaughter steers aged 0-1 (currently assumed to be 2%
per year)

nodyear = number of days in year
nodm = number of days in previous month m-1

During September it assumed that new steers for the year are born, while 12 month old steers are either
slaughtered or moved into the next age class. These changes are seen in the October population figure.

The October to June populations of slaughter steers aged between 0 and 1 is calculated in reverse order
(e.g. the June population is used to calculate the May population, and so on).

June population of slaughter steers aged 0 to 1 (Equation 3.48)

RSSl

nOdyear

POPSSljune(t) = POPSSljul(t) X (1 + X nOd]'un>

Where:
POPss1ljunetny = population of slaughter steers aged 0-1 in June of year t
POPss1ju( = population of slaughter steers aged 0-1 in July of year t

DRss1 = annual death rate of slaughter steers aged 0-1 (currently assumed to be 2%
per year)

nodyear = NnumMber of days in year

nodm = number of days in June

Monthly population of slaughter steers aged 0 to 1, from October in year t-1 to May in year t (Equation
3.49)

DRSSl
POPss1,, = POPss1,,,; X | 1 + ———— X nod,,
nOdyear
Where:
POPss1m = population of slaughter steers aged 0-1 in month m
POPss1m+1 = population of slaughter steers aged 0-1 in next month m+1

DRss1 = annual death rate of slaughter steers aged 0-1 (currently assumed to be 2%
per year)

nodyear = NnuMber of days in year

nodm = number of days in month m

3.2.8 Slaughter Steers 1-2

The population of slaughter steers aged 1-2 is calculated using the same equations as those used to
calculate slaughter steers aged 0-1. The only difference is that the steers in the 1-2 age bracket are
assumed to be slaughtered in February rather than October

Population of slaughter steers aged 1-2 in July (Equation 3.50)

slaugreer (s
POPSSZjul(t) = <LT() X Slauaval(t)> — POPSSljul(T)

slaubeef(t)
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Where:

From August to
formula:

POPss2juy = population of slaughter steers aged 1-2 in July

slausteerty = NUMber of steers slaughtered during financial year ending in June of year t
(from slaughter statistics)

slaubeet(y = total number of beef cattle slaughtered during financial year ending in June
of year t (from equation 3.38)

slauavaiy = Nnumber of beef available for slaughter in year t (from equation 3.37)
POPss1juy = population of slaughter steers aged 0-1 in July of year t

January the population of slaughter steers aged 1-2 is calculated using the following

Monthly population of slaughter steers aged 1 to 2, from August to January (Equation 3.51)

Where:

DR,
POPss2y, = POPss2(p_1y X | 1 = ———— X nod;,_,
no year

POPss2m = population of slaughter steers aged 1-2 in month m
POPss2m-1 = population of slaughter steers aged aged 1-2 in previous month m-1

DRss2 = annual death rate of slaughter steers aged 1-2 (currently assumed to be 2%
per year)

nodyear = NnumMber of days in year

nodm = number of days in previous month m-1

During February it assumed that 1-2 year old steers are slaughtered. These changes are seen in the
February population figure.

The February to June populations of slaughter steers aged between 1 and 2 is calculated in reverse
order (e.g. the June population is used to calculate the May population, and so on).

June population of slaughter steers aged 1 to 2 (Equation 3.52)

Where:

POPss2 = POPss2 14 2Bss2 d
582juner) = §S2y X | 1+ 10d, 0ar X NO0djyn

POPss2junety = population of slaughter steers aged 1-2 in June of year t
POPss2juy = population of slaughter steers aged 1-2 in July of year t

DRss2 = annual death rate of slaughter steers aged 1-2 (currently assumed to be 2%
per year)

nodyear = NnuMber of days in year

nodm = number of days in June

Monthly population of slaughter steers aged 1 to 2, from February to May (Equation 3.53)

Where:

DR;s,
POPSSZm(t) = P0P552m+1(t) X 1+ 0 X TlOdm
year

POPss2m( = population of slaughter steers aged 1-2 in month m of year t
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POPss2m+1¢ = population of slaughter steers aged 1-2 in next month m+1 of year t

DRss2 = annual death rate of slaughter steers aged 1-2 (currently assumed to be 2%
per year)

nodyear = number of days in year

nodm = number of days in month m

3.2.9 Slaughter Bulls 0-1
The following equations show how the monthly population of slaughter bulls aged 0-1 is calculated.

Population of slaughter bulls aged 0-1 in July (Equation 3.54)

S laubull(t)

POPsb1jul(t) = X slauava,(t) X Pscpun

slaupeer

Where:
POPsb1jut = population of slaughter bulls aged 0-1 in July of year t

Slaubuig = number of bulls slaughtered during financial year ending in June of year t
(from slaughter statistics)

Slauneery = total number of beef cattle slaughtered during financial year ending in June
of year t (from equation 3.38)

slauavaiy = Nnumber of beef available for slaughter in year t (from equation 3.37)
Pscoul = percentage of slaughter bulls that are calves (currently assumed to be 50%)

For August and September the population of slaughter bulls aged 1-2 is calculated using the following
formula:

Monthly population of slaughter bulls aged 0 to 1, for August and September (Equation 3.55)

DRsbl
POPSblm(t) = POPSblm_l(t) X 1————xX nOdm_1
n dyear
Where:
POPsb1mw = population of slaughter bulls aged 0-1 in month m of year t

POPsblm-1t = population of slaughter bulls aged aged 0-1 in previous month m-1 in
year t

DRsb1 = annual death rate of slaughter bulls aged 0-1 (currently assumed to be 2% per
year)

nodyear = number of days in year
nodm = number of days in previous month m-1

During September it assumed that new bulls for the year are born, while 12 month old bulls are either
slaughtered or moved into the next age class. These changes are seen in the October population figure.

The October to June populations of slaughter bulls aged between 0 and 1 is calculated in reverse order
(e.g. the June population is used to calculate the May population, and so on).

June population of slaughter bulls aged 0 to 1 (Equation 3.56)

DRsbl
nOdyear

POPSbljune(t) = POPSbljul(t) X (1 ar X nOdjun)

Where:
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POPsb1ljunety = population of slaughter bulls aged 0-1 in June of year t
POPsb1juw = population of slaughter bulls aged 0-1 in July of year t

DRsh1 = annual death rate of slaughter bulls aged 0-1 (currently assumed to be 2% per
year)

nodyear = number of days in year
nodm = number of days in June

Monthly population of slaughter bulls aged 0 to 1, from October in year t-1 to May in year t (Equation
3.57)

DRsbl
POPSblm(t) = P0P5b1m+1(t) X 1+ X TlOdm
nOdyear
Where:
POPsblmg = population of slaughter bulls aged 0-1 in month m of year t
POPsblm+1 = population of slaughter bulls aged 0-1 in next month m+1 of year t

DRsp1 = annual death rate of slaughter bulls aged 0-1 (currently assumed to be 2% per
year)

nodyear = NnumMber of days in year

nodm = number of days in month m

3.2.10 Slaughter Bulls 1-2

The monthly population of slaughter bulls aged 1-2 years is assumed to be exactly the same as the
monthly population of slaughter bulls aged 0-1 years i.e:

Monthly population of slaughter bulls aged 1 to 2 in month m (Equation 3.58)

Where:
POPsb2m = population of slaughter bulls aged 1-2 in month m of year t
POPsblm = population of slaughter bulls aged 0-1 in month m of year t

3.2.11 Breeding Bulls Mixed age

The population of mixed age breeding bulls is assumed to change steadily over the course of a year.
The July population is equal to the breeding bull population in the APS (line code 7068). From August
to June of the following year, the equation below is used to calculate monthly populations of breeding
bulls.

Monthly population of mixed age breeding bulls, from August in year t to June in year t+1 (Equation
3.59)

POPbbma — POPbbma
POPbbma,, = POPbbma,,_, + < Jubtt] JuLt o nodm_1>

nOdyear

Where:
POPbbmam = population of mixed age breeding bulls in month m

POPbbmam-1 = population of mixed age breeding bulls in previous month m
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POPbbmasu,t+1 = population of mixed age breeding bulls in July of next year t+1
POPbbmasu,t = population of mixed age breeding bulls in July of current year t
nodyear = number of days in year

nodm-1 = number of days in previous month m-1

3.3 Sheep population model

Eight different classes of sheep are used in the model. These populations have strong links with each
other as they move from one age group to another

3.3.1

Dry Ewes

Mature Breeding Ewes
Growing Breeding Sheep
Growing Non-Breeding Sheep
Wethers

Lambs

Rams

Dry ewes

In the inventory model the ‘dry ewes’ population class only exists in July. This population is equal to the
dry ewes sheep population recorded annually in the agricultural production census (using line code

6722).

From August to June (inclusive) the population of dry ewes is assumed to be zero.

3.3.2

Mature breeding ewes

The population of mature breeding ewes varies throughout the year. The July population is equal to the
mature breeding ewe population in the APS (line code 6721).

In the inventory model it is assumed that the annual death rate of mature breeding ewes is 5.6%, with
40% of these deaths occurring in the months of August and September.

Annual number of deaths of mature breeding ewes from July to June (Equation 3.60)

DmbeAT(t) = DRmbe X POPmbejul(t)

Where:
Dmbeat® = Annual number of deaths of mature breeding ewes in year t
DRmbe = Annual death rate of mature breeding ewes (currently assumed to be 5.6%

POPmMbejuy = population of mature breeding ewes in July of year t (from APS)

Number of mature breeding ewe deaths that occur in August and September (Equation 3.61)

DmbeAug+Sep(t) = DmbeAT(t) X PDmbeAug+Sep

Where:

Dmbeaug+septy = Number of mature breeding ewe deaths that occur in August and
September in year t

Dmbeat® = Annual number of deaths of mature breeding ewes in year t

PDmbeaug+sep = Proportion of annual mature breeding ewe deaths that occur in August
or September (currently assumed to be 40%)

The August population of mature breeding ewes is calculated using the following formula:
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Population of mature breeding ewes in August (Equation 3.62)

Where:

DmbeAT(t) - DmbeAug +Sep(t)

POPmbeg, gty = POPmbejy, 1) — < X nod]u,>

N0dyeqr — N0dayg — NOdgep

POPmMbeaugr = population of mature breeding ewes in August in year t
POPmMbejuy = population of mature breeding ewes in July in year t (from APS)

Dmbeat® = Annual number of deaths of mature breeding ewes in year t (see equation
3.60)

Dmbeaug+sepy = Number of mature breeding ewe deaths that occur in August and
September in year t (see equation 3.61)

nodyear = NuMber of days in year
nodaug = number of days in August
nodsep = number of days in September

nodsu = humber of days in July

The September and October populations of mature breeding ewes are calculated using the following

formula:

Population of mature breeding ewes in September and October (Equation 3.63)

Where:

DmbeAug +Sep(t)

POPmbem(t) = POPmbem_l(t) — (nOdAug n nodSep

X nodAug>

POPmMbemy = population of mature breeding ewes in month m in year t
POPmbem-1ty = population of mature breeding ewes in previous month m-1 in year t

Dmbeaug+septy = Number of mature breeding ewe deaths that occur in August and
September in year t (see equation 3.61)

nodaug = number of days in August

nodsep = number of days in September

The November to March populations of mature breeding ewes are calculated using the following

formula:

Population of mature breeding ewes between November and March (Equation 3.64)

Where:

DmbeAT - DmbeAug+Sep

POPmbe,, = POPmbe,,_, — < X nodm_1>

N0dyeqr — N0y g — NOdgey

POPmbem = population of mature breeding ewes in month m
POPmbem-1 = population of mature breeding ewes in previous month m-1
Dmbeat = Annual number of deaths of mature breeding ewes (see equation 3.60)

Dmbeaug+sep = Number of mature breeding ewe deaths that occur in August and
September (see equation 3.61)

nodyear = number of days in year

nodaug = number of days in August
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nodsep = number of days in September
nodm-1 = number of days in previous month m-1

The April to June populations mature breeding ewes is calculated in reverse order (e.g. the June
population is used to calculate the May population, and so on).

Population of mature breeding ewes in June (Equation 3.65)

DmbeAT(t) - DmbeAug+Sep(t)

POPmbej,nry = POPmbejy ) — ( X nod]un>

N0dyeqr — N0dgy,g — NOdgep
Where:
POPmMbeaun® = population of mature breeding ewes in June in year t
POPmMbejuy = population of mature breeding ewes in July in year t (from APS)

Dmbear = Annual number of deaths of mature breeding ewes in year t (see equation
3.60)

Dmbeaug+septy = Number of mature breeding ewe deaths that occur in August and
September in year t (see equation 3.61)

nodyear = NuMber of days in year
nodaug = number of days in August
nodsep = number of days in September
nodsun = number of days in June

Population of mature breeding ewes in April and May (Equation 3.66)

DmbeAT(t) - DmbeAug +Sep(t)

POPmbey, ) = POPmbey 1) — ( X nodm)

Nn0dyeqr — N0d gy — NOdgep
Where:
POPmMbemy = population of mature breeding ewes in month m in year t
POPmMbem+1y = population of mature breeding ewes in next month m+1 in year t

Dmbeat = Annual number of deaths of mature breeding ewes in year t (see equation
3.60)

Dmbeaug+septy = Number of mature breeding ewe deaths that occur in August and
September in year t (see equation 3.61)

nodyear = number of days in year
nodaug = number of days in August
nodsep = number of days in September

nodsun = number of days in month m

3.3.3 Growing breeding sheep

The population of growing breeding sheep varies throughout the year. The July population is equal to
the breeding ewe hogget population in the APS (line code 6723).

The August population of growing breeding sheep is calculated using the following formula:

Population of growing breeding sheep in August (Equation 3.67)

DR_,c X nod
POPgbSayugwy = POPGbsuie) X (1 = M)

nOdyear
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Where:

POPgbsaugt = population of growing breeding sheep in August in year t

POPgbsju = population of growing breeding sheep in July in year t (from APS)
DRgbs = Annual death rate of growing breeding sheep (currently assumed to be 3.6%)
nodyear = number of days in year

nodyu = number of days in July

Population of growing breeding sheep between September and March (Equation 3.68)

Where:

DRyan X nodm_1>

POPgbs,, = POPgbs,,_4 X (1 =
m m-—1 nOdyear

POPgbsm = population of growing breeding sheep in month m

POPgbsm-1 = population of growing breeding sheep in previous month m

DRuanh = Annual death rate of two-tooth dry hoggets (currently assumed to be 4.71%)
nodyear = NumMber of days in year

nodm-1 = humber of days in previous month m

The April to June populations growing breeding sheep is calculated in reverse order (e.g. the June
population is used to calculate the May population, and so on).

Population of growing breeding sheep in June (Equation 3.69)

Where:

DRy X nod]un)

POPng]un(t) = POPngjul(t) X (1 ar nod
year

POPgbsuun = population of growing breeding sheep in June in year t

POPgbsjut = population of growing breeding sheep in July in year t (from APS)
DRgbs = Annual death rate of growing breeding sheep (currently assumed to be 3.6%)
nodyear = numMber of days in year

nodsu = humber of days in June

Population of growing breeding sheep in April and May (Equation 3.70)

Where:

DR gps X nodm>

POPngm(t) = POPngm+1(t) S <1 + nOdyear

POPgbsm = population of growing breeding sheep in month m in year t
POPgbsm+1¢ = population of growing breeding sheep in next month m+1 in year t
DRgbs = Annual death rate of growing breeding sheep (currently assumed to be 3.6%)
nodyear = numMber of days in year

nodsu = number of days in June

3.3.4 Growing non-breeding sheep

The population of growing non-breeding sheep varies throughout the year. The July population is equal
to the sum of the:
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e Dry ewe hogget
e Ram hogget
e Wether hogget

populations found from the APS.
The August population of growing non-breeding sheep is calculated using the following formula:

Population of growing non-breeding sheep in August (Equation 3.71)

DR gnps X nod]ul>

POPgnbsg, gty = POPgnbsjy ) X <1 = od
year

Where:
POPgnbsaug = population of growing non-breeding sheep in August in year t
POPgnbsju = population of growing non-breeding sheep in July year t (from APS)

DRgnbs = Annual death rate of growing non-breeding sheep (currently assumed to be
3.6%)

nodyear = NnumMber of days in year
nodsu = humber of days in July

In September the population of growing non-breeding sheep changes significantly as populations move
into different age classes. The September population of growing non-breeding sheep is calculated using
the following formula:

Population of growing non-breeding sheep in September (Equation 3.72)

DR gnps X nod]ul>

PopganSep(t) = POPdehjul(t) X (1 - nod
year

Where:
POPgnbssept = population of growing non-breeding sheep in September of year t
POPdehjuiy = population of dry ewe hoggets in July of year t (from APS; line code 6724)

DRgnbs = Annual death rate of growing non-breeding sheep (currently assumed to be
3.6%)

nodyear = NuMber of days in year

nods;u = number of days in July

From October to March the populations of growing non-breeding sheep are calculated using the
following formula:

Population of growing non-breeding sheep between October and March (Equation 3.73)

_ DRypps X nodm_l)

POPgnbs,, = POPgnbs,,_ ><<1
m m—1 nOdyear

Where:
POPgnbsm = population of growing non-breeding sheep in month m
POPgnbsju = population of growing non-breeding sheep in previous month m-1

DRgnbs = Annual death rate of growing non-breeding sheep (currently assumed to be
3.6%)
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nodyear = number of days in year
nodm-1 = number of days in previous month m-1

The April to June populations of growing non-breeding sheep is calculated in reverse order (e.g. the
June population is used to calculate the May population, and so on). In June, a more complex formula
is used to account for the different death rates that are assumed for dry ewe hoggets, ram hoggets and
whether hoggets.

Population of growing non-breeding sheep in June (Equation 3.74)

POPgnbs Tun(t)

DR ;.5 X nod
= POPdeh]ul(t) X (1 + deh ]un>

nodyeqr

DR, X nod]un)

+ POPrh; X1+
Hu© ( nodyeqr

DR, X nod]un>
Nnodonr

+ POPWhjy 1) X (1 +
Where:
POPgnbsaun = population of growing non-breeding sheep in June of year t
POPdehjuiy = population of dry ewe hoggets in July of year t (from APS; line code 6724)
POPrhju = population of ram hoggets in July of year t (from APS)
POPwhjuy = population of whether hoggets in July of year t (from APS)
DRden = Annual death rate of dry ewe hoggets (currently assumed to be 3.6%)
DR = Annual death rate of ram hoggets (currently assumed to be 4.71%)
DRwh = Annual death rate of whether hoggets (currently assumed to be 4.71%)
nodyear = NnumMber of days in year

nodsun = number of days in June

Population of growing non-breeding sheep in April and May (Equation 3.75)

DR X nod
POPgnbsy, ) = POPgnbsy, ;1) X (1 + M)

nOdyear

Where:
POPgnbsm = population of growing non-breeding sheep in month m of year t
POPgnbsm+1 = population of growing non-breeding sheep in next month m+1 in year t

DRgnbs = Annual death rate of growing non-breeding sheep (currently assumed to be
3.6%)

nodyear = NnuMber of days in year

nodsu = number of days in June

3.3.5 Wethers

The population of wethers varies throughout the year, and is assumed to change linearly from the July
of one year to the July of the next year. The July population is equal to the wether population in the APS
(line code 6727).
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Monthly population of wethers from August to June (Equation 3.76)

POPWsy;, — POPWS 5
nOdyear

POPws,, = POPws,, 1 + < X nodm_1>
Where:
POPwsm = population of wethers in month m
POPwsm-1 = population of wethers in previous month m-1
POPwsju p = population of wethers in the July before month m
POPwsju,p = population of wethers in the next July after month m
nodyear = number of days in year

nodm-1 = number of days in previous month m-1

3.3.6 Lambs

The population of lambs varies throughout the year. Data on the annual population of lambs is collected
and published by Statistics New Zealand, and it is assumed that the September population of lambs is
equal to the annual value published by SNZ using line codes 6700 and 6701.

After September the population of lambs falls as they are slaughtered or moved to different sheep
classes. Between October and February, and between May and August, the lamb population is
calculated using the following formula:

Monthly population of lambs for October, November, December, January, February, May, June, July
and August (Equation 3.77)

DR, X nod,,,_
POPIs,, = POPIs,,_; X (1 - M)

nOdyear

Where:
POPIsm = population of lambs in month m
POPIsju = population of lambs in previous month m-1
DRis = Annual natural death rate of lambs (currently assumed to be 4.5%)
nodyear = NuMber of days in year
nodm-1 = number of days in previous month m-1

In March, it is assumed that the lamb population is equal to the sum of the July population of the four
growing non-breeding sheep categories (breeding ewe hoggets, dry ewe hoggets, ram hoggets, and
wether hoggets). An adjustment is made to account for the deaths that are assumed to have occurred
between March and July

Population of lambs in March (Equation 3.78)

POPbeh]ul(t) + POPdeh]ul(t) + POPTWh]ul(t)

Wis

POPlSMar(t) =

Where:
POPIswmar = population of lambs in March of year t

POPbehauy = population of breeding ewe hoggets in July of year t (from APS, line code
6723)
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POPdehsuy = population of dry ewe hoggets in July of year t (from APS, line code 6724)

POPrhaugy = population of ram and wether hoggets in July of year t (from APS, line code
6738)

wis = adjustment factor to account for the deaths that are assumed to have occurred
between March and July (currently set to 0.987)

During March the model assumes that some lambs are sent to slaughter. The fraction of lambs that are
slaughtered in March (currently set at 0.84) is used to calculate the April population of lambs

Population of lambs in April (Equation 3.79)

Where:

POPlSApr(t) = POPlSMa‘r(t) X (1 - DPlSMaT)

POPIsapr(yy = population of lambs in April of year t
POPIswmary = population of lambs in March of year t

DPIsapr = Proportion of lambs sent to slaughter during March (currently assumed to be
84%)

The lamb populations for May, June, July and August are calculated using the same formula used to
calculate the lamb populations between October and February (equation 3.77).

3.3.7 Rams

The population of rams varies throughout the year, and is assumed to change linearly from the July of
one year to the July of the next year. The July population is equal to the ram population in the APS (line
code 6720).

Monthly population of rams from August to June (Equation 3.80)

Where:

POPrs;y 1 — POPTsp,
nodyear

POPrs,, = POPrs,,_, + < X nodm_l)

POPrsm = population of rams in month m

POPrsm-1 = population of rams in previous month m-1
POPTrsju,p = population of rams in the July before month m
POPTrsju,p = population of rams in the next July after month m
nodyear = numMber of days in year

nodm-1 = number of days in previous month m-1

3.4 Deer population model

Seven different classes of deer are used in the model. These populations have strong links with each
other as they move from one age group to another

Hinds aged 0-1

Hinds aged 1-2

Breeding Hinds- Mixed Age
Stags 0-1

Stags 1-2

Stags 2-3

Breeding Stags- Mixed Age
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The July populations of these different classes are calculated by multiplying the total deer population
from the agricultural production census by proportions specified in appendix 15. 2-3 year old stags have
an additional adjustment in July to account for two slaughter dates in the same year.

The proportions in appendix 15 for the years from 1990-2011 were specified in the report by Suttie
(2012)2. Population data directly from the APS is used to calculate the proportions for 2012 onwards.
Table 3.1 shows the line codes that are used for each class. The populations of these line codes are
divided by the total deer population (line code 7699) to calculate the proportion for each class. The
proportions for 2-3 year old stags and the mixed age breeding stags are calculated using equations 3.81
and 3.82, which follows the methodology outlined by Suttie (2012).

Table 3.1: line codes used to calculate deer proportions in the inventory

Deer class Linecodes used to calculate
proportions

Hind 0-1 years old Ic7618

Hind 1-2 years old Ic7605 +1c7615

Hind Mixed age/breeding Ic7600 + 1c7610

Stag 0-1 years old Ic7630

Stag 1-2 years old Ic7625

Stag 2-3 years old Ic7620+Ic7645+|c7648

Stag Mixed age/breeding Ic7620+Ic7645+|c7649

Proportion of deer that are stags aged 2-3 in July (Equation 3.81)

1 POPlC7620(t) ar POP1C7645(t) ar POPlC764—8(t)
Pdsgjul(t) ==X
8 POPdeer

Where:

Pds3juiny = proportion of total deer population in July of year t assumed to be 2-3 year
old stags

POPIc7620( = population of deer in line code 7620 in year t (from APS)
POPIc7645( = population of deer in line code 7645 in year t (from APS)
POPIc7648() = population of deer in line code 7648 in year t (from APS)
POPdeer = Total number of deer in year t (from APS)

Proportion of deer that are mixed aged breeding stags in July (Equation 3.82)

= X
8 POPdeer,

Pdsma]-ul(t) =

Where:

Pdsmaijuiry = proportion of total deer population in July of year t assumed to be mixed
age breeding stags

POPIc7620( = population of deer in line code 7620 in year t (from APS)
POPIc7645( = population of deer in line code 7645 in year t (from APS)
POPIc7648 = population of deer in line code 7648 in year t (from APS)

2 See table 30 of Suttie report
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POPdeer( = Total number of deer in year t (from APS)

3.4.1 Hinds aged 0-1

The population of hinds aged 0-1 varies throughout the year. The July population is calculated using the

formula below:

Population of Hinds aged 0-1 in July (Equation 3.83)

Where:

POPdhljul(t) = POPdeeT(t) X Pdhl(t)

POPdh1ju = population of hinds aged 0-1 in July of year t
POPdeer( = Total number of deer in year t (from APS)

Pdht() = proportion of total deer population in July of year t assumed to be 0-1 year old
hinds (using table in appendix 15)

The inventory model assumes that 65% of annual hind 0-1 deaths occur in the months between March
and July (inclusive). This higher death rate is reflected in the August population of hinds aged 0-1.

Population of hinds aged 0 to 1 in August (Equation 3.84)

POPdhlaug(t) = POPdh]ul(t) - (

Where:

POPdhjy, ) X DRgny

X PDdh1,, iy | X nod;
nOdmar—jul mar jul) noa;y;

POPdhlaug = population of hinds aged 0-1 in August in year t
POPdh1ju( = population of hinds aged 0-1 in July in year t

DRudn1 = Annual death rate of hinds aged 0-1 (assumed to be 5%)
nodmarjul = NuMber of days between March and July (inclusive)

PDdh1marju = proportion of annual deaths assumed to occur between March and July
(inclusive). Currently assumed to be 65%

nodjuy = number of days in July

The second part of this equation (from the first bracket onwards) is used to calculate the number of
deaths that are estimated to occur in a specific month.

Between September and November the monthly population of 0-1 hinds is calculated using the following

formula:

Monthly population of hinds aged 0 to 1, for September, October and November (Equation 3.85)

Where:

POPdhjy () X DRyny

X (1 —PDdhl,,,,_; X nod,,_
Nn0dgyg—feb ( mar Jul)) 1oGm-1

POPdh1my = population of hinds aged 0-1 in month m of year t
POPdh1m-1 = population of hinds aged 0-1 in previous month m-1 of year t
POPdh1ju(y = population of hinds aged 0-1 in July of year t

DRan1 = Annual death rate of hinds aged 0-1 (assumed to be 5%)

nodaug-feb = NUMber of days between August and February (inclusive)
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PDdh1marju = proportion of annual deaths assumed to occur between March and July

(inclusive). Currently assumed to be 65%

nodm-1 = number of days in previous month m-1

In December it is assumed that new deer calves are born, while 12 month old hinds are moved into the
next age class. These changes are seen in the December population figure.

The December to June populations of hinds aged between 0 and 1 is calculated in reverse order (e.g.
the June population is used to calculate the May population, and so on).

June population of hinds aged 0 to 1 (Equation 3.86)

POPdhljun(t) = POPdeer(t) X Pdhl(t_l) + (

Where:

POPdR;y 1y X DRaps

X PDdh1pqr— 1 | X nod;
nOdmar—jul mar ]ul) no jun

POPdh1ljune = population of hinds aged 0-1 in June of year t
POPdeer( = Total number of deer in year t (from APS)

Pdhtt.1 = proportion of total deer population in July of year t-1 assumed to be 0-1 year
old hinds (using table in appendix 15)

POPdh1juy = population of hinds aged 0-1 in July of year t
DRdn1 = Annual death rate of hinds aged 0-1 (assumed to be 5%)
nodmarjul = NUMber of days between March and July (inclusive)

PDdh1marju = proportion of annual deaths assumed to occur between March and July
(inclusive). Currently assumed to be 65%

nodjun = number of days in June

Monthly population of hinds aged 0 to 1, for May, April and March (Equation 3.87)

POPdhlm(t) = Popdhm+1(t) + <

Where:

POPdR; 1) X DRany

nOdmar—jul

X PDdhlmar_jul> X nod,,

POPdh1my = population of hinds aged 0-1 in month m of year t
POPdh1m+1 = population of hinds aged 0-1 in next month m+1 of year t
POPdh1ljuy = population of hinds aged 0-1 in July of year t

DRan1 = Annual death rate of hinds aged 0-1 (assumed to be 5%)
nodmarjul = NUuMber of days between March and July (inclusive)

PDdh1marju = proportion of annual deaths assumed to occur between March and July
(inclusive). Currently assumed to be 65%

nodm = number of days in month m

Monthly population of hinds aged 0 to 1, for February, January and December (Equation 3.88)

POPdh1,, = POPdh,,, + <

Where:

POPdhj,,; X DRgny

nOdaug—feb

X (1 = PDdhlmar_jul)> X nod,,
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POPdh1m = population of hinds aged 0-1 in month m

POPdh1m+1 = population of hinds aged 0-1 in next month m+1
POPdh1ju = population of hinds aged 0-1 in subsequent July

DRan1 = Annual death rate of hinds aged 0-1 (assumed to be 5%)
nodaug-feb = NUMber of days between August and February (inclusive)

PDdh1marju = proportion of annual deaths assumed to occur between March and July
(inclusive). Currently assumed to be 65%

nodm = number of days in month m

3.4.2 Hinds aged 1-2

The population of hinds aged 1-2 varies throughout the year. The July population is calculated using the
formula below:

Population of Hinds aged 1-2 in July (Equation 3.89)

POPthlul(t) = POPdeeT'(t) X Pth(t)

Where:
POPdh2juy = population of hinds aged 1-2 in July of year t
POPdeer( = Total number of deer in year t (from APS)

Pdh2( = proportion of total deer population in July of year t assumed to be 1-2 year old
hinds (using table in appendix 15)

The model assumes that the annual death rate of hinds aged between 1 and 2 is 2%. Most (60%) of
these deaths occur between June and October (inclusive), and another 30% occur in November. These
assumptions are used to calculate the monthly populations for hinds aged 1-2.

The August and September populations are calculated using the following formula:

Population of Hinds aged 1-2 in August and September (Equation 3.90)

POPdh2; X DRgpy X PDdh2 -
POPthm(t) — POPthm_l(t) _ ( ]ul(t) dh2 Jun—0Oct X 1 dm_1>

nOd]un—Oct

Where:
POPdh2m = population of hinds aged 1-2 in month m of year t
POPdh2m-1¢ = population of hinds aged 1-2 in previous month m-1 of year t
POPdh2juy = population of hinds aged 1-2 in July of year t
DRdnz2 = Annual death rate of hinds aged 1-2 (assumed to be 2%)

PDdh2sun-oct = proportion of annual deaths assumed to occur between June and
October (inclusive). Currently assumed to be 60%

nodaun-oct = NUMber of days between June and October (inclusive, i.e. 153)
nodm-1 = number of days in previous month m-1

The October and November populations of hinds aged 1-2 are calculated in reverse order using the
December population. In December the hind populations move into a new age class (i.e. the 0-1 hind
population becomes the 1-2 hind population).
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Population of Hinds aged 1-2 in December (Equation 3.91)

POPAR2 goc(ry = POPAhLpp(ry — (

Where:

POPAR2j,1y X DRanz X PDAh2pec_pay

X nodnov)
nOdDec—May

POPdh24ecty = population of hinds aged 1-2 in December of year t
POPdh1nev = population of hinds aged 0-1 in November of year t
POPdh2juip = population of hinds aged 1-2 in July of year t

DRan2 = Annual death rate of hinds aged 1-2 (assumed to be 2%)

PDdh2pec-may = proportion of annual deaths assumed to occur between June and
October (inclusive). Currently assumed to be 10%

nodpec-may = NUMber of days between December and May (inclusive, i.e. 182)

nodnov = Nnumber of days in November

Population of Hinds aged 1-2 in October (Equation 3.92)

POPthOCt(t) = POPdhznov(t) + <

Where:

POPAh2jy¢) X DRany X PDAN2pm_ocr

nOd]un—Oct

X nodOCt>

POPdh2qctt) = population of hinds aged 1-2 in October of year t
POPdh2novt) = population of hinds aged 1-2 in November of year t
POPdh2juy = population of hinds aged 1-2 in July of year t

DRudn2 = Annual death rate of hinds aged 1-2 (assumed to be 2%)

PDdh2jun-oct = proportion of annual deaths assumed to occur between June and
October (inclusive). Currently assumed to be 60%

nodsun-oct = NuMber of days between June and October (inclusive, i.e. 153)

nodoct = number of days in October

Population of Hinds aged 1-2 in November (Equation 3.93)

Where:

POPAh2,,5yt) = POPAh2gec(r) + (POPAR2jy ey X DRypy X PDAR2y,,)

POPdh2novt) = population of hinds aged 1-2 in November of year t
POPdh24ect) = population of hinds aged 1-2 in December of year t
POPdh2juy = population of hinds aged 1-2 in July of year t

DRdnz2 = Annual death rate of hinds aged 1-2 (assumed to be 2%)

PDdh2nov= proportion of annual deaths assumed to occur in November. Currently
assumed to be 30%

The January to June populations of hinds aged 1-2 are calculated in backwards order using the July

population.
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Population of Hinds aged 1-2 in June (Equation 3.94)

POPAh2};(t) X DRany X PDAR2,_ocr

POPth]un(t) = POPth]ul(t) + < X TlOd]un>

nOd]un—Oct

Where:
POPdh2iun® = population of hinds aged 1-2 in June of year t
POPdh2;u = population of hinds aged 1-2 in July of year t
DRudn2ty = Annual death rate of hinds aged 1-2 (assumed to be 2%)

PDdh2sun-oct = proportion of annual deaths assumed to occur between June and
October (inclusive). Currently assumed to be 60%

nodaun-oct = NUMber of days between June and October (inclusive, i.e. 153)
nodsun = number of days in June

Monthly Population of Hinds aged 1-2, from January to May (Equation 3.95)

POPAR2,,(r) X DRapz X PDAR2pec_ay

nOdDec—May

Where:
POPdh2m = population of hinds aged 1-2 in month m of year t
POPdh2m+1(y = population of hinds aged 1-2 in next month m+1 of year t
POPdh2,uy = population of hinds aged 1-2 in July of year t
DRan2 = Annual death rate of hinds aged 1-2 (assumed to be 2%)

PDdh2pecember-may = proportion of annual deaths assumed to occur between December
and May (inclusive). Currently assumed to be 10%

nodpec-may = Number of days between December and May (inclusive, i.e. 182)

nodm = number of days in month m

3.4.3 Breeding Hinds

The population of breeding hinds aged varies throughout the year. The July population is calculated
using the formula below:

Population of breeding hinds in July (Equation 3.96)

POdeh]ul(t) = POPdeeT'(t) X deh(t)

Where:
POPdbhjuiry = population of breeding hinds in July of year t
POPdeer( = Total number of deer in year t (from APS)

Pdbht = proportion of total deer population in July of year t assumed to be breeding
hinds (using table in appendix 15)

The model assumes that the annual death rate of breeding hinds is 2%. Most (60%) of these deaths
occur between June and October (inclusive), and another 30% occur in November. These assumptions
are used to calculate the monthly populations.

The August to November populations are calculated using the following formula:
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Monthly population of breeding hinds from August to November (Equation 3.97)

Where:

POPdbhjy 1y X DRapn X PDdbhyyn_oct

X nodm_1>
nOd]un—OCt

POPdbhm = population of breeding hinds in month m of year t

POPdbhm-1 = population of breeding hinds in previous month m-1 of year t
POPdbhju = population of breeding hinds in July of year t

DRdbh = Annual death rate of breeding hinds (assumed to be 2%)

PDdbhaun-oct = proportion of annual deaths assumed to occur between June and
October (inclusive). Currently assumed to be 60%

nodiun-oct = NUuMber of days between June and October (inclusive, i.e. 153)

nodm-1 = number of days in previous month m-1

In December the breeding hind population is boosted by the movement of the 1-2 hind population into
the breeding hind population.

Population of breeding hinds in December (Equation 3.98)

POPdbhpecry = POPAbhygyey — (POPAbhjy ¢y X DRapn X PDdbhyey) + POPAR2 ygye)

Where:

POPdbhpect) = population of breeding hinds in December of year t
POPdbhnovty = population of breeding hinds in November of year t
POPdbhjuiy = population of breeding hinds in July of year t

DRabh = Annual death rate of breeding hinds (assumed to be 2%)

PDdbhnov = proportion of annual deaths assumed to occur in November. Currently
assumed to be 60%

POPdh2novty = population of hinds aged 1-2 in November of year t

The January and February breeding hind population is calculated by using the following equation

Monthly population of breeding hinds from for January and February (Equation 3.99)

Where:

POPdbhj,,; X DR gy, X PDAdbhpec_pay

nOdDec—May

POPdbh,, = POPdbh,, , — ( X nodm_1>

POPdbhm = population of breeding hinds in month m

POPdbhm-1 = population of breeding hinds in previous month m-1
POPdbhju = population of breeding hinds in the July immediately prior
DRdbh = Annual death rate of breeding hinds (assumed to be 2%)

PDdbhpec-may = proportion of annual deaths assumed to occur between June and
October (inclusive). Currently assumed to be 10%

nodpec-may = NUMber of days between June and October (inclusive, i.e. 182)

nodm-1 = number of days in previous month m-1

The March to June populations of breeding hinds are calculated in backwards order using the July

population.
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Population of breeding hinds in June (Equation 3.100)

POdeh]un(t) = POdeh]ul(t) + (

Where:

POPdbhyy;t) X DRapp X PDAbhyym_oct

nOd]un—Oct

X nod]un>

POPdbhiung = population of breeding hinds in June of year t
POPdbhjuiy = population of breeding hinds in July of year t
DRavh = Annual death rate of breeding hinds (assumed to be 2%)

PDdbhaun-oct = proportion of annual deaths assumed to occur between June and
October (inclusive). Currently assumed to be 60%

nodiun-oct = NUuMber of days between June and October (inclusive, i.e. 153)

nodsun = number of days in June

Monthly Population of breeding hinds, from March to May (Equation 3.101)

POdehm(t) = POdehm+1(t) + <

Where:

3.4.4 Stags

nOdDec—May

X nodm>

POPdbhm = population of breeding hinds in month m of year t
POPdbhm+1y = population of breeding hinds in next month m+1 of year t
DRabh = Annual death rate of breeding hinds (assumed to be 2%)

PDdbhpec-may = proportion of annual deaths assumed to occur between December and
May (inclusive). Currently assumed to be 10%

nodpec-may = NumMber of days between December and May (inclusive, i.e. 182)

nodm = number of days in month m

aged 0-1

The population of stags aged 0-1 varies throughout the year. The July population is calculated using the

formula below:

Population of stags aged 0-1 in July (Equation 3.102)

Where:

POPdSljul(t) = POPdeeT(t) X Pdsl(t)

POPds1jug = population of stags aged 0-1 in July of year t
POPdeer( = Total number of deer in year t (from APS)

Pds1 = proportion of total deer population in July of year t assumed to be 0-1 year old
stags (using table in appendix 15)

The Inventory model assumes that 65% of annual stag 0-1 deaths occur in the months between March
and July (inclusive). This higher death rate is reflected in the August population of stags aged 0-1.
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Population of stags aged 0-1 in August (Equation 3.103)

POPds1 () = POPds1 e — (

Where:

POPds1,y(1y X DRygy X PDds1yar_ju;

X nodm_1>
nOdMar—]ul

POPdslaugt = population of stags aged 0-1 in August of year t
POPdsliuw = population of stags aged 0-1 in July of year t
DRas1 = Annual death rate of stags aged 0-1 (assumed to be 5%)

PDds1wmar-au = proportion of annual deaths assumed to occur between March and July
(inclusive). Currently assumed to be 65%

nodwmar-au = Number of days between March and July (inclusive, i.e. 153)

nodm-1 = number of days in previous month m-1

Population of stags aged 0-1 in September and October (Equation 3.104)

POPdSlm(t) = POPdSlm_l(t) - <

Where:

POPdSl]ul(t) X DRdsl X PDdSlAug—Feb

nOdAug—Feb

X nodm_1>

POPds1augt = population of stags aged 0-1 in month m of year t
POPds1,uw = population of stags aged 0-1 in previous month m-1 of year t
DRus1 = Annual death rate of stags aged 0-1 (assumed to be 5%)

PDdslaug-reb = proportion of annual deaths assumed to occur between August and
February (inclusive). Currently assumed to be 35%

nodaug-Feb = NUMber of days between August and February (inclusive, i.e. 212)

nodm-1 = number of days in previous month m-1

In November it is assumed that new stag calves are born, while 12 month old stags are moved into the
next age class. These changes are seen in the December population figure.

The November to June populations of hinds aged between 0 and 1 is calculated in reverse order (e.qg.
the June population is used to calculate the May population, and so on).

Population of stags aged 0-1 in June (Equation 3.105)

POPdSl]un(t) = POPdSl]ul(t) + (

Where:

POPds1y11) X DRass X PDASLyar— jur

X nod
nOdMar—]ul ]un)

POPdsluun( = population of stags aged 0-1 in June of year t
POPdsliuw = population of stags aged 0-1 in July of year t
DRds1 = Annual death rate of stags aged 0-1 (assumed to be 5%)

PDds1wmar-au = proportion of annual deaths assumed to occur between March and July
(inclusive). Currently assumed to be 65%

nodwar-Ju = number of days between March and July (inclusive, i.e. 153)

nodsun = number of days in June
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Population of stags aged 0-1 between March and May (Equation 3.106)

POPAS1 sy = POPAS1y1(r) + (

Where:

POPds1 X DR ;51 X PDds1 14—
Jul(t) ds1 Mar—jul x nodm>

nOdMar—]ul

POPds1m+1 = population of stags aged 0-1 in month m of year t
POPds1m+1¢ = population of stags aged 0-1 in next month m+1 of year t
POPds1,uw = population of stags aged 0-1 in July of year t

DRuds1 = Annual death rate of stags aged 0-1 (assumed to be 5%)

PDds1wmar-au = proportion of annual deaths assumed to occur between March and July
(inclusive). Currently assumed to be 65%

nodwmar-aul = Nnumber of days between March and July (inclusive, i.e. 153)

nodm = number of days in month m

Population of stags aged 0-1 between November and February (Equation 3.107)

POPds1,, = POPds1,,,, + <

Where:

3.4.5 Stags

POPds1yuy X DRysy X PDASTpug-ren dm>

nOdAug—Feb

POPds1m+1 = population of stags aged 0-1 in month m
POPds1m+1 = population of stags aged 0-1 in next month m+1
POPds1,u = population of stags aged 0-1 in next July

DRuas1 = Annual death rate of stags aged 0-1 (assumed to be 5%)

PDdslaug-reb = proportion of annual deaths assumed to occur between August and
February (inclusive). Currently assumed to be 35%

nodaug-Feb = NUMber of days between August and February (inclusive, i.e. 212)

nodm = number of days in month m

aged 1-2

The population of stags aged 1-2 varies throughout the year. The July population is calculated using the

formula below:

Population of stags aged 1-2 in July (Equation 3.108)

Where:

POPdSZJul(t) = POPdeer(t) X PdSZ(t)

POPds2ju = population of stags aged 1-2 in July of year t
POPdeer( = Total number of deer in year t (from APS)

Pds2( = proportion of total deer population in July of year t assumed to be 1-2 year old
stags in year t (using table in appendix 15)

The Inventory model assumes that 80% of annual stag 1-2 deaths occur in the months between March
and July (inclusive). This higher death rate is reflected in the August population of hinds aged 1-2.
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Population of stags aged 1-2 in August (Equation 3.109)

POPAS2 (1) = POPAS2,yy1) — (

Where:

POPds2)y(ty X DRysz X PDAS2yar_jur

X nodm_1>

nOdMar—]ul

POPds2augt = population of stags aged 1-2 in August of year t
POPds2.u = population of stags aged 1-2 in July of year t
DRuas2 = Annual death rate of stags aged 1-2 (assumed to be 2%)

PDds2wmar-aul = proportion of annual deaths assumed to occur between March and July
(inclusive). Currently assumed to be 80%

nodwmar-au = Number of days between March and July (inclusive, i.e. 153)

nodm-1 = number of days in previous month m-1

Population of stags aged 1-2 in September, October, November, January and February (Equation 3.110)

POPds2,, = POPds2,, , — <

Where:

POPds2,,; X DRysy X PDAS24g—pep

X nodm_1>
nOdAug—Feb

POPds2m = population of stags aged 1-2 in month m

POPds2m-1 = population of stags aged 1-2 in previous month m-1
POPds2;u = population of stags aged 1-2 in previous July

DRuds2 = Annual death rate of stags aged 1-2 (assumed to be 2%)

PDds2aug-reb = proportion of annual deaths assumed to occur between August and
February (inclusive). Currently assumed to be 20%

nodaug-Feb = NumMber of days between August and February (inclusive, i.e. 212)

nodm-1 = number of days in previous month m-1

The December 1-2 stag population is calculated differently, as it is assumed that the 0-1 population
move into the higher age bracket during this month.

Population of stags aged 1-2 in December (Equation 3.111)

POPdSZDeC(t) = POPdSlNov(t) - (

Where:

POPdSZ]ul(t) X DRdSZ X PDdSZAug—Feb )
X nod;,_q

nOdAug—Feb

POPds2pec(y = population of stags aged 1-2 in December of year t
POPds2nov(y = population of stags aged 1-2 in November of year t
POPds2;u = population of stags aged 1-2 in July of year t

DRus2 = Annual death rate of stags aged 1-2 (assumed to be 2%)

PDds2aug-reb = proportion of annual deaths assumed to occur between August and
February (inclusive). Currently assumed to be 20%

nodaug-Feb = NUMber of days between August and February (inclusive, i.e. 212)

nodm-1 = number of days in previous month m-1
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The March to June populations of stags aged between 1 and 2 is calculated in reverse order (e.g. the
June population is used to calculate the May population, and so on).

Population of stags aged 1-2 in June (Equation 3.112)

POPAs2pypnty = POPAs2 ) + (

Where:

POPds2,y11) X DRasy X PDAS2yar— jur

X nod
nOdMar—]ul ]un)

POPds2un(t = population of stags aged 1-2 in June of year t
POPds2;u = population of stags aged 1-2 in July of year t
DRuds2 = Annual death rate of stags aged 1-2 (assumed to be 2%)

PDds2wmar-aul = proportion of annual deaths assumed to occur between March and July
(inclusive). Currently assumed to be 80%

nodwmar-aul = number of days between March and July (inclusive, i.e. 153)

nodsun = number of days in June

Population of stags aged 1-2 between March and May (Equation 3.113)

POPdSZm(t) = POPdSZm+1(t) + <

Where:

3.4.6 Stags

POPds?2 X DR 4.0 X PDAS2 07—
Jul(t) ds2 Mar—jul % nodm)

nOdMar—]ul

POPds2m+1¢ = population of stags aged 1-2 in month m of year t
POPds2m+1¢ = population of stags aged 1-2 in next month m+1 of year t
POPds2;uw = population of stags aged 1-2 in July of year t

DRus2 = Annual death rate of stags aged 1-2 (assumed to be 2%)

PDds2wmar-aul = proportion of annual deaths assumed to occur between March and July
(inclusive). Currently assumed to be 80%

nodwmar-aul = Number of days between March and July (inclusive, i.e. 153)

nodm = number of days in month m

aged 2-3

The population of stags aged 2-3 varies throughout the year. The July population is calculated using the
formula below, and an adjustment is made to account for stags that are slaughtered during June:

Population of stags aged 2-3 in July (Equation 3.114)

Where:

POPds3y+y = POPdeer(y X Pds3(y x (1 — DPds3,,)

POPds3ju = population of stags aged 2-3 in July of year t
POPdeer( = Total number of deer in year t (from APS)

Pds3() = proportion of total deer population in July of year t assumed to be 2-3 year old
stags (using table in appendix 15)

DPds3sun = Proportion of stags aged 2-3 sent to slaughter during June (currently
assumed to be 12%)

Ministry for Primary Industries Detailed methodologies for agricultural greenhouse gas emission calculation e 53



The Inventory model assumes that 80% of annual stag 2-3 deaths occur in the months between March
and July (inclusive). This higher death rate is reflected in the August population of hinds aged 2-3.

Population of stags aged 2-3 in August (Equation 3.115)

POPdS3Aug(t) = POPng]ul(t) - (

Where:

POPds3),(1) X DRys3 X PDAS3uar— jur

X nodm_1>

nOdMar—]ul

POPds3augt = population of stags aged 2-3 in August of year t
POPds3.u = population of stags aged 2-3 in July of year t
DRuas3 = Annual death rate of stags aged 2-3 (assumed to be 2%)

PDds3wmar-aul = proportion of annual deaths assumed to occur between March and July
(inclusive). Currently assumed to be 80%

nodwmar-aul = Number of days between March and July (inclusive, i.e. 153)

nodm-1 = number of days in previous month m-1

Population of stags aged 2-3 in September, October, and November (Equation 3.116)

POPds3, ) = POPAS3 1) — (

Where:

POPds3,,(ry X DRyss X PDAs34y4_pep

X nodm_l)
nOdAug—Feb

POPds3m = population of stags aged 2-3 in month m of year t
POPds3m-1¢ = population of stags aged 2-3 in previous month m-1 of year t
POPds3,u = population of stags aged 2-3 in July of year t

DRuds3 = Annual death rate of stags aged 2-3 (assumed to be 2%)

PDds3aug-reb = proportion of annual deaths assumed to occur between August and
February (inclusive). Currently assumed to be 20%

nodaug-Feb = NumMber of days between August and February (inclusive, i.e. 212)

nodm-1 = humber of days in previous month m-1

The December to June populations of stags aged between 2 and 3 is calculated in reverse order (e.g.
the June population is used to calculate the May population, and so on).

Population of stags aged 2-3 in June (Equation 3.117)

POPdS?)]un(t) = POPdS3]ul(t) + <

Where:

POPds31(t) X DRass X PDAS3yar— jur

X nod
nOdMar—]ul ]un>

POPds3uun( = population of stags aged 2-3 in June of year t
POPds3.u = population of stags aged 2-3 in July of year t
DRudss = Annual death rate of stags aged 2-3 (assumed to be 2%)

PDds3wmar-aul = proportion of annual deaths assumed to occur between March and July
(inclusive). Currently assumed to be 80%

nodwar-Ju = Nnumber of days between March and July (inclusive, i.e. 153)

nodsun = number of days in June
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Population of stags aged 2-3 between March and May (Equation 3.118)

POPds3 X DR g3 X PDAS3 47—

nOdMar—]ul

Where:
POPds3m+1¢n = population of stags aged 2-3 in month m of year t
POPds3m+1n = population of stags aged 2-3 in next month m+1 of year t
POPds3,u = population of stags aged 2-3 in July of year t
DRuds3 = Annual death rate of stags aged 2-3 (assumed to be 2%)

PDds3wmar-au = proportion of annual deaths assumed to occur between March and July
(inclusive). Currently assumed to be 80%

nodwmar-aul = Nnumber of days between March and July (inclusive, i.e. 153)
nodm = number of days in month m

Population of stags aged 2-3 between December and February (Equation 3.119)

POPds3,,; X DRygs X PDds3 4y,
POPds3,, = POPds3,,,, + ( i ds3 Aug-Feb nodm)

nOdAug—Feb

Where:
POPds3m+1 = population of stags aged 2-3 in month m
POPds3m+1 = population of stags aged 2-3 in next month m+1
POPds3,u = population of stags aged 2-3 in next July
DRuds3 = Annual death rate of stags aged 2-3 (assumed to be 2%)

PDds3aug-reb = proportion of annual deaths assumed to occur between August and
February (inclusive). Currently assumed to be 20%

nodaug-Feb = NumMber of days between August and February (inclusive, i.e. 212)

nodm = number of days in month m

3.4.7 Breeding/mixed age stags

The population of mixed age breeding stags varies throughout the year. The July population is calculated
using the formula below:

Population of mixed age breeding stags in July (Equation 3.120)

POPdsmajy, ) = POPdeery X Pdsma;

Where:
POPdsmaju = population of mixed age breeding stags in July of year t
POPdeer( = Total number of deer in year t (from APS)

Pdsmag = proportion of total deer population in July of year t assumed to be mixed age
breeding stags (using table in appendix 15)

Between August and June, the population of mixed age breeding stags is calculated in exactly the same
way as the population of stags aged 2-3, using the same assumptions on death rates and the proportion
of deaths occurring in a particular month.
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Population of mixed age breeding stags in August (Equation 3.121)

P0PdsmaAug(t) = POPdsma]ul(t) = <

Where:

POPdsmayy; ity X DRysmq X PDdsmayqr—

X nodm_l)
nOdMar—]ul

POPdsmaaugt = population of mixed age breeding stags in August of year t
POPdsmauuiy = population of mixed age breeding stags in July of year t
DRdsma = Annual death rate of mixed age breeding stags (assumed to be 2%)

PDdsmawar-au = proportion of annual deaths assumed to occur between March and July
(inclusive). Currently assumed to be 80%

nodwmar-aul = Nnumber of days between March and July (inclusive, i.e. 153)

nodm-1 = humber of days in previous month m-1

Population of mixed age breeding stags in September, October, and November (Equation 3.122)

POPdsmay, ) = POPdsma,,_ () — <

Where:

POPdsmayy, ity X DRysma X PDdsmayy, g_pep

X nodm_l)
nOdAug—Feb

POPdsmam = population of mixed age breeding stags in month m of year t

POPdsmam-1 = population of mixed age breeding stags in previous month m-1 of year
t

POPdsmauuiy = population of mixed age breeding stags in July of year t
DRuds3 = Annual death rate of mixed age breeding stags (assumed to be 2%)

PDds3aug-reb = proportion of annual deaths assumed to occur between August and
February (inclusive). Currently assumed to be 20%

nodaug-Feb = NumMber of days between August and February (inclusive, i.e. 212)

nodm-1 = number of days in previous month m-1

The December to June populations of mixed age breeding stags is calculated in reverse order (e.g. the
June population is used to calculate the May population, and so on).

Population of mixed age breeding stags in June (Equation 3.123)

POPdsma ) = POPdsmay,; ) + <

Where:

POPdsma]ul(t) X DR ygma X PDdsmaMar_]ul

X nod un>
nOdMar—]ul /

POPds3uun( = population of mixed age breeding stags in June of year t
POPds3su = population of mixed age breeding stags in July of year t
DRuds3 = Annual death rate of mixed age breeding stags (assumed to be 2%)

PDds3wmar-aul = proportion of annual deaths assumed to occur between March and July
(inclusive). Currently assumed to be 80%

nodwar-Ju = number of days between March and July (inclusive, i.e. 153)

nodsun = number of days in June
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Population of mixed age breeding stags between March and May (Equation 3.124)

POPdsmay, ;) = POPdsmay, 1) + <

Where:

POPdsmayy; ity X DRysmq X PDAsmayqr—

X nodm)
nOdMar—]ul

POPdsmam = population of mixed age breeding stags in month m of year t
POPdsmam+1¢ = population of mixed age breeding stags in next month m+1 of year t
POPds3,u = population of mixed age breeding stags in July of year t

DRdsma = Annual death rate of mixed age breeding stags (assumed to be 2%)

PDdsmawar-au = proportion of annual deaths assumed to occur between March and July
(inclusive). Currently assumed to be 80%

nodwmar-aul = Nnumber of days between March and July (inclusive, i.e. 153)

nodm = number of days in month m

Population of mixed age breeding stags between December and February (Equation 3.125)

POPdsma,, = POPdsma,, ., + (

Where:

POPdsmay; X DRgsma X PDdsmayy,g—rep )
X nod,

nOdAug—Feb

POPdsmam+1 = population of mixed age breeding stags in month m
POPdsmam+1 = population of mixed age breeding stags in next month m+1
POPds3,u = population of mixed age breeding stags in next July

DRdsma = Annual death rate of mixed age breeding stags (assumed to be 2%)

PDdsmaaug-reb = proportion of annual deaths assumed to occur between August and
February (inclusive). Currently assumed to be 20%

nodaug-Feb = NumMber of days between August and February (inclusive, i.e. 212)

nodm = number of days in month m

The next chapter discusses how population and production data for the major livestock species is used
to calculate energy requirements.
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4 Estimation of energy requirements

An understanding of an animal’s energy requirements is used to estimate dry matter intake (DMI) from
which livestock emissions are calculated. In the inventory, Energy requirements refers to the amount of
energy that is needed for an animal to survive and produce animal products such as milk, meat, fibre,
velvet and conceptus (pregnancy). The inventory model currently assumes that dairy cattle, beef cattle,
sheep and deer consume only pasture to satisfy their energy requirements, and no supplementary feed
is used.

Energy requirements are calculated for dairy and beef cattle, sheep and deer, but not for minor species
(i.e. goats, alpacas, horses, other). The calculation of energy requirements forms part of the tier 2
methodology used to calculate emissions for cattle, sheep and deer. Calculations of energy
requirements are combined with data on the energy content of pasture to estimate DMI. This information
is used to calculate enteric methane emissions and nitrogen excretion (and resulting nitrous oxide
emissions) for each livestock category.

New Zealand uses ‘metabolisible energy’ (ME) to estimate dry matter intake. ME represents the energy
that is available to an animal (CSIRO, 1990) through absorption of nutrients, and is different to the
concept of ‘net energy’ (NE), which represents the energy that is actually able to be used by the animal
for maintenance, and incorporated in product, as described in CSIRO (1990).

The agricultural inventory model uses data from a range of sources® to estimate the ME requirements
of New Zealand’s livestock population. Although the equations used here and in feeding standards (e.g.
CSIRO, 2007) have a sound physiological basis and are based on measurements from several animal
species in a range of physiological states (growing, lactating, pregnant, etc.) it is important to appreciate
that variation (associated with diet, breed, species and their interactions) exists within species. The
results of any ME calculations therefore should be regarded as estimates.

Nearly all animals in New Zealand graze ‘improved’ sown pastures. However, the default IPCC
algorithms used for estimating energy requirements are based on either grain-fed cattle or sheep
husbandry under very different circumstances from that in New Zealand. As a result, New Zealand’s
Inventory model is instead based on the Australian Feeding Standard’s algorithms for cattle and sheep
(CSIRO, 1990). These have been developed from freely grazing ruminants and better reflect the
New Zealand feeding situation¢. The following diagram summarises how energy requirements are
calculated.

Statistics New Zealand’s annual Agricultural Production Survey (APS) and census, New Zealand Dairy Statistics, Beef and Lamb
New Zealand, Deer Industry New Zealand, and slaughter statistics collected by the Ministry for Primary Industries (MPI)

¢ The IPCC Tier 2 energy requirements model is based on ‘net energy, NE’ whereas the New Zealand approach (using the
Australian Feeding Standards algorithms) uses ‘metabolisable energy, ME’. Net energy relates to metabolisable energy as follows:
NE = ME - energy lost by the animal as heat (Lassey, 2007, figure 2).
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Figure 4.1: How energy requirements and dry-matter intake are calculated
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An animal requires energy for production, maintenance, pregnancy, lactation and activity (e.g. grazing
and walking). The Inventory model estimates the total ME required by an average animal for an average
day for a given month. This value (MEtwta) is combined with information on the estimated ME content of
pasture (Feedwe) to estimate the amount of dry matter eaten by a single animal in a single day (DMI).

This calculated DMI provides the basis for estimating enteric methane emissions and nitrogen excretion
(and hence nitrous oxide emissions) by each livestock category, by day, month and then by year. By
aggregating across days, livestock numbers, and livestock categories, the annual inventories of
methane and nitrous oxide emissions can be estimated. Specific details relating to each livestock
category are outlined in sections 4.3, 4.4, 4.5 and 4.6.

4.1.1 Calculation of dry matter intake

Dry matter intake of an average animal is determined by taking the total energy requirement as outlined
in figure 4.1, and dividing this by the energy content of the pasture (Feedwe).

Calculation of dry matter intake (Equation 4.1)

MEtotal

DMI =
Feedyg

Where:
DMI = dry matter intake per day for an average animal (kg/d)

MEwta = total metabolisible energy required per day for an average animal representing
specified categories (MJ/d)

Feedwve = energy content of feed intake or the metabolisible energy per kilogram of dry
matter for pasture (MJ/kg)
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For grazing ruminants, the ME content of pasture (Feedwme) represents the energy available to the animal
for maintenance, production and activity (grazing, walking, etc.) (Waghorn, 2007). The Feedwve values
used in these inventory calculations for different months and animal categories are given in Appendix 3
(dairy) and Appendix 9 (sheep, beef and deer)

4.2 Components of metabolisable energy
The total daily metabolisible energy requirements of an animal (MEtotar) is the sum of four components:

e MEm: ME for maintenance (MJ/d).

e MEp: ME required for production, in the form of wool, meat (live weight gain), milk or velvet
(MJ/d)

e MEguaze: additional ME expenditure associated with outdoor production systems (walking and
grazing) compared with similar animals in confined conditions (MJ/d).

e MEc ME required for gestation or growth of the conceptus at any given time during pregnancy
(MJ/d)

Total metabolisible energy requirements, MEwa (Equation 4.2)

ME o1y = MEy, + ME, + MEg 4y, + ME,

Where:
MEtwtal = Total ME requirements of animal (MJ/d)
MEm = metabolisable energy required to maintain animal weight (MJ/d).
ME, = metabolisable energy required for production (MJ/d)
MEgraze = additional metabolisable energy expenditure of grazing (MJ/d).

ME. = Metabolisible energy required for gestation or growth of the conceptus (MJ/d)

MEm is the amount of energy required to maintain the animald. ME, is the amount of energy that is
required by an animal for the production of milk, wool, velvet, and live weight gain. MEgze is the
additional ME expenditure associated with outdoor production systems (walking and grazing) compared
with similar animals in confined conditions (CSIRO, 1990). Additional energy requirements associated
with cold conditions (CSIRO, 2007) have not been implemented in this model.

The MEm requirement for an animal of a defined weight is not constant, and will vary with energy costs
of production. Increased productivity requires higher feed intakes and this affects the proportion of
viscera and costs associated with respiration, cardiac output, etc. The inventory model accounts for this
by adding 10 percent of the dietary ME allocated to production (MEp) to MEm (CSIRO, 1990). The
addition of the term 0.1 x ME, in equation 4.3 is used to account for this.

The inventory uses a generic equation to calculate MEm for dairy and beef cattle, sheep and deer, but
equations used to calculate MEp and MEgaz differ for each animal category, and are outlined in sections
4.3, 4.4, 4.5 and 4.6. All of the equations in this section are expressed on a per-animal per day basis,
unless otherwise stated.

Metabolisable energy required for maintenance, ME, (Equation 4.3):

0.28LW°7° x ¢-0.034
km

ME,, = K XS X + 0.1 X ME,,

Where:

MEm = metabolisable energy required to maintain animal weight (MJ/d).

4 The current code in the inventory, as well as previous versions of the methodology document, also refer to ME, as BASAL.
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K = Coefficient that accounts for differences in fasting heat production across species
(CSIRO, 1990, pg 22). This value is 1.0 for sheep, and 1.4 for cattle and deer (CSIRO,
2007)

S = Coefficient that accounts for differences in basal metabolic rate between males and
females. This value is 1.0 for mature females and castrates or 1.15 for entire mature
males (CSIRO, 2007).

LW = Live weight of animal (kg)
A = Age in years, up to a maximum value of 6

km = Efficiency of utilisation of ME for maintenance, or the factor used to convert ME to
NE for maintenance

ME, = ME required for production (MJ/d)

The parameter km is the efficiency of the use of ME, and is calculated by using the following equations
(CSIRO, 2007):

Efficiency of utilisation for maintenance, km (Equation 4.4)

Ky, = 0.35 X Q,, + 0.503

Where:
km = Efficiency of utilisation of ME for maintenance.

Qm = ratio of feed ME to gross energy (GE) concentration of pasture

Ratio of metabolisible to gross energy for pasture, Qm (Equation 4.5)

_ Feedyg
™" Feedg

Where:
Qm = ratio of feed ME to GE concentration of pasture.

Feedve = ME content of feed (monthly values by species available in appendix 3 and 9
(MJ/kg)

Feedce = gross energy per kilogram of dry matter for feed, assumed to be 18.45 mega
joules per kilogram of dry matter (MJ/kg)

Qm represents the ratio of pasture ME concentration to the gross energy concentration of feed. The
value of Qm will typically range from 0.5 to 0.7 (9.0 to 12.5 MJ ME/kg DM relative to 18.45 MJ GE/kg
DM) depending on the animal species and time of year.

Feedce is set at 18.45 MJ/kg for dairy cattle beef cattle, sheep and deer, which is consistent with the
IPCC default value (IPCC, 2006).

The next sections in chapter 4 go into more specific detail of how energy requirements are calculated
for the major livestock species.

4.3 Energy requirements for dairy cattle

Dairy farming takes place in many regions of New Zealand. Regional data on dairy cattle populations
are collected by Statistics New Zealand, and regional productivity data (milk yield and composition) is
collected by the Livestock Improvement Corporation. To improve accuracy in the inventory, regional
differences can be taken into account by carrying out dairy calculations at a regional scale.
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The regions used in the dairy inventory are Northland, Auckland, Waikato, Bay of Plenty, Gisborne,
Hawke’s Bay, Taranaki, Wanganui-Manawatu, Wellington, Tasman, Nelson, Marlborough, West Coast,
Canterbury, Otago and Southland.

For the dairy part of the inventory, emissions are estimated for four sub-categories of dairy cattle:

¢ milking cows and milking heifers,

e growing females < 1 year old,

e growing females 1-2 years old, and
e breeding bulls

4.3.1 Total energy requirements

The total energy requirements for each subcategory of dairy cattle is outlined in the table below, which
are based on equation 4.2 outlined in section 4.2.

Table 4.1: Equations for the total ME requirements for each subcategory of dairy cattle

Dairy subcategories Equation
Milking cows and heifers MEtwtal = MEm + MEI + MEc + MEq + MEagraze
Growing females less than one year of age MEtotal = MEm + MEg + MEgraze —Z1

Growing females between one and two years MEiotal = MEm + MEg + MEgraze
Breeding bulls MEiotal = MEm + MEg + MEgraze
Where:

MEtwtal = Total ME requirements of animal (MJ/d)

MEm = ME required for maintenance (MJ/d)

ME: =ME required for milk production (MJ/d)

MEc =ME required for gestation or growth of the conceptus (MJ/d)
MEg =ME required for live weight gain (growth) (MJ/d)

MEgraze = Additional ME expenditure of grazing (MJ/d)

Z1 = Energy contained in the milk diet of young animals (MJ/d)

The equations in table 4.1 detail the components of ME required by different subcategory of dairy cattle..
In addition to requirements for maintenance and grazing activities, it is assumed that growing females
and breeding bulls only produce live weight gain (MEg), while milking cows produce milk (ME)) and
calves (gestation — MEc)

Dairy animals are assumed not to graze until their third month of life. Until that time they are milk fed,
which supports their ME requirement during those months. This reduction in the energy requirements
from pasture dry matter is accounted for by subtracting a term, zi, in the calculation of total ME
requirements. This term zi represents the energy contained in the milk diet. Milk-fed calves (that is,
calves less than two months old) do not generate or emit methane.

The following section details the calculations for each component of ME for dairy.

4.3.2 Energy required for maintenance

As stated in section 4.2, the inventory uses a generic equation to calculate MEn for the main animal
species, including dairy cattle (equation 4.3). For dairy, the value for K is set to 1.4.

Live weights for cows are updated annually using data from MPI. It is assumed that dairy bulls have a
live weight of 500kg. Calves at birth are assumed to be 9% of an average cow’s weight with linear weight
gain reaching 90% of an average cow’s weight at the first calving (2 yr old). For the purposes of variable
A (age) in equation 4.3, Dairy cattle in the four subcategories are assumed to be the following ages:

4 years old for milking cows and heifers

0.5 years old for growing females less than 1 year old

1.5 years old for growing females between one and two years of age
4 years old for breeding bulls
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Additional data on live weights is provided in appendix 1.

4.3.3 Metabolisable energy requirements of production

The MEp component for dairy cattle is made up of the following components, which are also specified
in equations 4.6 to 4.20:

e ME: ME required for milk production (MJ/d)
e MEg: ME required for live weight gain (growth) (MJ/d)

metabolisible energy requirements for dairy cattle production (Equation 4.6)

ME, = ME, + ME,

As stated earlier the inventory model assumes that growing females and breeding bulls only produce
live weight gain (MEg), while milking cows produce milk (ME)) and calves (gestation — MEc)

4.3.3.1 Metabolisable energy requirements for milk production

The energy requirements for milk production (ME)) are calculated using methodology developed the
United Kingdom’s Energy & Protein Requirements of Ruminants Agricultural and Food Research
Council (AFRC; 1993). The following equation is used to calculate ME:;:

Metabolisible energy requirements for milk production (Equation 4.7)

Y X MILK;5
El = 7]{
l

Where:
ME = Metabolisible energy required for milk production (MJ/d)
Y = Daily milk yield per milking cow (kg/d)
MILKee = Gross energy content of milk (MJ/kg)

ki = Efficiency of use of ME for milk production, or the factor used to measure how
efficiently ME is used by a dairy cow to produce milk (see equation 4.10)

In the model, litres of milk is converted into kilograms of milk using a factor of 1.03 (that is, number of
litres multiplied by 1.03 = kilograms of milk) (www.ifcndairy.org). Over the course of a year, the amount
of milk produced by a cow varies, and is assumed to vary from a low in June to a high in October. The
current proportions used in the inventory are outlined in appendix 4. This information is inserted into the
following equation to calculate the daily milk yield (Y) per milking cow in a given month.

Calculation of daily per cow milk yield for dairy cattle (Equation 4.8)

Nm X MPmonth

Pmilkingcow X Dmonth

Y =

Where:
Y = Daily milk yield per milking cow (kg/d)
Nm = National aggregate annual milk yield (kg)

Mpmonth = Milk produced in a given month as a proportion of total annual milk produced
(appendix 4)

Pmikingcow = population of mature milking cows in a given month
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Dmonth = NUmMber of days in given month

To determine the gross energy content of milk (MILKGE), the average fat and protein concentrations of
this milk are required, along with the following AFRC (1993) equation:

gross energy content of milk (Equation 4.9)

MILK;r = 0.376 X F + 0.209 x P + 0.948

Where:
MILKGE = Gross energy content of milk (MJ/kg)
F = fat content of milk, measured as a percentage (data collected from LIC)
P = protein content of milk, measured as a percentage (data collected from LIC)
Activity data on the fat and protein content of milk is displayed in appendix 4.
ki is calculated by using the following equation from ARC (1980).

Efficiency of utilisation for milk production (Equation 4.10)

k; = 0.35 X Q,, + 0.42

Where:

ki = Efficiency of use of ME for milk production, or the factor used to measure how
efficiently ME is used by a dairy cow to produce milk

Qm = the ratio of pasture ME concentration to the gross energy concentration of pasture.
(see equation 4.5, section 4.2)

The suitability of these equations for the New Zealand situation has been demonstrated using
New Zealand specific studies. Grainger et al. (1983) has shown that the relationship between the gross
energy content of milk (MILKge) and the concentration of fat and protein has different parameter values
for Holstein-Friesian and Jersey breeds. However, due to a lack of suitable data on disaggregation by
breed (from 1990 onwards) it is not possible to use these New Zealand specific relationships in
calculating emissions for the inventory.

4.3.3.2  Metabolisible energy requirements for change in live weight

In order to predict the energy required for a change in live weight of a dairy cow, a set of equations taken
from the ARC (1980) are utilized for:

e non-lactating animals (Breeding bulls and growing females less than two years);
¢ milking cows and heifers

4.3.3.2.1 Live weight gain for non-lactating animals

Metabolisable energy requirements for live weight gain in non-lactating animals (Equation 4.11):

(6.7 +R) + %

1 + e~ 6(Piw—0.4)
ME, = X LWG x 0.92
kgnl

Where:
MEg = Energy required for live weight gain (MJ/d)
R =An adjustment for rate of change in live weight

LWG = Live weight gain in kg/day
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Pw = ratio of current live weight (LW) to a standard reference weight (SRW) of a mature
animal

kgni = Net efficiency of dietary metabolisable energy conversion to live weight gain for non-
lactating animals

A number of variables in this equation require additional calculations, which are set out below. The
variable R is used to adjust for the rate of gain or loss of live weight. The calculation of R requires
information on the change in empty body weight (EBC) or the body weight minus weight of gut contents,
and standard reference weight (SRW) of a mature animal. SRW values are fixed at values determined
by the CSIRO (1990):

e 550 kg for females

e 770 kg for bulls

LWG measures the daily live weight gain of an animal. Pw is the ratio of current live weight (Cw) to a
standard reference weight (SRW) of a mature animal. Annual information on current live weight is
provided in appendix 1.

kgni is & conversion factor that used to measure how efficiently ME is used by a dairy cow for weight gain
(see equation 4.17).

Calculating rate of gain or loss in live weight (R) (Equation 4.12):

EBC

R= i srwors ~

1

Calculating ratio between current live weight and standard reference weight (Pw) (Equation 4.13):

P, _ LW
W= SRW

Change in empty body weight (EBC) (Equation 4.14):

EBC =092 x LWG

Efficiency of utilisation for live weight gain for non-lactating animals (Equation 4.15)

kgni = 0.042 X Feed,, + 0.006

Where:
R =An adjustment for rate of change in live weight
EBC = change in empty body weight (kg/d)

SRW = Standard reference weight of a mature animal of a specific dairy cow breed (kg),
either 550kg for females or 770kg for bulls

LWG = Live weight gain (kg/d)

LWx = current live weight of animal x (kg)

Feedwve = Metabolisible energy content of feed (MJ/kg)
The calculation of live weight and live weight gain (LWG) for the different animal species is outlined in
section 4.7. LWG is assumed to be zero for mature milking cows.

4.3.3.2.2 Live weight gain for growing lactating animals
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The equation below outlines the variables and parameters that are used to calculate MEq for growing
lactating animals.

Metabolisable energy requirements for live weight gain in growing lactating animals (Equation 4.16):

neclw X LWG
E,=———

g kg

Where:
Neclw = net energy content of liveweight (MJ)
LWG = Live weight gain (kg/day)
kg = Net efficiency of dietary metabolisable energy conversion to live weight gain

The variables neclw and kg require additional calculations and inputs such as body condition score (cs)
and kl. The body condition score is a visual assessment of an animal's body fat reserves, and is
assumed to be 6 for dairy cattle. ki measures how efficiently ME is used by a dairy cow to produce milk
and is also discussed in section 4.3.3.1 (see equation 4.10)

Calculation of neclw (Equation 4.17):

neclw = 10.1 + 2.47 X cs

Efficiency of utilisation for live weight gain (Equation 4.18):

kg = 0.95 X k;

Where:
Neclw = net energy content of liveweight (MJ)
cs = condition score, assumed to be 6
kg = Net efficiency of dietary metabolisable energy conversion to live weight gain
ki = Net efficiency of dietary metabolisable energy conversion for milk production (see
section 4.3.3.1)
4.3.4 Metabolisable energy requirements for gestation

In order to determine the metabolisable energy required for gestation, an equation taken from ARC
(1980) is used to determine the total energy retention at any given time during pregnancy using the
Gompertz model. These values can then be used to calculate the daily metabolisable energy required
during the gestation period. Thus, daily metabolisable energy values are determined by the following
equation:

Metabolisable energy requirements for gestation (Equation 4.19):

0.0201FE, x e=0:0000576prg
kC

ME, = 0.025 X LW, X

Where:
ME. = Metabolisible energy required for gestation or growth of the conceptus (MJ/d)
LWc = Calf birth weight (kg).
E: = Energy required for the gravid uterus in utero (MJ/d)

prg = Number of days the cow has been pregnant (see Appendix 5)
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ke = Efficiency of use of ME for conceptus energy gain (0.133)

The calf birth weight (W-) is estimated as 9% of the adult cow’s live weight (AFRC, 1993). This liveweight
information is updated each year (see Appendices 1 and 11). Analysis of this from 1990 to 2009
determines calf birth weight over the time series to be between 39.9 to 41.4 kg.

ke is a conversion factor that used to measure how efficiently ME is used by a dairy cow for gestation.
A value of ke = 0.133 is currently used (ARC, 1980).

E: measures the amount of energy required growth of the uterus as well as the foetus, and is calculated
below:

Energy requirement for the gravid uterus (Equation 4.20):

Et = 1015 1.665—151.64¢ ~0-0000576prg

Values for coefficients used in the calculation of the term E: are adopted from ARC (1980) where they
were determined for a calf whose birth weight was 40.0kg at 281 days of gestation.

A summary of the net requirements for gestation can be found in report from CSIRO, 1990.

4.3.5 Metabolisable energy requirement for grazing

The following equation from CSIRO (1990) is used determine the metabolisable energy required for
grazing:

Metabolisable energy required for grazing (Equation 4.21)

<(c x (0.9 — DMD) x (ME,, + ME, — Zl)) +0.05 x (%H) x FeedME> w

graze = K, X Feedyy — C x W x (0.9 — DMD)

Where:

C =additional energy for eating that grazing animals require compared with confined
animals (0.006)

DMI = Dry matter intake from pasture (kg/d),

DMD = Dry matter digestibility

MEm = metabolisable energy required to maintain animal weight (MJ/d).
Z1 = the amount of energy received from milk (MJ/d)

MEp = metabolisable energy required for production (MJ/d)

T = Terrain factor. Value of 1 currently used for dairy (flat land) (see CSIRO 1990 for
details)

GF = Availability of green forage (tonnes/ha).
W = Animal live weight (kg)

km =Efficiency of utilisation for maintenance, or the factor used to convert net energy
(used for maintenance) to metabolisable energy

Feedwve = energy content of feed intake or the metabolisible energy per kilogram of dry
matter for pasture (MJ/kg)

The coefficient C is used to help determine the additional energy for eating that grazing animals require
compared to housed animals. A value of 0.006 is used for cattle (CSIRO, 1990).
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Information on the dry matter digestibility (DMD) of pasture is contained in appendix 3

The parameter T represents how the energy used for walking varies with terrain (e.g. flat or steep land).
A value of T =1 is used for dairy.

GF represents the availability of forage. A higher value means that animals will spend less energy
searching for forage. A GF value of 3.5 tonnes of dry matter per hectare is used in the inventory.

Information on animal liveweight (W) is provided in appendix one.

The variable km is used to account for the energy lost by the body tissues as heat. It can also be thought
as the efficiency of the use of ME. The equation specified in section 4.2 (equation 4.4) is used to
calculate km.

4.3.6 Adjustment to total metabolisable energy requirements for cattle up to 1
year old

In New Zealand farming practice, animals less than one year of age are only fed milk for the first 2-3
months of their life. These milk-fed calves do not produce any methane and the inventory takes this into
account through the use of the term Z1 in equation 4.22). Z represents the amount of energy received
from milk and is determined as follows:

Energy received from milk (Equation 4.22):
Zmp MILK;g

Zy=——X
17 4a k,

Where:
Z1 = the amount of energy received from milk (MJ/d)
Zmp = Milk fed to calves (kg).
d = Number of days of receiving milk (61 days)
MILKGe = Gross energy content of milk (MJ/kg)
ki = Net efficiency of ME utilisation for milk production
=0.019 x Feedwe + 0.42 (see Appendix 3)

Calculation of dairy milk production efficiency (Equation 4.23)

k, = 0.019 X Feedy + 0.42

Where:

ki = Efficiency of use of metabolisible energy for milk production, or the factor used to
measure how efficiently ME is used by a sheep to produce milk

Feedme = metabolisible energy content of pasture (MJ/kg) (see Appendix 9)

The term Zmp is the amount of milk fed to a calf during the first two months of life. For the dairy industry
in New Zealand, this generally comes from milk powder and is assumed to total 200 kilograms/animal
(Financial Budget Manual, 2002). The inventory assumes that calves receive milk for 61 days. After this
period (two months) Zi is set to zero.

The calculation of MILKgEe is outlined in section 4.3.3.1 (equation 4.9). As discussed in section 4.3.3.1,
ki represents the factor that measures how efficiently ME is used by a dairy cow to produce milk (see
equation 4.10).

4.3.7 Summary of metabolisible energy requirements for dairy

The equations outlined in section 4.3 are used to determine the total metabolisible energy (MEtota)
requirements for each class of dairy cattle. This figure can then be used to calculate Dry Matter Intake
(DMI) using the equation in section 4.1.1 (equation 4.1), which is ultimately used to calculate emissions.
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4.4 Energy requirements for beef cattle

4.4.1 Total maintenance energy requirements

The total energy requirements for beef cattle is made up of the components and equations outlined in
section 3.2. The components used in the calculations of ME requirements for dairy cattle are also used
for beef cattle (i.e. MEm, MEi, MEc MEg, MEgraze and Z1).

Beef calves do not begin grazing until their sixth month of life. Until that time they are milk fed. As with
dairy calves they therefore do not require the same amount of energy for grazing in that year and the
total ME requirement needs to be adjusted for the reduced MEgraze. This is again done by including a
further term, z1, in the calculations for the total ME requirements.

Each subcategory of beef animal and the high-level equations used to calculate their total ME
requirements are outlined in Table 3.

Table 4.2: Beef animal subcategories and equations used to calculate ME requirements

Beef cattle subcategories Equation used to calculate total ME
requirements

1. Growing cows 0 — 1 years MEtotal = MEm + MEg + MEgraze -Zi

2. Growing cows 1 — 2 years MEtotal = MEm + MEg + MEgraze

3. Breeding growing cows 2 — 3 years MEtotal = MEm + MEg + ME| + MEc + MEgraze
4. Breeding mature cows MEtotal = MEm + MEg + ME| + MEc + MEgraze
5. Breeding Bulls — mixed age MEtotal = MEm + MEg + MEgraze

6. Slaughter heifers 0 — 1 years MEtotal = MEm + MEg + MEgraze -Z)

7. Slaughter heifers 1 - 2 years MEtotal = MEm + MEg + MEgraze

8. Slaughter steers 0 — 1 years MEtotat = MEm + MEg + MEgraze -Zi

9. Slaughter steers 1 - 2 years MEtotal = MEm + MEg + MEgraze

10. Slaughter Bulls 0 - 1 years MEtotat = MEm + MEg + MEgraze -Zi

11. Slaughter Bulls 1 — 2 years MEtotal = MEm + MEg + MEgraze

Where:

MEwtal = Total metabolisible energy requirements of animal (MJ/d)

MEm = Metabolisible energy required for maintenance (MJ/d)

ME| =Metabolisible energy required for milk production (MJ/d)

ME.: =Metabolisible energy required for gestation (MJ/d)

MEg =Metabolisible energy required for live weight gain (growth) (MJ/d)
MEgraze = Additional metabolisable energy expenditure of grazing (MJ/d)

Z1 = Energy contained in the milk diet of young animals (MJ/d)

4.4.2 Metabolisible energy required for maintenance

As for dairy cattle, equation (4.3) is used to determine maintenance energy requirements for beef cattle.
Information on live weight (W) and age (A) used in this equation are contained in appendix 8 and 2,
respectively. Values of 1.4 for Kand 1.15 for S are used for beef cattle, which is the same as dairy cattle.
Information on pasture ME content (Feedwe, used to calculate km) for beef cattle is contained in Appendix
9.
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4.4.3 Metabolisable energy requirements of production

4431  Metabolisable energy requirements of milk production

Of the beef cattle subcategories, only breeding growing cows 2 — 3 years and breeding mature cows
produce milk. Equations 4.7, 4.9, 4.10 (in section 4.3.3.1) and 4.24 (see below) are also used to
determine milk production energy requirements for these beef cattle. Some of the parameters used in
these equations have identical values to those used in the calculation of ME; for dairy cattle, which are:

e Fat content of milk (F)

e Protein content of milk (P)

e Gross energy content of milk (MILKGE)

e Efficiency of metabolisible energy used for milk production (ki)
¢ Number of days in a given month (Dmonth)

The remaining parameters (listed below) use different values (compared to dairy cattle) to calculate milk
production energy requirements for beef cattle:

o Daily milk yield per breeding beef cow (Y)

e Proportion of total annual milk produced by beef cattle in a given month (Mmpmontn)

o Ratio of pasture ME concentration to the gross energy concentration of pasture (Qm). The
inventory assumes that beef cattle consume pasture with a different metabolisible energy
content (PASTwme). PASTwme values are provided in appendix 9.

e Population of breeding beef cows in a given month (Pmilkingcow)

The inventory model assumes that a breeding beef cow produces 824 kilograms of milk per year
(appendix 8). This can be used to calculate the daily milk yield per breeding beef cow (Y).

Calculation of daily per cow milk yield for beef cattle (Equation 4.24)

_ Am X MPonth

Dmonth

Where:
Y = Daily milk yield per milking cow (kg/d)
Am = Annual milk yield per breeding beef cow (assumed to be 824 kg)

Mpmonth = Milk produced in a given month as a proportion of total annual milk produced
(see appendix 4)

Dmonth = Nnumber of days in given month

Information on milk fat (F) and milk protein (P) in these equations is provided in appendix 8. Information
on the fraction of total annual milk produced in a given month (mpmonth) is contained in appendix 4.

4.4.3.2  Energy requirements for change in live weight

The equations used to calculate MEg4 (energy required for live weight gain) for beef cattle are identical
to those used to calculate MEg for dairy cattle (equations 4.13 — 4.20 in section 4.3.3.3).

The equations in section 4.3.3.3.1 live weight gain for non-lactating animals are used to calculate MEg
for the following classes of beef cattle:

e Growing cows 0 — 1 years

e Growing cows 1 — 2 years

e Breeding Bulls — mixed age
e Slaughter heifers 0 — 1 years
e Slaughter heifers 1 - 2 years
e Slaughter steers 0 — 1 years
e Slaughter steers 1 - 2 years
e Slaughter Bulls 0 - 1 years
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e Slaughter Bulls 1 — 2 years

The equations in section 4.3.3.3.2 live weight gain for growing lactating animals are used to calculate
MEg for the following classes of beef cattle:

e Breeding growing cows 2 — 3 years
e Breeding mature cows

Data on live weight is calculated using data provided by MPI. A linear trend is used to estimate live
weight for growing beef cattle, starting from 9 percent of the average beef cow weight at birth, to the live
weight of an adult beef cow at maturity (Rollo, 2017). Data on beef live weights are provided in appendix
11 and 8. No weight gain is assumed for adult beef cows.

4.4.4 Metabolisable energy requirements for gestation

Equation (4.19) in section 4.3.4 is used to determine the energy requirements for beef cattle conception
and gestation. As stated in section 4.3.3.2, Calf weight (Wc) is assumed to be 9% of an adult milking
cow’s live weight (see appendix 8). Values for the number of days the cow has been pregnant (prg) are
found in Appendix 5.

4.4.5 Additional metabolisable energy expenditure of grazing at pasture

Section 4.3.5 is used to determine the additional energy beef cattle require for grazing, relative to
confined animals of similar live weight.

Some of the parameters used in this equation have identical values to those used in the calculation of
MEgraze for dairy cattle, which are:

e Additional energy for eating that grazing animals require compared to housed animals (C)

e Availability of green forage (GF)

o Efficiency of utilisation for maintenance (km)

The remaining parameters (listed below) use different values (compared to dairy cattle) to calculate
grazing energy requirements for beef cattle:

e Terrain factor (T) A value of 1.5 is used, reflecting undulating pasturelands

e Dry matter intake (DMI). Different values of DMI are calculated for beef cattle, using the iteration
methodology outlined in section 4.3.4.

e Dry matter digestibility (DMD). Monthly values of DMD for beef cattle are provided in Appendix
9.

e Live weight (LW)

Live weight (LW) for beef cattle is calculated by the model for each subcategory assuming a linear
weight gain described in section 4.4.3.3.

4.4.6 Adjustment to total energy requirements for beef cattle aged up to 1 year

All beef animals up to one year of age receive some of their energy requirements from milk. For the first
8 months of life it is assumed that they are fed either suckled milk or milk derived from powder, which is
used to supplement suckled milk.

For the first two months of life, the Inventory model assumes that a calf bred as beef livestock does not
produce any methane as they are fed strictly milk. Equation 4.22, outlined in section 4.3.5 is used to
calculate the amount of energy received from milk for these beef calves.

For the third to eighth months (3-8) of a beef calf’s life, the equations below are used to calculate the
amount of energy received from milk.

Energy received from milk for beef calves 3-8 months (Equation 4.25):
7 MILK;;

Zipe = = X
1bc d kl

Where:
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Zinc = the daily amount of energy received from milk for each beef calf 3-8 months of age
(MJ/d)

Z = the total amount of milk fed to each calf over the 3-8 month period (kg)
MILKGe = Gross energy content of milk (MJ/kg)

ki = Efficiency of use of metabolisible energy for milk production, or the factor used to
measure how efficiently ME is used by a dairy cow to produce milk (see equation 4.23)

d = Number of days receiving milk (assumed to be 182 days)

Amount of milk fed to beef calves 3-8 months (Equation 4.26):

Z =(0.67 X Yy X apc) + (0.33 X Z,)

Where:
Z = the total amount of milk fed to each calf over the 3-8 month period (kg)

Yue = total milk yield for beef cattle (kg/year) (from appendix 8, assumed to be 824 kg per
year for all years)

apc= Calving percentage (assumed to be 85%)
Zmp= Milk fed to each calf from milk powder over the 3-8 month period (200kg)

The calculation of term Z indicates that 67 per cent of the milk required by each rising one year old
comes from its mother, while 33 comes from milk powder (Zmp). It is assumed that Zmp equates to 200
kg per animal (Financial Budget Manual, 2002).

Information on milk yields are provided in appendix 8. For month 9 onwards, z1 is set to O.

4.4.7 Determination of Dry Matter Intake

The equations outlined in section 4.4 are used to determine the total metabolisible energy (MEtota)
requirements for each class of beef cattle. This figure can then be used to calculate Dry Matter Intake
(DMI) using the equation in section 3.1.1 (equation 1), which is ultimately used to calculate emissions.
It is important to note that the ME content of pasture (Feedwe) for beef cattle is different to dairy cattle.

4.5 Energy requirements for sheep

The total energy requirement for sheep comprises several components which are affected by age and
physiological state. The basic calculation was outlined in equation (4.2). The same components that
make up ME; for cattle also make up the MEp for sheep, with the added component of MEwoo to account
for the ME requirement for the growth of wool. This means that for sheep, MEp = ME| + MEg+ MEwool.

Immediately after birth lambs obtain most of their energy from milk, therefore an energy discount is
required to cover the months when the lamb obtains some of its energy from milk. Again, this is achieved
by subtracting a term, Zi, in the calculations for the total ME requirements.

Each subcategory of sheep animal and the specific ME components used in the calculation of total ME
requirements for each subcategory are outlined in Table 4.

Table 4.3: Equations for the total ME requirements for each subcategory of sheep

Sheep subcategories Equation

1. Dry ewes MEtotat = MEm + MEwool + MEgraze

2. Mature Breeding ewes MEtotal = MEm + ME| + MEc + MEwool + MEgraze

3. Growing breeding sheep MEtotal = MEm + ME| + MEc + MEg + MEwool + MEgraze
4. Growing non-breeding sheep MEtotal = MEm + MEg + MEwool + MEgraze

5. Wethers MEtotat = MEm + MEwool + MEgraze

6. Lambs MEtotal = MEm + MEg + MEwool + MEgraze — Zi

7. Rams MEtotal = MEm + MEg + MEwool + MEgraze
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4.5.1 Metabolisable energy requirements for maintenance

Equation 4.3 in section 4.2 is used to determine maintenance energy requirements for sheep, with K
(the coefficient that accounts for differences in fasting heat production across species) equalling 1 for
sheep (CSIRO, 1990). The live weight associated with each subcategory of sheep for a particular month
is determined by the model based on live weight data in Appendix 12 and the methodology outlined in
section 4.7.3. The age (A) in equation 4.3 is detailed for each subcategory in Appendix 2. Pasture
properties are detailed in Appendix 9.

4.5.2 Metabolisable energy requirements for gestation

For the purpose of determining energy requirements of gestation and milk production the model
assumes that if a ewe is pregnant in a month, she is not lactating. Therefore the energy requirements
for gestation are only calculated for the months when the number of days pregnant for that month is >
0. In the inventory model calculations it is assumed that all lambs are born on 1 September. Thus,
conception would have happened 147 days earlier on 6 April. It is also assumed in the inventory model
that all lambs intended for meat production are weaned on 1 December and slaughtered on 1 March the
following year. Therefore, the ewes are assumed to be pregnant from 6 April to 1 September (147 days)
and to lactate from 1 September to 10 January (122 days).

While the equations for determining the ME requirements for gestation in sheep have a similar basis to
that of cattle, the coefficients used are different for sheep and are displayed below.

Metabolisable energy requirements for gestation for ewes (Equation 4.27):

0.07372E, x e~0.00643prg

ME, = 0.025 x W, x
ke

Where:
ME. = ME required for gestation (MJ/d)
Wi = lamb birth weight (kg)
E: = Energy required for the “gravid foetus” in utero (MJ)
prg = Number of days the ewe has been pregnant (see Appendix 5)

ke = Net efficiency of dietary ME conversion to energy needed for gestation. Currently
assumed to be 0.13 (ARC, 1980).

Energy requirement for gravid fetus in utero (Equation 4.28):

E, = 107(3.322 — 4.979 x ¢~0.00643p79)

Values for coefficients used in the calculation of the term E: are adopted from the ARC (ARC, 1980)
where they were determined for a lamb with a birth weight of 4.0 kg at 147 days of gestation. A summary
of the net requirements for gestation can be found in the CSIRO report (CSIRO, 1990). For the
calculation of the New Zealand Inventory, lamb birth weight is assumed to be 9% of ewe live weight
(see Appendix 12).

4.5.3 Metabolisable energy requirements of milk production

The ME requirement for milk production in sheep is taken from the Australian Feeding Standards
(CSIRO, 1990). This equation requires data on milk fat and the number of days of lactation (or receiving
milk). The milk fat value of 8 percent for lactating ewes has been suggested as a suitable value by
CSIRO (1990) for use when experimental data is not available, and is based on earlier measurements.

The first set of brackets in the equation below represents the gross energy content of sheep and the
second set of brackets represents the amount of milk produced by sheep.
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Metabolisible energy requirements of milk production for sheep (Equation 4.29)

o _ (0.328F +0.0028d,,,, + 2.2033) X y
l =
k;

Where:
ME = Metabolisible energy required for milk production (MJ/d)
F = Milk fat percentage (currently set at 8%, see Appendix 12)
dsrm = Number of days producing milk (assumed to be 122 days)
y = Daily milk yield (kg/day)

ki = Efficiency of use of metabolisible energy for milk production, or the factor used to
measure how efficiently ME is used by a sheep to produce milk (see equation 4.31)

Calculation of daily sheep milk yield (Equation 4.30)

_ Ysheepm X MPmonth

dmonth

Where:
y = Daily milk yield, for a particular day and month (kg/day)
Ysheepm = @annual milk yield per sheep (kilograms per sheep per year) (see appendix 12)
MPmonth = proportion of total annual milk produced in a given month (see appendix 4)
dmonth = NnumMber of days in a given month

Calculation of sheep milk production efficiency (Equation 4.31)

kl = 0.019 x FeedME + 0.42

Where:

ki = Efficiency of use of metabolisible energy for milk production, or the factor used to
measure how efficiently ME is used by a sheep to produce milk

Feedme = energy content of pasture (MJ/kg) (see Appendix 9)

4.5.4 Energy requirements for change in live weight

The equation used to calculate the ME requirements for changes in live weight in sheep is the same as
that used for cattle (equation 4.11 in section 4.3.3.2). Sheep standard reference weights are 92 kg, 66
kg and 80 kg for rams, ewes and wethers (taken from CSIRO, 1990; Clark, 2008). The current live
weight is determined by the model for all subcategories based on live weight inputs at birth and maturity
(see Appendix 12). Live weight change for rams is detailed in the Appendix (see Appendix 12). A
negligible weight change is assumed for adult ewes (to keep the weight change a non-zero number for
purposes of the model calculations, only). For all other sheep subcategories weight changes are
determined by the model as a linear change from initial and final weight.

There are different values for the terms kg for various subclasses of sheep (see Table 4). For ewes and
growing breeding sheep (subcategories 1, 2 and 3 in table 4.3) kg can be calculated using equation
4.32, while for the remaining sheep categories kq can be calculated using equation 4.33.

74 e Detailed methodologies for agricultural greenhouse gas emission calculation Ministry for Primary Industries



Calculation of sheep live weight gain efficiency for dry ewes, mature breeding ewes and growing
breeding sheep (Equation 4.32)

ky = 0.950 X k;

Where:
kg = Net efficiency of dietary ME conversion to live weight gain

ki = Efficiency of use of metabolisible energy for milk production, or the factor used to
measure how efficiently ME is used by a sheep to produce milk (see equation 4.31)

For subcategories 4, 5, 6 and 7:

Calculation of sheep live weight gain efficiency for non-breeding sheep, wethers, lambs and rams
(Equation 4.33)

ky = 0.042 X Feedy; + 0.006

Where:
kg = Net efficiency of dietary ME conversion to live weight gain
Feedme = energy content of pasture (MJ/kg) (see Appendix 9)

4.5.5 Metabolisable energy requirements for wool growth

The following equations are used to calculate ME required for wool growth in adult sheep and lambs,
using the assumption that a lambs fleece weight is half an adult’s fleece weight (CSIRO, 1990).

Metabolisible energy required for wool growth in adults (Equation 4.34)

ME,, = 0.13 x (fl><1000> 6
woo 365

Where:
MEw = ME required for wool growth (MJ/d)
fl = Greasy fleece weight (kg per head per year) (see Appendix 12)

Metabolisible energy required for wool growth in lambs (Equation 4.35)

ME, = 0.13 x (fl><1000) 6
wo 365 X 2

Where:
MEw = ME required for wool growth (MJ/d
fl = Greasy fleece weight (kg per head per year) (see Appendix 12)
4.5.6 Additional metabolisable energy expenditure of grazing relative to
confined animals of similar live weight

The calculation used to estimate additional ME expenditure for grazing for cattle (see equation 4.21) is
the same as that used for sheep. However, the term C has a value of 0.05, and terrain factor (T) has
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the value of 1.5, reflecting undulating terrain as for beef cattle (Clark et al., 2003). Pasture ME content
and dry matter digestibility (DMD) can be found in Appendix (9). The current live weight (W) is
determined by the model for all classes based on live weight inputs (Appendix 12).

4.5.7 Adjustment to total energy requirements for lambs

Rising 1 year old lambs are fed either suckled milk or milk derived from powder, which is produced to
supplement suckled milk in their first 122 days. The total energy requirements for lambs need to take
this into account for this period.

Also, for the first two months of life, a lamb is assumed not to produce any methane, as they are fed
only milk (see Appendix 4). The adjustment for methane is applied directly to the methane value itself.

The total ME requirement is adjusted for the energy received from milk by a value of z1. For September
to January the daily energy received from milk is calculated using the following equation:

Energy received from milk for young lambs (Equation 4.36)

Voneepm _ 0-328F +0.0028d,,, +2.2033

Zl =
dsrm X Plamb kl

Where:
z1 = energy received from milk per lamb (MJ/d)
Ysheepm = annual milk yield per sheep (kilograms per sheep per year)
Piamb = annual lambing percentage rate (see appendix 12)
dsrm = number of days young lambs receive milk (assumed to be 122)
F = Milk fat percentage (assumed to be 8%, see Appendix 12)

ki = Efficiency of use of ME for milk production, or the factor used to measure how
efficiently ME is used by a sheep to produce milk (see equation 4.31)

For other months of the year z1 is assumed to be zero.

4.5.8 Determination of Dry Matter Intake

The equations outlined in section 4.5 are used to determine the total metabolisible energy (MEtota)
requirements for each class of sheep. This figure can then be used to calculate dry Matter Intake (DMI)
using the equation in section 4.1.1 (equation 4.1), which is ultimately used to calculate emissions.

4.6 Energy requirements for deer

Total ME requirements for deer by subcategory are set out in the table below, and are made up of the
following components.

MEm = the ME requirement for maintenance including grazing
ME: = ME required for milk production

ME. = ME required for conception/gestation

MEg = ME requirements for live weight gain

ME-veiet = the ME required for the growth of velvet.

Table 4.4: Equations for the total ME requirement for each livestock subcategory of deer

Deer subcategories Equation

1. Breeding hinds MEtota = MEm + ME| + MEc+ MEq
2. Hinds < 1 year old MEtota = MEm + MEg — 2

3. Hinds 1-2 years old MEtota = MEm + MEc+ MEgq
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4, Stags < 1 year old MEtota = MEm + MEg — 2

5. Stags 1 — 2 years old MEtota = MEm + MEg + MEvelvet
6. Stags 2 — 3 years old MEtota = MEm + MEg + MEvelvet
7. Mixed age and breeding stags MEiotal = MEm + MEg + MEvelvet

4.6.1 Maintenance energy requirements

Equation 4.3 (section 4.2) is also used to determine maintenance energy requirements for Deer.
Although the same method is used to calculate km, different deer-specific values for live weight (LW)
and age (A) are used.

The maintenance energy requirements and the energy requirements for live weight gain were taken
from Bown et al. (2012) who recommended adopting the CSIRO (1990) equations for deer.

A value of 1.4 is used for K (the variation in basal metabolic rate for different species), which is the same
value used for dairy and beef cattle. (Nicol & Brookes, 2007; Bown et al., 2012)

For the parameter S (the variation in basal metabolic rate for males and females), the same values of
1.00 for females and 1.15 for males are used (Nicol & Brookes, 2007).

Live weight (LW) for each class of deer is determined by the model using slaughter data (see Appendix
14).

The parameter value for age (A) in this equation is detailed for each class in Appendix 2

Deer-specific estimates of feed ME content (Feedme, used to calculate km) are in Appendix 9.

4.6.2 Additional metabolisable energy expenditure of grazing

The ME requirement equations for deer have no MEgraze cOmponent. It is assumed that the grazing
component of energy expenditure is contained within MEnm.

4.6.3 Energy requirements for live weight gain (MEg)

Bown et al. (2012) recommended that the energy requirements for live weight gain estimates use the
CSIRO (1990) equation for MEg in deer as applied by Nicol & Brookes (2007). The equation used for
calculating ME required for live weight gain in deer is identical to the equation used in section 4.3.3.3,
apart from the final term, which uses a deer-specific parameter of 0.92 instead of 0.84.

Metabolisable energy requirements for live weight gain in deer (Equation 4.37):

(6.7+R) + —ZO_E —R

1+ e—6(Piw=04)
MEg = X LWG % 0.92
kgnl

Where:
MEg = Energy required for live weight gain (MJ/d)
R =An adjustment for rate of change in live weight (see equation 4.14, section 4.3.3.3.1)
LWG = Live weight gain in kg/day

Pw = ratio of current live weight (Cww) to a standard reference weight (SRW) of a mature
animal (see equation 4.15, section 4.3.3.3.1)

kgni = Net efficiency of dietary metabolisable energy conversion to live weight gain for non-
lactating animals (see equation 4.17, section 4.3.3.3.1)

4.6.4 Metabolisable energy requirements for lactation

The inventory assumes that young deer are born on the 19" of November. For the next 120 days, it is
assumed that breeding hinds produce milk for these young deer. The daily energy required to do this
(ME)) is calculated using the equation below.
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Metabolisible energy requirements of milk production for deer (Equation 4.38)

Ydeerm X MPmonth evl

ME, =
! dmonth kldeer

Where:
ME = Metabolisible energy required for milk production (MJ/d)

Ydeerm = @annual milk yield per breeding hind (assumed to be 204 kilograms per deer per
year) (see appendix 14)

MPmonth = Milk produced in a given month as a proportion of total annual milk produced
(see appendix 4)

dmonth = Number of days in month m
evl = energy content of deer milk, currently set at 5.9 MJ/kg milk (Bown et al., 2012)

kiseer = Efficiency of use of metabolisible energy for milk production, or the factor used
to measure how efficiently ME is used by a breeding hind to produce milk. Currently set
to 0.64 (Moe et al., 1971)

For the other months of the year (April to October), ME; is set to zero.

4.6.5 Adjustment to total energy requirements deer less than one year old

Rising 1 year old stags and hinds receive some of their energy requirements from milk. For the first 4
months (120 days) of life (from November 19 to March 18) they are fed suckled milk and are assumed
not to produce any methane.

The ME requirements for these young deer are calculated by subtracting the energy received from milk
(z1) from the other components of ME (such as maintenance — see table 4.4).

Energy received from milk for young deer (Equation 4.39)

Ya
eerm
= X eVlgeer X Kigeer

ddrm

Where:
z1 = energy received from milk (MJ/d)

Ydeerm = @annual milk yield per deer (assumed to be 204 kilograms per deer per year,
see appendix 14)

darm = number of days young hinds and stags receive milk (assumed to be 120)
eVldeer = energy content of deer milk (5.9 MJ/kg milk (Bown et al., 2012))

kideer = Efficiency of use of metabolisible energy for milk production, or the factor used
to measure how efficiently ME is used by a breeding hind to produce milk. Currently set
to 0.64 (Moe et al., 1971)

For other months of the year z1is assumed to be zero.

4.6.6 Metabolisable energy requirements for conception/gestation

The amount of energy required for gestation is calculated on a monthly basis. For the breeding and
rising two-year old hinds subcategories of deer, the energy requirements for pregnancy is determined
through adapting equations of Fennessy et al. (1981) and adjusting this equation by applying a ‘trimester
factor’ to hind live weight, based on the recommendations of Mulley & Flesch (2001):
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Energy required for gestation in breeding hinds (Equation 4.40)

ME. = 0.7 X TF x LW°7>

Where:
ME. = energy required for gestation (MJ/d)
TF = trimester factor (see table 6)
LW = hind live weight

Table 4.5: Trimester factor used in the determination of ME requirement for conception/gestation for deer

Month Trimester factor (TF)
July 0.1
August 0.3
September 0.3
October 0.6
November 0.6
December 0.0
January 0.0
February 0.0
March 0.0
April 0.0
May 0.0
June 0.1

4.6.7 Metabolisable energy requirements for velvet production

The inventory model assumes that mature stags produce velvet each year over a 65 day period, from
the 1t of September to the 4t of November. During this period 0.5 mejajoules of ME is required each
day to produce velvet (Suttie, 2012).

Energy required for velvet production in mature stags (Equation 4.41)

ME,c1per = 0.5

Where:
MEvewvet = energy required for velvet production (MJ/d)

For other months of the year MEuewet is assumed to be zero.

4.6.8 Determination of Dry Matter Intake

The equations outlined in section 4.6 and table 4.4 are used to determine the MEwta requirements for
each class of deer. These figure can then be used to calculate DMI using the equation in section 4.1.1
(equation 4.1), which is ultimately used to calculate emissions. It is important to note that the energy
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content of feed (Feedwme) for deer is different to the other animal categories and is calculated using a
different methodology.

The ME content of deer pasture is calculated as a weighted average of Feedwme for dairy and beef-sheep
land (Suttie 2012). In 1990, 46 percent of the deer herd was grazed on land use classes used for dairy,
and the remaining 54 percent of the deer herd were grazed on land classes used for sheep and beef
grazing. Over time the deer herd has grazed less on dairy land and more on land used for sheep and
beef. From 2010 onwards, it is assumed only 10 percent of the deer herd remains on dairy land, and 90
percent on sheep and beef land (Suttie 2012). The pasture ME content for deer for 1990 and 2010 are
shown in Appendix 9.

4.7 Calculation of live weight and live weight gain

The equations and parameters used to calculate live weight and live weight gain are outlined in this
section. Additional details on the calculation of live weight and live weight gain can also be found in the
publication by Rollo (2018).

As discussed earlier, each species (e.g. dairy cattle, sheep...) is split into several classes, and the
inventory model calculates an average live weight and live weight gain value for each month and year
for each of these classes.

Animals classed as mature have a fixed live weight which does not change. Animals classed as growing
(either for slaughter or as breeding replacements) have a live weight which increases linearly from their
assigned birth date, to the date at which the model deems that they have reached maturity or are
slaughtered.

To calculate live weight, information on mature and slaughter weights are required, along with
information or assumptions on the animal birth weight.

Live weight gain is calculated on a per day basis, and requires information on the change in weight over
the growing period and the number of days required to reach maturity of slaughter.

Monthly live weight and live weight gain values are only calculated for dairy cattle, beef cattle, sheep
and deer. For swine annual weight values from Statistics New Zealand is used to calculate nitrogen
excretion (see section 5.5.5). For the remaining animal categories (horses, mules and asses, alpacas,
poultry and goats) weights are not used to calculate emissions.

The table below summarises the parameters, assumptions and activity data that is used to calculate live
weight and live weight gain for the animal classes in the tier 2 inventory model

Table 4.6: Parameters used to calculate live weight and live weight gain

» days of
S growth from live Birth weight
‘%’. Class type birth to weight asa
and maturity/ Slaught  Killingout live gain percentage of
Class purpose Birth date slaughter  erdate  %age weight (kg/day) adult weight
Growing Breeding Calculated
females <1 replacement 1-Aug 639 Calculated 9%
monthly
year old S
Growing Breeding
females 1-2  replacement 639 gilstlﬂ?ted Calculated NA
Dairy years old S 50% y
Milking
cows and Breeding Annual AD 0 NA
heifers
Breeding e 500kg 05 NA
bulls
Growing Breeding
cows 0 — 1  replacement 20-Sep 1095 Caloutated Calculated 9%
monthly
years s
Growing Breeding
Beef cows 1 -2  replacement 1095 50% Caloutated Calculated NA
monthly
years s
Growing Breeding
cows 2 -3 replacement 1095 Calculated Calculated NA
monthly
years s
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Breeding

mature Breeding Annual AD 0 NA

cows

Staughter Calculated

heifers0-1  Slaughter 20-Sep 730 nl Calculated 9%

years monthly

Staughter Calculated

heifers 1-2  Slaughter 730 20-Sep h Calculated NA

years monthly

Staughter Calculated

steers0-1  Slaughter 20-Sep 730 h Calculated 10%

years monthly

Staughter Calculated

steers 1 -2  Slaughter 730 20-Sep h Calculated NA

years monthly

Slaughter Calculated

Bulls 0 - 1 Slaughter 20-Sep 730 h Calculated 10%

years monthly

Slaughter Calculated

Bulls 1 - 2 Slaughter 730 20-Sep h Calculated NA

years monthly

Breeding

Bulls - Male 600kg 0.5 NA

mixed age

Mature

Breeding Breeding 40% Annual AD 0 NA

ewes

Dry ewes Slaughter 40% Annual AD 0 NA

Growing Breeding

breeding replacement 396 40% Calctlﬁlated 0 NA

sheep S monthly

Growing

non- Calculated

breeding Slaughter 396 40% monthly 0 NA

h

Sheep sheep
equals
o adult

Wethers Slaughter 40% breeding 0 NA
ewe

Lambs for

1st Slaughter 11-Sep 171 28-Feb 45% Annual AD  Calculated 9%

slaughter

Lambs for

2nd Slaughter 11-Sep 171+184 31-Aug 45% Annual AD  Calculated 9%

slaughter

Rams Male 40% Calculated 0.05 NA
uses data

Breeding ) in  report o

Hinds Breeding by Suttie 0 B
(2012)

Hinds0-1  Slaughter 19-Nov Calculated .10 jated NA
monthly

Hinds1-2  Slaughter 466 28-Feb Caloulated .11 ateq NA
monthly

Deer  Stags0-1  Slaughter 19Nov 466 0r629 55% gi'rft‘ﬂf;}ed Calculated 10%

Stags1-2  Slaughter 4660629  28-Feb Calculated (.10 ateq NA
monthly

Stags23  Slaughter 629 Calculated .10 jated NA
monthly

Mixed age uses data

breeding Male n rSepo_rt 0 NA

stags by Suttie
(2012)
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4.7.1 Live weight and live weight gain — dairy

4.7.1.1 Growing heifers 0-1 and 1-2 years old

For growing dairy heifers, the average live weight in a particular month is calculated using the formula
below. The month-to-month change in these average values is also used to calculate live weight gain.

Monthly live weight for growing heifers (Equation 4.42)

. . . AgeSOMgh,m
LW gh,, = Birth weightgy, ,, + Adult weight,mc,(90% — 9%) X

days to maturitygy

Where:
LWghm,y = live weight of growing heifers in month m, year y (kg)

Birth weightgny = birth weight of growing heifers in year y (equal to 9% of adult weight
of mature milking cows)

Adult weightmmey = mature weight of milking cows in year y (from activity data — see
section 4.7.2.2)

90% : weight of animal at first calving (as a proportion of adult weight)

9%: Birth weight as a proportion of adult weight for dairy calves (as a proportion of adult
weight)

AgeSOMgnm = age (in days) of growing heifers at the start of the month m

Days to maturity = days required growing heifers to reach maturity (currently set at 638)

The inventory assumes that all dairy calves (growing heifers 0-1) are born on the first of August and
have a birth weight equal to 9% of an adult dairy cow weight. The weight of these animals increases
linearly until they are 638 days old, at which point their weight is assumed to be 90% of an adult dairy
cow’s weight (described in the next section). After 638 days, they join the class of mature milking cows
and make an instantaneous jump in weight to the full mature dairy cow weight.

The table below further outlines how the parameters used in the calculation of liveweight for growing
heifers in equation 4.42 changes in the months following birth, and shows the growing heifer weights
over time as a percentage of the mature milking cow weight.

Table 4.7: Monthly values used to calculate live weight and live weight gain for growing heifers

live weight as a proportion of adult weight

days since

birth (start ~ days since birth month end of
Month Class of month) (end of month)  start of month  average month
August (birth)  Growing heifers 0-1 0 31 9.0% 11.0% 12.9%
September Growing heifers 0-1 31 61 12.9% 14.8% 16.7%
October Growing heifers 0-1 61 92 16.7% 18.7% 20.7%
November Growing heifers 0-1 92 122 20.7% 22.6% 24.5%
December Growing heifers 0-1 122 153 24.5% 26.5% 28.4%
January Growing heifers 0-1 153 184 28.4% 30.4% 32.4%
February Growing heifers 0-1 184 212 32.4% 34.1% 35.9%
March Growing heifers 0-1 212 243 35.9% 37.9% 39.9%
April Growing heifers 0-1 243 273 39.9% 41.8% 43.7%
May Growing heifers 0-1 273 304 43.7% 45.6% 47.6%
June Growing heifers 0-1 304 334 47.6% 49.5% 51.4%
July Growing heifers 1-2 334 365 51.4% 53.4% 55.3%
August Growing heifers 1-2 365 396 55.3% 57.3% 59.3%
September Growing heifers 1-2 396 426 59.3% 61.2% 63.1%
October Growing heifers 1-2 426 457 63.1% 65.1% 67.0%
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November Growing heifers 1-2 457 487 67.0% 68.9% 70.8%

December Growing heifers 1-2 487 518 70.8% 72.8% 74.8%
January Growing heifers 1-2 518 549 74.8% 76.7% 78.7%
February Growing heifers 1-2 549 577 78.7% 80.5% 82.3%
March Growing heifers 1-2 577 608 82.3% 84.2% 86.2%
April Growing heifers 1-2 608 638 86.2% 88.1% 90.0%
May Milking cows mature 100%

Live weight gain for growing heifers (in terms of kilograms per day) can be calculated using the formula
below:

Live weight gain for growing heifers (Equation 4.43)

Adult weight,mc,(90% — 9%)
days to maturitygp

LWGghmy =

Where:
LWGghmy = live weight gain of growing heifers in year y and month m (kg per day)
90% : weight of animal at first calving (as a proportion of adult weight)

9%: Birth weight as a proportion of adult weight for dairy calves (as a proportion of adult
weight)

Adult weightmmey = mature weight of milking cows in year y (from activity data — see
section 4.7.1.2)

Days to maturitygh = days required growing heifers to reach maturity (currently set at
638)
4.71.2  Mature milking cows

The live weight of mature milking cows is calculated using data from LIC. The inventory model calculates
weights separately for each region based on the breed composition (e.g. Jersey, Friesian...) in these
regions. National average cow weights since 1990 are shown in appendix 1.

The live weight gain for mature milking cows is assumed to be zero.

4.7.1.3  Breeding bulls

The inventory model currently assumes that the live weight for breeding bulls is fixed at 500kg for all
years.

It is assumed that breeding bulls have a live weight gain of 0.5 kg per day.
4.7.2 Live weight and live weight gain — beef

4.7.21  Mixed age breeding bulls

The inventory model currently assumes that the live weight for mixed age breeding beef bulls is fixed at
600kg for all years.

It is assumed that breeding bulls have a live weight gain of 0.5 kg per day.

4.7.2.2 Breeding mature cows

The live weight of breeding mature cows in the beef sector is assumed to be stable, with a live weight
gain of zero. This weight is calculated using the following equation.
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Live weight for breeding mature beef cows (Equation 4.44)

LWbbmc,
(TOTcarcwgtmttle,y — (LWmmcy X KODC) X (Ncowslaughtered,y — (RRBeef X NbeefBa,W,y)))
= KO
Nbeefoy X RRpees / be
Where:

LwWbbmecy= live weight of breeding mature beef cows, for a particular year y ending in
June (kg)

TOTcarcwgtcattiey = total carcass weight of all dairy and beef cattle sent to slaughter, for
a particular year y ending in June (kg). Data provided by Statistics New Zealand

LWmmcy = live weight of mature milking dairy cows in year y, in kilograms (see section
4.7.1.2)

KObc = killing out percentage for dairy cows (currently set at 42%)

Ncowslaughteredy = Number of dairy and beef cows slaughtered, for a particular year
ending in June (data provided by Statistics New Zealand)

RReeet = beef cow replacement rate, currently set at 17%
Nbeefscowy = Number of beef breeding cows, for a particular year ending in June. Data
provided by Statistics New Zealand (line codes 7056 and 7057)

4.7.2.3 Breeding growing cows

Breeding replacements for the beef industry are grown over a period of three years. It is assumed that
these animals are born on the 20" of September each year. Because the period of growth occurs over
three years, in any given period there will be three age groups of breeding growing cows (with different
weights) growing at the same time with the same rate of live weight gain (one group will be aged between
zero and one, another group will be aged between one and two and the other group will be aged between
two and three).

Monthly live weight for breeding growing cows (Equation 4.45)

AgeMOMbbgc,m
days to maturity,,g.

LWbbgcy,, = Birth weightppgc,, + < ) X (LWbbmcy — Birth Weightbbgc,y)

Where:
LWbbgcmy = live weight of breeding growing cows in month m, year y (kg)

Birth weightoogey = birth weight of breeding growing cows in year y (equal to 9% of
breeding mature cow live weight) (kg)

AgeMOMbbge,m = age (in days) of breeding growing cows at the middle of month m

Days to maturitybbge = Number of days from birth to slaughter for breeding growing cows
(currently set at 1095)

LWbbmcy= live weight of breeding mature beef cows, for a particular year ending in
June (kg)

Live weight gain for breeding growing cows (Equation 4.46)

LWbbmc, — Birth weightypgc,y
days to maturity,pg.

LWGbbgc, =
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Where:
LWGbbgcmy = live weight gain of breeding growing cows in year y (kg)

LWbbmcy= live weight of breeding mature beef cows, for a particular year ending in
June (kg)

Birth weightnngey = birth weight of breeding growing cows in year y (equal to 9% of
breeding mature cow live weight) (kg)

Days to maturitybnge = Number of days from birth to slaughter for breeding growing cows
(currently set at 1095)
4.7.24  Slaughter bulls, slaughter heifers and slaughter steers

Slaughter bulls, slaughter heifers and slaughter steers are raised over a period of two years from birth
(20t September each year). After this period, these animals are sent to slaughter. The live weight of
these animals at slaughter is calculated by dividing the carcass weight by the killing out percentage (set
at 50%)

Because the period of growth occurs over two years, in any given period there will be two age groups
for each of the three slaughter animals (with different weights) growing at the same time with the same
rate of live weight gain (one group will be aged between zero and one, and the other group will be aged
between one and two)

Monthly live weight for slaughter bulls, slaughter heifers and slaughter steers (Equation 4.47)

LWbslaugher,

= Birth Weightbslaughter,x,y

AgeMoMbslaughter.m
days to slaughterysqygnterx

X (LWbslaughteratslaug htersy ~ Birth weightbsmughter,x,y)

Where:

LWhbslaughterxmy = live weight in kilograms of beef slaughter animals in year vy, for
animal type x (either slaughter bulls, slaughter heifers and slaughter steers)

Birth weightbsiaughter,xy = birth weight in kilograms of beef slaughter animals in year y, for
animal type x (either slaughter bulls, slaughter heifers and slaughter steers). Equal to
9% of live weight at slaughter for slaughter heifers, and 10% of live weight at slaughter
for slaughter bulls and steers.

AgeMOMopsiaughter,x,m = age (in days) of beef slaughter animals at the middle of month m,
for animal type x (either slaughter bulls, slaughter heifers and slaughter steers)

Days to slaughterbsiaughter = Number of days from birth to slaughter for all beef slaughter
animals (currently set at 730)

LWhbslaughterat siaughter xy = live weight in kilograms of beef slaughter animals at slaughter
(i.e. at 730 days since birth) in year y, for animal type x (either slaughter bulls, slaughter
heifers and slaughter steers) (see equation 4.48)

Live weight at slaughter for slaughter bulls, slaughter heifers and slaughter steers (Equation 4.48)

Carcass weightpgiaugnter,x,y
Kobeef

LWbSlaughterat slaughter,x,y —

Where:
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LWhbslaughterat siaugnter xy = live weight in kilograms of beef slaughter animals at slaughter
(i.e. at 730 days since birth) in year y, for animal type x (either slaughter bulls, slaughter
heifers and slaughter steers)

Carcass weighthsiaughtery = average carcass weight in kilograms of beef slaughter
animals for year y ending in June , for animal type x (either slaughter bulls, slaughter
heifers and slaughter steers). Data from Statistics New Zealand

KOneet = Killing out percentage for beef animals (currently set at 50%)

Live weight gain for slaughter bulls, slaughter heifers and slaughter steers (Equation 4.49)

LWbSlau.ghterat slaughter,x,y — Birth Weightbslaughter,x,y

LWGbsl h =
SR by days to slaughter,sigyghter x

Where:

LWGbslaughterxy = live weight gain in kilograms per day, of beef slaughter animals in
year y, for animal type x (either slaughter bulls, slaughter heifers and slaughter steers)

LWhbslaughteratsiaughter x,y = live weight in kilograms of beef slaughter animals at slaughter
(i.e. at 730 days since birth) in year y, for animal type x (either slaughter bulls, slaughter
heifers and slaughter steers) (see equation 4.48)

Birth weightbsiaughter,xy = birth weight in kilograms of beef slaughter animals in year y, for
animal type x (either slaughter bulls, slaughter heifers and slaughter steers). Equal to
9% of live weight at slaughter for slaughter heifers, and 10% of live weight at slaughter
for slaughter bulls and steers.

Days to slaughterpsiaughter = NumMber of days from birth to slaughter for all beef slaughter
animals (currently set at 730)

4.7.3 live weight and live weight gain — sheep

4.7.31 Whethers, Dry Ewes, and Mature Breeding Ewes

The live weight for whethers, dry ewes, and mature breeding ewes for a particular year is calculated by
dividing the average carcass weight of adult sheep (for each year ending in June) by the killing out
percentage for adult sheep (40%).

Monthly live weight for whethers, dry ewes, and mature breeding ewes (Equation 4.50)

Carcass weight g ,,
KOs

LWasy =

Where:

LWasy= live weight of whethers, dry ewes, and mature breeding ewes, for a particular
year y ending in June (kg)

Carcass weightasy = average carcass weight of adult sheep for year y ending in June
(kg). data from Statistics New Zealand

KOas = killing out percentage for adult sheep. Currently set at 40%

It is assumed that there is no live weight gain for these animal classes.

4.7.3.2 Rams

The live weight for rams (for each year ending in June) is assumed to be 40% greater than the live
weight for whethers, dry ewes, and mature breeding ewes.
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Monthly live weight for rams (Equation 4.51)

LWramy = LWasy X 1.4

Where:

LWramy= live weight of whethers, dry ewes, and mature breeding ewes, for a particular
year y ending in June (kg)

LWasy = live weight of whethers, dry ewes, and mature breeding ewes, for a particular
year y ending in June (kg). Calculated from equation 4.50

It is assumed that rams have a live weight gain of 0.05 kg per day

4.7.3.3 lambs

The inventory model assumes that lambs are born on the 11t of September each year and are grown
for two slaughter dates (28" February after 171 days, and 31 August after a further 184 days). 84% of
lambs are slaughtered at the first slaughter date.

Average lamb slaughter weight data (for each year ending June) is gathered from Statistics New
Zealand and this is used (along with an assumed killing out percentage of 45%) to calculate the lamb
live weight at the date of first slaughter (see equation 4.54). The birth weight is set at 9% of the whethers,
dry ewes, and mature breeding ewe live weight.

The lamb live weight increases linearly from birth (equation 4.52). Following the first slaughter date, the
rate of live weight gain for the remaining lambs from the 1st of March to the 31st of August is halved
(equation 4.55). The middle of the month is used for the estimate of lamb age to calculate the weight for
each month.

Monthly live weight for lambs between September and February inclusive (Equation 4.52)

LWlamb,, ,

= Birth weightigmp

( AgeMOMlamb,m )
days to 1st Slaughter; mp,

X (LWlstSlaughterlamb‘y — Birth weightlamb_y)

Where:
LWIlambm,y = live weight of lambs in month m, year y, from September to February (kg)

Birth weightiamby = birth weight of lambs in year y (equal to 9% of whethers, dry ewes,
and mature breeding ewe live weight) (kg)

AgeMOMiamb,m = age (in days) of lambs at the middle of month m

Days to 1%t Slaughteriamo = number of days from birth to slaughter for lambs (currently
setat 171)

LW1stSlaughteriamby = live weight of lambs at first slaughter in year y (kg) (equation
4.54)

Monthly live weight for lambs between March and August inclusive (Equation 4.53)
LWlamby,, = LWlamb.,,_, , + nody, X LWGgmp 2nd,y

Where:
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LWIlambmy = live weight of lambs in month m, year y, from March to August (kg)
LWIlambmy = live weight of lambs in previous month m and year y (kg)
nodm = number of days in month m

LWGiamb2nay = live weight gain of lambs between March and August following first
slaughter in year y

Lamb live weight at first slaughter (Equation 4.54)

Where:

Carcass weight;gmp,y
K Olamb

LW1stSlaughtergmpy =

LW1stSlaughteriamby = live weight of lambs at first slaughter (28 February) in year y (kg)

Carcass weightiampy = average carcass weight of lambs for year y ending in June (kg).
Data from Statistics New Zealand

KOamb = killing out percentage for lambs. Currently set at 45%

Live weight gain for lambs between September and February inclusive (Equation 4.55)

Where:

LW1stSlaughter;gmp,, — Birth weightgmp,y

LWG =
lamb1sty days to 1st Slaughter;gmp

LWGiamb,1sty = live weight gain of lambs in period before first slaughter in year y (kg per
day)

LW1stSlaughteriamby = live weight of lambs at first slaughter (28 February) in year y (kg)
(equation 4.54)

Birth weightiamb,y = birth weight of lambs in year y (equal to 9% of whethers, dry ewes,
and mature breeding ewe live weight) (kg)

Days to 1%t Slaughteriamp = number of days from birth to slaughter for lambs (currently
setat 171)

Live weight gain for lambs between March and August inclusive (Equation 4.56)

Where:

LWGlamb,Zst,y = LWGlamb.lsf.y X 0.5

LWGiamb 2sty = live weight gain of lambs in period before after first slaughter in year y
(kg per day)

LWGiamb,1sty = live weight gain of lambs in period before first slaughter in year y (kg per
day)

4.7.3.4 Growing breeding sheep and growing non-breeding sheep

The class of animals designated as growing breeding sheep and growing non-breeding sheep gain
weight linearly over a 12 month period from the beginning of April (before this they are in the lambs
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category, and have weight characteristics as designated in section 4.7.4.3) to the end of the next March
(after which they become whethers, dry ewes, or mature breeding ewes and have a stable weight).

The following equations are used to calculate monthly live weights and live weight gain.

Monthly live weight for growing breeding sheep and growing non-breeding sheep (Equation 4.57)

nod,, ;
LWSGmy = LWlamb,areny + ( m'g’écse Mareh (Lwas,, — LWlambmarch,y)>

Where:

LWsgmy = live weight of growing sheep (growing breeding sheep and growing non-
breeding sheep) in month m, year y (kg)

LWIlambmarchy = live weight of lambs in March of year y (kg) (equation 4.53)
Nodmsince march = Number of days since March at the end of month m

LWasy= live weight of whethers, dry ewes, and mature breeding ewes, for a particular
year y ending in June (kg)

Live weight gain for growing breeding sheep and growing non-breeding sheep (Equation 4.58)

LWasy, — LWlamby,qrcp y
365

LWGsg, =

Where:

LWGsgy = live weight gain of growing sheep (growing breeding sheep and growing non-
breeding sheep) in year y (kg per day)

LWasy= live weight of whethers, dry ewes, and mature breeding ewes, for a particular
year y ending in June (kg)
LWIlambmarchy = live weight of lambs in March of year y (kg) equation 4.53)

4.7.4 Live weight and live weight gain — deer

The equations and parameters used to calculate live weights for deer follow the methodology developed
by Suttie (2012), which was approved for inclusion in the inventory by the Agriculture Inventory Advisory
Panel.

The inventory assumes that both hinds and stags are born on the 19" of November each year, and have
a weight that increases linearly according to equations 4.63 and 4.69. A portion of these animals are
slaughtered after 466 days at the end of February. Following this, the rate of weight gain decreases
(equations 4.65 and 4.72). At two years of age, the hinds are deemed to have reached a stable weight
and are classified as breeding hinds. At three years of age the stags are deemed to have reached a
stable weight and are classified as breeding stags

4.74.1  Breeding hinds

The inventory model assumes that breeding hinds have reached maturity and have a stable weight.
Instead of using killing out percentages, data and methodology from Suttie (2012) is used to calculate
live weight.

Monthly live weight for breeding hinds (Equation 4.59)

baselineLWhinq,y

LWbh, = Carcass weightp; X
Y GMhind.y = o cass weightping 1989
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Where:

LWbhy= live weight of breeding hinds for a particular year y ending in June (kg)

Carcass weightninay = average carcass weight of hinds for year y ending in June (kg).
Data supplied by Deer Industry New Zealand

baselineLWhinay = baseline live weight of hinds in year y, using data from Suttie (2012).
See table 4.8 for values

Carcass weightning,1089 = average carcass weight of hinds in 1989 for the year ending in
June (42.43 kg). Data supplied by Deer Industry New Zealand

4.7.4.2  Hinds from birth to first slaughter

The monthly live weight for hinds in the first 466 days of their life can be calculated using the equations
below. Because this period of growth is longer than 365 days, the months of November, December,
January and February will have two age groups of young hinds (with different weights) growing at the

same rate (one

group will have been recently born and the other group will have recently turned one).

Monthly live weight for growing hinds, from birth to first slaughter (Equation 4.60)

LWhindbirth to 1st slaughter,m,y

AgeMOMhind,m,y

- <days to 1st Slaughterying

Where:

X (LWhindat 1st slaughter,m,y — Birth Weighthind,y))

LWhindbirth to 15t slaughter,m,y = live weight of growing hinds for a particular year y and month
m, for the first 466 days of their life

AgeMOMning,my = age (in days) of growing hinds at the middle of month min year y

days to 1%t slaughternina = Nnumber of days between birth and first slaughter for growing
hinds (466)

LWhindat 1st slaughtery = live weight of hinds for a particular year y at slaughter after 466
days (kg) (equation 4.61)

Birth weightnina,y = live weight of hinds at birth in year y (kg) (equation 4.62)

Live weight for growing hinds at first slaughter (Equation 4.61)

Carcass weightpng y

LWhind ¢ 15t slaughter,y = KO
hind

Where:

The live weight

LWhindat 1st slaughtery = live weight of hinds for a particular year y at slaughter after 466
days (kg).

Carcass weightninay = average carcass weight of hinds for year y ending in June (kg).
Data supplied by Deer Industry New Zealand

KOnina = killing out percentage for hinds. Currently set at 55%

of hinds at birth is assumed to be 9% of the mature breeding hind weight.

Live weight of hinds at birth (Equation 4.62)

Where:

Birth weightpinq, = 9% X LWbh,,
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Birth weightninay = live weight of hinds at birth in year y (kg)

LWbhy= live weight of breeding hinds for a particular year y ending in June (kg)
(equation 4.59)

Live weight gain for growing hinds from birth to first slaughter (Equation 4.63)

Where:

LWhindat 1st slaughter,y — Birth Weighthind»y

LWGhindbirth to first slaughter,y — days to 1st Slaughter
hind

LWGhindbirth to first slaughter,y = live weight gain of growing hinds from birth to first slaughter
in year y (kg per day)

LWhindat 1st slaughtery = live weight of hinds for a particular year y at slaughter after 466
days (kg) (equation 4.61)

Birth weightnina,y = live weight of hinds at birth in year y (kg) (equation 4.62)

days to 18t slaughternina = number of days between birth and first slaughter for growing
hinds (466)

4.7.4.3  Hinds from first slaughter to maturity

From the 28 of February, the live weight of hinds older than the age of one but younger than two (when
they become mature breeding hinds) can be calculated using the formula below.

Monthly live weight for growing hinds, from first slaughter to maturity (Equation 4.64)

LWthdlst slaughter to mature,m,y

_ (AgeMOMhind'm_y — days to 1st Slaughterying

Where:

X (LWbh,—LWhind
days to maturityh,-nd ( y MAgt 15t slaughter,m,y))

LWhindast siaughter to maturity,my = live weight of growing hinds for a particular year y and
month m, from 466 days of age to maturity

AgeMOMning,my = age (in days) of growing hinds at the middle of month min year y

days to 1st slaughternina = number of days between birth and first slaughter for growing
hinds (466)

days to maturitynina = Number of days between first slaughter and maturity for growing
hinds (306)

LWbhy= live weight of breeding hinds for a particular year y ending in June (kg)
(equation 4.59)

LWhindat 1st silaughtery = live weight of hinds for a particular year y at slaughter after 466
days (kg) (equation 4.61)

Live weight gain for growing hinds from first slaughter to maturity (Equation 4.65)

Where:

Lthy - LWhindat 1st slaughter,m,y

days to maturity,. .

LWGhindlst slaughter to maturity,y =
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LWGhindsiaugnter to maturityy = live weight gain of growing hinds from first slaughter to
maturity in year y (kg per day)

LWbhy= live weight of breeding hinds for a particular year y ending in June (kg)
(equation 4.59)

LWhindat 1st slaughtery = live weight of hinds for a particular year y at slaughter after 466
days (kg) (equation 4.61)

days to maturitynina = Number of days between first slaughter and maturity for growing
hinds (306)
4.7.4.4  Stags from birth to first slaughter

The monthly live weight for stags in the first 466 days of their life can be calculated using the equations
below. Because this period of growth is longer than 365 days, the months of November, December,
January and February will have two age groups of young stags (with different weights) growing at the
same rate (one group will have been recently born and the other group will have recently turned one).

Monthly live weight for growing stags, from birth to first slaughter (Equation 4.66)

AgeMOMSmg,m,y
days to 1st Slaughterg;,g

LWStagbirth to 1st slaughter,m,y = ( X (LWStagat 1st slaughter,m,y — Birth WEightstag,y))
Where:

LWstagpirth to 1st slaughter,m,y = live weight of growing stags for a particular year y and month
m, for the first 466 days of their life

AgeMOMstagmy = age (in days) of growing stags at the middle of month min year y

days to 1%t slaughtersiag = Nnumber of days between birth and first slaughter for growing
stag (466)

LWstagat 1st slaughtery = live weight of stags for a particular year y at slaughter after 466
days (kg) (equation 4.67)

Birth weightstag,y = live weight of stags at birth in year y (kg) (equation 4.68)
Live weight for growing stags at first slaughter (Equation 4.67)

Carcass weightsiqg .y
LWstagat 15t slaughter,y = KO
stag

Where:

LWstagat 1st slaughtery = live weight of stags for a particular year y at slaughter after 466
days (kg).

Carcass weightstagy = average carcass weight of stags for year y ending in June (kg).
Data supplied by Deer Industry New Zealand

KOstag = Killing out percentage for stags. Currently set at 55%
The live weight of stags at birth is assumed to be 10% of the mature breeding hind weight.

Live weight of stags at birth (Equation 4.68)

Birth weightgqy, = 10% X LWbh,,

Where:
Birth weightstagy = live weight of stags at birth in year y (kg)
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LWbhy= live weight of breeding hinds for a particular year y ending in June (kg)
(equation 4.59)

Live weight gain for growing stags from birth to first slaughter (Equation 4.69)

LWStagat 1st slaughter,y — Birth Weightstag,y

LWGStagbirth to first slaughter,y — days to 1st Slaughter
stag

Where:

LWGstagpirtn to first slaughter,y = live weight gain of growing stags from birth to first slaughter
in year y (kg per day)

LWstagat 1st slaughtery = live weight of stags for a particular year y at slaughter after 466
days (kg) (equation 4.67

Birth weightstag,y = live weight of stags at birth in year y (kg) (equation 4.68)
days to 1%t slaughtersiag = Nnumber of days between birth and first slaughter for growing
stags (466)

4.74.5  Stags from first slaughter to maturity

From the 28t of February, the live weight of stags between the age of one (including mixed age breeding
stags) and three can be calculated using the formulas below. Because this period of growth is longer
than 365 days, there will be two age groups of young stags (with different weights) growing at the same
rate (one group will be aged between one and two and the other group will be aged between two and
three).

Monthly live weight for growing stags, from first slaughter to maturity (Equation 4.70)

LWStaglst slaughter to three,m,y

_ AgeMOMtqg.m,y — days to 1st Slaughters,g
days to maturitysiag

X (LWStagage three,y —LWstagae 15t slaughter,m,y))
Where:

LWSstagust slaughter to three,m,y = live weight of stags for a particular year y and month m, from
466 days of age to three years of age

AgeMOMestagmy = age (in days) of stags at the middle of month m in year y

days to 1t slaughtersiag = Nnumber of days between birth and first slaughter for stags
(466)

days to maturitysiag = number of days between first slaughter and age three for stags
(671)

LWstagage three y= live weight of stags at age three for a particular year y ending in June
(kg) (equation 4.71)

LWstagat 1st slaughtery = live weight of stags for a particular year y at slaughter after 466
days (kg) (equation 4.67)

The inventory model assumes that breeding stags are aged between two and three and are still gaining
weight. The final weight of these animals when they turn three can be calculated using the formula
below.
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Monthly live weight for stags at three years of age (Equation 4.71)

LWstagage three,y = Carcass weightsiag

Where:

baselinelL W44 .,

X -
Carcass weighttqg 1939

LWstagage threey= live weight of stags at age three for a particular year y ending in June
(kg)

Carcass weightstagy = average carcass weight of stags for year y ending in June (kg).
Data supplied by Deer Industry New Zealand

baselineLW-stagy = baseline live weight of stags in year y, using data from Suttie (2012).
See table 4.8 for values

Carcass weightstag,1080 = average carcass weight of stags in 1989 for the year ending in
June (53.59 kg). Data supplied by Deer Industry New Zealand

Live weight gain for stags from first slaughter to age three (Equation 4.72)

4.74.6

LWGStaglst slaughter to age three,y —

Where:

LWStagage three,y — LWStagat 1st slaughter,m,y
days to maturityseqg

LWGstagsiaughter to age three,y = live weight gain of growing stags from first slaughter to three
years of age in year y (kg per day)

LWstagage three y= live weight of stags at age three for a particular year y ending in June
(kg) (equation 4.71)

LWstagat 1st slaughtery = live weight of stags for a particular year y at slaughter after 466
days (kg) (equation 4.67)

days to maturitysiag = number of days between first slaughter and age three for stags
(671)

Baseline live weights for stags and hinds

The values for baselineLWhinay and baselineLWsag,y for a particular year can be found in the table below.

Table 4.8: values for baselineLWhinay and baselineLWstag,, by year (kg)

Year baselineLWhingy baselineLWsagy,
1990 100.000 133.000
1991 100.619 135.500
1992 101.238 138.000
1993 101.857 139.167
1994 102.476 140.333
1995 103.095 141.500
1996 103.714 142.667
1997 104.333 143.833
1998 104.952 145.000
1999 105.571 139.000
2000 106.190 147.000
2001 106.810 147.500
2002 107.429 148.000
2003 108.048 145.000
2004 108.667 145.000
2005 109.286 150.000

94 e Detailed methodologies for agricultural greenhouse gas emission calculation Ministry for Primary Industries



2006
2007
2008
2009
2010
2011-present

109.905
110.524
111.143
111.762
112.381
113.000

150.000
150.000
150.000
150.000
150.000
150.000

4.7.5 live weight and live weight gain — swine

Swine weight data compiled by Statistics New Zealand is used to calculate nitrous oxide emissions (see
section 5.5.5). However, this weight data is not used to calculate energy requirements or methane

emissions.

4.7.6 live weight and live weight gain — other animals

As mentioned earlier, live weights are not used to calculate emissions for horses, mules and asses,
alpacas, poultry and goats.
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5 Nitrogen excretion

This chapter outlines the equations and parameters that are used to calculate nitrogen excretion (Nex)
for New Zealand'’s four major livestock species dairy, beef, sheep, and deer, as well as all other livestock
species which are classified as ‘minor’.

In order to calculate nitrous oxide emissions from livestock manure and agricultural soils, the amount of
nitrogen excreted needs to be determined for each livestock subcategory. Nex is calculated by
subtracting the nitrogen (N) retained by the animal (for example for live weight change, growth of new
born, milk production, wool and velvet) from the N consumed by an animal (N intake).

Nitrous oxide (N20) emissions can then be estimated from the total amounts of nitrogen (N) excreted in
urine (Nu) and faeces (Nr), and emission factors specific to the characteristics of each livestock class’
manure management systems (MMS). Calculations are made for a given year on a monthly time step
basis and then summed to estimate total N2O emitted from all such systems.

For the purpose of this methodology document;
e Partitioning refers to the proportion of total Nex divided between the two manure forms, urine
and dung.
e Allocation refers to the proportion of Nex (partitioned already to both manure types, dung and
urine), that is allocated to different slope types.

Partitioning of nitrogen excreta between dung and urine

The partitioning of N between urine and faeces is calculated as a percentage of total Nex. Prior to the
2019 inventory submission, the urine component (Nu) of Nex was calculated based on the methodology
developed by Luo and Kelliher (2010) and Nr was then calculated by subtracting Nu from Nex. A review
by Pacheco, Waghorn and Rollo, commissioned by the Ministry for Primary Industries as part of
inventory improvement efforts, determined that equations used to predict faecal N (Nf) are more precise
and accurate than the urinary N equations (2018). The review compiled a dataset from peer reviewed
literature of 448 mean N balances from ruminants fed a forage diet. Using this dataset, the authors
evaluated the predictive performance of the inventory methodology equation in usage as developed by
Luo and Kelliher (2010) and an alternative equation proposed by Thomson and Muir (2016) which were
derived from 33 and 72 data values respectively.

It was concluded that neither of the equations performed consistently, in terms of accuracy and
precision, across all livestock categories and recommended that equations predict absolute Nr because
it is less prone to measurement errors than Ny in N balance studies. Therefore, from the 2019 inventory
submission two equations are now incorporated into the inventory methodology. This addresses the
identified issues with consistency of performance of the previous equations across livestock classes.

Allocation of nitrogen excreta to different hill slopes

In 2020 MPI adopted a revised methodology and set of emission factors to calculate direct N20
emissions from cattle, sheep and deer. These revised emission factors are disaggregated by slope (as
well as livestock type), and a methodology is used to calculate the amount of nitrogen (in the form of
urine or dung) deposited on these different slopes.

Under this new methodology, pastoral land in New Zealand is split into four slope categories based on
topography:
e Flatland is classified as flat pastoral land or plains with a gradient lower than 12 degrees.
e Low slopes are classified as hill country pastoral land with a gradient lower than 12 degrees.
e Medium slopes are classified as hill country pastoral land with a gradient between 12 degrees
and 24 degrees.
e Steep slopes are classified as hill country pastoral land with a gradient greater than 24 degrees.

The emission factors used to calculate direct N2O emissions from cattle, sheep and deer are described
in detail in chapter 8, section 8.1.3.

A ‘nutrient transfer model’ developed by Saggar et al. (2015) is used to calculate the amount of dung
and urine deposited onto different hill slope categories. Approximately 80 per cent of land on sheep,
beef and deer farms is classed as medium (12—24 degrees) or steep (greater than 24 degrees) sloped
land (see figure A3.1.3). The nutrient transfer model uses data on the area of farm land under different
slope types, and accounts for animals spending relatively more time on lower slopes.
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For cattle, sheep and deer, the estimated nitrogen excretion (Nex) values are separated into urine and
dung components using the methodology outlined by Pacheco et al. (unpublished).Urinary N from beef
cattle, sheep and deer is allocated to the different slope types, Nexurine,Low (i.€. urine deposited on low
slopes), Nexurinemep (Urine deposited on medium slopes) and Nexurine,sTeep. (Urine deposited on steep
slopes). For dairy cattle, it is assumed that all urine is deposited on flatland, (NexurineFLat). The
flatland/low slope emission factor for cattle urine (EFspre FLam) = 0.0098) is applied to all dairy cattle
urine.

Dung N from dairy cattle, beef cattle, sheep and deer is not allocated to different slope types as the
same emission factor for dung (0.12%) is used across all slope types.
5.1 Dairy

This section describes the calculations used to determine nitrogen excretion in dairy cattle. To calculate
Nex, the amount of N used in milk production, live weight gain and growth of new born during pregnancy)
is subtracted from the N intake of an animal.

Each class of dairy cattle (as set out in table 4.1 in section 4.3.1) will have different levels of nitrogen
intake, retention and excretion, and these levels will change over the course of the year as energy
requirements and milk production changes.

For dairy cattle in the first two months of their life, Nex is set to zero.

Nitrogen excretion for dairy cattle (Equation 5.1):

Ney = N; - (N + leg)

Where:
Nex = Nitrogen excretion per animal (kilograms of nitrogen per day)
Ni = Nitrogen intake per animal (kg N/day)
Nrm = nitrogen secreted in milk per animal (kg N/day)

Nwg = nitrogen retained in live weight gain per animal (kg N/day)

5.1.1 Nitrogen intake

5.1.1.1  Dairy cattle greater than one year old
For cattle greater than 1 year old nitrogen intake (Ni) is determined by:

Nitrogen intake for dairy (and beef) cattle more than 1 year old (Equation 5.2):

Ni = DM] X FeedN

Where:
Ni = Nitrogen intake per animal (kg of nitrogen per day)
DMI = dry matter intake per animal (kg/day see Section 4.1.1)
Feedn = Nitrogen content of feed consumed by dairy cattle, expressed as a
proportion of DMI (see appendix 19)
5.1.1.2  Dairy cattle less than one year old

Intakes are calculated separately for the period when milk forms part of the diet (first 8-12 weeks of life)
and for the remainder of the year. During the first 8-12 weeks of life, dairy calves are fed milk as all or
part of their diet. The following equations are used to calculate N intake for young dairy cattle.
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Nitrogen intake through milk by young dairy cattle (Equation 5.3):

Zmp  Fnp
d *62

Z3 =

us

Where:
Z3 = nitrogen intake through milk powder per animal (kg N per day)

Zmp = total milk (derived from milk powder) fed to a calf between birth and weaning (200
kg)
d = number of days per year that N is consumed through milk (currently set at 61)

Pmp = protein content of milk powder fed to dairy calves (value currently used is 0.0366
grams of protein per gram of milk powder)

The first fraction in the above equation is used to calculate the daily milk intake for calves, while the
second fraction calculates the nitrogen content of this milk. The value of 6.25 is used because of the
assumption that 6.25 tonnes of protein contains 1 tonne of nitrogen (Pierce & Haenisch, 1947).

During the first 8-12 weeks of life, equation 5.4 (below) is used to calculate N intake for young cattle.
For other months, equation 5.2 (above) is used.

Nitrogen intake for cattle less than 1 year old in in the first 8-12 weeks (Equation 5.4):

Ni = (DMI X FeedN) + Z3

Where:
Ni = Nitrogen intake per animal (kg N per day)
DMI = dry matter intake per animal (kg/day see Section 4.1.1)

Feedn = Nitrogen content of feed consumed by dairy cattle, expressed as a
proportion of DMI (i.e. grams of N per gram of DMI, see appendix 19)

Z3 = nitrogen intake through milk powder per animal (kg N per day)

5.1.2 Nitrogen retained in milk
The N secreted as milk production for lactating dairy cows is determined by the following equation:

Nitrogen secreted in milk for mature milking cows (Equation 5.5):

N Y P
= X —
rm 6.25

Where:
Nrm = Amount of nitrogen secreted in milk per animal (kg N per day)
Y = Daily milk yield per milking cow (kg/d) (see equation 4.8, section 4.3.3.1)
P = Protein content of milk, expressed as a proportion (i.e. grams of N per gram of milk,
see appendix 1 for values)
5.1.3 Nitrogen retained in live weight gain

Growing animals retain N in animal tissues through live weight gain. The amount of N retained will
depend on the subcategory of animal and the amount and composition of gain.
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Nitrogen retained in animal tissues through live weight gain (Equation 5.6):

N, = LWG X Noe
twg 100
Where:

Nwg = Amount of nitrogen retained in animal tissues through liveweight gain per animal
(kg of nitrogen per day)

LWG = live weight gain per animal (kg per day) (see section 4.7.1)

Nbt = nitrogen content of body tissue, currently set at 3.26% (see appendix 1)

5.1.4 Nitrogen in urine and faeces

Nex is comprised of nitrogen from urine (Nu) and faeces (Nr). Once Nex is calculated from equation 5.1,
the proportion and amount of N in both urine (Nu) and faeces (Nr) can then be determined with the
following equations, which were developed by Pacheco, Waghorn and Rollo (2018).

Nitrogen excreted in faeces (Equation 5.7):

Ny = (—4.623 + (Feedy x 100 x 1.970) + (DMI x 7.890)) x 0.001

Where:
Nt = Amount of nitrogen excreted in faeces per animal (kilograms of nitrogen per day)

Feedn = Nitrogen content of feed consumed by dairy cattle, expressed as a proportion
of DMI (i.e. grams of N per gram of DMI, see appendix 19)

DMI = the dry matter intake (kilograms per day)

Feedn is currently set at 3.7% for dairy cattle and 3% for sheep, beef cattle and deer for all months and
years. The fractional term in this equation (Feedn) should be equal to 0.037 for dairy cattle and 0.03 for
sheep, beef cattle and deer.

Nitrogen excretion in urine (Equation 5.8):

Ny = Ngy — Ny

Where:
Nu = Amount of nitrogen excreted in urine per animal (kg N per day)
Nt = Amount of nitrogen excreted in faeces per animal (kg N per day)

Nex = Nitrogen excretion per animal calculated from equation 5.1 (kilograms N per day)

5.1.5 Nitrogen excretion on sloped land

As stated at the start of section 5, it is assumed that all dairy urine and is deposited on flatland. Dairy
excreta is not allocated to different slope types because the Inventory assumes that all dairy cattle graze
on flatland. The flatland/low slope emission factor for cattle urine (EFserp rLaT) = 0.0098) is applied to all
dairy cattle urine, and a EFsprre-punc) value of 0.0012 is applied to all dairy dung.

5.2 Beef

This section describes the calculations used to determine nitrogen excretion in beef cattle (using the
categories set out in table 4.2 in section 4.4.1). To do this, estimates of nitrogen intake, nitrogen retention
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(through live weight gain) and secretion in milk need to be calculated. Daily estimates of Nex for a
particular subcategory of beef cattle can be calculated using equation 5.1 in section 5.1.

For cattle in the first two months of their life, Nex is set to zero.
5.2.1 Nitrogen intake

5.2.1.1 Nitrogen intake by beef cattle older than one year old

Equation 5.2 (section 5.1.1.1) is used to calculate N intake by beef cattle greater than one year old.

5.21.2  Nitrogen intake by rising 1-year olds

For cattle less than 1 year old the nitrogen intake needs to account for the amount of nitrogen that they
consume from milk during their first six months of life.

Nitrogen intake through milk by young beef cattle (Equation 5.9):

o« Jmp
6.2

QN

Z3peef —

ul

Where:
Zspeef = nitrogen intake through milk per animal (kg of nitrogen per day)

Z = the total amount of milk fed to each calf over the 3-8 month period (kg) (calculated
from equation 4.26, section 4.4.5)

d = number of days per year N is consumed through milk (currently set at 182)

Pmp = protein content of milk powder fed to calves (value currently used is 0.0366 grams
of protein per gram of milk powder)

The first fraction in the above equation is used to calculate the daily milk intake for calves, while the
second fraction calculates the nitrogen content of this milk. The value of 6.25 is used because of the
assumption that 6.25 tonnes of protein contains 1 tonne of nitrogen (Pierce & Haenisch, 1947).

For the first six months of life, equation 5.10 (below) is used to calculate N intake for young cattle. For
other months (when there is no intake of milk), equation 5.2 (section 5.1.1.1) is used.

Nitrogen intake for beef cattle less than 1 year old in in first six months of life (Equation 5.10)

N; = (DMI X Feedy) + Zzpeer

Where:
Ni = Nitrogen intake per animal (kg of nitrogen per day)
DMI = dry matter intake per animal (kg/day see Section 4.1.1)

Feedn = Nitrogen content of feed consumed by beef cattle, expressed as a proportion
of DMI (see appendix 19)

Z3neet = Nitrogen intake through milk per animal (kg of nitrogen per day)

5.2.2 Nitrogen secreted in milk

For six months of the year from September to February, cows that have calves produce milk and the
nitrogen in this milk is calculated according to Equation 5.11.
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Nitrogen secreted in milk of cows rearing their calves (Equation 5.11):

Ny =Y X i
6.25
Where:
Nrm = Amount of nitrogen in milk (kg N per animal per day)
Y = Daily milk yield per milking cow (kg/d) (see equation 4.24, section 4.4.3.1)
P = Protein content of milk (see appendix 8)
For the other months of the year (March-August) N is set to zero.

The other subcategories of beef cattle (growing cows up to two years, bulls, heifers and steers) produce
no milk so Nm is always zero.

5.2.3 Nitrogen retained in live weight gain

Growing animals retain N in animal tissues through live weight gain. The amount of N retained (Niwg)
through this will depend on the subcategory of animal and the rate at which they gain weight.

Equation 5.6 (section 5.1.3) can be used to calculate Nwyg for different subcategories of beef cattle

5.2.4 Nitrogen in urine and faeces

For beef cattle, the amount of N excreted in urine (Nu) and faeces (Nr) per animal per day can be
determined using equations 5.7 and 5.8 in section 5.1.4.

5.2.5 Nitrogen excretion on sloped land

The total N excreted in urine (Nu) for beef cattle is allocated to low, medium and steep slopes using the
method described in section 5.5.

A single dung emission factor (EFserr-pung) = 0.0012) is used across all slope categories for cattle,
sheep and deer, and therefore dung excreta does not need to be allocated to different slopes.

5.3 Sheep

This section describes the calculations used to determine nitrogen excretion in sheep. To calculate N
excreted (Nex), the N retained in liveweight gain and wool and secreted in milk is subtracted from the N
intake (Ni) of an animal.

The N intake value takes feed intake into account, as well as milk consumed by young sheep. The N
retention value accounts for N secreted in milk production, and retained in body tissue for live weight
gain and wool.

Each class of sheep (as described in section 4.5, table 4.3) will have different levels of nitrogen intake,
retention and excretion, and these levels will change over the course of the year as intake and production
levels change.

Nitrogen excretion for sheep (Equation 5.12):

Ngx =Ny = (Np, + leg + Nyoor)

Where:
Nex = Nitrogen excretion per animal (kilograms of nitrogen per day)
Ni = Nitrogen intake per animal (kg N/day)
Nrm = nitrogen secreted in milk per animal (kg N/day)

Nwg = nitrogen retained in live weight gain per animal (kg N/day)
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Nwool = nitrogen retained in wool growth per animal (kg N/day)

5.3.1 Nitrogen intake

N intake is calculated separately for sheep under 1-year old and over 1l-year old, to account for the
intake of milk by lambs.

5.3.1.1 Sheep older than one year

Equation 5.2 (section 5.1.1.1) can be used to calculate N intake by sheep greater than one year old.
The sheep-specific values for the nitrogen content of pasture (PASTn) are in appendix 19.

5.31.2 Sheep younger than one year

For sheep less than 1-year old the N intake needs to account for the amount of N consumed in milk
during the months of September through to December (inclusive) using the term zs (the N from milk).

Nitrogen intake through milk by lambs (Equation 5.13):

Z _ Ysheepm Pmp
3lamb —
dsrm X Plamb 6.25

Where:
Zzamb = Nitrogen intake through milk per animal (kg of nitrogen per day)
Ysheepm = annual milk yield per sheep (kilograms per sheep per year)
Plamb = annual lambing percentage rate (see appendix 12)
dsrm = number of days young lambs receive milk (assumed to be 122)

Pmp = protein content of sheep milk (value currently used is 0.06 grams of protein per
gram of milk)

The first fraction in the above equation is used to calculate the daily milk intake for lambs, while the
second fraction calculates the nitrogen content of this milk. The value of 6.25 is used because of the
assumption that 6.25 tonnes of protein contains 1 tonne of nitrogen (Pierce & Haenisch, 1947).

For September to December, equation 5.14 (below) is used to calculate N intake for lambs. For other
months (when the inventory assumes no intake of milk), equation 5.2 (section 5.1.1.1) is used.

Nitrogen intake for sheep less than 1 year old for September to December (Equation 5.14):

N; = (DMI X Feedy) + Zziamp

Where:
Ni = Nitrogen intake per animal (kg of nitrogen per day)
DMI = dry matter intake per animal (kg/day see Section 4.1.1)

Feedn = Nitrogen content of feed consumed by sheep, expressed as a proportion of DMI
(see appendix 19)

Zziamb = nitrogen intake through milk per animal (kg of nitrogen per day)

5.3.2 Nitrogen secreted in in milk

For four months of the year from September to December, mature breeding ewes and growing breeding
sheep produce milk for young lambs. The amount of nitrogen used for this milk production is calculated
using the formula below

102 e Detailed methodologies for agricultural greenhouse gas emission calculation Ministry for Primary Industries



Nitrogen secreted in milk for mature breeding ewes and growing breeding sheep (Equation 5.15):

Ny =y X P
mm =Y " §25
Where:
Nm = Amount of nitrogen secreted in milk per animal that produces milk (kg of nitrogen
per day)

y = Daily milk yield per sheep, for a particular day and month (kg/day)

P = Protein content of milk ((value currently used is 0.06 grams of protein per gram of
milk)

For the other months of the year (January-August) Nm is set to zero for mature breeding ewes and
growing breeding sheep.

The other subcategories of sheep (dry ewes, growing non breeding sheep, whethers, lambs and rams)
produce no milk so Nm is assumed to be zero for all 12 months of the year for these sheep
subcategories.

5.3.3 Nitrogen retained in wool

Part of the nitrogen taken in by sheep is retained for the growth of wool. The equations in this section
outline how the amount of nitrogen retained for wool production is calculated, while staying within the
following constraints:

e The model assumes that lambs grow wool at half the rate of adult sheep

e The amount of wool produced by all sheep and lambs in a year is equal to the national annual
greasy wool production value published by Beef + Lamb New Zealand

5.3.3.1 Calculating the amount of wool produced

The following equations show how daily wool production per sheep is calculated. In these equations the
population of sheep (POPsheep) is the sum of the population of all the sheep subcategories excluding
lambs (i.e. Dry Ewes, Mature Breeding Ewes, Growing Breeding Sheep, Growing Non-Breeding Sheep,
Wethers, and Rams). These equations are necessary to account for the monthly variability in sheep
populations.

Daily wool produced by sheep (Equation 5.16):

totwoolspeepm/n0dm,
WOOlsheep,daily = POPsheep
m

Where:
WO0Olsheep,daily = Amount of wool produced per adult sheep per day (kg)

totwoolsheepm = Amount of wool produced by all adult sheep in month m (kg). See
equation 5.18 (below).

nodm = number of days in month m
POPsheepm = Adult sheep population in month m
Daily wool produced by lambs (Equation 5.17):

totwooligmp, ;m/n0dy,
Woollamb,daily = POPIs
m

Where:
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Wooliamb daily = Amount of wool produced per lamb per day (kg)

totwooliamb,m = Amount of wool produced by all lambs in month m (kg). See equation
5.18 (below).

nodm = number of days in month m
POPIsm = Lamb population in month m

Monthly wool produced by sheep (Equation 5.18):

nod natWool
m o ) v ( greasy )

totWoolg,, = POPsheep,, X F X (
pm m greasy
nod natWoolypaa; greasy

y
Where:

totwoOolsheep.m = Amount of wool produced by all adult sheep in month m (kg)

POPsheepm = Adult sheep population in month m

Fgreasy = inital greasy fleece weight (fixed value, set at 5kg)

nodm = number of days in month m

nody = number of days in year (i.e. 365)

natWoolgreasy = annual greasy wool production (from Beef + Lamb statistics)

natWoolunadjgreasy = calculated total annual greasy wool production (assuming fixed
greasy fleece weight of 5kg). See equation 5.20 (below)

Monthly wool produced by lambs (Equation 5.19):

nod,, » 12) o ( natWoolg,eqsy

X AWOOllamb
nod,, natWool,,q4;, greasy)

totWool,gmpm = POPlsy X Fjreqsy X <
Where:
totwooliamb,m = Amount of wool produced by all lambs in month m (kg)
POPIsm = lamb population in month m
Fgreasy = initial greasy fleece weight (fixed value, set at 5kg)
nodm = number of days in month m
nody = number of days in year (i.e. 365)
natWoolgreasy = annual greasy wool production (from Beef + Lamb statistics)

natWoolunadj.greasy = calculated total annual greasy wool production (assuming fixed
greasy fleece weight of 5kg). See equation 5.20 (below)

Awooliamb = factor used to adjust for the slower wool growth of lambs compared to adult
sheep (currently equal to 0.5)
Unadjusted annual wool production for all sheep (Equation 5.20):

natWOOlunadj,greasy

nod,,
= < z <Féreasy X <W X 12) POPlSm X AWOOIIamb))
month Y
nod,,
+ Z (Fgreasy X (W X 12) POPsheep,, ><>
month y
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Where:

natWoolunadj.greasy = calculated total annual greasy wool production (assuming fixed
greasy fleece weight of 5kg)

Fgreasy = initial greasy fleece weight (fixed value, set at 5kg)
nodm = number of days in month m

nody = number of days in year (i.e. 365)

POPIsm = lamb population in month m

Awooliamb = factor used to adjust for the slower wool growth of lambs compared to adult
sheep (currently equal to 0.5)

POPsheepm = Adult sheep population in month m
month refers to the twelve months of the calendar year.

The use of these equations allows for the calculation of nitrogen retained in wool per animal per day
(Nwool). This value is constant over the course of the year, although Nwool for lambs will be half of the
Nwool Value for adult sheep.

5.3.3.2 Calculating nitrogen retained in wool

The daily amount of nitrogen retained through wool production can be calculated using the equations
below.

Nitrogen retained in wool produced by sheep (Equation 5.21):

Nwool = WOOlsheep,daily X WOOlNcontent

Where:
Nwool = Amount of nitrogen retained in wool per animal (kg of nitrogen per day)
WO0Olsheep,daily = Amount of wool produced per adult sheep per day (kg)
Woolncontent = Proportion of nitrogen content of wool (assumed to be 0.134)

Nitrogen retained in wool produced by lambs (Equation 5.22):

Nyoor = WOOllamb,daily X WOl content

Where:
Nwool = Amount of nitrogen retained in wool per animal (kg of nitrogen per day)
WO0O0lsheep,daily = Amount of wool produced per lamb per day (kg)

Woolncontent = Proportion of nitrogen content of wool (assumed to be 0.134)

5.3.4 Nitrogen retained in live weight gain

Growing animals retain N in animal tissues through live weight gain. The amount of N retained (Niwg)
through this will depend on the subcategory of animal and the rate at which they gain weight.

To determine the amount of nitrogen retained through live weight gain for sheep, the following equation
is used.

Nitrogen retained in tissues of individual sheep through liveweight gain (Equation 5.23):

th,sheep

Nuwg = LWG x =25
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Where:

Nwg = Amount of nitrogen retained in animal tissues through liveweight gain per animal
(kg N per day)

LWG = live weight gain per animal (kilograms/day, see section 4.7 for detailed
calculations)

Nt sheep = proportion of nitrogen content of body tissue for sheep, currently set at 0.026%
(see appendix 12)
5.3.5 Nitrogen in urine and faeces

For sheep, a separate equation to 5.7 is required to calculate the amount of N excreted in faeces (Ny)
per animal per day to address issues with the consistency of performance across the livestock species.
As with the other three major livestock species, for sheep, the amount of N excreted in urine (Nu) can
be determined using equation 5.8 in section 5.1.4.

For sheep, N excreted in faeces can be calculated using the following equation developed by Pacheco,
Waghorn and Rollo (2018):

Nitrogen excreted in faeces (Equation 5.24):

N; = (2.230 + (N; x 0.299) + ([Feedy x 100]> x —0.237)) x 0.001

Where:
Nt = Amount of nitrogen excreted in faeces per animal (kilograms of nitrogen per day)

Feednv = Nitrogen content of feed consumed by dairy cattle, expressed as a
proportion of DMI (i.e. grams of N per gram of DMI, see appendix 19)

Ni = the nitrogen intake per animal (grams nitrogen per day)

5.3.6 Nitrogen excretion on sloped land

The total N excreted in urine (Nu) for sheep is allocated to low, medium and steep slopes using the
method described in section 5.5.

Because a single dung emission factor (EFserp-ounc) = 0.0012) is used across all slope categories for
cattle, sheep and deer, dung excreta does not need to be allocated to different slopes.

5.4 Deer

This section describes the calculations used to determine nitrogen excretion in deer. To calculate N
excreted (Nex), the N retained and secreted in milk, is subtracted from the N intake (Ni) of an animal.

The N intake value is based on forages, as well as milk consumed by young deer. The N retention
accounts for N in milk produced after fawning, retained in body tissue for growth (liveweight gain), and
in velvet production by stags.

Each subcategory of deer (as outlined in section 4.6, table 4.4) will have different levels of nitrogen
intake, retention and excretion, and these levels will change over the course of the year as intake and
production levels change.

Nitrogen excretion for deer (Equation 5.24):

Ney =N - (N + leg + Nyewer)

Where:
Nex = Nitrogen excretion per animal (kilograms of nitrogen per day)

Ni = Nitrogen intake per animal (kg N/day)
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Nm = nitrogen retained in milk per animal (kg N/day)
Nwg = nitrogen retained in live weight gain per animal (kg N/day)

Nveivet = Nitrogen retained in velvet per animal (kg N/day)

5.4.1 Nitrogen intake

N intake is calculated separately for deer under 1-year old and over 1-year old, to account for the intake
of milk by young hinds and stags

5.4.1.1 Deer older than one year

Equation 5.2 (section 5.1.1.1) can be used to calculate N intake by deer older than one year old. The
deer-specific values for the nitrogen content of feed (Feedn) are in appendix 19.

5.41.2  Deer younger than one year

The nitrogen intake from deer in the first year of life needs to account for consumption of milk during the
first four months of their life using the term z3 (the amount of nitrogen received from milk).

Nitrogen intake through milk by deer (Equation 5.25):

% _ Ydeerm % Pm,deer
3deer ddrm 6.25

Where:
Z3geer = Nitrogen intake through milk per animal (kg N per day)

Ydeerm = annual milk yield per deer (kilograms per sheep per year) (assumed to be 204
kilograms per deer per year, see appendix 14)

darm = number of days young hinds and stags receive milk (assumed to be 120)

Pm.deer = protein content of deer milk (assumed to be 0.0366 grams of protein per gram
of milk)

The first fraction in the above equation is used to calculate the daily milk intake for young deer, while
the second fraction calculates the nitrogen content of this milk.

For the first four months of a young deer’s life, equation 5.26 (below) is used to calculate N intake for
deer. For deer older than four months (when there is no intake of milk), equation 5.2 (section 5.1.1.1) is
used.

Nitrogen intake for deer less than four months old (Equation 5.26):

N; = (DMI X Feedy) + Z3geer

Where:
Ni = Nitrogen intake per animal (kg N per day)
DMI = dry matter intake per animal (kg/day see Section 4.1.1)

Feedn = Nitrogen content of feed consumed by deer, expressed as a proportion of DMI
(see appendix 19)

Zsdeer = Nitrogen intake through milk per animal (kg of nitrogen per day)

5.4.2 Nitrogen secreted in milk

The inventory assumes that for 120 days from 19 November, breeding hinds produce milk for young
deer. The nitrogen secreted in milk production is calculated using the formula below.
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Nitrogen secreted in milk for breeding hinds (Equation 5.27):

_ Ydeerm Pm,deer

N.. =
™ T dm . 6.25

Where:
Nrm = Amount of nitrogen secreted in milk per animal that produces milk (kg N per day)

Ydeerm = @annual milk yield per deer (kilograms per year) (assumed to be 204 kilograms
per deer per year, see appendix 14)

darm = number of days young hinds and stags receive milk (assumed to be 120)

Pm.deer = protein content of deer milk (assumed to be 0.0366 grams of protein per gram
of milk)

For the other months of the year Nm is set to zero for breeding hinds.

The other subcategories of deer (Hinds aged less than 2, and all stags) produce no milk so Nm is
assumed to be zero for all 12 months of the year for these deer subcategories.

In the above equation the protein content of milk is divided by 6.25 because of the assumption that 6.25
tonnes of protein contains 1 tonne of nitrogen (Pierce & Haenisch, 1947).

5.4.3 Nitrogen retained in velvet

Stags over one year of age produce velvet over a 65 day period from the 15t of September to the 4t of
November. The nitrogen retained through the production of this velvet is accounted for with the following
calculation. It is assumed that in this period velvet growth occurs at a constant rate.

Nitrogen retained in velvet production (Equation 5.28):

N _ PrOdvelvet Vel
velvet — d X Ve vethontent
velvet

Where:
Nveivet = Amount of nitrogen retained in velvet production per animal (kg N per day)

Prodveet = annual velvet production per animal (kilograms per stag per year) (see
appendix 14 for annual values)

dveivet = NumMber of days stags produce velvet (assumed to be 65)

Velvetncontent = @amount of nitrogen contained in velvet (assumed to be 0.09 grams of
protein per gram of velvet)

For the rest of the year (5 November-August), Nvewet is set to zero for stags over one year of age.

The other subcategories of deer (stags aged less than 1 year, and all hinds) produce no velvet So Nvelvet
is assumed to be zero for all 12 months of the year for these deer subcategories.

5.4.4 Nitrogen retained in live weight gain

Growing deer retain N in animal tissues through live weight gain. The amount of N retained (Nwg) through
this will depend on the subcategory of animal and the rate at which they gain weight.

To determine the amount of nitrogen retained through live weight gain for deer, the following equation
is used.
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Nitrogen retained in deer tissues through liveweight gain (Equation 5.29):

th,deer
100

Ny = LWG x

Where:

Nwg = Amount of nitrogen retained in tissues through live weight gain per animal (kg N
per day)

LWG = live weight gain per animal (kg/day)

Nbtdeer = Nitrogen content of body tissue for deer, currently set at 3.71% (see appendix
14)

5.4.5 Nitrogen in urine and faeces

For deer, the amount of N excreted in urine (Nu) and faeces (Nr) per animal per day can be determined
using equations 5.7 and 5.8 in section 5.1.4. Values on the nitrogen content of forages for deer (Feedn)
are listed in Appendix 19.

5.4.6 Nitrogen excretion on sloped land

The total N excreted in urine (Nu) for deer is allocated to low, medium and steep slopes using the method
described in section 5.5.

Because a single dung emission factor (EFserpe-ounc) = 0.0012) is used across all slope categories for
cattle, sheep and deer, dung excreta does not need to be allocated to different slopes.

5.5 Allocation of urine and dung to different hill slopes

The nutrient transfer model outlined by Saggar et al. (2015) is used to allocate total dung and urine
between low, medium and steep slopes following the partitioning of excreta to dung and urine by
livestock type.. Beef + Lamb New Zealand provides data (on the topography and number of animals on
different farm types) used in the nutrient transfer model.

The following steps describe excreta and nutrient allocation across livestock and slope types.
Step 1: Calculations of total nitrogen excretion (Nex) rates for each animal category

Total Nex for sheep, beef cattle and deer are calculated using the methods described in sections 5.2,
5.3, and 5.4.

Step 2: Partitioning of Nex between urine and dung

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

Step 3: Allocation of dung and urinary excreta to different hill slope types

For dung excreta, a single emission factor (EFsrrp-nung) = 0.0012, less than half the previous emission
factor used of 0.0025) is used across all slope categories for cattle, sheep and deer. Therefore dung
excreta does not need to be allocated to different slope types.

For urinary excreta, the Nutrient Transfer Model described by Saggar et al. (2015), uses Beef + Lamb
New Zealand data on livestock populations combined with the proportion of sheep and beef farmland
on different hill slopes to allocate total urinary excreta to the different hill slope categories. This is
essentially to account for the preference of livestock to spend more time on flatter slopes. Using the
Nutrient Transfer Model, the proportion of urinary excreta deposited on low slopes is therefore higher
than would be expected by simply using the proportion of low slope land area, as shown graphically in
Figure 5.3.

The equations and variables needed to allocate excreta to the different slope types are outlined in
table 5.1, and figures 5.1 and 5.2. The following is an example intended to illustrate the process of
determining the proportion of urinary excreta to be accounted for under each slope and livestock type
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for all major livestock types (except dairy cattle, where the entire herd is assumed to be farmed on flat
land).

A farming area with 0 per cent flat land, 50 per cent low sloped land and 50 per cent steep sloped land
will result in the following allocation of urinary excreta:

e 67.5 per cent of urinary excreta will be allocated to low sloped land, and will use the
corresponding emission factor for flat or low sloped land (since the percentage of low sloped
land area is between 35 to 85 per cent, we use 0.45 x 0.5 + 0.45 = 0.675),

e 21 per cent of urinary excreta will be allocated to steep sloped land, and will use the
corresponding emission factor for steep sloped land (where the percentage of steep land area
is between 40 — 60 per cent, 0.21 is used), and

e the remaining proportion, 11.5 per cent, is then assumed to be deposited onto medium sloped
land and will use the corresponding emission factor.

Corresponding emission factors are dependent on the livestock type being accounted for, either sheep,
beef cattle or deer. It is possible as more data becomes available and more research is conducted, there
may be a small proportion of the dairy herd that have emissions from excreta deposited on sloped land.

As mentioned, in the new methodology, medium (12 to 24 degrees gradient) and steep (greater than 24
degrees gradient) slopes use the same emission factor. Direct N2O emissions in the agricultural soils
category can then be calculated using these emission factors, which are explained in section 8.1.3 table
8.1.

Because a single dung emission factor (EFserpe-ounc) = 0.0012) is used across all slope categories for
cattle, sheep and deer, dung excreta does not need to be allocated to different slopes.

Table 5.1 Allocation of urine deposition to flat and low sloped land (0-12 degrees) and steep sloped land (more than
24 degrees) where x is the percentage of each category, split by the percentage of low slope and steep slope land
available. Note that table 5.1 allocates urine to the slope categories used in New Zealand’s agriculture Inventory,
based on Beef + Lamb New Zealand data.

Allocation to flat or low slope land
Percentage of flat to low sloped land area (<12°)  Fraction urine deposition

Less than 1% 27x

1-5% 0.27

5-9% 0.405

9-35% 0.55

35-85% (0.45x + 0.45)

Greater than 85% (0.5x + 0.9)
Allocation to steep land

Percentage of steep land area (>24°) Fraction urine deposition

Less than 1% 10x

1-20% 0.10

20-40% 0.14

40-60% 0.21

60-85% 0.28

Greater than 85% 48x-38
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Figure 5.1 Proportion of urine nitrogen (N) applied to low slopes (of up to 12 degrees gradient) using the nutrient
transfer model. The equal proportion line is shown in grey to illustrate where urine deposited would be assumed to
be proportionate to slope type of land area).
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Figure 5.2 Proportion of urine nitrogen (N) applied to steep slopes (of greater than 24 degrees) using the
nutrient transfer model The equal proportion line is shown in grey to illustrate where urine deposited would be
assumed to be proportionate to slope type of land area.
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Tables 5.2, 5.3, 5.4 and figure 5.2 provide examples of how nutrient allocation using the nutrient transfer
model methodology uses Beef + Lamb New Zealand data to allocate urine nitrogen (N) to different hill
slopes. First, data on the number of sheep, beef cattle and deer in each farm class are used to allocate
total urine N to these different farm classes (tables 5.2 and 5.3).
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Table 5.2 Share of livestock population, and amount of urine nitrogen (N) deposition in 2018, by Beef + Lamb New

Zealand farm class in 2019

Percentage Percentage
of sheep Amount of  of beef cattle  Amount of beef
population sheep urine N population cattle urine N
onfarm onfarmclass onfarmclass  on farm class

Percentage  Amount of
of deer  deer urine
population N on farm
on farm class (kg

Farm class class (%) (kg N) (%) (kg N) class (%) N)
1. South Island High Country 74 26,550,296 35 8,048,380 143 2,831,091
2. South Island Hill Country 12.1 43,132,632 6.7 15,618,726 78 1,544,421
3. North Island Hard Hill Country 17.2 61,282,608 15.7 36,654,059 7.7 1,534,984
4. North Island Hill Country 254 90,627,947 41.3 96,240,410 320 6,338,045
5. North Island Intensive Finishing 6.8 24,437,161 1.1 25,806,893 22 437,992
6. South Island Finishing Breeding 191 68,037,424 14.0 32,686,935 2715  5457,651
7. South Island Intensive Finishing 10.1 36,093,050 3.4 7,980,935 85  1,685597
8. South Island Mixed Finishing 1.9 6,933,601 4.2 9,858,498 0.0 0

Total 357,094,719 232,894,836 19,829,780

Each farm class has a different proportion of land in low, medium and steep slopes, as shown in table
5.3. The data are combined with the nutrient transfer methodology to calculate total urinary excreta by
hill slope and livestock type. From this point, direct N2O emissions can be calculated using the emission

factors in section 8.

Table 5.3 Proportion of total sheep, beef and deer land on different hill slopes,
by Beef + Lamb New Zealand farm class, for 2018/19 year

Land type by slope
Flat/low (0-12° slope) Rolling/medium
Farm class (%) (12-24° slope) (%) Steep (>24° slope) (%)
1. South Island High Country 8.3 26.4 65.2
2. South Island Hill Country 16.2 258 58.0
3. North Island Hard Hill Country 8.1 35.7 56.1
4. North Island Hill Country 151 54.4 30.5
5. North Island Intensive Finishing 442 50.7 5.1
6. South Island Finishing Breeding 36.3 47.3 16.4
7. South Island Intensive Finishing 58.7 413 0.0
8. South Island Mixed Finishing 87.1 12.9 0.0
Total sheep, beef and deer land 20.1 38.1 41.8%

Table 5.4 Proportion of total sheep, beef and deer urine nitrogen deposited on different hill slopes,

by Beef + Lamb New Zealand farm class, for 2019

Farm class Flat/low Rolling/medium Steep
1. South Island High Country 0.41 0.32 0.28
2. South Island Hill Country 0.55 0.24 0.21
3. North Island Hard Hill Country 0.41 0.39 0.21
4. North Island Hill Country 0.55 0.31 0.14
5. North Island Intensive Finishing 0.65 0.25 0.10
6. South Island Finishing Breeding 0.61 0.29 0.10
7. South Island Intensive Finishing 0.71 0.29 0.00
8. South Island Mixed Finishing 0.94 0.06 0.00
Total sheep urine 0.56 0.30 0.14
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Total beef urine 0.56 0.30 0.14
Total deer urine 0.55 0.30 0.15
Total sheep, beef and deer urine 0.56 0.30 0.14

Figure 5.3 Proportion of sheep, beef and deer land area, excretal nitrogen (N) and nitrous oxide (N20) emissions
by hill slope category for sheep, beef cattle and deer farms in 2019
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Annual nitrogen excretion amounts for the minor animal categories (goats, swine, horses, mules and
asses, broilers, layers, other poultry, and alpaca) are calculated by multiplying population data from
Statistics New Zealand by annual nitrogen excretion (Nex) factor values (Table 5.5).

Table 5.5: Default values for nitrogen excreted (Nex)

Species Nex (kg/headlyear) Reference
10.6 for 1990
Goats 12.1 for 2009 Lassey, 2011
12.7 for 2018
Swine 108 for 2009 Hill, 2012
11.05 for 2013 '
Horses 25.0 2006 IPCC default - Table 10.19
Mules and asses 25.0 2006 IPCC default — Table 10.19
Poultry - broilers 0.39 Fick et al., 2011
Poultry - layers 0.42 Fick et al., 2011
Other Poultry (including  ducks, 0.60 2006 IPCC —Table 10.19

turkeys, emus, and ostriches)
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Alpaca 12.6 2006 IPCC —Table 10.19

5.6.1 Goats

For goats, country-specific annual nitrogen excretion rates (Nexgoats) are calculated for each year using
the methodology developed by Lassey (2011), Fixed values are used for 1990 (10.6 kg N head-1yr-1)) gnd
2009 (12.1 kg N head-1yr) "which were recommended based on estimates of the number of goats being
used for dairy production. Annual excretion rates for the years between 1990 and 2009, as well as after
2009 are calculated based on the estimated proportion of dairy goats in the total goat population, using
research from Burggraaf et al. (unpublished). Table 5.6 shows how the estimated proportion of dairy
goats in the total farmed goat population (Pgoatmiky) has changed over time, increasing from 3% in 1990
to 67% in 2018.

Table 5.6: Total farmed goats, and estimated dairy goat population 1990-2018

Year Total farmed goat population  Estimated dairy goat population  Proportion of dairy goats in overall

(Statistics New Zealand) (Burggraaf et al.) farmed goat population (Burggraaf et al.)
1990 1,062,900 31,887 3%
1991 792,580 42,564 5%
1992 532,800 41,243 8%
1993 352,860 35,678 10%
1994 283,500 35,385 12%
1995 336,800 50,021 15%
1996 227,900 39,249 17%
1997 228,000 44,671 20%
1998 228,000 50,076 22%
1999 186,400 45,357 24%
2000 175,295 46,810 27%
2001 164,189 47,737 29%
2002 153,084 48,136 31%
2003 179,435 60,676 34%
2004 141,206 51,096 36%
2005 136,120 52,482 39%
2006 131,033 53,626 41%
2007 111,981 48,484 43%
2008 95,731 43,717 46%
2009 82,229 39,500 48%
2010 95,281 48,029 50%
2011 85,970 45,373 53%
2012 90,096 49,686 55%
2013 79,977 46,002 58%
2014 97,370 58,314 60%
2015 74,718 46,519 62%
2016 112,385 72,634 65%
2017 101,076 67,721 67%
2018 88,785 59,486 67%

Annual nitrogen excretion for goats (Equation 5.30):

Pgoatmilk,y - Pgoatmilk,y—l
Pgoatyiik2000 — Pgoatmiik,1990

Nex,goat,y = Nex,goat,y—l + ( > X (Nex,goat,2009 - Nex,goat,1990)

Where:
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Nexgoaty = Annual nitrogen excretion per goat in year y (kg N per year)
Nexgoaty-1 = Annual nitrogen excretion per goat in previous year y-1 (kg N per year)

Pgoatmiky = Proportion of milking goats in total goat population in year y (see table 5.6
for values)

Pgoatmiky-1 = Proportion of milking goats in total goat population in previous year y (see
table 5.6 for values)

Pgoatnmik 2000 = Proportion of milking goats in total goat population in 2009 (see table 5.6
for values)

Pgoatmik 1900 = Proportion of milking goats in total goat population in 1990 (see table 5.6
for values)

Nex,goat2000 = Annual nitrogen excretion per goat in 2009 (set at 12.1 kilograms of
nitrogen per year)

Nex.goat1990 = Annual nitrogen excretion per goat in 1990 (set at 10.6 kilograms of
nitrogen per year)

For goats, country-specific nitrogen excretion rates of 10.6 kg N/head/year for 1990 and 12.1 kg
N/head/year for 2009 are used to estimate nitrous oxide emissions. These values are based on the
differing population characteristics for those 2 years (Lassey, 2011).

5.6.2 Poultry

Country specific and IPCC (2006) default nitrogen excretion rates are used for poultry (Fick et al., 2011).
The country-specific values are 0.39 kg N/head/year for broiler birds and 0.42 kg N/head/year for layer
hens. Ducks, turkeys, emus and ostriches make up approximately 1 per cent of New Zealand’s poultry
population and flock sizes are unclear as they are reported by Statistics New Zealand under ‘other
Poultry’. Therefore, the IPCC default value of 0.6 kg N/head/year for ‘other Poultry’ is retained.

5.6.3 Horses, mules and asses

New Zealand uses IPCC (2006) default Nex values (listed in Table 8) for horses, mules and asses.

5.6.4 Alpacas

There is no IPCC default value available for Nex for alpacas. The current inventory assumes that the
annual Nex value for alpacas is equivalent to the average annual Nex amount for sheep in 1990 (i.e., total
nitrogen excretion from sheep in 1990 divided by the total sheep population in 1990). This was done for
the following reasons:

e alpacas and sheep have similar live weights

e there are no data demonstrating that alpacas had the same level of productivity increases that
have occurred in sheep, so the alpaca Nex factor is fixed at the 1990 sheep value, and is not
indexed to changes in sheep over time

e the literature indicates that alpacas have a nitrogen intake close to that of sheep, and no
significant difference in the partitioning of nitrogen (Pinares-Patino et al., 2003).

Annual nitrogen excretion for alpaca (Equation 5.31):

N _ chass Zmonth(Nex,sheep,c,l‘BQO X nOdm X POPSc,m,1990)
ex.alpaca POPsheep; 490

Where:
Nex.alpaca = Annual nitrogen excretion per alpaca (kilograms of nitrogen per year)

Nex sheep.c,1900 = Nitrogen excretion per sheep in subcategory c in 1990, calculated using
equation 5.12, section 5.3 (kilograms of nitrogen per day)

nodm = number of days in month m

POPscm, 1000 = population of sheep subcategory ¢ in month m in 1990, calculated using
equations in section 3.3
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5.6.5 Swine

POPsheepisgo = total sheep population in 1990 (from Statistics New Zealand)

class refers to the different categories of sheep used in the inventory

month refers to the twelve months of the calendar year.

For swine, country-specific annual nitrogen excretion rates (Nexswine) are calculated for each year using
the methodology developed by Hill (2010). The 2010 value is fixed at 10.8 kilograms of nitrogen per
head per year (Hill, 2012). Values of Nexswine fOr the years before and after 2010 are calculated based
on average pig slaughter weights (for a particular year) relative to the average pig slaughter weight in

2010.

Annual nitrogen excretion for swine (Equation 5.32):

Where:

Aveslauweightyine

Nex,swine,y = Nex,swine,ZOlO

Aveslauweightyine 2010

Nex,swiney = Annual nitrogen excretion per pig in year y (kilograms of nitrogen per year)

Aveslauweightswiney = average slaughter weight per pig in year y, in kilograms (from
Statistics New Zealand)

Aveslauweightswine 2010 = average slaughter weight per pig in 2010 in kilograms (set at
93.87kg)

Nexswine.2010 = Annual nitrogen excretion per pig in 2010 (kilograms of nitrogen set at
10.8)

Average swine slaughter weight (Equation 5.33):

Where:

totslauwei ghtswine_y

Aveslauweights, ine v =
24 SlauNumg,,;
swine,y

Aveslauweightswiney = average slaughter weight per pig in year y, in kilograms (from
Statistics New Zealand)

totslauweightswiney = total aggregate slaughter weight of swine in year y, in kilograms
(from Statistics New Zealand )

SlauNumswiney = Number of pigs slaughtered in year y
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6 Methane emissions from enteric fermentation

Methane (CHa4) is a by-product of fermentation in ruminants and some non-ruminant animals such as
swine and horses. Within the agricultural sector, ruminants are the largest source of the enteric release
of CH4, which accompanies feed degradation in the rumen. The amount of CH4 released depends largely
on total DMI, which itself depends on the type, age and weight of the animal, the quality, composition
and quantity of feed, and the energy expenditure of the animal.

Enteric methane (EM) production from cattle (dairy and beef), sheep and deer was identified as a key
source of greenhouse gas emissions for New Zealand through Intergovernmental Panel on Climate
Change (IPCC) Tier 1 calculations. Therefore, a New Zealand-specific Tier 2 methodology developed
by Clark et al. (2003) is used to calculate these CH4 sources. This country-specific tier 2 methodology
takes into account the unique characteristics of New Zealand livestock farming (see section 1.3)

For cattle and deer, enteric CH4 emissions for a single animal per day is calculated by multiplying
estimated daily DMI (calculated using the methods described in chapter 4 of this document) by a CHa
yield factor. Population estimates (calculated using the methods described in chapter 3 of this document)
are used to get an aggregate annual estimate of enteric CH4 emissions for dairy cattle, beef cattle and
deer. A more complex methodology is used to estimate enteric CHs4 emissions for sheep, which is
described in section 6.3.

Figure 6.1: Schematic diagram of how New Zealand’s emissions from enteric fermentation for cattle and deer are
calculated

Beef Cattle Dairy Cattle Deer

. Performance
(Each livestock ) o
(e.g. size , milk yield,

Population class separately) growth rate

Characterisation
(birth, maturity, death)
Breeding status
Age

Monthly time step

Energy requirement

Population DMI per head (Australian feeding
standards)

Dietary composition
(energy protein)

Total Population DMI X CH, Monthly time step
yield factor
Dairy and beef cattle: Deer:
21.6 g CH4/kg DMI 21.25 g CH4/kg DMI
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Figure 6.2: Schematic diagram of how New Zealand’s emissions from enteric fermentation for
sheep are calculated (ME is refers to metabolisable energy and DMI refers to dry matter intake).
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Since 1996 CH4 has been measured in New Zealand from grazing cattle and sheep using the SFs tracer
technique (Lassey et al., 1997; Ulyatt et al., 1999, 2002a, 2002b, 2005). Since 2008 CH4 has been
measured from cattle and sheep fed cut pasture in respiration chambers (Swainson et al., 2016; Jonker
etal., 2017). New Zealand now has one of the largest datasets in the world of CH4 emissions determined
using the SFs technique and respiration chambers on ruminants fed fresh pasture.

Published and unpublished data were used to derive New Zealand-specific enteric methane yield values
and equations for cattle (Clark et al., 2003) and sheep (Swainson, Muetzel and Clark, 2016).
Assumptions have been made for beef cattle (assumed to have the same yield value as dairy cattle)
and deer (explained in section 6.4) (Clark et al., 2003).

6.1 Dairy

The daily production of enteric methane (CHa-enteric-cattie in €quation 46) by a particular subcategory of
dairy cattle can be determined using the following equation:

Daily enteric methane emissions per animal — dairy and beef cattle (Equation 6.1)

CH4—enteric—cattle = DMI x

Where:

CHoa-enteric-catte = enteric methane emissions per animal per day (kg), for a particular
subcategory of cattle (subcategories as defined in table 4.1 in section 4.3.1)

DMI = dry matter intake (kg per animal per day) (see section 4.1.1)
MCR = Methane conversion rate (21.6 grams of methane per kg of DMI)

The value of 21.6 (methane conversion rate) is the methane emitted (g CHa/kg intake) per unit of intake
and is derived from experiments on New Zealand dairy cows. It equates to a loss of 6.5% of gross
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energy assuming that the feed has a gross energy concentration of 18.45 MJ/kg DM and gross energy
of methane (enthalpy of combustion) is 55.6 MJ/kg CHaé.

Dairy calves are fed on milk for the first two months of their life (August and September) and it is
assumed that they produce no methane during this period. CHa-enteric-cattie iS S€t to zero for dairy calves
during these months.

As stated in section 4.3, Regional data on dairy cattle populations and productivity (milk yield and
composition) is used to improve accuracy in the inventory.

The annual enteric methane emissions for dairy cattle for all regions and subcategories can be
calculated using the formula below. This formula aggregates the daily methane emissions for each
month and region, and each subcategory of dairy cattle (see appendix 2).

Annual enteric methane emissions in the dairy sector (Equation 6.2)

dairyCH4—enteric = Z z Z POPdairyc,m,r X nOdm X CH4—enteric—cattle

region month class

Where:
dairyCHa-enteric = annual enteric methane emissions for all dairy cattle (kg)
POPdairycm,r = population of dairy animals in subcategory ¢, month m and region r
nodm = number of days in month m

CHa-enteric-cattle = enteric methane emissions per animal per day (kg) for a particular
subcategory of dairy cattle (e.g. mature milking cows, breeding bulls...) in a particular
month and region (equation 6.1)

class refers to the different categories of dairy cattle used in the inventory (as defined
in table 4.1 in section 4.3.1)

month refers to the twelve months of the calendar year.

region refers to the regions used in the dairy inventory (see the beginning of section
4.3)

6.2 Beef

The per-animal production of enteric methane for beef cattle is calculated using the same equation (X,
in section 6.1) used for dairy cattle, with the same value for MCR. DMI is calculated using beef-specific
energy requirement values (set out in section 4.4) and the equation in section 4.1.1, for the different
subcategories of beef cattle (as defined in table 4.2 in section 4.4.1).

Beef calves are fed on milk for the first two months of their life (September and October) and produce
no methane during this period. CHas-enteric-cattie IS Set to zero for beef calves during these months.

The annual enteric methane emissions for beef cattle for all subcategories can be calculated using the
formula below. This formula aggregates the daily methane emissions for each month and subcategory
of beef cattle (see appendix 2).

Annual enteric methane emissions in the beef sector (Equation 6.3)

beefCH4—enteric = Z Z POPbeefc,m X nOdm X CH4—enteric—cattle

month class

Where:

beefCHa-enteric = annual enteric methane emissions for all beef cattle (kg)

€ That is, the methane loss (as a percentage of gross energy) = 21.6/18.45 x 0.0556 x 100% = 6.5%
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POPbeefe.mr = population of beef animals in subcategory c, in month m
nodm = number of days in month m

CHoa-enteric-catte = enteric methane emissions per animal per day (kg) for a particular
subcategory of beef cattle (e.g. slaughter heifers 0-1, breeding mature cows...) in a
particular month (equation 6.1)

class refers to the different categories of beef cattle used in the inventory (as defined in
table 4.2, section 4.4.1)

month refers to the twelve months of the calendar year.

6.3 Sheep

The per-animal production of enteric methane for sheep is calculated using the equations below. For
sheep younger than one year of age, equations 6.4 and 6.6 are used, while for sheep older than one
year of age, equations 6.5 and 6.7 are used.

Lambs are fed on milk for the first two months of their life (September and October) and it is assumed
they produce no methane during this period. CHa-enteric-sheep<1 iS Set to zero for lambs during these
months.

Daily enteric methane emissions per animal — sheep younger than one year of age (Equation 6.4)f

11.705
CH4—enteric,sheep<1 = 1000 x e0-05xFeedmE w p)f[0-734

Where:

CHa-entericsheep<1 = enteric methane emissions per animal per day (kg), for sheep less
than one year of age (e.g. lambs), but older than 2 months

Feedwe = metabolisible energy per kilogram of dry matter for feed (MJ/kg)
DMI = dry matter intake (kg per animal per day) (see section 4.1.1)

Daily enteric methane emissions per animal — sheep older than one year of age (Equation 6.5)9

= 0.765
CHy_enteric,sheep>1 = o X DMI

Where:

CHa-entericsheep>1 = enteric methane emissions per animal per day (kg), for a particular
subcategory sheep greater than one year of age (e.g. dry ewes, mature breeding ewes,
growing breeding sheep, growing non-breeding sheep, wethers, lambs, rams)

DMI = dry matter intake (kg per animal per day) (see section 4.1.1)

The above equations are based on Swainson, Muetzel and Clark (2016). This paper analysed a large
dataset of recent experiments in New Zealand where methane emissions from sheep, fed cutpasture of
varying amounts and quality, were measured in respiration chambers. The meta-analysis confirmed that
DMI has the largest influence on CH4 emissions, and also found that pasture quality (as measured by
metabolisable energy content) had a small but statistically significant effect on emissions from sheep
younger than one year of age.

f The equation displayed here is a re-arranged form of the equation displayed in Swainson, Muetzel and Clark (2016):
Ln(CH,) = 0.734 x In(DMI) + 0.05 x ME + 2.46

9 The equation displayed here is a re-arranged form of the equation displayed in Swainson, Muetzel and Clark (2016):
Ln(CH,) = 0.765 x In(DMI) + 3.09
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The paper concluded that two log-transformed equations (one for sheep younger than one year of age,
and one for sheep older than one year of age) provided the best fit for the data and recommended that
these equations be used in the national inventory (Swainson, Muetzel and Clark, 2016).

The annual methane emissions from all sheep (kt/yr) can be calculated using equations 6.6, 6.7, and

6.8.

Annual enteric methane emissions for lambs (Equation 6.6)

Where:

tOtalCH4—enteric,sheep<1 = Z POPlambm X nOdm X CH4—enteric—sheep<1

month

totalCHa-enteric sheep<t = annual enteric methane emissions for all sheep less than one
year old (kg)

POPlambm = population of lambs in month m
nodm = number of days in month m

CHa-enteric-sheep<1 = enteric methane emissions per lamb per day (kg) in a particular month
m (equation 6.4)

month refers to the twelve months of the calendar year.

Annual enteric methane emissions for sheep greater than one year old (Equation 6.7)

tOtalCH4—enteric,sheep>1 = z Z POPSheepc,m X nOdm X CH4—enteric—sheep>1

Where:

month class

totalCHa-enteric sheep>1 = @annual enteric methane emissions for all sheep greater than one
year old (kg)

POPsheepcm = population of sheep (greater than one year old) in subcategory c, in
month m

nodm = number of days in month m

CHa-enteric-sheep>1 = enteric methane emissions per animal per day (kg) for a particular
subcategory of sheep (e.g. dry ewes, mature breeding ewes...) in a particular month m
(equation 6.5)

class refers to the different subcategories of sheep used in the inventory

month refers to the twelve months of the calendar year.

Annual enteric methane emissions for all sheep (Equation 6.8)

tOtalSheepCH4—enteric = tOtalCH4—enteric,sheep>1 + tOtalCH4—enteric,sheep<1

Where:

totalsheepCHa-enteric = annual enteric methane emissions for all sheep (kg)

totalCHa-enteric sheep>1 = @annual enteric methane emissions for all sheep greater than one
year old (kg) (equation 6.6)

totalCHa-enteric.sheep<1 = annual enteric methane emissions for all sheep less than one
year old (kg) (equation 6.7)
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6.4 Deer

The per-animal production of enteric methane for deer is calculated using the same equation (x, in
section 6.1) used for dairy cattle. However, the methane conversion rate (MCR) is set to 21.25 grams
of methane per kg of DMI. The MCR value for deer is the average of the MCR value currently used for
cattle (21.6 grams of CH4 per kg of DMI) and the (now defunct) MCR value used for adult sheep until
2016 (20.9) (Clark, 2003).

DMI is calculated using deer-specific energy requirement values (set out in section 4.6) and the DMI
equation in section 4.1.1.

Daily enteric methane emissions per animal — deer (Equation 6.9)

M
CHy_enteric—geer = DMI X

Where:

CHoa-enteric-catte = enteric methane emissions per animal per day (kg), for a particular
subcategory of deer (e.g. stags 1-2, breeding hinds...)

DMI = dry matter intake (kg per animal per day) (see section 4.1.1)
MCR = Methane conversion rate (21.25 grams of methane per kg of DMI)

Young hinds and stags are fed on milk for the first 120 days of their life (November to March) and it is
assumed that they produce no methane during this period. CHa-enteric-deer iS Set to zero for newborn hinds
and stags during these months

The annual enteric methane emissions for the deer population for all subcategories can be calculated
using the formula below. This formula aggregates the daily methane emissions for each month and
subcategory of deer (see appendix 2).

Annual enteric methane emissions in the deer sector (Equation 6.10)

deerCHA,—enteric = Z Z Popdeerc,m X nOdm X CH4—enteric—deer

month class

Where:
deerCHoa-enteric = annual enteric methane emissions for all deer (kg)
POPdeercm = population of deer animals in subcategory ¢, in month m
nodm = number of days in month m

CHoa-enteric-deer = enteric methane emissions per animal per day (kg) for a particular
subcategory of deer (e.g. stags 1-2, breeding hinds...) in a particular month m (equation
6.9)

class refers to the different categories of deer used in the inventory

month refers to the twelve months of the calendar year.

6.5 Other livestock sources

Methane produced from enteric fermentation from all other livestock is calculated using the Tier 1
method documented in the 2006 IPCC guidelines. Table 9 shows the other livestock categories which
are calculated in New Zealand and their emission factors and the reference for background information
on the emission factors.

Table 6.1: Enteric fermentation methane emission factors used for all other species

Species Methane (kg CHa/headlyear) Reference
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Goats 7.4 (for 1990) Lassey (2011)

8.5 (for 2009) Lassey (2011)

Swine 1.06 Hill (2012)

Horses 18.0 IPCC default - Table 10.10
2006 IPCC guidelines

Mules and asses 10.0 IPCC default - Table 10.10
2006 IPCC guidelines

Poultry (eg geese, guinea Not estimated IPCC default - Table 10.10

fowl, emus, ostriches etc) 2006 IPCC guidelines

Alpaca 8.0 IPCC default - Table 10.10
2006 IPCC guidelines

IPCC default emission factors are used for horses, mules and asses and alpaca while New Zealand-
derived values are used for goats and swine. These minor species comprised 0.15 per cent of total
enteric CH4 emissions in 2015. For each minor livestock species, the emission factors are multiplied by
the species population (Appendix 16) to obtain the total methane emissions.

6.5.1 Goats

New Zealand uses specific enteric fermentation emission factors of:

e 7.4 kg CHa/head/year for 1990
e 8.5 kg CH4/ head/year for 2009

These emission factors are used based on the changing population characteristics over this period
(Lassey, 2011). From 1990 to 2015 the population declined from 1.06 million goats to 0.08 million goats.
Most of the decline in the herd was in the non-milking goat population (i.e. farmed goats raised for meat
or fur).

For intermediate years between 1990 and 2009, and for 2010 onwards, the emission factor is calculated
based on the estimated proportion of dairy goats in the overall farmed goat population as shown in table
5.6.

These factors are multiplied by goat population data to obtain the total CH4 emissions produced by goats
from enteric fermentation for a given inventory year. This calculation is similar to the equation used to
calculate nitrogen excretion for goats (equation 205, section 5.5.1).

Annual enteric fermentation for goats (Equation 6.11):

Pgoatmilk,y - Pgoatmilk,y—l

Pgoat ik 2000 — Pgoatyik 1990

CH4,goat,y = CH4,goat,y—1 + < ) X (CH4,goat,2009 - CH4,goat,1990)

Where:

CHagoaty = Annual enteric fermentation per goat in year y (kilograms of methane per
year)

CHagoaty-1 = Annual enteric fermentation per goat in previous year y-1 (kilograms of
methane per year)

Pgoatmiky = Proportion of milking goats in total goat population in year y (see equation
5.31, section 5.5.1)

Pgoatmiky-1 = Proportion of milking goats in total goat population in previous year y (see
table 5.6, section 5.6.1)

Pgoatmik,2000 = Proportion of milking goats in total goat population in 2009 ((see table
5.6)
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Pgoatmik,1900 = Proportion of milking goats in total goat population in 1990 (see table
5.6)

CHa goat2000 = Annual enteric fermentation per goat in 2009 (set at 7.4 kilograms of
methane per year)

CHa goat1990 = Annual enteric fermentation per goat in 1990 (set at 8.5 kilograms of
methane per year)

6.5.2 Swine

New Zealand uses a country specific emission factor of 1.06 kg CHas/head/year, which is lower than the
IPCC default of 1.5 kg CHa/head/year.

The New Zealand-specific emission factor was developed by Hill (2012), who used data on the
composition of swine diets to estimate the energy intake of swine. It was found that the average energy
intake of swine in New Zealand was significantly lower than the IPCC default energy intake value for
swine, which justifies the use of the lower emission factor.

This factor is multiplied by swine population data to obtain the total CH4 emissions produced by swine
from enteric fermentation for a given inventory year.

6.5.3 Horses

In the absence of data to develop New Zealand emissions’ factors, the IPCC default value is used to
determine emissions from enteric fermentation from horses (Table 9). This value is multiplied by
population data on horses to obtain the total CHs4 emissions produced by horses from enteric
fermentation for a given inventory year.

6.5.4 Mules and asses

In the absence of data to develop New Zealand emissions’ factors, the IPCC default value is used to
determine emissions from enteric fermentation from mules and asses (Table 9). This value is multiplied
by population data to obtain the total CH4 emissions produced by mules and asses from enteric
fermentation for a given inventory year.

6.5.5 Poultry

New Zealand does not estimate emissions from enteric fermentation of poultry because there is no IPCC
2006 methodology to estimate emissions from this category (Table 9).

6.5.6 Alpacas

The IPCC default value from the IPCC 2006 guidelines (IPCC, 2006) is based on a study carried out in
New Zealand (Table 9). In the absence of further work carried out on alpacas in New Zealand this value
has been used but is yet to be taken on as a country specific value.

This value is multiplied by population data to obtain the total CH4 emissions produced by alpacas from
enteric fermentation for a given inventory year.
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7 Methane and nitrous oxide from manure management

This chapter discusses how emissions from manure management are estimated. The manure
management component of the inventory includes methane and nitrous oxide emissions related to the
handling and decomposition of livestock manure.

Manure management emissions from major livestock species (dairy and beef cattle, sheep and deer)
are estimated using tier 2 methods, while manure management emissions from minor livestock species
(goats, swine, horses, mules and asses, poultry, alpacas) are estimated using tier 1 methods.

7.1 Methane

Livestock manure is composed principally of organic material and water. When manure decomposes in
the absence of oxygen, methanogens produce CH4. The amount of CH4 emissions depends on:

e the amount of manure produced
¢ the amount of faecal dry matter (FDM) contained in the manure
¢ the amount of manure that decomposes anaerobically (i.e., how the manure is stored).

Sections 7.1.1 to 7.1.4 describe how CH4 manure management emissions are estimated for the four
major livestock species. For this tier 2 methodology, calculations of faecal dry matter (FDM) are used.

Based on research performed by Ulyatt (2002a, 2002b), faecal dry matter output (FDM, kg
DM/head/day) is calculated for each of the four major livestock categories (dairy cattle, non-dairy cattle,
sheep and deer) and subcategory (as described in Chapter 4 in tables 4.1, 4.1 4.3, and 4.4) from the
following equation:

Production of daily faecal dry matter per animal (Equation 7.1)
FDM = DMI X (1 — DMD)

Where:
FDM = kilograms of faecal dry matter per animal per day
DMI = dry matter intake (kg per animal per day) (see section 4.1.1)
DMD = dry matter digestibility (see appendix 3 and 9)

7.1.1 Dairy

Prior to the 2019 inventory submission, the inventory assumed that 6 per cent of the manure produced
by lactating cattle is deposited onto pads prior to and during milking and stored in anaerobic lagoons
(Ledgard & Brier, 2004). With changing trends in dairy cattle effluent management, the inventory now
assumes that after 2015, 8.5 per cent of the manure produced by lactating cattle is apportioned to
manure management systems (Rollo, Ledgard and Longhurst, 2018) (see table 7.1).

A Tier 2 equation derived from 2006 IPCC guidelines (equations 10.23 and 10.24) linking volatile solids
to FDM is used for calculating methane emissions from anaerobic lagoons (CHaaL). This equation only
applies to mature milking cows.

Calculation of methane from anaerobic lagoons for dairy cattle (Equation 7.2)
CH4AL—dairy = FDM X (1 - ASH) X BO X 0.67 X MCF X MSAL,CH‘I—,y

Where:

CHoaaL-dairy = amount of methane produced per dairy animal from anaerobic lagoons per
day (kg)

Ministry for Primary Industries Detailed methodologies for agricultural greenhouse gas emission calculation ® 125



FDM = kilograms of faecal dry matter per animal per day

ASH = Ash content of manure, assumed to be 0.08 (IPCC default value)

Bo = Maximum methane-producing capacity of manure, 0.24 (IPCC, 2006)
MCF = Methane conversion factor, 0.74 (IPCC, 2006)

MSaL,cHay = fraction of total annual dairy manure excreted in anaerobic lagoons in year
y. Table 7.1 shows the value for each year for mature milking cows which for 2017 was
equal to 8.5%. For all other animal classes, this is set to 0%.

The 0.67 value in this equation represents the conversion factor used to convert cubic metres of CHa to
kilograms of CHa4". The value used for Bo is the IPCC Oceania default value which was verified by Pratt
et al., 2012). The value for MCF is the IPCC default value for uncovered anaerobic lagoon at an annual
temperature of 15°C which was also verified by Pratt et al., 2012).

Table 7.1 shows the annual proportion of mature milking cattle manure distributed between managed
manure systems i.e. anaerobic lagoons, and directly onto pasture. The second column, MSaL cHs4
represents the proportion of mature milking cattle excreta that is deposited specifically to anaerobic
lagoons (MSaL.chay). The third column presents the remaining proportion of mature milking cattle manure
that is not deposited in anaerobic lagoons, i.e. the proportion which is deposited directly on pasture

(MSprp).

Table 7.1: Annual proportion of mature milking cattle manure between management systems

Year
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016

Trends project MM: p
5.779%
5.779%
5.779%
5.779%
5.779%
5.779%
5.779%
5.779%
5.779%
5.779%
5.779%
5.779%
5.779%
5.779%
5.779%
5.838%
5.906%
5.993%
6.109%
6.264%
6.466%
6.726%
7.052%
7.455%
7.942%
8.525%
8.525%

1- MM:p
94.221%
94.221%
94.221%
94.221%
94.221%
94.221%
94.221%
94.221%
94.221%
94.221%
94.221%
94.221%
94.221%
94.221%
94.221%
94.162%
94.094%
94.007%
93.891%
93.736%
93.534%
93.274%
92.948%
92.545%
92.058%
91.475%
91.475%

" 1mol of CH4 at NTP = 24.0548L and 16.044g. Thus 1m3 CH4 =0.66697 or 0.67.
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2017 8.525% 91.475%

Most FDM (e.g. 91.5% for 2017 as shown in Table 7.1 from mature milking cows, and 100% from
growing heifers and breeding bulls) from the New Zealand dairy herd is deposited onto pasture (Ledgard
& Brier, 2004). The following equation is used to calculate methane emissions from FDM deposited on
pasture (CHaprp in kg (CHa)/head/day):

Calculation of methane from FDM deposited onto pasture (Equation 7.3)

CHyprp-dairy = FDM X MSpgp X Y,

Where:

CHaprp-dairy = amount of methane produced per animal per day from FDM deposited on
pasture (kg)

FDM = kilograms of faecal dry matter per animal per day

MSprp = proportion of manure excreted on pasture, by mature milking cows, as shown
in table 7.1, column 3 from section 7.1.1.

Ym = Methane yield value, currently set at 0.00098198 kg CHa/kg FDM (Sherlock et al.,
2003; Saggar et al., 2003)

The methane yield value of 0.00098198 kg CHa4/kg FDM was determined from studies by Sherlock et al
(2003) and Saggar et al. (2003). For more details on this calculation see table 7.1 in section 7.1.4.

The total annual manure management methane emissions for dairy cattle for all subcategories can be
calculated using the formulae below. These formulae aggregate the daily methane emissions for the
twelve months of the year and for all subcategories of dairy cattle (see appendix 2).

Total annual manure management methane emissions from anaerobic lagoons in the dairy sector
(Equation 7.4)

dairyCH,_,;, = Z Z Z (POPmMmMc,,, X n0dy X CHypp—aairymyr)

region month class

Where:

dairyCHa-aL = annual manure management methane emissions from anaerobic lagoons
for all dairy cattle (kg)

POPmmcm = population of mature milking cows in month m and region r
nodm = number of days in month m

CHaaL-daiy,m = amount of methane produced per dairy animal per day from anaerobic
lagoons per day in month m and region r (kg)

class refers to the different categories of dairy cattle used in the inventory
month refers to the twelve months of the calendar year.

region refers to the regions used in the dairy inventory (see the beginning of section
4.3)

Total annual manure management methane emissions from FDM deposited onto pasture for dairy cattle
(Equation 7.5)

dairyCH,_pgp = Z Z Z (POPdairyC,m,‘r‘ X nodpy X CH4PRP—dairy,m,r)

region month class
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Where:

dairyCHas.prp = annual manure management methane emissions from pasture range
and paddock for all dairy cattle (kg)

POPdairycemr = population of dairy animals in subcategory ¢, month m and region r
nodm = number of days in month m

CHoaprp-dary = amount of methane produced per dairy animal per day from FDM
deposited onto pasture in month m and region r (kg)

class refers to the different categories of dairy cattle used in the inventory
month refers to the twelve months of the calendar year.

region refers to the regions used in the dairy inventory (see the beginning of section
4.3)

Annual manure management methane emissions in the dairy sector (Equation 7.6)

dairyCH,_ymm = dairyCH,_,; + dairyCH,_pgrp

Where:
dairyCHsmm = annual manure management methane emissions for all dairy cattle (kg)

dairyCHa-aL = annual manure management methane emissions from anaerobic lagoons
for all dairy cattle (kg)

dairyCHas-prp = annual manure management methane emissions from pasture range
and paddock for all dairy cattle (kg)

7.1.2 Beef

For beef cattle, 100% of FDM is spread onto pasture. Methane emissions from manure management
are calculated for all subcategories of beef cattle using the following equation.

Calculation of methane emissions from FDM deposited onto pasture for beef cattle (Equation 7.7)

CHyprp—peer = FDM X Yy,

Where:

CHoaprp-beet = amount of methane produced per beef animal per day from FDM deposited
on pasture (kg/day)

FDM = kilograms of faecal dry matter per animal per day
Ym = Methane yield value, currently set at 0.00098198 kg CHa/kg FDM

The methane yield value of 0.00098198 kg CH4/kg FDM was determined from trials by Sherlock et al
(2003) and Saggar et al (2003). For more details on this calculation see table 7.1 in section 7.1.4.

The total annual manure management methane emissions for beef cattle for all subcategories can be
calculated using the formula below. This formula aggregates the daily methane emissions for the twelve
months of the year and for all subcategories of beef cattle (see appendix 2).
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Annual manure management methane emissions in the beef sector (Equation 7.8)

beefCH,_ ., = Z Z (POPbeef,p X n0dy, X CHyppp—pecs)

month class

Where:
beefCH4-mm = annual manure management methane emissions for all beef cattle (kg)
POPbeef.m = population of beef animals in subcategory c, in month m
nodm = number of days in month m

CHoaprpr-beet = manure management methane emissions per animal per day (kg) for a
particular subcategory of beef cattle (e.g. slaughter heifers 0-1, breeding mature
cows...) in a particular month m (see equation 7.7)

class refers to the different categories of beef cattle used in the inventory

month refers to the twelve months of the calendar year.

7.1.3 Sheep

For sheep, 100% of FDM is spread onto pasture. Methane emissions from manure management are
calculated for all subcategories of sheep using the following equation.

Calculation of methane from FDM deposited onto pasture (Equation 7.9)

CH4PRP—sheep = FDM X Ymsheep

Where:

CHaprp-sheep = amount of methane produced per animal per day from FDM deposited on
pasture (kilograms)

FDM = kilograms of faecal dry matter per animal per day (equation 7.1)

Ymsheep = Methane yield value, currently set at 0.000691 kilograms of methane per
kilogram of FDM

The methane yield value of 0.000691 kg CHs/kg FDM was determined from a study by Carran et al
(2003). FDM is calculated using equation 7.1 (section 7.1), using sheep-specific values for DMI
(calculated in equation 4.1, section 4.1.1) and DMD (found in appendix 9).

The total annual manure management methane emissions for sheep for all subcategories can be
calculated using the formula below. This formula aggregates the daily methane emissions for the twelve
months of the year and for all subcategories of sheep (see appendix 2).

Annual manure management methane emissions in the sheep sector (Equation 7.10)

sheepCH,y 1y = Z Z (POPsheepC,m X nod,, X CH4PRP_sheep)

month class

Where:
sheepCHa4.mm = annual manure management methane emissions for all sheep (kg)
POPsheepcm = population of sheep in subcategory c, in month m

nodm = number of days in month m
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CHoaprr-sheep = manure management methane emissions per animal per day (kg) for a
particular subcategory of sheep (e.g. mature breeding ewes, lambs...) in a particular
month m (see equation 7.9)

class refers to the different categories of sheep used in the inventory

month refers to the twelve months of the calendar year.

7.1.4 Deer

For deer, 100% of FDM is spread onto pasture. Methane emissions from manure management are
calculated for all subcategories of deer using the following equation.

Calculation of methane from FDM deposited onto pasture (Equation 7.11)

CHyprp—geer = FDM X Yipgeer

Where:

CHuaprp-deer = amount of methane produced per animal per day from FDM deposited on
pasture (kilograms)

FDM = kilograms of faecal dry matter per animal per day (equation 7.1)

Ymdeer = Methane yield value, currently set at 0.000914788 kilograms of methane per
kilogram of FDM

The methane yield value of 0.000914788 kg CHa/kg FDM was determined by calculating the average of
a set of studies by Carran et al (2003), Sherlock et al (2003) and Saggar et al (2003). The information
separated by green and blue curly bracketed rows in the following table explains how this value (as well
as the Ym value for cattle) was calculated.

Figure 7.1: calculation of manure management methane emission factors for cattle and deer

CH4 emitted CH4 emitted
Animal per kilogram of  per kilogram of
measured  Study name/description dung-carbon dung _
Massey D3 (Saggar et al
. . Cattle (2003)) 2.6613 1.059204
verage o
three Cattle ZSZZ(;;/ o (Saseer et 2.4721 0.983907 Average
measures used ' ' of all five
for cattle Cattle Sherlock et al (2003) 2.2684 0.902829 measures
Shee High value of Carran et al used for
P 2003) 3.2610 1.288000 deer
Shee Low value of Carran et al
P 2003) 0.9390 0.340000
Average f)f_ first three measurements 2 4672667 0.98198
(cattle emission factor)
Average of all five measurements (deer 532036 0.914788

emission factor)

The average of five measurements from three studies were used to calculate Ymdeer, and the average of
the measurements by the Saggar and Sherlock studies were used to calculate Ym for cattle. The last
two rows in the above figure represent the high and low measurement values from the study by Carran
et al (2003)'.

" Data from the full set of measurements by Carran are on table 1, page 8 of Carran et al. (2003). The average of these five values
are used as the Ymsneep (Manure management methane sheep yield) value
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FDM is calculated using equation 7.1 (section 7.1), using deer-specific values for DMI (calculated in
equation 4.1, section 4.1.1) and DMD (found in appendix 9).

The total annual manure management methane emissions for deer for all subcategories can be
calculated using the formula below. This formula aggregates the daily methane emissions for the twelve
months of the year and for all subcategories of deer (see appendix 2).

Total annual manure management methane emissions in the deer sector (Equation 7.12)

deerCHy_pmm = Z Z (POPdeerC,m X nod,, X CH4PRP_deeT)

month class

Where:
deerCHa-mm = annual manure management methane emissions for all deer (kg)
POPdeercm = population of deer in subcategory c, in month m
nodm = number of days in month m

CHoaprr-deer = manure management methane emissions per animal per day (kg) for a
particular subcategory of deer (e.g. breeding hinds, stags aged 0-1...) in a particular
month m (see equation 7.11)

class refers to the different categories of deer used in the inventory

month refers to the twelve months of the calendar year.

7.1.5 Other livestock sources

Calculations for methane from manure management for all other livestock sources follow the IPCC tier
1 default calculations.

Calculation of total annual methane from manure management for minor livestock species (Equation
7.13)

minorCH,_pm— = MEF, X POPminor,

Where:

minorCHa-mm-c = annual amount of methane produced per animal per day from manure
management, for minor animal species c (kilograms)

MEF. = Manure management emission factor for minor animal species c (kilograms of
methane per animal per year) (see table 7.1)

POPmMinor: = population of minor livestock species ¢ (from APS)

Values of MEF. for a particular livestock species can be found in table 7.1, while annual livestock
population values are sourced from the agricultural production survey. Further explanations for the MEF.
values for specific livestock species are below.

7.1.5.1 Goats and Horses

New Zealand-specific emission factors are not available for CH4 emissions from manure management
for goats and horses. These are minor livestock categories in New Zealand and IPCC default emission
factors are used to calculate emissions. All faecal material from goats and horses is deposited directly
onto pastures.

7.1.5.2 Swine

New Zealand uses a country specific emission factor of 5.94 CHa/head/year (Hill, 2012) for estimating
emission from swine manure management. This is based on New Zealand specific proportions of swine
faeces in manure management systems.
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7153  Poultry

Methane emissions from poultry manure management use New Zealand specific emission factor values.
These are based on New Zealand specific volatile solids and proportions of poultry faeces in each
manure management system for each production category. The poultry population in New Zealand has
been divided into three different categories (based on production systems) and the manure management
systems of Appendix 17 are used to infer the methane emission factors for each category.

7.1.54  Alpaca

There is no IPCC default value available for CH4 emissions from manure management for alpacas.
Therefore, this was calculated by assuming a default CH4 emission from manure management value for
alpacas for all years that is equal to the per head value of the average sheep in 1990 (i.e. total sheep
emissions/total sheep population). The alpaca emission factor is not indexed to sheep over time
because there is no data to support that alpacas had the same level of productivity increases that have
been seen in sheep.

Table 7.1: Manure management emission factors for Tier 1 calculations for methane from manure management from
non - key source livestock species

Species Methane (kg CHs/head/year) Reference

Goats 0.20 Table 10.15 2006 IPCC guidelines
Swine 5.94  Hill, 2012

Horse 2.34 Table 10.15 2006 IPCC guidelines

1.1 Table 10.15 Revised 2006 IPCC
guidelines

0.022 Ficketal., 2011

Mules and asses

Broilers

Layers 0.016 Fick etal., 2011

Other poultry (eg geese, guinea fowl, emus, 0.117  Ficketal,, 2011
ostriches etc)

0.091 New Zealand specific value assumed
to be the same as sheep in1990

Alpaca

7.2 Nitrous oxide

In New Zealand, dairy cattle, poultry and swine are the only livestock categories that use waste
management systems other than pasture range and paddock, and are the only sources of nitrous oxide
(N20) emissions from manure management. These emissions can be classified as either direct
(generated by nitrification and denitrification of nitrogen contained in manure (IPCC, 2006) or indirect
(from volatilised or leached N).

Nitrous oxide emissions from manure deposited directly onto pasture (Pasture Range and Paddock, or
PR&P) are reported in the Agricultural Soils section of the inventory, and are explained further in Chapter
8.

7.2.1 Direct nitrous oxide emissions

Direct N2O emissions from livestock are determined by the amount of nitrogen excreted from an animal
as well as the emissions produced by the manure management system that the animal manures are
stored in, including the unmanaged direct deposition on pastureland. The proportion of manure from
each livestock species in each animal manure management system (MMS) is detailed in Appendix 17.

To calculate emissions for this category, the total Nex from each livestock species for each MMS is
summed and the system-specific emission factor is applied.
7.21.1  Dairy

A small proportion of dairy manure is managed in anaerobic lagoons (see table 7.1 in section 7.1.1 and
appendix 18). The IPCC (2006) Guidelines note that the production of emissions of direct N2O from
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managed manure requires aerobic conditions for the formation of oxidised forms of N, but assumes that
negligible direct N2O emissions occur during storage in anaerobic lagoons (IPCC, 2006, table 10.21).
Based on this the emission factor for N2O emissions from waste in anaerobic lagoons (EFzaL) is set to
zero, and it is assumed that there are no direct nitrous oxide emissions from manure management for
dairy cattle.

Direct N2O emissions from stored effluent spread onto agricultural land are reported under the
Agricultural Soils category (Organic nitrogen fertilisers (CRF 3.D.1.2)).

7.2.1.2 Swine

Waste from swine is distributed across five different animal waste management systems. More details
on these systems, the proportions of waste distributed to these systems and the direct emissions factor
associated with these systems are detailed in the table below. Nitrous oxide emissions from swine
manure deposited directly onto pasture (Pasture Range and Paddock, or PR&P) are calculated in the
Agricultural Soils section of the inventory, and are explained further in Chapter 8.

Table 7.2: Manure management systems and emission factors used for swine

Name of waste Percentage of swine Short name of direct Value of direct N20 Proportion of managed
management system waste deposited in N20 manure manure management  manure which

system management emission  emission factor used volatilises as NHs and

factor in inventory NOx

Anaerobic lagoon 20.5 EFsaL 0 Fraccasms(aL_swine)=0.40
Daily spread 25.7 EF3paiys 0 Fraceasms(ps_swiney=0.07
Pasture - range  and 8.9 (calculated in agricultural soils chapter)
paddock '
Solid storage and 42.5 EF3ssp 0.02 Fraccasms(sssn_swine)=0.3
drylot
Other  management 24 EFsotHer 0.005 Fracgasms(other_swine)
systems

=0.25

Total direct emissions from manure management for swine are determined by adding the nitrous oxide
caused by waste in the different manure management systems

Direct manure management nitrous oxide emissions per animal from swine (Equation 7.14)

44
mmNZ ODirect,swine,y = Z (Nex,swine,y X Pmmsswine,x X EFS,x X 2_8)
x

Where:

MMN20birect,swiney = annual direct nitrous oxide emissions from manure management
per pig in year y (kilograms of nitrous oxide per year)

Nex,swiney = Annual nitrogen excretion per pig in year y (kilograms of nitrogen per year)

Pmmsswinex = Proportion of swine waste deposited in manure management system x
(see table 7.2 above)

EFsx = direct N2O manure management emission factor for manure management
system x (see table 7.2 above)

x refers to the different manure management systems used for swine (e.g. anaerobic
lagoon, daily spread...)

The fraction 44/28 is used to convert nitrogen to nitrous oxide.
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The emission factor for N2O emissions from waste in anaerobic lagoons (EFsaL) is set to zero, and it is
assumed that there are no direct nitrous oxide emissions from manure management for swine. Direct
N20 emissions from dairy effluent anaerobic lagoons are reported under the Agricultural Soils category
when the stored effluent is spread onto agricultural land.

The per-animal value for swine (calculated in equation 7.2 above) can be multiplied by the swine
population to calculate the total direct manure management N2O emissions from swine.

Total direct manure management nitrous oxide emissions from swine (Equation 7.15)

tOtmmNZODirect,swine,y = mmNZODirect,swine,y X POPSWlney

Where:

totmmN20Opirect swine,y = @nnual direct nitrous oxide emissions from manure management
for all swine in year y (kilograms of nitrous oxide per year)

MMN20birect,swiney = annual direct nitrous oxide emissions from manure management
per pig in year y (kilograms of nitrous oxide per year)

POPswiney = swine population in year y

7.2.1.3 Poultry

Direct N2O manure management emissions from poultry are calculated using different parameters for
Broilers, Layers and Other poultry.

Direct manure management nitrous oxide emissions per animal from broilers (Equation 7.16)

44
mmNZODirect,broiler = WNex,broiler X Pmmsbroiler,other X EF3,poultry X 2_8

Where:

MMN20birect,broiler = annual direct nitrous oxide emissions from manure management per
broiler chicken (kilograms of nitrous oxide per year)

Nexbroiler = Annual nitrogen excretion per broiler chicken (set at 0.39 kilograms of
nitrogen per year — see section 5.5.2)

Pmmsuroierx = Proportion of broiler waste deposited in other manure management
systems (set at 0.95)

EFs3 poutry = direct N2O manure management emission factor for poultry in other manure
management systems x (set at 0.001 for all poultry)

Direct manure management nitrous oxide emissions per animal from layers (Equation 7.17)

44
mmNZ ODirect,layer = Nex,layer X Pmmslayer,other X EF3,poultry X ﬁ

Where:

mMMN20birect,layer = @nnual direct nitrous oxide emissions from manure management per
layer hen (kilograms of nitrous oxide per year)

Nexjayer = Annual nitrogen excretion per layer hen (set at 0.42 kilograms of nitrogen per
year — see section 5.5.2)

Pmmsiayerx = Proportion of Layer waste deposited in other manure management
systems (set at 0.94)

EFs poury = direct N2O manure management emission factor for poultry in other manure
management systems x (set at 0.001)
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Direct manure management nitrous oxide emissions per animal from Other poultry (Equation 7.18)

44
mmNZODirect,other = WNex, other X Pmmsother,other X EFS,poultry X %

Where:

MmN20birect other = @annual direct nitrous oxide emissions from manure management per
poultry animal classified as other (kilograms of nitrous oxide per year)

Nex.other = Annual nitrogen excretion per layer hen (set at 0.60 kilograms of nitrogen per
year — see section 5.5.2)

Pmmsiayerx = Proportion of other poultry waste deposited in other manure management
systems (set at 0.97)

EFs3 pouttry = direct N2O manure management emission factor for poultry in other manure
management systems x (set at 0.001)

The per-animal emission values for the three categories of poultry (calculated in the three equations
7.16, 7.17, 7.18 above) can be multiplied by population estimates to calculate the total direct manure
management nitrous oxide emissions from poultry.

Total direct manure management nitrous oxide emissions from poultry (Equation 7.19)

tOtmmNZ ODirect,poultry,y

= (mmNZODirect,broiler,y X POPpoultTybroiler,y)
+ (mmNZODirect,layer,y X POPpoultTYIayer,y)

+ (mmNZODirect,other,y X POPpoultTYOther,y)

Where:

totmmN20Dbirect,pouttry,y = @annual direct nitrous oxide emissions from manure management
for all poultry in year y (kilograms of nitrous oxide per year)

MMN20birect,broiler = aNNual direct nitrous oxide emissions from manure management per
broiler chicken (kilograms of nitrous oxide per year)

POPpoultrybroilery = broiler population in year y (from APS)

mMMN20birect,layer = @nnual direct nitrous oxide emissions from manure management per
layer hen (kilograms of nitrous oxide per year)

POPpoultryiayery = layer population in year y (from APS)

mMmN20pirect.other = @annual direct nitrous oxide emissions from manure management per
poultry animal classified as other (kilograms of nitrous oxide per year)

POPpoultryothery = population of other poultry in year y (from APS)

7.2.2 Indirect nitrous oxide emissions

Indirect N2O emissions from manure management result from diffusion of nitrogen (N) into the
surrounding air (volatilisation) and water (leaching and runoff). This N can then subsequently be emitted
as N20. New Zealand uses the IPPC (2006) Tier 1 methodology for calculating indirect N2O emissions
resulting from N volatilisation from manure management systems.

The IPCC (2006) guidelines provides methodology for estimating leaching and runoff for solid storage
and feedlots. However, since New Zealand does not have solid storage or feedlot manure management
systems (T Wilson, pers. Comm., 2014), leaching from manure management systems (other than
pasture range and paddock) is assumed not to occur.

Ministry for Primary Industries Detailed methodologies for agricultural greenhouse gas emission calculation ® 135



As stated earlier, N2O emissions from manure deposited directly onto pasture (Pasture Range and
Paddock, or PR&P) are reported in the Agricultural Soils section of the inventory, and are explained
further in chapter 8.

7.2.21  Dairy

A proportion of dairy manure stored in anaerobic lagoons volatilises into NHsz and NOx, which is later
emitted as N20. As mentioned earlier, only mature milking cows (lactating cattle) deposit part (as shown
in table 7.1 from section 7.1.1) of their manure onto storage or feed pads, which is then stored in
anaerobic lagoons. This means that only mature milking cows have N20 emissions from manure
management, and the equation below only applies to this subcategory of dairy cattle.

Indirect manure management nitrous oxide emissions from dairy cattle (Equation 7.20)

44
mmNZOindirect,dairy,m,R = Nex,m,R,mm X MSAL,NZO X EF4 X FraCGasMS(ALdairy) X ﬁ

Where:

MMN20indirect,dairy,m,r = indirect nitrous oxide emissions from manure management per
milking cow per day in month m and region R (kilograms of nitrous oxide per day)

NexmRrRmm = nitrogen excretion per mature milking cow in month m and region R
(kilograms of nitrogen per day — see section 5.1)

MSaLnzoy = fraction of total annual dairy manure excreted in anaerobic lagoons in year
y, see table 7.1 for annual values.

EF4 = Emission factor for N2O emissions from volatilisation. The IPCC (2006) default
value of 0.01 kg N20O-N/(kg NHs-N + NOx-N volatilised) is used

Fraccasms(aL_dairy) = proportion of managed manure which volatilises as NHs and NOx for
dairy anaerobic lagoons. (uses default value of 0.35, detailed in Table 7.3).

The fraction 44/28 is used to convert nitrogen to nitrous oxide.

The annual amount of indirect manure management N2O emissions from all milking cows can be
calculated by multiplying the daily per cow emissions by the mature milking cow population in each
region and month, and aggregating this value across the different months of the year and regions used
in the inventory.

Annual indirect manure management N.O emissions in the dairy sector (Equation 7.21)

TOTmmNZ Oindirect,dairy = Z Z POPmmCm,R X nOdm X mmNZ Oindirect,dairy,m,R

region month

Where:

TOTmmMN20indirectdairy = Total annual indirect nitrous oxide emissions from manure
management from the dairy industry (kilograms of nitrous oxide)

POPmMmcmr = population of mature milking cows in month m and region R (see section
3.1.1)

nodm = number of days in month m

MMN20indirect,dairym,r = indirect nitrous oxide emissions from manure management per
milking cow per day in month m and region R (kilograms of nitrous oxide per day)

month refers to the twelve months of the calendar year.

region refers to the regions used in the dairy inventory (see the beginning of section
4.3)

136 e Detailed methodologies for agricultural greenhouse gas emission calculation Ministry for Primary Industries



7.2.2.2 Swine

Waste from swine is distributed across five different animal waste management systems. More details
on these systems, the proportions of waste distributed to these systems and the direct emissions factor
associated with these systems are detailed table 7.2. Nitrous oxide emissions from swine manure
deposited directly onto pasture (Pasture Range and Paddock, or PR&P) are calculated in the Agricultural
Soils section of the inventory, and are explained further in Chapter 8.

Total indirect emissions from manure management for swine are determined by adding the nitrous oxide
caused by volatilisation of waste in the different manure management systems.

Direct manure management nitrous oxide emissions per animal from swine (Equation 7.22)

44
mmNZ Oindirect,swine,y = Z (Nex,swine,y X Pmmsswine,x X EF4 X FraCGasMS(xswine) X %)
x

Where:

MMN20indirect, swine,y = @annual indirect nitrous oxide emissions from manure management
per pig in year y (kilograms of nitrous oxide per year)

Nex swiney = Annual nitrogen excretion per pig in year y (kilograms of nitrogen per year)

Pmmsswinex = Proportion of swine waste deposited in manure management system x
(see table 7.2 above)

EF4 = Emission factor for N2O emissions from volatilisation. The IPCC (2006) default
value of 0.01 kg N20O-N/(kg NHs-N + NOx-N volatilised) is used

Fraccasmsx_swine) = proportion of managed manure which volatilises as NHz and NOx
used for manure management system x. (see tables 7.2 or 7.3 for values).

x refers to the different manure management systems used for swine (e.g. anaerobic
lagoon, daily spread...)

The per-animal value for swine (calculated in equation 7.22 above) can be multiplied by the swine
population to calculate the total indirect manure management nitrous oxide emissions from swine.

Total indirect manure management nitrous oxide emissions from swine (Equation 7.23)

tOtmmNZOindirect,swine,y = mmNZOindirect,swine,y x POPSWlney

Where:

totmmN20indirectswiney = annual indirect nitrous oxide emissions from manure
management for all swine in year y (kilograms of nitrous oxide per year)

MMN20indirect,swine,y = @annual indirect nitrous oxide emissions from manure management
per pig in year y (kilograms of nitrous oxide per year)

POPswiney = swine population in year y

7.2.2.3 Poultry

Indirect N20 manure management emissions from poultry are calculated using different parameters for
Broilers, Layers and Other poultry.

Indirect manure management nitrous oxide emissions per animal from broilers (Equation 7.24)

44
mmNZ Oindirect,broiler = WNex broiler X Pmmsbroiler,other X EF4— X FraCGasMS(poultry) X %

Where:
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MMN20indirect,broiler = @annual indirect nitrous oxide emissions from manure management
per broiler chicken (kilograms of nitrous oxide per year)

Nexbroiier = Annual nitrogen excretion per broiler chicken (set at 0.39 kilograms of
nitrogen per year — see section 5.5.2)

Pmmsuroierx = Proportion of broiler waste deposited in other manure management
systems (set at 0.95)

EF4 = Emission factor for N2O emissions from volatilisation. The IPCC (2006) default
value of 0.01 kg N20O-N/(kg NHs-N + NOx-N volatilised) is used

Fraccasms(roultry) = proportion of managed manure which volatilises as NHsz and NOx for
poultry (set at 0.25).

Indirect manure management nitrous oxide emissions per animal from Layers (Equation 7.25)

44

mmN, Oingirectiayer = Nexlayer X PMMSiayer other X EFy X FraCGasMS(poultry) X 28

Where:

MMN20indirectlayer = annual indirect nitrous oxide emissions from manure management
per layer hen (kilograms of nitrous oxide per year)

Nexlayer = ANnual nitrogen excretion per layer hen (set at 0.42 kilograms of nitrogen per
year — see section 5.5.2)

Pmmsiayerx = Proportion of Layer waste deposited in other manure management
systems (set at 0.94)

EF4 = Emission factor for N2O emissions from volatilisation. The IPCC (2006) default
value of 0.01 kg N20-N/(kg NHs-N + NOx-N volatilised) is used

Fraccasms(roultry) = proportion of managed manure which volatilises as NHs and NOx for
poultry (set at 0.25).

Indirect manure management nitrous oxide emissions per animal from other poultry (Equation 7.26)

44
mmNZ Oindirect,other = WNex,other X Pmmsother,other X EF4 X FraCGasMS(poultry) X %

Where:

MMN20indirect,other = annual indirect nitrous oxide emissions from manure management
per poultry animal classified as other (kilograms of nitrous oxide per year)

Nex.other = Annual nitrogen excretion per layer hen (set at 0.60 kilograms of nitrogen per
year — see section 5.5.2)

Pmmsiayerx = Proportion of other poultry waste deposited in other manure management
systems (set at 0.97)

EF4 = Emission factor for N2O emissions from volatilisation. The IPCC (2006) default
value of 0.01 kg N20-N/(kg NHs-N + NOx-N volatilised) is used

Fraccasms(roultry) = proportion of managed manure which volatilises as NHs and NOx for
poultry (set at 0.25).

The per-animal emission values for the three categories of poultry (calculated in the three equations
7.24,7.25, 7.26 above) can be multiplied by population estimates to calculate the total indirect manure
management nitrous oxide emissions from poultry.
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Total indirect manure management nitrous oxide emissions from poultry (Equation 7.27)

tOtmmNZ Oindirect,poultry,y
= (mmNZOindirect,broiler,y X POPpoultrybroiler,y)
+ (mmNZOindirect,layer,y X POPpoultrylayer,y)

+ (mmNZOindirect,other,y X POPpoultryother,y)

Where:

totmmN2Oindirectpouttryy = annual indirect nitrous oxide emissions from manure
management for all poultry in year y (kilograms of nitrous oxide per year)

MMN20indirect broiler = @annual indirect nitrous oxide emissions from manure management

per broiler chicken (kilograms of nitrous oxide per year)

POPpoultrybrilery = broiler population in year y (from APS)

MMN20indirectlayer = annual indirect nitrous oxide emissions from manure management

per layer hen (kilograms of nitrous oxide per year)

POPpoultryiayery = layer population in year y (from APS)

MMN20indirect,other = annual indirect nitrous oxide emissions from manure management

per poultry animal classified as other (kilograms of nitrous oxide per year)

POPpoultryothery = population of other poultry in year y (from APS)

Table 7.3: Values for the fraction of manure that volatilises as NHs and NOx (Fraceasms/100) for livestock category per

manure management system in New Zealand.

Manure management Livestock Value Reference
system category
Anaerobic lagoons Dairy 0.35
Swine 0.4
Daily spread Swine 0.07
Solid storage and dry lot Swine 0.3
IPCC (2006), table
10.22
Other Swine 0.25
Poultry - boilers 0.25
Poultry - layers 0.25
Poultry - other 0.25
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8 Nitrous oxide emissions from agricultural soils

Several sources contribute to N2O emissions from agricultural soils, from both direct and indirect
pathways (see figure 5.5.1). Direct N2O emissions come directly from the soils to which nitrogen has
been added or released. Indirect emissions come from the volatilisation (evaporation or sublimation) of
nitrogen from the land. A fraction of this volatilised nitrogen returns to the ground during rainfall and is
then re-emitted as N20. Indirect emissions also arise from leaching and runoff of nitrogen (IPCC, 2006).

New Zealand uses a combination of default and country-specific emission factors and parameters to
calculate N2O emissions from agricultural soils.

N20-Ni emissions are calculated for each source and then converted to N2O emissions for reporting
purposes by multiplying by 44/28. Nitrous oxide emissions for each source are then added together to
produce the total amount of direct N2O emissions from Agricultural soils.

Figure 8.1 shows that there are six main sources of direct and indirect N2O emissions from Agricultural
Soils:

e Synthetic fertilisers

e Organic fertilisers

e Urine and dung from grazing animals

e Crop residues

¢ Nitrogen mineralisation

e Cultivation of organic soils

All six of these sources generate direct N2O emissions, but only the first five generate indirect emissions
from leaching and runoff. Only the first three sources listed here generate emissions from volatilisation.

I NLO-N refers to the mass of nitrogen in molecules of N,O.

140 e Detailed methodologies for agricultural greenhouse gas emission calculation Ministry for Primary Industries



Figure 8.1: Sources of nitrous oxide emissions from agricultural soils
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The next two figures more detail on the generation of emissions from two of these sources. Figure 8.2
shows the pathways in which nitrous oxide can be formed from the application of nitrogen fertiliser.
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Figure 8.2: Flow chart depicting direct and indirect sources of N.O from fertiliser usage in
New Zealand agriculture
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Figure 8.3 shows the pathways that lead to N2O from livestock manure. The majority of the nitrogen
excreted follows the left hand pathway and is deposited on pasture. This includes almost all nitrogen
from dairy cattle (95%) and all nitrogen from beef cattle, sheep, deer, horses, goats and alpaca. A small
portion of nitrogen from swine and poultry is also deposited onto pasture, the rest entering other manure
management systems. The pathway on the right of the diagram shows the nitrogen entering manure
management systems.

The amount of nitrogen excreted from dairy cattle, beef cattle, sheep, deer and other animal species
are determined in Section 5. The nitrogen excreted from goats, horses, alpaca, swine and poultry are
as detailed in Table 5.1. Full details of proportions of nitrogen in each animal manure management
system (MMS) for all livestock species are summarised in Appendix 17.
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Figure 8.3: Flow chart of the current IPCC national NO inventory methodology showing N.O
emissions from cattle, sheep and deer excreta for pastoral agriculture in NZ.
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Note: Emissions from daily spread of swine manure are included with Excreta N deposited during grazing

8.1 Direct agricultural soils emissions

As stated earlier, there are six main sources of direct N2O emissions from Agricultural Soils. Section 8.1
goes through the calculation of each of these direct emissions sources. The basic form of the equation
used to calculate direct emissions is below:

Direct N.O emissions from generic nitrogen source (Equation 8.1):

44
N,Odirecty = 28 X N X EF

Where:
N20directn = Direct N2O emissions from nitrogen applied to soil (kg N20)
44/28 = molecular conversion factor, used to convert nitrogen to nitrous oxide
N = amount of nitrogen applied to soils (kg N); (see Appendix 20)
EF = Emission factor, or the proportion of nitrogen input to soil that is directly emitted as
N20 (kg (N20-N)/kg (N applied)

The emission factor can either be EF1 or EFz depending on the nitrogen source.

8.1.1 Synthetic fertiliser application

Emissions from nitrogen from synthetic fertiliser are a relatively small proportion of total N2O emissions,
but have grown significantly over the past two decades. The majority of synthetic nitrogen fertiliser used
in New Zealand is urea fertiliser which is mostly applied to dairy pasture land to increase pasture growth
during spring and autumn. As shown in Figure 2 there are three main routes in which nitrogen from
synthetic fertiliser can be emitted in the form of nitrous oxide. The majority of emissions arises from the
direct conversion of nitrogen to N20, (explained in this section). There are also two indirect routes that
result in nitrous oxide from synthetic fertiliser. These routes are leaching from the soil, and volatilisation
of nitrogen into ammonia and NOx (explained in further sections below).
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The Fertiliser Association of New Zealand provides data on the use of synthetic fertiliser and urea
(Appendix 20). Currently available data is limited to total fertiliser sold in New Zealand, and therefore a
breakdown per farming system or region is not possible. The equation used to calculate direct nitrous
oxide emission from synthetic fertiliser is as follows and this is consistent with IPCC (2006) guidelines:

Direct N.O emissions from synthetic fertiliser (Equation 8.2):
. 44
N,Odirectsy s = 28 X ((FSN(UREA),t X EFy(yrea)) + (FsnorHER),t X EF1))

Where:

N20directsn,t = Direct N2O emissions from synthetic nitrogen fertiliser in year t (kilograms
per year)

Fsnrea)t = the total nitrogen amount of urea fertiliser applied to soils in year t (kg N/yr);
(see Appendix 20)

EF1 wrea) = the proportion of direct N2O emissions from nitrogen input to the soil for urea
fertiliser (0.0059) (see Figure 7.2 and Appendix 18).

FsnoTHER)t = the total nitrogen annual amount of non-urea synthetic nitrogen fertiliser
applied to soils in year t (kg N/yr); (see Appendix 20)
EF.1 = the proportion of direct N2O emissions from nitrogen input to the soil (0.01).

Proportion of nitrogen input to soil that is directly emitted (kg (N2O-N)/kg (N
applied) from other synthetic fertilizers (see Figure 7.2 and Appendix 18).

The emission factor EF: is based on the report by Kelliher and de Klein (2006) while the emission factor
EF1uren) is based on the report by Van der Weerden et al (2016).

8.1.2 Organic nitrogen fertilisers

In New Zealand, emissions from Organic nitrogen fertilisers are solely from animal manure that is spread
on pasture after collection in manure management systems. In New Zealand, this only occurs for dairy
cattle, swine and poultry.

The majority of animal manure in New Zealand is excreted directly onto pasture, but some manure from
dairy farms is kept in manure management systems and applied to soils as an organic fertiliser. Some
manure is also collected but not stored,; rather, it is spread directly onto pasture daily (e.g., swine manure
and some dairy manure). These emissions occur irrespective of the animal waste management system
it was initially stored in.

The calculation of emissions from Organic nitrogen fertilisers excludes manure deposited directly on
pasture by grazing livestock.
8.1.21 Direct organic nitrogen fertiliser emissions for dairy

The following equations are used to estimate direct organic nitrogen fertiliser emissions for dairy cattle.
A key part of these equations is the estimate of nitrogen applied to soils from anaerobic lagoons.

Direct N,O emissions from organic nitrogen fertiliser for dairy cattle (Equation 8.3):

44

N,Odirectoy qairy: = 28 (FAM(dairy),t X (1 - FTaCGasAM(ALDairy)) X EFI(DAIRY))

Where:

N20directon dairy.t = direct annual N2O emissions from organic nitrogen fertilisers for dairy
cattle in year t (kg per year)

Famairy)t = Total amount of dairy cattle manure nitrogen applied to soils from manure
management systems (anaerobic lagoons) in year t (kg per year)

FraceasamaL-pairy) = fraction of nitrogen lost due to volatilisation (currently set at 0.35, as
per IPCC (2006) guidelines
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EF1aRry) is the proportion of direct N2O emissions from animal manure (dairy cattle)
applied to soils, set at 0.0025 from van der Weerden et al (2016)

Total amount of dairy animal manure nitrogen applied to soils (Equation 8.4)

FAM(dairy),t = Z Z Z (Nex,c,m,R X nOdm X POPdairyc,m,r) X MSAL,NZO

class region month

Where:

Fam@aiy)t = Total amount of dairy cattle manure nitrogen applied to soils from manure
management systems (anaerobic lagoons) in year t (kg per year)

NexxmRr = daily nitrogen excretion per dairy cow of class ¢ in month m and region R
(kilograms of nitrogen per day — see section 5.1, equation 5.1)

MSaLnzo = fraction of total annual dairy manure excreted in anaerobic lagoons. currently
set at 5% (see appendix 17).

nodm = number of days in month m

POPdairycem,r = population of dairy animals in subcategory ¢, month m and region r
class refers to the different categories of dairy cattle populations used in the inventory
month refers to the twelve months of the calendar year.

region refers to the regions used in the dairy inventory (see the beginning of section 4.3)

8.1.2.2  Direct organic nitrogen fertiliser emissions for swine

Total direct emissions from organic nitrogen fertiliser for swine are determined by adding the nitrous
oxide caused by waste in the different manure management systems

Direct N2O emissions from organic nitrogen fertiliser for swine (Equation 8.5):

44
N, OdlreCtON,swine,t = EF; X % (Z (Nex,swine,t X PMmSsy ine x X (1 - FTaCGasAM(x,swine))))

X

Where:

N20Odirecton swinet = total direct annual N2O emissions from organic nitrogen fertilisers
for swine (kg per year)

EF1 = the proportion of direct N2.O emissions from animal manure applied to soils (0.01)

Nexswinet = Annual nitrogen excretion per pig in year t (kilograms of nitrogen per year)
(see equation 5.34 in section 5.5.5)

Pmmsswinex = Proportion of swine waste deposited in manure management system x
(see table 7.2, section 7.2.1.2 for values)

Fraccasamx,swine) = fraction of nitrogen lost due to volatilisation for manure management
system x (see table 7.2, section 7.2.1.2 for values)

POPswinet = swine population in year t (from APS)

x refers to the different manure management systems used for swine (e.g. anaerobic
lagoon, daily spread...)

The fraction 44/28 is used to convert nitrogen to nitrous oxide.

8.1.2.3  Direct organic nitrogen fertiliser emissions for poultry

Direct N20O organic nitrogen fertiliser emissions from poultry are calculated using parameters for Broilers,
Layers and Other poultry. Some of these parameters are different and some are the same
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Direct organic nitrogen fertiliser emissions from broilers (Equation 8.6)

NZ OdireCtON,broiler,t

44
= Nex, broiter X Pmmsbroiler,other X (1 - FraCGasAM,poultry) X EF; x % X POPbrOllert

Where:

N20directon proiert = total direct annual N2O emissions from organic nitrogen fertilisers
for broiler chicken (kg per year)

Nexbroiier = Annual nitrogen excretion per broiler chicken (set at 0.39 kilograms of
nitrogen per year — see section 5.5.2)

Pmmshroiler,other = Proportion of broiler waste deposited in other manure management
systems (set at 0.95)

Fraccasam,pouttry = fraction of nitrogen lost due to volatilisation for manure management
for poultry (currently set at 0.25)

EF1 = the proportion of direct N2O emissions from animal manure applied to soils (0.01)

POPbDroiler: = Broiler population in year t (from APS)

Direct organic nitrogen fertiliser emissions from layers (Equation 8.7)

44
NZOdlreCtON,layer,t = Nex,layer X Pmmslayer,other X (1 - FraCGasAM,poultry) X EFy X % X POPlayert

Where:

N20directon,layer,t = total direct annual N2O emissions from organic nitrogen fertilisers for
layer chicken (kg per year)

Nexlayer = Annual nitrogen excretion per layer chicken (set at 0.42 kilograms of nitrogen
per year — see section 5.5.2)

PmmSiayerother = Proportion of layer waste deposited in other manure management
systems (set at 0.94)

Fraccasam,pouttry = fraction of nitrogen lost due to volatilisation for manure management
for poultry (currently set at 0.25)

EF1 = the proportion of direct N2O emissions from animal manure applied to soils (0.01)

POPIlayer: = Layer population in year t (from APS)

Direct organic nitrogen fertiliser emissions from other poultry (Equation 8.8)

NZ OdireCtON,other,t

44
= WNex,other X Pmmsother,other X (1 - FraCGasAM,poultry) X EFl X % X POPotherpoultryt

Where:

N20directon,other,t = total direct annual N2O emissions from organic nitrogen fertilisers for
other poultry in year t (kg per year)

Nex.other = Annual nitrogen excretion per ‘other’ chicken (set at 0.6 kilograms of nitrogen
per year — see section 5.5.2)

Pmmsotherother = Proportion of ‘other poultry’ waste deposited in other manure
management systems (set at 0.97)

Fraceasam,poury = fraction of nitrogen lost due to volatilisation for manure management
for poultry (currently set at 0.25)
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EF1 = the proportion of direct N2O emissions from animal manure applied to soils (0.01)
POPotherpoultry: = Other poultry population in year t (from APS)

The results from the above three equations can be summed together to get an estimate of total direct
annual N20O emissions from organic nitrogen fertilisers for all poultry.

8.1.3 Urine and dung deposited by grazing animals

This section explains how direct N2O emissions from urine and dung deposited on pasture are
calculated. The majority of livestock in New Zealand are grazed outdoors on pasture, with 95 per cent
of dairy cattle excreta (Ledgard & Brier, 2004) and 100 per cent of non-dairy cattle, sheep, deer and
other livestock excreta falling on pasture. For these major livestock species, emissions from excreta are
separated into dung and urine components.

In 2020, MPI adopted a revised methodology and set of emission factors to calculate direct N2O
emissions from cattle, sheep and deer. The new emission factor values (EFs) are based on a meta-
analysis undertaken by van der Weerden et al. (2019) of results from field studies and research
undertaken in the past decade (de Klein et al., 2014; Hoogendoorn et al., 2013; Luo et al., 2013, 2016,
2019; and Saggar et al., 2015). The research collectively shows:

e a statistically significant difference in urine emission factors between cattle and sheep

e that emission factors for sheep, beef cattle and dairy cattle excreta deposited on medium
(between 12 degrees and 24 degrees) and steep (greater than 24 degrees) sloped land are
significantly lower than corresponding emissions on land that is flat or of a low gradient

e that emissions for medium and steep slopes are not statistically different and therefore one
emission factor (EFsere-sTeep)) captures both medium and steep slopes

A new emission factor for dung (EFzrre-ounc) = 0.0012) was adopted in the 2020 inventory, along with
a revised set of emission factors for urine (EFspere-rLaT) and EFspre-sTeer), see table 8.1) which are
disaggregated by slope and livestock type. The Nutrient Transfer Model, described in section 5.5 is used
to calculate the amount of urinary nitrogen excreta deposited on flat and low sloped land, medium sloped
land and steep sloped land. This is a preliminary step required to enable calculation of direct N2O
emissions from livestock excreta deposited on pasture. Dung and urine emission factors for all minor
livestock species (EFsprp-minor) are not disaggregated by hill slope type and have an emission factor
value of 0.01, which is consistent with the IPCC default value.

Table 8.1 Direct nitrous oxide (N2O) emission factors for urine deposited by cattle, sheep and deer,
by livestock type and slope, using values calculated by van der Weerden et al. (2019)

Emission factor by slope
Flat and low sloped land (less  Medium and steep sloped land

than 12° gradient) (greater than 12° gradient)
Livestock type EF3,pre-FLAT EF3,pre-sTEEP
All cattle (includes dairy and non-dairy) 0.0098 0.0033
Deer 0.0074 0.0020
Sheep 0.0050 0.0008

The lower emission factors observed for urine on steeper slopes are thought to be due to these soils
having lower soil fertility and moisture content compared with less steep slopes (Luo et al., 2013).

The new urine emission factor values for each livestock type by slope are lower than the current IPCC
default EF3 value, which is based on common international farming systems where, on average, farmed
land has less hill country than common farm land in New Zealand. In addition to a large proportion of
farmed hill country, New Zealand’s climate and soil characteristics contribute to differences between
international default emission factors and New Zealand’s country-specific emission factors. When using
the new emission factors, the IEF for direct N2O from dung and urine was 0.0054 in 2018. This value is
comparable with that calculated for the United Kingdom (0.0047) and Australia (0.004) in their respective
inventory submissions in 2019.

Nitrous oxide measurements have not been taken for deer excreta. Based on animal liveweight, deer
excreta characteristics (in terms of total deposition volume and weight) are assumed to be between the
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excreta characteristics of cattle and sheep (van der Weerden et al., 2019) and therefore, deer EFs values
were calculated using the average EFs values from cattle and sheep.

To apply these emission factors, estimates on the amount of urine and dung deposited onto separate
slopes is necessary. The Nutrient Transfer Model developed by Saggar et al. (2015) is used to allocate
total excreta (Nex, calculated using the methods described in section 5) by livestock type to the different
slope categories. The Nutrient Transfer Model uses data on the area of farm land for each slope type,
and accounts for animal behaviour where livestock spend relatively more time on lower slopes, and
hence deposit more excreta on these lower slopes. For more information on this model, please refer to
section 5.5.

8.1.31  Dairy

For dairy cattle, the following equations are used to determine N2O emissions separately from urine and
dung.

Direct N2O emissions from dairy urine (Equation 8.9):

44

N,Odirecty pairy,: = 2_8EF3(PRP—FLAT) X MSqairy,prp X <

class region month

Z Nycmpr X POPdairy ., g X nodm>

Where:

N20Odirectu,dairyt = direct annual N2O emissions from urine deposited by dairy cattle
during grazing (kg of N20O per year)

EF3rre-FLAT) = emission factor for urine from grazing livestock deposited on flat and low
sloped land, on pasture, range and paddock currently 0.0098 for dairy cattle, table 8.1
(van der Weerden et al., 2019)

MSuaairy,prP = proportion of manure excreted on pasture by dairy cattle overall. Assumed
to be 100% for all dairy cattle except mature milking cows (values for mature milking
cows can be found in table 7.1, column 3 from section 7.1.1).

Nucmr = Amount of nitrogen excreted in urine per animal for dairy animal class c, in
month m and region R (kg of nitrogen per day). See section 5.1.4 (equation 5.7)

POPdairycemr = population of dairy animals in subcategory ¢, month m and region R
nodm = number of days in month m

class refers to the different categories of dairy cattle used in the inventory

month refers to the twelve months of the calendar year.

region refers to the regions used in the dairy inventory (see the beginning of section
4.3)

In the above equation, the section in brackets is used to calculate the total amount of urine excreted by
all dairy cattle in a given year.

As mentioned, the inventory assumes that all dairy cattle graze on flatland, due to New Zealand farming
practices, therefore, the EFsprp-rLaT) Value of 0.0098 for cattle is applied to all dairy urinary Nex.

Direct N,O emissions from dairy dung (Equation 8.10):

44

NyOdirectp pairy,: = 28 X EF3prp—Dung) X MSaairy,prp X <Z Z Z N cmp X POPdairycmg X nOdm>

class region month

Where:

N2Odirectp,aairyt = direct annual N2O emissions from dung deposited by dairy cattle
during grazing (kg of N2O per year)
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EF3ere-nung) = emission factor for dung from grazing animals in pasture, range and
paddock, currently 0.0012 (van der Weerden et al., 2019)

MSuairy,prp = proportion of manure excreted directly onto pasture, range and paddock
by dairy cattle overall.

Ntcmr = Amount of nitrogen excreted in faeces per animal for dairy animal class c, in
month m and region R (kg of nitrogen per day). See section 5.1.4 (equation 5.8)

POPdairycemr = population of dairy animals in subcategory ¢, month m and region R
nodm = number of days in month m

class refers to the different categories of dairy cattle used in the inventory

month refers to the twelve months of the calendar year.

region refers to the regions used in the dairy inventory (see the beginning of section
4.3)

In the above equation, the section in brackets is used to calculate the total amount of nitrogen excreted
in dung by all dairy cattle in a given year.

8.1.3.2 Beef

For beef cattle, 100% of urine and dung is spread onto pasture, and the following equations are used to
calculate direct N2O emissions from beef urine and dung. As discussed earlier, the EFs values for beef
cattle urine are dependent on hill slope (EFspere-rLaT) = 0.0098, and EFsere-steer) = 0.0033, see table
8.1). A single beef dung emission factor (EFsrre-punc) = 0.0012) is used for all hill slopes. To apply these
emission factors, the proportion of beef urine deposited on low, medium and steep slopes
(PropNexu,Low,s and PropNexu,mepesTeep,s) needs to be calculated (refer to sections 5.2.5 and 5.5 for
this methodology).

Direct N>O emissions from beef urine (Equation 8.11):

NyOdirecty pees,t

44
=3 X MSpeef prp X (Z Z Ny cm X POPbeef, ,, X nodm>

class month

X (PTOPNexU,LOW,B X EF3prp—row) T PropNexy yepgsreep,s X EFS(PRP—STEEP))

Where:

N20directu,peett = direct annual N2O emissions from urine deposited by beef cattle during
grazing (kg of N2O per year)

MSheet,prp = proportion of manure excreted directly onto pasture, range and paddock by
beef cattle overall. Assumed to be 100%.

Nu.cm = Amount of nitrogen excreted in urine per animal for beef animal class c, in month
m (kg of nitrogen per day). See section 5.2.4

POPbeefemr = population of beef animals in subcategory ¢ and month m
nodm = number of days in month m

EF3ere-Low) = emission factor for urinary N deposited on flat and low sloped land from
grazing animals in pasture, range and paddock currently 0.0098 for beef cattle (van der
Weerden et al., 2019)

EF3ere-sTeer) = emission factor for urinary N deposited on medium and steep sloped
land from grazing animals in pasture, range and paddock currently 0.0033 for beef cattle
(van der Weerden et al., 2019)

PropNexu,Low,s = calculated proportion of total urine Nex from beef cattle deposited on
flat and low sloped land. See section 5.5 and table 5.1.

Ministry for Primary Industries Detailed methodologies for agricultural greenhouse gas emission calculation ® 149



PropNexu,mepssteep,s = calculated proportion of total urine Nex from beef cattle deposited
on medium and steep sloped land. See section 5.5 and table 5.1.

class refers to the different categories of beef cattle used in the inventory
month refers to the twelve months of the calendar year.

In the above equation, the first set of brackets are used to calculate the total amount of urine Nex by all
beef cattle in a given year. The second set of brackets account for the effect of slope on emissions.
Urinary Nex from beef cattle is allocated to three categories of flat and low, medium, and steep slope
types using the methodology described in section 5.5.

Direct N2O emissions from beef dung (Equation 8.12):

44

NyOdirectp peest = 55 X EF3(prp—Dung) X MSpees,prp X (Z

8 Z Nfcm X POPbeef; m X nodm>

class month
Where:

N20directp,eett = direct annual N2O emissions from dung deposited by beef cattle during
grazing (kg of N2O per year)

EF3rre-bung) = emission factor for dung from grazing animals in pasture, range and
paddock, currently 0.0012 (van der Weerden et al., 2019)

MShpeet,prp = proportion of manure excreted directly onto pasture, range and paddock by
beef cattle overall. Assumed to be 100%.

Ntcm = Amount of nitrogen excreted in faeces per animal for beef animal class ¢, and
month m (kg of nitrogen per day). See section 5.2.4

POPbeefcm = population of beef animals in subcategory ¢ and month m

nodm = number of days in month m

class refers to the different categories of beef cattle used in the inventory

month refers to the twelve months of the calendar year.
In the above equation, the section in brackets is used to calculate the total amount of nitrogen excreted
in dung by all beef cattle in a given year.
8133  Sheep

Direct N20 emissions from sheep urine and dung are calculated using the same equations in section
8.1.3.2, but with the beef inputs replaced by sheep inputs. It is assumed that 100% of sheep urine and
dung is spread onto pasture.

As discussed earlier, the EFs values for sheep urine are dependent on hill slope (EFspre-FLaT) = 0.0050,
and EFsprp-steer)= 0.0008, see table 8.1). A single dung emission factor (EFserp-oung) = 0.0012) is used
for all hill slopes. To apply these emission factors, the proportion of sheep urine deposited on low,
medium and steep slopes (PropNexu,L.ow,s and PropNexu,mepsasteer,s) heeds to be calculated (refer to
sections 5.2.5 and 5.5 for this methodology).

Direct N.O emissions from sheep urine (Equation 8.13):

NyOdirecty speep ¢

44
=58 X MSspeepprp X (Z Z Ny cm X POPsheep. ,, X nodm>

class month

X (PropNexU,LOW,S X EF3prp-row) + PropNexy yepesteep,s X EF3(PRP—STEEP))

Where:
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N20Odirectu,sheept = direct annual N2O emissions from urine deposited by sheep during
grazing (kg of N2O per year)

MSsheep,prp = proportion of manure excreted directly onto pasture, range and paddock
by sheep overall. Assumed to be 100%.

EFsere-urine) = emission factor for urine from grazing animals in pasture, range and
paddock. Currently set at 0.01 (Carran et al., 1995; Muller et al., 1995; de Klein et al.,
2003)

Nucem = Amount of nitrogen excreted in urine per animal for sheep animal class c, in
month m (kg of nitrogen per day). See section 5.3.5

POPsheepcmr = population of sheep animals in subcategory ¢ and month m
nodm = number of days in month m

EF3ere-Low) = emission factor for urinary N deposited on flat and low sloped land from
grazing animals in pasture, range and paddock, currently 0.005 for sheep (van der
Weerden et al., 2019)

EFsrre-steer) = emission factor for urinary N deposited on medium and steep sloped
land from grazing animals in pasture, range and paddock currently 0.0008 for sheep
(van der Weerden et al., 2019)

PropNexu,Low,s = calculated proportion of total urine Nex from sheep deposited on flat
and low sloped land. See section 5.5 and table 5.1.

PropNexu mepesTeep,s = calculated proportion of total urine Nex from sheep deposited on
medium and steep sloped land. See section 5.5 and table 5.1.

class refers to the different categories of sheep used in the inventory

month refers to the twelve months of the calendar year.

In the above equation, the first set of brackets are used to calculate the total amount of urine Nex by all
sheep in a given year. The second set of brackets account for the effect of slope on emissions. Urinary
Nex from sheep is allocated to three categories of flat and low, medium, and steep slope types using the
methodology described in section 5.5.

Direct N>O emissions from sheep dung (Equation 8.14):

NyO0directp sneept = 55 X EF3(prp-Dung) X MSsheep,prp X (

Where:

44
Z Nt cm X POPsheep,, X nodm)

class month

28

N20directp,sheep,t = direct annual N2O emissions from dung deposited by sheep during
grazing (kg of N2O per year)

EFsrre-bung) = emission factor for dung from grazing animals in pasture, range and
paddock currently 0.0012 (van der Weerden et al., 2019)

MSsheep prP = proportion of manure excreted directly onto pasture, range and paddock
by sheep overall. Assumed to be 100%.

Ntcm = Amount of nitrogen excreted in faeces per animal for sheep animal class c, and
month m (kg of nitrogen per day). See section 5.3.5

POPsheepcm = population of sheep animals in subcategory ¢, month m
nodm = number of days in month m
class refers to the different categories of sheep used in the inventory

month refers to the twelve months of the calendar year.

In the above equation, the section in brackets is used to calculate the total amount of nitrogen excreted
in dung by all sheep in a given year.

Ministry for Primary Industries Detailed methodologies for agricultural greenhouse gas emission calculation @ 151



8.1.3.4 Deer

Direct N2O emissions from deer urine and dung are calculated using the same equations in section
8.1.3.2 and section 8.1.3.3, but with the beef and sheep inputs replaced by deer inputs. It is assumed
that 100% of deer urine and dung is spread onto pasture.

As discussed earlier, the EFs values for deer urine are dependent on hill slope (EFserp-FLaT) = 0.0074,
and EFsprp-steer)= 0.0020, see table 8.1). A single dung emission factor (EFzrrp-punc) = 0.0012) is used
for all hill slopes. To apply these emission factors, the proportion of sheep urine deposited on low,
medium and steep slopes (PropNexu,Low,peer and PropNexu,mepssTeer,peer) Needs to be calculated (refer
to sections 5.2.5 and 5.5 for this methodology).

Direct N.O emissions from deer urine (Equation 8.15):

N,Odirecty geer ¢

44
=5 X MSdeer,PRP X Z

28
class month
X (PropNexU,LOW,Deer X EF3prp—ow) + PropNexy yepgsteep,peer X EFB(PRP—STEEP))

Z Ny cm X POPdeer, ,, X nodm>

Where:

N2Odirectudgeert = direct annual N2O emissions from urine deposited by deer during
grazing (kg of N2O per year)

MSaeer,prP = proportion of manure excreted directly onto pasture, range and paddock by
deer overall. Assumed to be 100%.

Nu.c.m=Amount of nitrogen excreted in urine per animal for deer animal class c, in month
m (kg of nitrogen per day). See section 5.4.5

POPdeercmr = population of deer animals in subcategory ¢, month m and region R
nodm = number of days in month m

EF3rre-Low) = emission factor for urinary N deposited on flat and low sloped land from
grazing animals in pasture, range and paddock, currently 0.0074 for deer (van der
Weerden et al., 2019)

EF3prre-steep) = emission factor for urinary N deposited on medium and steep sloped
land from grazing animals in pasture, range and paddock, currently 0.002 for deer (van
der Weerden et al., 2019)

PropNexu,Low,peer = calculated proportion of total urine N from deer deposited on low
slopes. See section 5.5 and table 5.1.

PropNexu mepasTteer,peer = calculated proportion of total urine N from deer deposited on
medium and steep slopes. See section 5.5 and table 5.1.

class refers to the different categories of deer used in the inventory
month refers to the twelve months of the calendar year.

In the above equation, the first set of brackets are used to calculate the total amount of urine Nex by all
sheep in a given year. The second set of brackets account for the effect of slope on emissions. Urinary
N from deer is allocated to three categories of flat and low, medium, and steep slope types using the
methodology described in section 5.5.

Direct N.O emissions from deer dung (Equation 8.16):

44

NyO0directp geert = 55 X EF3(prp—Dung) X MSacer,prp X (

28 Z Nf cm X POPdeer, ;, X nodm>

class month
Where:

N2Odirectp,aeert = direct annual N2O emissions from dung deposited by deer during
grazing (kg of N2O per year)
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EF3ere-nung) = emission factor for dung from grazing animals in pasture, range and
paddock, currently 0.0012 (van der Weerden et al., 2019)

MSueer,prP = proportion of manure excreted directly onto pasture, range and paddock by
deer overall. Assumed to be 100%.

Ntem = Amount of nitrogen excreted in faeces per animal for deer animal class c, and
month m (kg of nitrogen per day). See section 5.4.5

POPdeercm = population of deer animals in subcategory ¢, month m

nodm = number of days in month m

class refers to the different categories of deer used in the inventory

month refers to the twelve months of the calendar year.
In the above equation, the section in brackets is used to calculate the total amount of nitrogen excreted
in dung by all deer in a given year.
8.1.3.5  Minor livestock

For minor livestock species, the direct N2O emissions from urine and dung deposited onto pasture are
not separated into the urine and dung components. This section shows how direct N20O emissions from
urine and dung deposited on pasture are calculated for these animal species.

Nitrous oxide from these minor species is not calculated separately for dung and urine and therefore a
single emission factor, EFsprp-minor (Set at 0.01) is used.
8.1.3.5.1  Poultry

Direct N2O emissions from urine and dung deposited on pasture by poultry are calculated by using
different parameters for broilers, layers and other poultry.

Direct N2O emissions from urine and dung for poultry (Equation 8.17):

44

NZOdireCtUD,poultry,t = >3 X EF3(PRP_M,N0R) X Z(Nex_x_t X POPminorpoultry, . X MSx,pRP)
X

Where:

N20directupxt = direct annual N2O emissions from urine and dung deposited by poultry
type x (i.e. broilers, layers, and other poultry) during grazing in year t (kg of N2O per
year)

EF3rre-MiNnor) = emission factor for minor animal species in pasture, range and paddock.
Currently set at 0.01 (Carran et al., 1995; Muller et al., 1995; de Klein et al., 2003)

Nex.xt= Annual nitrogen excretion per animal in year t, for poultry type x (kg of nitrogen
per year). See section 5.5.2 (nitrogen excretion, poultry) for specific values

POPpoultryx: = population of poultry type x in year t (from APS)

MSx prp = proportion of total manure excreted directly onto pasture, range and paddock
by poultry type x. Assumed to be 4.9% for broilers, 5.8% for layers and 3% for other
poultry (Appendix 17).

The MSxrre values for broilers and layers were determined from a study by Fick et al (2011) while the
MSxprp Value for other poultry is taken from the IPCC 1996 guidelines.
8.1.3.5.2  Swine

Direct N2O emissions from urine and dung deposited on pasture by swine are calculated using the
following equation.
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Direct N>O emissions from urine and dung for swine (Equation 8.18):

N,Odirectyp swiner = 28 X EF3(prp-minor) X Nex swinet X POPswine; X MSsyine prp

Where:

N20Odirectup,swinet = direct annual N20 emissions from urine and dung deposited by
swine during grazing in year t (kg of N2O per year)

EF3ere-minor) = emission factor for minor animal species in pasture, range and paddock,
currently 0.01 (Carran et al.,1995; Muller et al., 1995; de Klein et al., 2003)

Nexxt= Annual nitrogen excretion per animal in year t, for swine (kg of nitrogen per year).
See section 5.5.5 (nitrogen excretion, swine) and equation 5.34

POPswinet = population of swine in year t (from APS)

MSswine,;rP = proportion of total manure excreted directly onto pasture, range and
paddock by swine. Assumed to be 9% (Hill et al., 2011).

8.1.3.5.3  Goats, horses, alpaca, llamas, mules and asses

For these animals, it is assumed that all manure is excreted directly onto pasture. This means that direct
N20 emissions from urine and dung can be calculated from the following equation.

Direct N2O emissions from urine and dung, for goats, horses, alpaca, llamas, mules and asses (Equation
8.19):

N20direCtUD'x,t = % X EF3(PRP—M1NOR) X Nex,x,t X POPminOTx’t

Where:

N20Odirectupxt = direct annual N2O emissions from urine and dung deposited by animal
type x (i.e. goats, horses...) during grazing in year t (kg of N2O per year)

EF3rre-MiNnor) = emission factor for minor animal species in pasture, range and paddock,
currently 0.01 (Carran et al.,1995; Muller et al., 1995; de Klein et al., 2003)

Nexxt= Annual nitrogen excretion per animal in year t, for animal type x (kg of nitrogen
per year). See section 5.6 (nitrogen excretion, other livestock sources)

POPminorx = population of animal type x in year t (from APS)

Specific values of Nex for the different animal categories are outlined in sections 5.6.1 (goats), 5.6.3
(horses, mules and asses) and 5.6.4 (alpacas).

8.1.3.6 Nitrification inhibitor dicyandiamide

A methodology has been developed to incorporate the nitrification inhibitor dicyandiamide (DCD), an
N20 mitigation technology, into the inventory. The N20 emissions reported in the Agricultural soils
category take into account the use of nitrification inhibitors on dairy farms using the methodology
described in Clough et al. (2008). Greenhouse gas mitigation estimates from DCD are reported in the
inventory only up until 2012, because it was no longer used after this time. Sales were suspended due
to the detection of low levels of DCD residues in milk.

Research has shown that DCD reduces N20 emissions and nitrate (NOs—) leaching in pastoral grassland
systems grazed by ruminant animals. The inventory methodology incorporates DCD use by modifying
the emission factors EFspre) and the parameter Fracieach. These were modified based on
comprehensive field-based research that showed significant reductions in direct and indirect N2O
emissions and NOs— leaching where the DCD was applied. It was determined that, on a national basis,
reductions in EFsere) and FracLeacn of 67 per cent and 53 per cent respectively could be made (Clough
et al., 2008).
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There has been some research into the effect of the inhibitor on dung (EFsprre-bung)); however, these
data are limited and further work would need to be carried out before incorporating this research into
the inventory. Application of this inhibitor was found to have no effect on NHs volatilisation and this is
supported by the results of field studies (Clough et al., 2008; Sherlock et al., 2008). Therefore the
parameter for volatilisation remains unchanged.

In the inventory it is assumed that DCD only affects:
A. Direct N20 emissions from dairy urine deposited on pasture
B. Indirect N2O emissions (from leaching and runoff) from dairy urine deposited on pasture
C. Emissions during the months from May to September, when DCD was applied on farms
Point A is discussed in this section (8.1.3.6), and point B is explained more in section 8.2.3.3

The effect of DCD on emissions are estimated by using weighting factors. The DCD weighting factors
are calculated based on reductions in emission factors and parameters, and the fraction of dairy land
treated with the inhibitor, as follows:

DCD weighting factor (Equation 8.20):

DCD area treated ))

DCD weighting factor = <1 = (reduction in EF5prp_yring) X Total area of dairy

Where:

DCD weighting factor = amount that EFsere-uring) (Which leads to direct N2O emissions
from dairy urine) needs to be multiplied by to account for the effect of DCD between
2007 and 2012

reduction in EFspre-uriNg) = proportion by which EFsrere-uring) is lower following use of
DCD. Currently set at 0.67 (Clough et al., 2008).

DCD area treated = area of dairy land treated with DCD per year between 2007 and
2012 (from APS)

Total area of dairy = total effective dairy area per year (from APS)

In the years before 2007, and after 2012, DCD was not used in New Zealand, so the DCD weighting
factor for these years would be set at 1.

The appropriate weighting factor is then used as an additional multiplier in the current methodology for
calculating indirect and direct dairy emissions of N2O from grazed pastures. This emission factor is only
used from May to September, the months when DCD was applied

Calculating EF3 for dairy, accounting for the use of DCD, for May to September (Equation 8.21):
Where:

EF3prp-uriNe),DcD = EF3(prP-urINE) X DCD weighting factor

EF3rrr-uriNg),DcD = emission factor for urine from dairy animals in pasture, range and
paddock between May and September, after accounting for the effects of DCD use.

EFsrre-urine) = emission factor for urine from grazing animals in pasture, range and
paddock. Currently set at 0.01 (Carran et al., 1995; Muller et al., 1995; de Klein et al.,
2003)

DCD weighting factor = amount that N2Odirectu,dairyt (S€€ equation 8.20) needs to be
multiplied by to account for the effect of DCD between 2007 and 2012

The addition of the weighting factor results in a modified EF3ere-uring) Of around 0.0099 between 2007
and 2012 for the dairy grazing area in the months that the inhibitor is applied (May to September). The
weighting factor is based on information from Statistics New Zealand’s Agricultural Production survey
that about 3 per cent of the effective dairying area in New Zealand received the inhibitor from 2007 to
2012.
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In the years before 2007, and after 2012, DCD was not used in New Zealand, so EFsprp-uriNgE),DcD fOr
these years would be equal to EF3prp-uRINE).

It was assumed that the inhibitor was applied to pastures based on good management practice to
maximise N20 emission reductions. This is an application rate of 10 kilograms of DCD per hectare,
applied twice per year in autumn and early spring within seven days of the application of animal excreta.
‘Good practice’ application methods of DCD can be by slurry or DCD-coated granules.

8.1.4 Nitrous oxide from crop residues returned to soils
This section of the inventory includes emissions from:

e nitrogen added to soils by above and below-ground crop residue (including residue left behind
after crop burning), and

e nitrogen added to soils as a result of mineralisation of forages during pasture renewal

Crop residues are materials left in an agricultural field or orchard after the crop has been harvested.
Pasture renewal is the destruction of low quality pasture followed by the sowing of improved pasture
species and/or varieties, and is promoted as a simple method to increase farm productivity. As these
crop residues and pastures decay or are destroyed, the nitrogen in these plant materials are released
into the surrounding soil and result in direct and indirect N2O emissions. Both of these emission sources
include N-fixing and non-N-fixing crop species.

The methodology for calculating direct emissions from agricultural residue that is burnt is outlined in
section 9 of this document.

The activity data required to estimate direct agricultural soils emissions from crop residues and pasture
renewal is supplied by Statistics New Zealand from their agricultural production survey and includes
data on the amount of different crops grown. The country-specific value for Fracsurn Was derived from
Statistics New Zealand data and farm surveys (Thomas et al., 2011). The parameters used to estimate
the N added by both above- and below-ground crop residues were compiled from published and
unpublished reports from New Zealand-grown crops (Cichota et al., 2010) and typical values derived by
OVERSEER® nutrient budget model for New Zealand. The OVEERSEER® model provides average
estimates of nitrogen pathways for a range of pastoral, arable and horticultural systems (Wheeler et al.,
2003; see also http://www.overseer.org.nz).

8.1.4.1  Nitrogen from crop residue

The non-nitrogen fixing crops grown in New Zealand are:

e Dbarley,

e wheat,

e oats,

e potatoes,

e maize grain,

e Dbrassica seeds,
e herbage seeds,
e Onions,

e squash, and

e sweet corn.

The nitrogen-fixing crops grown in New Zealand are:

e legumes,

e peas (fresh and processed),
e seed peas, and

e lentils.

The annual tonnage of most non-nitrogen fixing crops in New Zealand is supplied by Statistics New
Zealand from its Agricultural Production Survey. Additional information is provided by PotatoesNZ and
information on seed crops from AsureQuality (Thomas et al., 2010). The tonnage of nitrogen fixing crops
is supplied by Statistics New Zealand from it Agricultural Production census and survey (i.e. lentils and
legumes) and HortNZ (peas). A country-specific methodology (Thomas et al., 2008) is used to calculate
emissions from nitrogen fixing crops (kt (N)/yr). Most of the specific parameters used to calculate above
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ground and below ground crop nitrogen returned to soils (AGN and BGN) are outlined by Thomas et al
(2011).

Direct N.O emissions from decay of crop residue (Equation 8.22):

, 44
N,Odirectcp, = g X EF1 X Z(AGN,C + BGy )

[

Where:
N20directcr: = direct annual N20 emissions from crop residues (kg of N2O per year)
EF:1 = the proportion of direct N2O emissions from nitrogen input to the soil (0.01).

AGnce = Amount of above-ground nitrogen returned to soils per year through
incorporation of crop residues for crop type c (kilograms of nitrogen per year) (see
equation 8.23)

BGne = Amount of below-ground nitrogen returned to soils per year through
incorporation of crop residues for crop type c (kilograms of nitrogen per year) (see
equation 8.25)

c refers to the different crop types listed in table 8.1

Amount of above ground crop residue (Equation 8.23):

Prod,
HI,

AGy . = DMF, X ( = Prodc) X (1 = Fracyyrm — Fracremove.c) X Nag,c
Where:

AGne = Amount of above-ground nitrogen returned to soils per year through
incorporation of crop residues for crop type c (kilograms of nitrogen per year)

DMF. = Dry matter factor, used to convert total production to dry matter crop production
for crop type c (see table 8.1 for values)

Prodc = Annual production of crop type, c (kg/yr) see Appendix 20 for values)

Hlc = Harvest index, fraction of the crop (c) that is harvested for the primary purpose of
growing the crop (see table 8.1 for values)

Fracwum,c = fraction of above-ground biomass burned for crop type ¢ (equal to zero for
all crops except barley, oats and wheat; see equation 8.24 below)

Fracremove,c = fraction of above-ground biomass removed for harvest for crop type c (set
to zero for all crop types)

Nac.c = Nitrogen content of above-ground residue for crop type ¢ (kg N/kg DM) (see
table 8.1 for values)

The variable Fracwum,c is zero for all crops except wheat, oats and barley. For these crops the following
formula can be used to calculate Fracowurn for a particular year.

Fraction of above-ground biomass burned, for barley, oats and wheat (Equation 8.24):

_ AGpygry ¢
Fracpurm,c = AGresd
C

Where:

Fracoumc = fraction of above-ground biomass burned for crop type c (barley, oats or
wheat)
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AGsurn,c = Biomass of crop burnt (tonnes per year) for crop type c (i.e. barley, oats or
wheat) (see equation 9.9, section 9.2)

AGresd: = Above-ground residue for crop c (tonnes of dry matter per year) (see
equation 9.10, section 9.2)

Amount of below ground crop residue (Equation 8.25):

de

Pro
BGy . = DMF, X ( I

c

) X RS, X Ngg

Where:

BGne = Amount of below-ground nitrogen returned to soils per year through
incorporation of crop residues for crop type c (kilograms of nitrogen per year)

DMF. = Dry matter factor, used to convert total production to dry matter crop production
for crop type c (see table 8.1 for values)

Prodc = Annual production of crop type, c (kg/yr) see Appendix 20 for values

Hlc = Harvest index, fraction of the crop (c) that is harvested for the primary purpose of
growing the crop (see table 8.1 for values)

RSc = Root:shoot ratio for crop type c. assumed to be 0.1 for all crops (Thomas et al.
2011)

Nea,c = Nitrogen content of below-ground residue for crop type ¢ (kg N/kg DM) (see table
8.1 for values)

Table 8.1 Parameter values for New Zealand’s cropping emissions

Species Harvestindex (H) AGN BGN Dry Matter factor (DMF)
Wheat 0.41 0.005 0.009 0.86
Barley 0.46 0.005 0.009 0.86
Oats 0.30 0.005 0.009 0.86
Maize grain 0.50 0.007 0.007 0.86
Field Seed peas 0.50 0.02 0.015 0.21
Lentils 0.50 002 0015 0.86
Peas fresh and process  0.45 0.03 0015 0.86
Potatoes 0.90 002 001 022
Onions 0.80 002 001 011
Sweet corn 0.55 0.009 0.007 0.24
Squash 0.80 002 001 020
Herbage seeds 0.11 0.015 0.01 0.85
Legume seeds 0.09 004 0.01 0.85
Brassica seeds 0.20 0.01  0.008 0.85

Values taken from Thomas et al. (2011)

8.1.4.2  Nitrous oxide from pasture renewal

The IPCC (2006) lists four categories of perennial forage for pasture renewal. However, only two of
these categories are appropriate for New Zealand:

e Grass-clover pastures
e Lucerne (a nitrogen-fixing perennial forage)

Emissions from pasture renewal occur when improved pasture species are sown and the existing low-
quality pasture is destroyed.
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In the New Zealand inventory, nitrogen from pasture residues are grouped into three sections:

e Rye/clover pasture on sheep, beef and deer land
e Rye/clover pasture on dairy land
e Lucerne on all farm types

The areas for perennial forage are obtained from the Statistics New Zealand Agricultural Production
survey which includes data on grassland and annual crops (Thomas et al., 2014). New Zealand
calculates the N2O emissions from these pastures separately with the following equations:

Direct N2O emissions from pasture renewal (Equation 8.26):

. 44
NZOdlreCtRenew,t = % X EF; X Z FCR—Renew,p,t
14

Where:
N20directrenew,t = Direct N2O emissions from pasture renewal in year t (kilograms per year)

EF1 = the proportion of direct N2O emissions from nitrogen input to the soil (0.01 kg (N20O-
N)/kg (N applied). See Appendix 18.

Fcr-renew,p.t = Amount of nitrogen in residues (kg) for pasture type p in year t

p refers to the three sections of nitrogen from pasture renewal (either Lucerne on all
farms, rye/clover on dairy farms, and rye/clover on sheep, beef and deer farms)

The amount of nitrogen in pasture residues (Fcr-renewx) Can be calculated from the equation below.

Nitrogen in residues from pasture renewal (Equation 8.27):

FCR—Renew,p,t = Areap,t X Freqrenew,p,t X ((RAG,p X NAG X (1 - Fracremove,p)) + (RBG,p X NBG))

Where:
Fcr-renew,p,t = Amount of nitrogen in residues (kg) for pasture type p in year t
Areap: = Area of land in pasture and farm type p, in year t (hectares)

Freqgrenew,pt = Percentage of land in pasture type p that is renewed annually. See appendix
21 for values

Rac,p = Above-ground dry matter residue for pasture type p (kilograms of dry matter per
hectare). Set at:

e 750 kg/ha for rye/clover pasture on sheep, beef and deer land
e 1,400 kg/ha for rye/clover pasture on dairy land
e 900 kg/ha for lucerne

Nac x = Nitrogen content of above-ground residue for pasture type p (kilograms of nitrogen
per/kilogram of dry matter). Set at:

e 2% for rye/clover pasture on sheep, beef and deer land
e 2% for rye/clover pasture on dairy land
e 1.9% kg/ha for Lucerne

Fracremovep = Fraction of above-ground residue for crop (T) removed annually for feed
(ha removed/ha crop). This is assumed to be zero for New Zealand as pastures are
generally grazed before renewing the pasture (Thomas et al., 2014).

Rse,p = Below-ground dry matter residue for pasture type p (kilograms of dry matter per
hectare). Set at:

e 7,200 kg/ha for rye/clover pasture on sheep, beef and deer land
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e 2,800 kg/ha for rye/clover pasture on dairy land
e 3,900 kg/ha for lucerne

Necx = Nitrogen content of below-ground residue for pasture type p (kilograms of
nitrogen per/kilogram of dry matter). Set at:

o 1.2% for rye/clover pasture on sheep, beef and deer land
e 1.6% for rye/clover pasture on dairy land
e 1.4% kg/ha for Lucerne

The values for Rac,p, Nacx, Recp, and Nec x were defined by Thomas et al (2014).

8.1.5 Nitrogen mineralisation from loss of soil organic matter in mineral soils

Nitrogen mineralisation is the process by which organic nitrogen is converted to plant-available inorganic
forms. Nitrogen mineralisation occurs when soil carbon is lost due to land-use or management change.
Most of New Zealand’s emissions due to nitrogen mineralised during the loss of soil organic matter are
covered under the LULUCF sector. The exception is for activities under the Cropland remaining cropland
land-use category, which are reported under the Agriculture sector (IPCC, 2006).

Direct N2O emissions from nitrogen mineralisation due to the loss of soil organic matter in mineral soils
(Equation 8.28)

44

Where:

N20directrsom,t = Direct N2O emissions from nitrogen mineralisation due to the loss of soil
organic matter in mineral soils in year t (kilograms per year)

EF1 = the proportion of direct N2O emissions from nitrogen input to the soil (0.01).

Fsom = amount of nitrogen mineralised from loss of soil organic matter in mineral soils
through land management for cropland remaining cropland (kg) (see equation 8.29)

Nitrogen mineralised due to the loss of soil organic matter in mineral soils (Equation 8.29)

F. _ ACMineral,CrC
SOM — R
C:N

Where:

Fsom = amount of nitrogen mineralised from loss of soil organic matter in mineral soils
through land management for cropland remaining cropland (kg)

ACwineral,.crc = loss of soil carbon in mineral soil during management of cropland (kilograms
of carbon). Activity data on the soil carbon loss associated with cropland since 1990 is
provided by the Ministry for the Environment (see Appendix 22).

Rc:n= C:N ratio, The IPCC (2006) default value of 10 is used.

8.1.6 Cultivation of organic soils

Histosols, or soils composed mainly of organic materials, emit nitrogen dioxide into the atmosphere.
Direct N2O emissions from organic soils are calculated by multiplying the area of cultivated organic soils
by an emission factor (EFz). This area includes cultivated organic agricultural soil as delineated by
LULUCF and the area of mineral agricultural soils with a peaty layer that are cultivated.

Mineral soils with a peaty layer are included in the definition of organic soils under the Agriculture Sector
as it was determined that these soils will have similar emissions behaviour to that of organic soils
(Dresser et al., 2011). Therefore, this is included with organic soils when estimating nitrous oxide
emissions. The full definition for organic soils (plus mineral soils with a peaty layer) is as follows:
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. 17% organic matter content (includes slightly peaty, peaty and peat soils of 17 — 30, 30 — 50
and > 50% organic matter content)

. 0.1 m of this depth occurring within 0.3 m of the surface.

The total area of cultivated organic soils in New Zealand has been provided by the Ministry for the
Environment. This takes into account organic soils under cropland and grassland in the LULUCF section
of the National Inventory Report (see Appendix 24). The total area has been increasing slowly since
1990, and in 2019 totalled 174,301 hectares.

New Zealand uses the IPCC default emission factor (EF2 equal to 8 kg N2O-N/halyr; see Appendix 18)
and Tier 1 methodology for all years of the time-series. The contribution of organic soils (plus mineral
soils with a peaty layer) to New Zealand’s overall agricultural emissions has been relatively small
(approximately 0.1 percent of agricultural emissions) since 1990.

Direct N2O emissions from cultivation of organic soils (Equation 8.30)

NzodireCtOAs_C't = % X EF2 X ATeaOAs_C

Where:

N20directoas-ct = Direct N2O emissions from the cultivation of organic soils (kilograms per
year)

EF2> = emission factor for direct emissions from organic soil mineralisation due to
cultivation (8 kilograms of N2O per hectare)

Areaoas-c = Area of organic agricultural soils

8.2 Indirect N20 emissions associated with nitrogen leached from soils

Inthe New Zealand Inventory, there are five sources of indirect agricultural soils emissions from leaching
and runoff:

e Synthetic nitrogen fertiliser

e Organic fertiliser

e Urine and dung from grazing animals

e Crop residues returned to soils

¢ Nitrogen mineralisation from loss of soil organic matter in mineral soils

Emissions from each of these sources are discussed in turn. The basic form of the equation used to
calculate indirect leaching and runoff emissions is below:

Indirect leaching and runoff N-O emissions from generic nitrogen source (Equation 8.31):

44
N,Oindirect, leachingN = Z E X Ng X EF5 X FTaCzeach(s)

source

Where:

N20indirect,leachingn = Indirect leaching and run-off N2.O emissions from nitrogen applied
to soil (kg N20)

44/28 = molecular conversion factor, used to convert nitrogen to nitrous oxide
Ns = amount of nitrogen applied to soils (kg N) for source s; (see Appendix 20)

EFs = Emission factor, or the proportion of nitrogen input to soil that is emitted indirectly
through leaching and runoff as N20O (kg (N2O-N)/kg (N applied)

Fracieachs) = fraction of leaching and runoff from nitrogen applied to soil for source s.
Currently set at 0.10 for cropping systems and 0.07 for other sources (see Appendix 18)
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8.2.1 Synthetic fertiliser application

The following equation is used to calculate indirect leaching and runoff N2O emissions from synthetic
nitrogen fertiliser.

Indirect leaching and run-off N2O emissions from synthetic fertiliser (Equation 8.32):

44
N;Oindirect, leachinggy ¢ = o8 X Fgy ¢ X EFs X Fracieacn(sny

Where:

N20indirect,leachingsnt = indirect leaching and run-off N2O emissions from synthetic
nitrogen fertiliser in year t (kilograms per year)

Fsnt = the total nitrogen amount of all synthetic fertiliser applied to soils in year t (kg N/yr);
(see Appendix 20)

EFs= N20 emission factor for leaching and runoff (0.0075) (see Figure 8.3 and Appendix
18).

Fraceachsn)y = fraction of leaching and runoff from synthetic nitrogen applied to soil.
Currently set at 0.07 (see Appendix 18)

Additional information of synthetic fertiliser is provided in section 8.1.1. A slightly modified form of the
above equation is used to calculate N2O emissions from the other sources of indirect leaching and runoff
emissions.

8.2.2 Organic nitrogen fertilisers

In New Zealand, emissions from Organic nitrogen fertilisers are solely from animal manure that is spread
on pasture after collection in manure management systems. In New Zealand, this only occurs for dairy
cattle, swine and poultry. Additional information on organic nitrogen fertilisers are contained in section
8.1.2.

8.2.21  Indirect leaching and runoff organic nitrogen fertiliser emissions for dairy

Indirect leaching and run-off NoO emissions from organic nitrogen fertiliser for dairy cattle (Equation
8.33):

N,Oindirect, leachingoy gairy,t
44

= g % Famaairy)e X (1 - FTaCGasAM(ALDairy)) X Fracieqcnony X EFs

Where:

N20indirect,leachingon,qairyt = indirect leaching and run-off N2O emissions from organic
nitrogen fertilisers for all dairy cattle in year t (kg per year)

Fam@aiy)t = Total amount of dairy cattle manure nitrogen applied to soils from manure
management systems (anaerobic lagoons) in year t (kg per year). See equation 8.4,
section 8.1.2.1

FraccasamaL-pairy) = fraction of nitrogen lost due to volatilisation (currently set at 0.35, as
per IPCC (2006) guidelines

Fracieachon) = fraction of leaching and runoff from organic nitrogen applied to soil.
Currently set at 0.07 (see Appendix 18)

EFs= N20 emission factor for leaching and runoff (0.0075) (see Figure 8.3 and Appendix
18).
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8.2.2.2 Indirect leaching and runoff organic nitrogen fertiliser emissions for swine

Total indirect leaching emissions from organic nitrogen fertiliser for swine are determined by adding the
nitrous oxide caused by waste in the different manure management systems

Indirect leaching and run-off N2O emissions from organic nitrogen fertiliser for swine (Equation 8.34):

N,Oindirect, leachingoy swine .t

= EFS X Fracleach(ON)

44 .
2 28 (Z (Nex,swine,t X Pmmsgyine,x X (1 - FTaCGasAM(x,swine)) X POPSWlnet)>
x

Where:

N2Oindirect,leachingon,swinet = total annual indirect leaching and run-off N2O emissions
from organic nitrogen fertilisers for swine (kg per year)

EFs= N20 emission factor for leaching and runoff (0.0075) (see Figure 8.3 and Appendix
18).

Fracieach(on) = fraction of leaching and runoff from organicnitrogen applied to soil. Currently
set at 0.07 (see Appendix 18)

Nex,swinet = Annual nitrogen excretion per pig in year t (kilograms of nitrogen per year) (see
equation 5.34 in section 5.5.5.

Pmmssuinex = Proportion of swine waste deposited in manure management system x (see
table 11, section 7.2.1.2 for values)

Fraccasamx swine) = fraction of nitrogen lost due to volatilisation for manure management
system x (see table 11, section 7.2.1.2 for values)

POPswinet = swine population in year t (from APS)
x refers to the different manure management systems used for swine (e.g. anaerobic
lagoon, daily spread...)

8.2.2.3 Indirect leaching and runoff organic nitrogen fertiliser emissions for poultry

Indirect leaching and runoff N2O organic nitrogen fertiliser emissions from poultry are calculated using
parameters for broilers, layers and other poultry. Some of these parameters are different and some are
the same.

Indirect leaching and run-off N2O emissions from organic nitrogen fertiliser for broilers (Equation 8.35)

N,Oindirect, leachingon proiter ¢

44
= WNex,broiler X Pmmsbroiler,other X (1 - FTaCGasAM,poultry) X EFS X FTaCleach(ON) X E X POPbTOlleTt

Where:

N20indirect,leachingon,broilert = total annual indirect leaching and run-off N2O emissions
from organic nitrogen fertilisers for broiler chicken in year t (kg per year)

Nexbroiler = Annual nitrogen excretion per broiler chicken (set at 0.39 kilograms of nitrogen
per year — see section 5.5.2)

Pmmserailerother = Proportion of broiler waste deposited in other manure management
systems (set at 0.95)

Fraceasam,poutry = fraction of nitrogen lost due to volatilisation for manure management for
poultry (currently set at 0.25)
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EFs= N20 emission factor for leaching and runoff (0.0075) (see Figure 8.3 and Appendix
18).

Fracieachon) = fraction of leaching and runoff from organic nitrogen applied to soil.
Currently set at 0.07 (see Appendix 18)

POPbroiler: = Broiler population in year t (from APS)

Indirect leaching and run-off N,O emissions from organic nitrogen fertiliser for layers (Equation 8.36)

N,Oindirect, leachingoy iayer,:

44

= Nex,layer X Pmmslayer,other X (1 - FraCGasAM,poultry) X EFS X Fracleach(ON) X %

% PNPlanior.

Where:

N2Oindirect,leachingon,ayert = total annual indirect leaching and run-off N2O emissions
from organic nitrogen fertilisers for layer chicken in year t (kg per year)

Nexlayer = Annual nitrogen excretion per layer chicken (set at 0.42 kilograms of nitrogen
per year — see section 5.5.2)

PMmmSiayerother = Proportion of layer waste deposited in other manure management
systems (set at 0.94)

Fraccasam,pouttry = fraction of nitrogen lost due to volatilisation for manure management for
poultry (currently set at 0.25)

EFs= N20 emission factor for leaching and runoff (0.0075) (see Figure 8.3 and Appendix
18).

Fraceachon)y = fraction of leaching and runoff from organic nitrogen applied to soil.
Currently set at 0.07 (see Appendix 18)

POPIlayer: = Layer population in year t (from APS)

Indirect leaching and run-off NoO emissions from organic nitrogen fertiliser for other poultry (Equation
8.37)

N,Oindirect, leachingoy other,t
44
= WNex,other X Pmmsother,other X (1 - FTaCGaSAM.poultry) X EFS X Fracleach(ON) X ﬁ

X POPotherpoultry,

Where:

Nz0indirect,leachingon,othert = total annual indirect leaching and run-off N2O emissions
from organic nitrogen fertilisers for other poultry in year t (kg per year)

Nex.other = Annual nitrogen excretion per ‘other’ chicken (set at 0.6 kilograms of nitrogen
per year — see section 5.5.2)

Pmmsotherother = Proportion of ‘other poultry’ waste deposited in other manure
management systems (set at 0.97)

Fraccasam,pouttry = fraction of nitrogen lost due to volatilisation for manure management for
poultry (currently set at 0.25)

EFs= N20 emission factor for leaching and runoff (0.0075) (see Figure 8.3 and Appendix
18).

Fracieach(on) = fraction of leaching and runoff from organicnitrogen applied to soil. Currently
set at 0.07 (see Appendix 18)

POPotherpoultry: = Other poultry population in year t (from APS)

The results from the above three equations can be summed together to get an estimate of total indirect
leaching and runoff N2O emissions from organic nitrogen fertilisers for all poultry per year.
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8.2.3 Urine and dung deposited by grazing animals

This section explains how indirect leaching and runoff N2O emissions from urine and dung deposited on
pasture are calculated.

8.2.31  Dairy

For dairy cattle, the following equations are used to determine N2O emissions separately from urine and
dung.

Indirect leaching and runoff N-O emissions from dairy urine (Equation 8.38):

NyOindirect, leachingy qairy,:

44
= 28 X EF5 X Fracleach(U) X MSdairy,PRP

X Z Z Z Nycmpr X POPdairy. ., g X nod,,
class region month

Where:

N20indirect,leachingu,dairyt = annual indirect leaching and runoff N2O emissions from urine
deposited by dairy cattle during grazing (kg of N2O per year)

EFs= N20 emission factor for leaching and runoff (0.0075) (see Figure 8.3 and Appendix
18).

Fracieachu) = fraction of leaching and runoff from urine and dungnitrogen applied to soil.
Currently set at 0.07 (see Appendix 18)

MSuairy,prp = proportion of manure excreted directly onto pasture, range and paddock by
dairy cattle overall. Assumed to be 100% for all dairy cattle except mature milking cows
(values for mature milking cows can be found in table 7.1, column 3 from section 7.1.1).

Nu.cmr = Amount of nitrogen excreted in urine per animal for dairy animal class c, in month
m and region R (kg of nitrogen per day). See section 5.1.4 (equation 5.7)

POPdairycemr = population of dairy animals in subcategory ¢, month m and region R
nodm = number of days in month m

class refers to the different categories of dairy cattle used in the inventory

month refers to the twelve months of the calendar year.

region refers to the regions used in the dairy inventory (see the beginning of section 4.3)

In the above equation, the section in brackets is used to calculate the total amount of nitrogen excreted
in urine by all dairy cattle in a given year

Indirect leaching and runoff N.O emissions from dairy dung (Equation 8.39):

N,Oindirect, leachingp pairy,t

44 ,
=73 X EFs X Fracieacnwy X MSaairy,prp X (Z z Nt cmpr X POPdairycm g X nodm>

class region month

Where:

N20indirect,leachingp,qairy,t = annual indirect leaching and runoff N2O emissions from dung
deposited by dairy cattle during grazing (kg of N2O per year)

EFs= N20 emission factor for leaching and runoff (0.0075) (see Figure 8.3 and Appendix
18).

Fracieach(uy = fraction of leaching and runoff from urine and dungnitrogen applied to soil.
Currently set at 0.07 (see Appendix 18)
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MSuairy,prp = proportion of manure excreted directly onto pasture, range and paddock by
dairy cattle overall.

NtremRr = Amount of nitrogen excreted in faeces per animal for dairy animal class c, in
month m and region R (kg of nitrogen per day). See section 5.1.4 (equation 5.8)

POPdairycem,r = population of dairy animals in subcategory ¢, month m and region R
nodm = number of days in month m

class refers to the different categories of dairy cattle used in the inventory

month refers to the twelve months of the calendar year.

region refers to the regions used in the dairy inventory (see the beginning of section 4.3)

8.23.2  Beef, sheep and deer

For beef cattle, sheep and deer, 100% of urine and dung is spread onto pasture, and the following
equations are used to calculate indirect leaching and runoff N2O emissions from urine and dung. These
equations are effectively identical to the equations in section 8.1.3, although the emission factor EFs is
used instead of EFs, and there is an additional parameter, Fracleach, to account for the proportion of
nitrogen (applied to water) that is lost to water.

Indirect leaching and runoff N.O emissions from urine, for animal species x (Equation 8.40):

N,Oindirect, leachingy .

44
=23 X EFs X Fracieqcnwy X MSx,prp X (Z Z Nywem X POPxm X nodm)

Indirect leaching and runoff N.O emissions from dung, for animal species x (Equation 8.41):

N;Oindirect, leachingp y+

44
=3 X EF5 X Fracieachwy X MSy,prp X <Z Z Ny fem X POPx;p X nodm>

class month

Where:

N20indirect,leachinguxt = annual indirect leaching and runoff N2O emissions from urine
deposited by animal species x during grazing (kg of N2O per year)

N20indirect,leachingpxt = annual indirect leaching and runoff N2O emissions from dung
deposited by animal species x during grazing (kg of N2O per year)

EFs= N20 emission factor for leaching and runoff (0.0075) (see Figure 8.3 and Appendix
18).

Fracieach(uy = fraction of leaching and runoff from urine and dung nitrogen applied to soil.
Currently set at 0.07 (see Appendix 18)

MSxprp = proportion of manure excreted directly onto pasture, range and paddock by
animal species x. Assumed to be 100% for all species.

Nx,uc,m = Amount of nitrogen excreted in urine per animal for animal species x class c, in
month m (kg of nitrogen per day). See sections 5.2.4, 5.3.5, and 5.4.5

Nxf.c,m = Amount of nitrogen excreted in dung per animal for animal species x class ¢, in
month m (kg of nitrogen per day). See sections 5.2.4, 5.3.5, and 5.4.5

POPx.mr = population of animal species x in subcategory ¢ and month m
nodm = number of days in month m
class refers to the different categories of beef cattle used in the inventory

month refers to the twelve months of the calendar year.
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x refers to the different animal species, either sheep, beef cattle or deer (but not dairy
cattle)

In these equations, the section in brackets is used to calculate the total amount of nitrogen excreted in
urine and dung by all animals in a particular category (i.e. sheep, beef cattle or deer) in a given year.

8.23.3 Nitrification inhibitor dicyandiamide

DCD was used in New Zealand’s pastoral farming system for dairy between 2007 and 2012, and affects
indirect leaching emissions from urine and dung. The inventory accounts for the use of DCD by using
the methodology described in Clough et al. (2008).

The use of DCD reduces N20 emissions and nitrate (NOs—) leaching in pastoral grassland systems
grazed by ruminant animals. The inventory methodology incorporates DCD use by modifying the
parameter FracLeach.

The effect of DCD on emissions are estimated by using weighting factors. The DCD weighting factors
are calculated based on reductions in emission factors and parameters, and the fraction of dairy land
treated with the inhibitor, as follows:

DCD weighting factor for Frac eacn (Equation 8.41):

DCD area treated )
Total area of dairy

DCD weighting factorerqcieach = <1 = (% reduction in Frac;pqcp X

Where:

DCD weighting factorrracieach = amount that Fracieach Nneeds to be multiplied by to account
for the effect of DCD between 2007 and 2012

% reduction in Fraceachu) = percentage amount by which Fracieach is lower following use
of DCD. Currently set at 53% (Clough et al., 2008).

DCD area treated = area of dairy land treated with DCD per year between 2007 and
2012 (from APS)

Total area of dairy = total effective dairy area per year (from APS)

In the years before 2007, and after 2012, DCD was not used in New Zealand, so the DCD weighting
factor for these years would be set at 1.

The appropriate weighting factor is then used as an additional multiplier in the current methodology for
calculating indirect and direct dairy emissions of N2O from grazed pastures.

Calculating Fracieach for dairy, accounting for the use of DCD, for May to September (Equation 8.42):
Where:

FTaCleach,DCD = Fracleach(U) x DCD Weighting faCtorFracleach

Fracieachpco = fraction of leaching and runoff from nitrogen in urine applied to soil by dairy
cattle between May and September, after accounting for the effects of DCD use.

Fracieach(uy = fraction of leaching and runoff from urine and dung nitrogen applied to soil.
Currently set at 0.07 (see Appendix 18)

DCD weighting factorrraceach = amount that Fracieach (See equation x) needs to be
multiplied by to account for the effect of DCD between 2007 and 2012

The addition of the weighting factor results in a modified Fracieach Of around 0.0696 between 2007 and
2012 for the dairy grazing area in the months that the inhibitor is applied (May to September). The
weighting factor is based on information from Statistics New Zealand’s Agricultural Production survey
that about 3 per cent of the effective dairying area in New Zealand received the inhibitor from 2007 to
2012.

In the years before 2007, and after 2012, DCD was not used in New Zealand, so Fracieach,ocp for these
years would be equal to Fracieach.

Ministry for Primary Industries Detailed methodologies for agricultural greenhouse gas emission calculation ® 167



It was assumed that the inhibitor was applied to pastures based on good management practice to
maximise N20 emission reductions. This is an application rate of 10 kilograms per hectare, applied twice
per year in autumn and early spring within seven days of the application of animal excreta. ‘Good
practice’ application methods of DCD can be by slurry or DCD-coated granules

8.2.34 Minor livestock

For minor livestock species, the indirect N2O emissions from urine and dung deposited onto pasture are
not separated into the urine and dung components. This section shows how indirect leaching and run-
off N2O emissions for these species are calculated

8.2.3.4.1  Poultry

Indirect N2O emissions (from leaching and run-off) from urine and dung deposited on pasture by poultry
are calculated by using different parameters for broilers, layers and other poultry.

Indirect leaching and run-off N2O emissions from urine and dung for poultry (Equation 8.43):

44
N,Oindirect, leachingUD,poultry‘t = 28 X EFg X Fracieqenyy X Z(Nex_x_t X POPpoultry, . X MSx‘pRP)
pe

Where:

N2Oindirect,leachingupxt = indirect N20O emissions from leaching and run-off from urine
and dung deposited by poultry type x (i.e. broilers, layers, and other poultry) during
grazing in year t (kg of N2O per year)

EFs= N20 emission factor for leaching and runoff (0.0075) (see Figure 8.3 and Appendix
18).

Fracieachuy = fraction of leaching and runoff from urine and dung nitrogen applied to soil.
Currently set at 0.07 (see Appendix 18)

Nexxt= Annual nitrogen excretion per animal in year t, for poultry type x (kg of nitrogen
per year). See section 5.5.2 (nitrogen excretion, poultry) for specific values

POPpoultryx: = population of poultry type x in year t (from APS)

MSxprp = proportion of total manure excreted directly onto pasture, range and paddock
by poultry type x. Assumed to be 4.9% for broilers, 5.8% for layers and 3% for other
poultry.

The MSxrre values for broilers and layers were determined from a study by Fick et al (2011) while the
MSxprp Value for other poultry is taken from the IPCC 1996 guidelines.
8.2.3.4.2  Swine

Indirect N20O emissions (from leaching and run-off) from urine and dung deposited on pasture by swine
are calculated using the following equation.

Indirect leaching and run-off N2O emissions from urine and dung for swine (Equation 8.44):

N,Oindirect, leachingyp swine

44
= % X EFg X Fracleach(u) X Nex swine,t X POPswine; X Mstine,PRP

Where:

N20indirect,leachingup swinet = indirect N2O emissions from leaching and run-off from urine
and dung deposited by swine during grazing in year t (kg of N2O per year)

EFs = N20 emission factor for leaching and runoff (0.0075) (see Figure 8.3 and Appendix
18).

Fracieach(uy = fraction of leaching and runoff from urine and dung nitrogen applied to soil.
Currently set at 0.07 (see Appendix 18)
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Nexxt= Annual nitrogen excretion per animal in year t, for swine (kg of nitrogen per year).
See section 5.5.5 (nitrogen excretion, swine) and equation 5.34

POPswinet = population of swine in year t (from APS)
MSswine,prRP = proportion of total manure excreted directly onto pasture, range and paddock
by swine. Assumed to be 9% (Hill et al., 2011).

8.2.3.4.3  Goats, horses, alpaca, llamas, mules and asses

For these animals, it is assumed that all manure is excreted directly onto pasture. This means that
indirect N2O emissions (from leaching and run-off) from urine and dung can be calculated from the
following equation.

Indirect leaching and run-off NoO emissions from urine and dung, for goats, horses, alpaca, llamas,
mules and asses (Equation 8.45):

44
N,Oindirect, leachingyp . = 3 X EFs X Fracieacn(uy X Nex,x,c X POPminory .

Where:

N2Oindirect,leachingupxt = indirect N20O emissions from leaching and run-off from urine
and dung deposited by animal type x (i.e. goats, horses...) during grazing in year t (kg of
N20 per year)

EFs= N20 emission factor for leaching and runoff (0.0075) (see Figure 8.3 and Appendix
18).

Fracieachuy = fraction of leaching and runoff from urine and dung nitrogen applied to soil.
Currently set at 0.07 (see Appendix 18)

Nexxt= Annual nitrogen excretion per animal in year t, for animal type x (kg of nitrogen per
year). See section 5.6 (nitrogen excretion, other livestock sources)

POPminorx = population of animal type x in year t (from APS)

Specific values of Nex for the different animal categories are outlined in sections 5.6.1 (goats), 5.6.3
(horses, mules and asses) and 5.6.4 (alpacas).

8.2.4 Crop residues returned to soils

Indirect emissions from crop residues are caused by:

. nitrogen added to soils by above and below-ground crop residue (including residue left
behind by crop burning), and
. nitrogen added to soils as a result of mineralisation of forages during pasture renewal.

8.24.1  Nitrogen from crop residue (indirect emissions from leaching and runoff)

The equation for estimating indirect N2O emissions from crop residue decay uses many of the same
variables for estimating direct N2O emissions from crop residue decay. However, the emission factor
EFs is used instead of EFs, and there is an additional parameter, Fracieach, to account for the proportion
of nitrogen (applied to water) that is lost to water. The Fracieach(cr) value of 0.1 is based on research by
Welten et al. (2021).

Indirect N>O emissions from decay of crop residue (Equation 8.46):

44
NZ OindiTeCtCR,t = % X EFS X FT'aCleach(CR) X Z(AGN’C + BGN,C)
Cc

Where:

N20indirectcr, = indirect annual N20O emissions from crop residues (kg of N20 per year)
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EFs=N20 emission factor for leaching and runoff (0.0075) (see Figure 8.3 and Appendix
18).

Fracieachcr) = fraction of leaching and runoff from nitrogen applied to cropland. Currently
set at 0.1 (see Appendix 18)

AGnce = Amount of above-ground nitrogen returned to soils per year through
incorporation of crop residues for crop type c (kilograms of nitrogen per year) (see
equation x)

BGne = Amount of below-ground nitrogen returned to soils per year through
incorporation of crop residues for crop type c (kilograms of nitrogen per year) (see
equation Xx)

c refers to the different crop types listed in table 11 (section 8.1.4.1)

8.2.4.2  Nitrogen from pasture renewal (indirect emissions from leaching and runoff)

The equation for estimating indirect N2O emissions from pasture renewal uses many of the same
variables for estimating direct N2O emissions from pasture renewal. However, the emission factor EFs
is used instead of EFz, and there is an additional parameter, Fracieacnh, to account for the proportion of
nitrogen (applied to water) that is lost to water

Indirect N2O emissions from pasture renewal (Equation 8.47):

44
NZOlndlreCtRenew,t = 5 X EFS X Fracleach(Renew) X Z FCR—Renew,p,t

28
p
Where:
NzOindirectrenew,t = indirect N2O emissions from pasture renewal in year t (kilograms per
year)

EFs= N20 emission factor for leaching and runoff (0.0075) (see Figure 8.3 and Appendix
18).

Fracieach(renew) = fraction of leaching and runoff from nitrogen applied to soil. Currently set
at 0.07 (see Appendix 18)

Fcr-renew,p,t = Amount of nitrogen in residues (kg) for pasture type p in year t (see equation
X, section 8.1.4.2)

p refers to the three sections of nitrogen from pasture renewal (either Lucerne on all
farms, rye/clover on dairy farms, and rye/clover on sheep, beef and deer farms)

8.2.5 Nitrogen mineralisation
Indirect N20O emissions from nitrogen mineralisation can be calculated using the formula below.

Indirect No.O emissions from nitrogen mineralisation due to the loss of soil organic matter in mineral soils
(Equation 8.48)

. 4
NZOLnle'eCtFSOM't = % X EFS X FT‘aCleaCh(CR) X FSOM
Where:

Nz0indirectrsomt = indirect N2O emissions from nitrogen mineralisation due to the loss of
soil organic matter in mineral soils in year t (kilograms per year)

EFs = N20 emission factor for leaching and runoff (0.0075) (see Figure 8.3 and Appendix
18).

Fracieach(cr) = fraction of leaching and runoff from nitrogen applied to cropland. Currently
set at 0.1 (see Appendix 18)
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Fsom = amount of nitrogen mineralised from loss of soil organic matter in mineral soils
through land management for cropland remaining cropland (kg) (see equation x in section
8.1.5)

8.3 Indirect N2O emissions associated with nitrogen volatilisation from soils

Nitrogen can be volatised as ammonia or NOx (reactive oxides of nitrogen) before it is later returned to
the soil by wet or dry deposition to be again a candidate for conversion to nitrous oxide. This is another
indirect pathway for N2O production (in addition to leaching and runoff).

In the New Zealand Inventory, there are three sources of indirect agricultural soils emissions from
volatilisation:

e Synthetic nitrogen fertiliser
e Organic fertiliser
e Urine and dung from grazing animals

Emissions from each of these sources are discussed in turn.
The basic form of the equation used to calculate indirect volatilisation emissions is below:

Indirect volatilisation NoO emissions from generic nitrogen source (Equation 8.49):
44
N,Oindirect, volatilisation, = 8 X N X EF, X Fracgys

Where:

N20indirect,volatilisationn = Indirect volatilisation N2O emissions from nitrogen applied to
soil (kg N20)

44/28 = molecular conversion factor, used to convert nitrogen to nitrous oxide
N = amount of nitrogen applied to soils (kg N); (see Appendix 20)

EF4 = N20 emission factor for indirect emissions from volatising nitrogen (0.01) (see
Figure 8.3 and Appendix 18).

Fraceas = fraction of nitrogen applied to soil emitted as NOx or NHa.

The parameter Fraceas can either be Fraccasr or Fraceasam depending on the type or source of nitrogen
applied to the soil.

8.3.1 Synthetic fertiliser application and urease inhibitor

Some of the nitrogen fertiliser sold in New Zealand is coated with a substance called urease inhibitor
(UI). Urease inhibitors restrict the action of the enzyme urease, which is a catalyst for the volatilisation
of the nitrogen into ammonia gas.

The application of all nitrogen fertiliser leads to indirect N2O emissions from volatilisationk, but urease
inhibitor coated fertiliser (when used instead of non-Ul coated fertiliser) can be regarded as a mitigation
option as it leads to lower N2O emissions.

Research from Saggar et al. (2013) has quantified the mitigation effect of urease inhibitor, which is
included in New Zealand'’s Agriculture inventory by adjusting the value of the Fraceasr parameter from
0.1 to 0.055 when urease inhibitor is used.

The equations used to estimate indirect N2O emissions from volatilisation (by Ul and non-Ul coated
fertiliser) are below.

kin addition to direct N2O emissions (see section 8.1.1) and indirect leaching N20O emissions (see section 8.2.1)
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Indirect volatilisation N>O emissions from synthetic fertiliser coated with urease inhibitor (Equation 8.50):

44
N,Oindirect, volatilisationgy y; ; = o8 X Fgyyre X EFy X Fracgspy;

Indirect volatilisation N.O emissions from synthetic fertiliser NOT coated with urease inhibitor (Equation
8.51):

44
N,Oindirect, volatilisationgy no yr.¢ = 8 X Fsynoure X EFy X Fracg s

Where:

N20indirect,volatilisationsn,uit = indirect volatilisation N2O emissions from Ul coated
synthetic nitrogen fertiliser in year t (kilograms per year)

N20indirect,volatilisationsnno uit = indirect volatilisation N2O emissions from synthetic
nitrogen fertiliser NOT coated with Ul in year t (kilograms per year)

Fsn,uit = nitrogen amount of all Ul coated synthetic fertiliser applied to soils in year t (kg
N/yr)

Fsn.no uit = nitrogen amount of synthetic fertiliser NOT coated with Ul applied to soils in
year t (kg N/yr)

EF4 = N20 emission factor for indirect emissions from volatising nitrogen (0.01) (see
Figure 8.3 and Appendix 18).

Fraceasr,ul = fraction of Ul coated synthetic fertiliser emitted as NOx or NH3. Currently set
at 0.055 (see Appendix 18)

Fraceasr = fraction of synthetic fertiliser NOT coated with Ul emitted as NOx or NH3.
Currently set at 0.1 (see Appendix 18)

Urea fertiliser coated with urease inhibitors was first commercially used in New Zealand in 2001. Data
on the use of urease inhibitor is collected by the Fertiliser Association of New Zealand. This activity data
records the total amount of nitrogen in urea fertiliser that has been treated with a urease inhibitor. Some
urea fertiliser coated with urease inhibitors is also blended into other fertiliser products.

8.3.2 Organic nitrogen fertilisers

In New Zealand, emissions from Organic nitrogen fertilisers are solely from animal manure that is spread
on pasture after collection in manure management systems. In New Zealand, this only occurs for dairy
cattle, swine and poultry. Additional information on organic nitrogen fertilisers are contained in section
8.1.2.

83.21 Indirect volatilisation organic nitrogen fertiliser emissions for dairy

Indirect leaching and run-off NoO emissions from organic nitrogen fertiliser for dairy cattle (Equation
8.52):

44
N,Oindirect, volatilisationgy gairy,: = 28 X Fapm(aairy),t X (1 = FracGasAM(ALDairy)> X Fracgpsam X EFy

Where:

N20indirect,volatilisationon,dairyt = indirect volatilisation N2O emissions from organic
nitrogen fertilisers for all dairy cattle in year t (kg per year)

Fam@airy)t = Total amount of dairy cattle manure nitrogen applied to soils from manure
management systems (anaerobic lagoons) in year t (kg per year). See equation 8.4,
section 8.1.2.1.
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FraceasamaL-pairy) = fraction of nitrogen lost due to volatilisation (currently set at 0.35, as
per IPCC (2006) guidelines

Fraccasam = fraction of nitrogen excretion emitted as NOx or NHs. Currently set at 0.1 (see
Appendix 18)

EF4 = N20 emission factor indirect emissions from volatising nitrogen (0.01) (see Figure
8.3 and Appendix 18).

8.3.2.2  Indirect volatilisation organic nitrogen fertiliser emissions for swine

Total indirect leaching emissions from organic nitrogen fertiliser for swine are determined by adding the
nitrous oxide caused by waste in the different manure management systems

Indirect volatilisation N2O emissions from organic nitrogen fertiliser for swine (Equation 8.53):

N,Oindirect, volatilisationgy swine ¢

= EF, X Fracgasam

44
X 2—8<Z(Nex,swine,t X PmmsswinE,x X (1 - FraCGasAM(x,swine)) X POPSWlnet)>

X

Where:

N20Oindirect,volatilisationon,swinet = total annual indirect volatilisation N2O emissions from
organic nitrogen fertilisers for swine (kg per year)

EF4 = N20 emission factor indirect emissions from volatising nitrogen (0.01) (see Figure
8.3 and Appendix 18).

Fraceasam = fraction of nitrogen excretion emitted as NOx or NHs. Currently set at 0.1 (see
Appendix 18)

Nex,swine,t = Annual nitrogen excretion per pig in year t (kilograms of nitrogen per year) (see
equation 5.34 in section 5.5.5.

Pmmsswine,x = Proportion of swine waste deposited in manure management system x (see
table 7.2, section 7.2.1.2 for values)

Fraccasamx,swine) = fraction of nitrogen lost due to volatilisation for manure management
system x (see table 7.2, section 7.2.1.2 for values)

POPswinet = swine population in year t (from APS)
x refers to the different manure management systems used for swine (e.g. anaerobic
lagoon, daily spread...)

8.3.2.3 Indirect volatilisation organic nitrogen fertiliser emissions for poultry

Indirect N20O emissions from the volatilisation of organic nitrogen fertiliser from poultry are calculated
using parameters for broilers, layers and other poultry. Some of these parameters are different and
some are the same.

Indirect volatilisation NoO emissions from organic nitrogen fertiliser for broilers (Equation 8.54):

N,Oindirect, volatilisationgy proiier,t

44
= WNex,broiler X Pmmsbroiler,other X (1 - FTaCGasAM,poultry) X EF4 X FraCGASam X 2_8

X POPbroiler;

Where:
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N20indirect,volatilisationon,breilert = total annual indirect volatilisation N2O emissions from
organic nitrogen fertilisers for broiler chicken (kg per year)

Nex,broiler = Annual nitrogen excretion per broiler chicken (set at 0.39 kilograms of nitrogen
per year — see section 5.5.2)

Pmmshroilerother = Proportion of broiler waste deposited in other manure management
systems (set at 0.95)

Fraccasam,pouttry = fraction of nitrogen lost due to volatilisation for manure management for
poultry (currently set at 0.25)

EF4 = N20 emission factor for indirect emissions from volatising nitrogen (0.01) (see
Figure 8.3 and Appendix 18).

Fraccasam = fraction of nitrogen excretion emitted as NOx or NHs. Currently set at 0.1 (see
Appendix 18)

POPbroiler: = Broiler population in year t (from APS)

Indirect volatilisation N2O emissions from organic nitrogen fertiliser for layers (Equation 8.55):

N,Oindirect, volatilisationgy iqyer.t
44

= WNex,layer X Pmmslayer,other X (1 - FTaCGasAM,poultry) X EF4 X FraCGASam X ﬁ

X POPlayer;

Where:

N20indirect,volatilisationon,iayert = total annual indirect volatilisation N2O emissions from
organic nitrogen fertilisers for layer chicken (kg per year)

Nexlayer = Annual nitrogen excretion per layer chicken (set at 0.42 kilograms of nitrogen
per year — see section 5.5.2)

PMmSiayerother = Proportion of layer waste deposited in other manure management
systems (set at 0.94)

Fraccasam,poutry = fraction of nitrogen lost due to volatilisation for manure management for
poultry (currently set at 0.25)

EF4 = N20 emission factor for indirect emissions from volatising nitrogen (0.01) (see
Figure 8.3 and Appendix 18).

Fraceasam = fraction of nitrogen excretion emitted as NOx or NHs. Currently setat 0.1 (see
Appendix 18)

POPIlayer: = Layer population in year t (from APS)

Indirect volatilisation NoO emissions from organic nitrogen fertiliser for other poultry (Equation 8.56):

N,Oindirect, volatilisationgy other ¢
44

= WNex,other X Pmmsother,other X (1 - FraCGasAM,poultry) X EF4- X FraCGASam X %

X POPotherpoultry;

Where:

Nz0indirect,leachingon,othert = total annual indirect leaching and run-off N2O emissions
from organic nitrogen fertilisers for other poultry in year t (kg per year)

Nex.other = Annual nitrogen excretion per ‘other’ chicken (set at 0.6 kilograms of nitrogen
per year — see section 5.5.2)

Pmmsotherother = Proportion of ‘other poultry’ waste deposited in other manure
management systems (set at 0.97)
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Fraceasam,poutry = fraction of nitrogen lost due to volatilisation for manure management for
poultry (currently set at 0.25)

EF4= N20 emission factor indirect emissions from volatising nitrogen (0.01) (see Figure
8.3 and Appendix 18).

Fraccasam = fraction of nitrogen excretion emitted as NOx or NHs. Currently set at 0.1 (see
Appendix 18)

POPotherpoultry: = Other poultry population in year t (from APS)

The results from the above three equations can be summed together to get an estimate of total indirect
leaching and runoff N2O emissions from organic nitrogen fertilisers for all poultry per year.

8.3.3 Urine and dung deposited by grazing animals

This section explains how indirect volatilisation N2O emissions from urine and dung deposited on
pasture are calculated.

8.3.3.1  Dairy

For dairy cattle, the following equations are used to determine indirect N2O emissions due to
volatilisation separately from urine and dung.

Indirect volatilisation NoO emissions from dairy urine (Equation 8.57):

N,Oindirect, volatilisationy qairy,:

Z Ny cmpr X POPdairy ., g X nodm>

44
= X EFy X Fracgasam X MSaairy,prp X
class region month

Where:

N20indirect,volatilisationu,dairy,t = annual indirect volatilisation N2O emissions from urine
deposited by dairy cattle during grazing (kg of N20O per year)

Fraceasam = fraction of nitrogen excretion emitted as NOx or NHs. Currently set at 0.1 (see
Appendix 18)

EF4= N20 emission factor for indirect emissions from volatising nitrogen (0.01) (see Figure
8.3 and Appendix 18).

MSudairy,prp = proportion of manure excreted directly onto pasture, range and paddock by
dairy cattle overall. Assumed to be 100% for all dairy cattle except mature milking cows
(values for mature milking cows can be found in table 7.1, column 3 from section 7.1.1).

Nu.cmr = Amount of nitrogen excreted in urine per animal for dairy animal class c, in month
m and region R (kg of nitrogen per day). See section 5.1.4 (equation 5.7)

POPdairycmr = population of dairy animals in subcategory ¢, month m and region R
nodm = number of days in month m

class refers to the different categories of dairy cattle used in the inventory

month refers to the twelve months of the calendar year.

region refers to the regions used in the dairy inventory (see the beginning of section 4.3)

In the above equation, the section in brackets is used to calculate the total amount of nitrogen excreted
in urine by all dairy cattle in a given year

Indirect volatilisation NoO emissions from dairy dung (Equation 8.58):

N,Oindirect, volatilisationp pairy,¢

44
=3 X EFy X Fracgasam X MSaairy,prp X (Z Z Z Nt cmr X POPdairyc., g X nodm)

class region month
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Where:

N20indirect,volatilisationp,qairyt = annual indirect volatilisation N2O emissions from dung
deposited by dairy cattle during grazing (kg of N2O per year)

Fraccasam = fraction of nitrogen excretion emitted as NOx or NHs. Currently set at 0.1 (see
Appendix 18)

EF4 = N20 emission factor for indirect emissions from volatising nitrogen (0.01) (see
Figure 8.3 and Appendix 18).

MSuairy,prp = proportion of manure excreted directly onto pasture, range and paddock by
dairy cattle overall. Assumed to be 100% for all dairy cattle except mature milking cows
(values for mature milking cows can be found in table 7.1, column 3 from section 7.1.1).

NremRr = Amount of nitrogen excreted in faeces per animal for dairy animal class c, in
month m and region R (kg of nitrogen per day). See section 5.1.4 (equation 5.8)

POPdairycmr = population of dairy animals in subcategory ¢, month m and region R
nodm = number of days in month m
class refers to the different categories of dairy cattle used in the inventory
month refers to the twelve months of the calendar year.
region refers to the regions used in the dairy inventory (see section 4.3)
In the above equation, the section in brackets is used to calculate the total amount of nitrogen excreted
in dung by all dairy cattle in a given year.
8.3.3.2 Beef, sheep and deer

For beef cattle, sheep and deer, 100% of urine and dung is spread onto pasture, and the following
equations are used to calculate indirect volatilisation N2O emissions from urine and dung. These
equations are effectively identical to the equations in section 8.1.3, although the emission factor EF4 is
used instead of EFs, and there is an additional parameter, Fraceasam, t0 account for the proportion of
nitrogen that is emitted as NOx or NH3.

Indirect volatilisation N2O emissions from urine, for animal species x (Equation 8.59):

28 Z Nx,u,c,m X POPxC,m X Tlodm)

44
N,Oindirect, volatilisationy , = —— X EFy X Fracgasam X MSy prp X (Z
class month

Indirect volatilisation NoO emissions from dung, for animal species x (Equation 8.60):

Z Ny f.em X POPx; X nodm)

44
N,Oindirect,volatilisationp , = ——=X EFy X Fracgasgm X MSy prp X (
class month

28

Where:

N20indirect,volatilisationuxt = annual indirect volatilisation N2O emissions from urine
deposited by animal species x during grazing (kg of N2O per year)

N20indirect,volatilisationpxt = annual indirect volatilisation N2O emissions from dung
deposited by animal species x during grazing (kg of N2O per year)

Fraccasam = fraction of nitrogen excretion emitted as NOx or NHs. Currently set at 0.1 (see
Appendix 18)

EF2 = N20 emission factor for indirect emissions from volatising nitrogen (0.01) (see
Figure 8.3 and Appendix 18).

MSxprp = proportion of manure excreted directly onto pasture, range and paddock by
animal species x. Assumed to be 100% for beef cattle, sheep and deer.
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Nx.ucm = Amount of nitrogen excreted in urine per animal for animal species x class c, in
month m (kg of nitrogen per day). See sections 5.2.4, 5.3.5, and 5.4.5

Nxf.c.m = Amount of nitrogen excreted in dung per animal for animal species x class c, in
month m (kg of nitrogen per day). See sections 5.2.4, 5.3.5, and 5.4.5

POPxcmr = population of animal species x in subcategory c and month m
nodm = number of days in month m

class refers to the different categories of beef cattle used in the inventory
month refers to the twelve months of the calendar year.

x refers to the different animal species, either sheep, beef cattle or deer (but not dairy
cattle)

In these equations, the section in brackets is used to calculate the total amount of nitrogen excreted in
urine and dung by all beef cattle, sheep or deer in a given year.
8.3.3.3 Minor livestock

This section shows how indirect volatilisation N20 emissions for minor livestock species are calculated.
These equations are effectively identical to the equations in section 8.2.3.4, although the emission factor
EF4 is used instead of EFs, and Fraccasam is used instead of Fracieach.

8.3.3.3.1  Poultry

Indirect N20 emissions (from volatilisation) from urine and dung deposited on pasture by poultry are
calculated by using different parameters for broilers, layers and other poultry.

Indirect volatilisation NoO emissions from urine and dung for poultry (Equation 8.61):

N,Oindirect, volatilisationyp pouitry,:

44
= —g X EFa X Fracgasam X Z(Nex,x't X POPpoultry, s X MSy prp)
X

Where:

N20indirect,volatilisationup,pouttry,xt = indirect N20O emissions from volatilisation from urine
and dung deposited by poultry type x (i.e. broilers, layers, and other poultry) during
grazing in year t (kg of N2O per year)

Fraccasam = fraction of nitrogen excretion emitted as NOx or NHs. Currently set at 0.1 (see
Appendix 18)

EF4 = N20 emission factor for indirect emissions from volatising nitrogen (0.01) (see
Figure 8.3 and Appendix 18).

Nexx= Annual nitrogen excretion per animal in year t, for poultry type x (kg of nitrogen
per year). See section 5.5.2 (nitrogen excretion, poultry) for specific values

POPpoultryx: = population of poultry type x in year t (from APS)

MSxprp = proportion of total manure excreted directly onto pasture, range and paddock
by poultry type x. Assumed to be 4.9% for broilers, 5.8% for layers and 3% for other
poultry.

The MSxrre values for broilers and layers were determined from a study by Fick et al (2011) while the
MSxprp Value for other poultry is taken from the IPCC 1996 guidelines.

8.3.3.3.2 Swine

Indirect N20O emissions (from volatilisation) from urine and dung deposited on pasture by swine are
calculated using the following equation. This equation is effectively identical to the equation in section
8.2.3.4.2, although the emission factor EF4 is used instead of EFs, and Fraceasam is used instead of
Fracieach.
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Indirect volatilisation N>O emissions from urine and dung for swine (Equation 8.62):

N,Oindirect, volatilisationyp syine ¢

= ﬁ X EFy X Fracgasqm X Nex,swine,t X POPswine; X Mstine,PRP
Where:

N20indirect,volatilisationup,swine,t = indirect N20O emissions from volatilisation from urine and
dung deposited by swine during grazing in year t (kg of N2O per year)

Fraccasam = fraction of nitrogen excretion emitted as NOx or NHz. Currently set at 0.1 (see
Appendix 18)

EF4= N20 emission factor indirect emissions from volatising nitrogen (0.01) (see Figure 2
and Appendix 18).

Nexxt= Annual nitrogen excretion per animal in year t, for swine (kg of nitrogen per year).
See section 5.5.5

POPswinet = population of swine in year t (from APS)

MSswine,prP = proportion of total manure excreted directly onto pasture, range and paddock
by swine. Assumed to be 9% (Hill et al., 2011).

8.3.3.3.3  Gouats, horses, alpaca, llamas, mules and asses

For these animals, it is assumed that all manure is excreted directly onto pasture. This means that
indirect N2O emissions (from volatilisation) from urine and dung can be calculated from the following
equation. This equation is effectively identical to the equation in section 8.2.3.4.3, although the emission
factor EF4 is used instead of EFs, and Fraceasam is used instead of Fracieach.

Indirect volatilisation N2O emissions from urine and dung, for goats, horses, alpaca, llamas, mules and
asses (Equation 8.63):

N;Oindirect, volatilisationyp , ; = 28 X EFy X Fracgasam X Nexx,t X POPminor, ;

Where:

N20indirect,volatilisationupxt = indirect N20O emissions from volatilisation from urine and
dung deposited by animal type x (i.e. goats, horses...) during grazing in year t (kg of N20O
per year)

Fraccasam = fraction of nitrogen excretion emitted as NOx or NHs. Currently set at 0.1 (see
Appendix 18)

EF2= N20 emission factor indirect emissions from volatising nitrogen (0.01) (see Figure
8.3 and Appendix 18).

Nex.xt= Annual nitrogen excretion per animal in year t, for animal type x (kg of nitrogen per
year). See section 5.6 (nitrogen excretion, other livestock sources)

POPminorx = population of animal type x in year t (from APS)

Specific values of Nex for the different animal categories are outlined in sections 5.6.1 (goats), 5.6.3
(horses, mules and asses) and 5.6.4 (alpacas).

178 e Detailed methodologies for agricultural greenhouse gas emission calculation Ministry for Primary Industries



9 Field burning of agricultural residues

The burning of crop residues following harvest results in emissions of CHs, CO, N20 and NOx. These
emissions are estimated using country-specific parameters, emission factors and methodology which is
aligned with the 1996 IPCC methodology (Thomas et al., 2011). Based on industry information, it is
assumed that only the residues from barley, oat and wheat crops are burnt.

The calculation of emissions from crop residues uses country-specific data on:

e crop production

e burning statistics, along with

e the proportion of residue actually burnt,

e harvest indices,

e dry matter fractions,

¢ fraction oxidised

e carbon and nitrogen fractions of the residue.

Country specific values for these parameters are identical to those from the OVERSEER® nutrient
budget model for New Zealand (Wheeler et al., 2003) and are the same as those used for estimates of
emissions from crop residues (section 8). This provides consistency between the two emissions
estimates for crop residue and crop burning.

The amount of crop residue burned is estimated from crop production and burning statistics. Country
specific data for each crops is then used to calculate the amount of carbon and nitrogen contained in
the crop residues

Emissions of CH4, CO, N20 and NOx are estimated by:

e calculating the amount of carbon and nitrogen released and
¢ multiplying these amounts by various emission ratios.

The diagram below summarises how the different parameters are combined to estimate emissions from
crop burning. Statistics New Zealand did not start collecting crop burning area information until 2005.
Before 2005, crop burning data is based on farmer survey information (Thomas et al., 2011).
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Figure 9.1 Calculation of field burning emissions. Boxes describe activity data, emission factors
and calculations required.
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9.1 Activity data, parameters and the proportion and areas of crop burning

9.1.1 Activity data

The main activity data sources used to calculate crop burning emissions are:

e Annual production (in tonnes) of barley, oats and wheat crops (from APS),

e Annual area (in hectares) of barley, oats and wheat crops harvested (from APS), and

e Total area (in hectares) of crop residues burnt, (from APS since 2005, note that APS burning
area is NOT collected for the individual crop area).

9.1.2 Proportion and area of crop burning

For the years from 2005 onwards, data on the area of crops harvested and the total area of crop residues
burnt are used to calculate the area of crop residues burnt for each individual crop (areasum-c) and the
proportion of residues burnt for each crop (Pareasum-).

For the years from 1990 to 2004, the proportion of crop area burned was determined by a farmer survey.
From this survey it was found that:

e 70 percent of wheat,
e 50 percent of barley, and
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e 50 percent of oat.

crop areas were burnt (Thomas et al., 2011). These values are in alignment with Statistics New Zealand
data for 2005 — 2007 (2005 being the first year Statistics New Zealand gathered this data from the APS)
and were therefore applied to the years 1990 - 2004.

Since areas for each individual crop burnt (areanum-c) are not collected in the APS, burning for each crop
is apportioned based on the total area burned (areasumota) (Equations 9.4, 9.5 and 9.6 to 316). The
proportions are from the farmer survey data used in the pre-2005 calculations (see above). These areas
then applied to Equations 9.1, 9.2, and 9.3 to calculate Pareasum-c.

The following equations are used to estimate the annual proportions and areas of crop burning for oats
and barley, from 2005 onwards.

Proportion of oat area burnt from 2005 onwards (Equation 9.1):

aredpyrn-oats

Parea - =
burn—oats ared, s

Where:

Pareanum-cats = area of oat crop burnt as a proportion of total oat production area (fixed
at 0.5 before 2005)

areanum-oats = area of oat crop burnt (hectares)
areaoats = production area of oat crop (hectares, from APS)

Proportion of barley area burnt from 2005 onwards (Equation 9.2):

areaburn—barley

Pazr eab =
urn—barley
areabarley

Where:

Pareanumn-barley = area of barley crop burnt as a proportion of total barley production area
(fixed at 0.5 before 2005)

areanum-barley = area of barley crop burnt (hectares)
areanarley = production area of barley crop (hectares, from APS)

Proportion of wheat area burnt from 2005 onwards (Equation 9.3):

areédpyrn-wheat

Parea - =
burn—wheat
aredyneat

Where:

Pareanum-wheat = area of wheat crop burnt as a proportion of total wheat production area
(fixed at 0.7 before 2005)

areanurn-wheat = area of wheat crop burnt (hectares)

areawneat = production area of wheat crop (hectares, from APS)

Oat area burnt from 2005 onwards (Equation 9.4):

are aburn,to tal >

areQp,m— = areqa, x 0.5 %
burn-oats oats <areaoats X 0.5 + areapgriey X 0.5 + area,peqe X 0.7
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Where:

areanurn-oats = area of oat crop burnt (hectares)

areaoats = production area of oat crop (hectares, from APS)
areanurn,total = total area of crop residues burnt (hectares, from APS)
areanarey = production area of barley crop (hectares, from APS)

areawneat = production area of wheat crop (hectares, from APS)

Barley area burnt from 2005 onwards (Equation 9.5):

areaburn—barley = areabarley x 0.5 x (

Where:

areaburn,total
aredoqes X 0.5 + areay,griey X 0.5 + ared, peqr X 0.7

areanum-barley = area of barley crop burnt (hectares)

areavariey = production area of barley crop (hectares, from APS)
areanum.total = total area of crop residues burnt (hectares, from APS)
areaoats = production area of oat crop (hectares, from APS)

areawheat = production area of wheat crop (hectares, from APS)

Wheat area burnt (Equation 9.6):

Where:

aredpyrn-wheat
areaburn,total )
areda.r+« X 0.5 + areanarion X 0.5 + area,,nonr X 0.7

area,peqr X 0.7 X (

areapum-wheat = area of wheat crop burnt (hectares)

areawneat = production area of wheat crop (hectares, from APS)
areanum,total = total area of crop residues burnt (hectares, from APS)
areaoats = production area of oat crop (hectares, from APS)

areanarley = production area of barley crop (hectares, from APS)

9.1.3 Parameters used in crop burning model

The following tables show the fixed parameters that are used to calculate N2O, NOx, CH4 and CO

emissions from crop burning.

Table 9.1: Values used to calculate New Zealand emissions from burning of agricultural residues. Values taken from

Thomas et al. (2011).

Barley = Wheat Oats
Fraction of residue actually burnt (kg above ground residue/kg DM) 0.7 0.7 0.7
Presdoum-c ' ' '
Fraction of above ground residue oxidized (kg oxidized/ kg DM) 0.9 0.9 0.9
Fracoxipisen ' ' '
Fraction of nitrogen in biomass (kg N/ kg DM) 0.005 0.005 0.005
Fracn-siomass ' ' '
Fraction of carbon in biomass (kg C/ kg DM) crop) 0.4567 0.4853 0.4567
Fracc-siomass ' ' '
Dry matter fraction (kg DM/ kg crop 0.86 0.86 0.86
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DM Fcrop-C
Harvest Index (see equation x)

Hio 0.46 0.41 0.30

Table 9.2: Emission ratios for agricultural residue burning (Revised IPCC 1996 Guidelines, Table 4-16).

Compound Emission ratio (kg compound released/kg
total compound released
during burning)

CHs4 0.005
CO 0.06
N20 0.007
NOx 0.121

9.2 Nitrous oxide field burning emissions

The following equations are used to calculate N2O emissions from the burning of barley, oats and wheat
residues (kt/yr):

Total annual nitrous oxide emissions from field burning of all crops (Equation 9.7):

cropN,Ogyry = N2Opuyrn—bariey + N20gurn-oats T N2Opurn-wheat

Where:

cropN20gurn = annual nitrous oxide emissions from field burning of barley, oats and
wheat (kilotonnes per year)

N20gurn-barley = annual nitrous oxide emissions from field burning of barley (kilotonnes
per year)

N20Osurn-oats = @annual nitrous oxide emissions from field burning of oats (kilotonnes per
year)

N20Osurn-wheat = annual nitrous oxide emissions from field burning of wheat (kilotonnes
per year)

Annual nitrous oxide emissions from field burning by crop type (Equation 9.8):

N;Ogyrn—c = 28 X AGgyrn-c X Fracoxpisep X Fracy_giomass X ERnz0
Where:

N20gurn-c = annual nitrous oxide emissions from field burning of crop c (i.e. barley, oats
or wheat)(kilotonnes per year)

AGsurn-c = Biomass of crop burnt (tonnes per year) for crop type c (i.e. barley, oats or
wheat)

Fracoxipisep = Fraction of burnt biomass that is oxidised (currently set at 0.9 for barley,
oats and wheat — see Table 9.1).

Fracn-siomass = Fraction of biomass made up of nitrogen, (currently set at 0.005 for
barley, oats and wheat— see Table 9.1).
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ERn20 = Emission ratio for N2O (currently set at 0.007 — see table 9.2)

Calculation of biomass burned by crop type (Equation 9.9):

AGgyrn-c = AGresd, X Pareag,,m—c X Presdpemain—c X Presdgyrm—c

Where:

AGsurn-c = Biomass of crop burnt (tonnes per year) for crop type c (i.e. barley, oats or
wheat)

AGresdc: = Above-ground residue for crop ¢ (tonnes of dry matter per year)

Pareasumn-c = area of crop c burnt as a proportion of total production area (see section
9.1)

Presdremain-c = proportion of crop residue remaining after any removal, for crop type c
(set at one for all crop types and years)

Presdsum-c = proportion of crop residue remaining that is actually burnt, for crop type c
(set at 0.7 for all crop types and years)

Expert opinion is that if crop residue is to be burned, there is generally no prior removal for feed and
bedding. Therefore 100 percent of residue (Presdremain-c) is left for burning after the harvested proportion
has been removed (Thomas et al., 2011).

The proportion of residue actually burned (Presdsum-c) has been estimated as 70 percent for all years
and crop types as this takes into account required fire break areas and differences in the methods used.
It is also assumed that farmers will generally aim to have as close to complete combustion as possible.

The amount of above-ground residue is a function of the amount of biomass produced for each crop
and the proportion of total biomass that is harvested.

Above-ground residue by crop type (Equation 9.10)

1
AGresd, = Prod rop—c X DMFp 0 X (m — 1)
@

Where:
AGresdc = Above-ground residue for crop ¢ (tonnes of dry matter per year)
Prodcrop-c = annual production of crop c, in tonnes (from APS)

DMFcrop-c = Dry matter factor, or the factor used to convert total crop production to dry
matter crop production (Currently set to 0.86 for barley, oats and wheat)

Hlc = Harvest index, or the proportion of crop biomass that is harvested for production
(see values in table 9.1)

For each crop residue, the different emission estimates of each gas species is determined and then
combined for all different gas types.

9.3 Methane field burning emissions

Methane emissions from field burning are calculated using the following equations.

Total annual methane emissions from field burning of all crops (Equation 9.11)

cropCH, gy py = CH4BURN—barley + CHapypn—oars T CHagyrn—wheat
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Where:

cropCHasurn = annual methane emissions from field burning of barley, oats and wheat
(kilotonnes per year)

CHoapurn-parley = annual methane emissions from field burning of barley (kilotonnes per
year)

CHoasurn-oats = annual methane emissions from field burning of oats (kilotonnes per year)

CHoasurn-wheat = annual methane emissions from field burning of wheat (kilotonnes per
year)

Annual methane emissions from field burning by crop type (Equation 9.12)

CHypypy_ = CarbonRpypy-c X molweyy X ERcpy

Where:

CHasurn-c = annual methane emissions from field burning of crop c (i.e. barley, oats or
wheat)(kilotonnes per year)

CarbonRsurn-c = amount of carbon released from burning residues of crop ¢
molwcra = molecular weight conversion of carbon to methane, (currently set at 16/12).

ERcHs = Emission ratio for methane (currently set at 0.005 — see table 13)

Amount of carbon released from field burning by crop type (Equation 9.13)

CarbonRpypy-c = AGgyrn—c X Fracoxipisep X Frac._giomass

Where:
CarbonRsurn-c = amount of carbon released from burning residues of crop ¢

AGeurn-c = Biomass of crop burnt (tonnes per year) for crop type c (i.e. barley, oats or
wheat; see equation 9.9, section 9.2)

Fracoxioisep = Fraction of burnt biomass that is oxidised (currently set at 0.9 for barley,
oats and wheat — see Table 12).

Fracceiomass = Fraction of biomass made up of carbon, for crop type ¢ (see Table 12
for values).

9.4 Carbon monoxide field burning emissions

Although carbon monoxide is not a greenhouse gas, their emissions have an indirect greenhouse effect.
Carbon monoxide emissions from field burning can be calculated by using the equations below.

Total annual carbon monoxide emissions from field burning of all crops (Equation 9.14)

cropCOgyry = COBURN—barley + COgyrn-oats + COpyrN-wheat

Where:

cropCOsurN = annual carbon monoxide emissions from field burning of barley, oats and
wheat (kilotonnes per year)

COsurn-barley = annual carbon monoxide emissions from field burning of barley
(kilotonnes per year)
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COsurn-oats = annual carbon monoxide emissions from field burning of oats (kilotonnes
per year)

COsurn-wheat = annual carbon monoxide emissions from field burning of wheat
(kilotonnes per year)

Annual carbon monoxide emissions from field burning by crop type (Equation 9.15)

Where:

COgyrn—-c = CarbonRgyry—_c X molwgg X ERp

COsurn-c = annual carbon monoxide emissions from field burning of crop c (i.e. barley,
oats or wheat)(kilotonnes per year)

CarbonRsurn-c = amount of carbon released from burning residues of crop ¢ (see
equation 9.13 in section 9.3)

molwco = molecular weight conversion of carbon to carbon monoxide, (currently set at
14/6).

ERco = Emission ratio for carbon monoxide (currently set at 0.06 — see table 13)

9.5 NOx field burning emissions

NOx refers to nitrogen oxides such as nitric oxide (NO) and nitrogen dioxide (NO32). Although they are
not a greenhouse gases, their emissions have an indirect greenhouse effect. NOx emissions from field
burning can be calculated by using the equations below.

Total NOx emissions from field burning of all crops (Equation 9.16)

Where:

CropNOXBURN = NOXBURN—barley + NOXBURN—oats + NOXBURN—wheat

cropNOxsurn = annual NOx emissions from field burning of barley, oats and wheat
(kilotonnes per year)

NOxsurn-barley = annual NOx emissions from field burning of barley (kilotonnes per year)
NOxsurn-oats = annual NOx emissions from field burning of oats (kilotonnes per year)

NOxsurn-wheat = annual NOx emissions from field burning of wheat (kilotonnes per year)

Annual NOy emissions from field burning by crop type (Equation 9.17)

Where:

NOxpyrn-c = NitrogenRpygpy—c X molweyy X ERcpa

COsurn-c = annual NOx emissions from field burning of crop c (i.e. barley, oats or
wheat)(kilotonnes per year)

NitrogenReurn-c = amount of nitrogen released from burning residues of crop c¢ (see
equation 9.18)

molwco = molecular weight conversion of nitrogen to NOx, (uses a value of 46/14).

ERnox = Emission ratio for NOx (currently set at 0.06 — see table 13)
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Amount of nitrogen released from field burning by crop type (Equation 9.18)

NitrogenRgypn_c = AGgyrn—c X Fracoxpisep X Fracy_giomass

Where:
NitrogenRsurn-c = amount of nitrogen released from burning residues of crop ¢

AGsurn-c = Biomass of crop burnt (tonnes per year) for crop type c (i.e. barley, oats or
wheat; see equation 9.9, section 9.2)

Fracoxioisep = Fraction of burnt biomass that is oxidised (currently set at 0.9 for barley,
oats and wheat — see Table 9.1).

Fracn-siomass = Fraction of biomass made up of nitrogen, (currently set at 0.005. see Table
12 for values).
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10 Carbon dioxide from lime, dolomite and urea application

10.1 Lime and Dolomite

In New Zealand, lime and dolomite fertilizers are mainly applied to acidic grassland and cropland soils
to reduce soil acidity and to maintain or increase the production of pasture and crops.

Emissions associated with liming are estimated using a Tier 1 methodology and equation 11.12 from
the IPCC (2006) guidelines, using the default emission factors for carbon (C) conversion of 0.12 and
0.13 for limestone and dolomite, respectively. A single national correction factor of 0.82 is applied to
agricultural lime to account for its impurities and moisture content. The value for the national correction
factor was determined from a study by Thomson et al (2021). The same study recommended that a
similar adjustment not be made to the dolomite calculations, based on the samples analysed for
dolomite.

Because of gaps in the time-series of this data for 1991 and from 1997-2001, a linear interpolation was
used to estimate data on the use of limestone and dolomite for these years. For the remaining years,
the equation used to determine carbon dioxide (COz) emissions from the application of limestone and
dolomite is shown below.

Carbon dioxide emissions from limestone and dolomite application (Equation 10.1)

COZlime&dolomite

= (MLime X CONCrime X EFpime X mOIWCOZ)

+ (Maoiomite X CONCporomite X EFgotomite X COTT¢o2)

Where:

COaziimesdolomite = annual CO2 emissions from the use of limestone and dolomite (kg CO:
per year)

MLime = Total annual amount of calcic limestone applied on farms (kg per year)
concLime = Concentration factor to account for purity of agricultural lime (set at 0.82)

EFLime = Emission factor for calcic limestone (carbonate content of limestone, currently
set at 0.12)

corrcoz = molecular weight of COz relative to that for carbon (set at 44/12, or 3.666666)
Maolomite = TOtal annual amount of dolomite applied on farms (kg per year)
coNncoolomite = Concentration factor to account for purity of dolomite (set at 1)

EFdolomite = Emission factor for dolomite (carbonate content of dolomite, currently set at
0.13)

The variable molwco2 is a conversion factor to convert from the mass of C in COz, to the total mass of
COo..

10.2 Urea Application

The use of urea fertilizer, which accounts for the majority of synthetic nitrogen fertilizer used in New
Zealand, produces CO:2 emissions following application to soil. The CO:zis formed from bicarbonate,
which is produced when the urea is converted to ammonium via hydrolysis. The CO2 emissions are
estimated using a Tier 1 methodology and equation 11.13 from the IPCC (2006) guidelines, using the
default emission factor (EFurea-carony Of 0.20. Data on the annual total weight of synthetic N fertilizer
applied on farms and the percentage represented as urea is sourced from the Fertiliser Association of
New Zealand. This data is also used to calculate N2O emissions from urea fertilizer as in Section 8. The
following equation is used to calculate the CO2 emissions from the application of urea fertilizer.
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Carbon dioxide emissions from urea application (Equation 10.2)

COZu‘rea = Murea X EFurea—carbon X COTTco2

Where:
CO2urea= annual CO2z emissions from the use of urea (kg COz2 per year)
Murea = Total annual amount of urea applied on farms (kg per year)

EFurea-carbon = Emission factor for COz emissions from urea after reaction in soil (currently
setat 0.2)

corrcoz = molecular weight of COz relative to that for carbon (set at 44/12, or 3.666666)

For this equation it is important to note that M is the total weight of urea applied to farms in New Zealand,
not just the N or C content.
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11 Prescribed burning of savannah

From 1990-2014, New Zealand has reported this Section under New Zealand’s Agricultural Greenhouse
Gas inventory. As from 2015 onwards it is being reported under the LULUCF Section of New Zealand’s

Greenhouse Gas inventory.
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13 Appendix

Appendix 1: “Final Inputs” worksheet taken from the dairy inputs file for the Tier Two Inventory program

Live weight of cow is calculated as weighted average of cow weights for three main dairy breeds as reported in New Zealand Dairy Statistics (example see Appendix 8). Calves at birth are assumed to be 9% of an
average cow’s weight with linear weight gain reaching 90% of an average cow’s weight at the first calving (2 yr old). Milk yield, butterfat and protein values from New Zealand Dairy Statistics are adjusted from litres
to kg by multiply by a factor of 1.03.

Year  Bull Weight Bull Live Cow Milk Yield per cow per Milk fat Protein Nitrogen retained in tissue National annual milk yield
(kg) Weight Change Weight year (% kg(fat)/ (% kg(protein)/ (Nte) (% kg(N)/ 100kg (live (kg per year)
(kglyr) (kg) (kg per year) litres(milk)) litres(milk)) weight)

1990 500.00 0.50 446.18 2828.68 4.66 3.42 3.26 7,415,048,490
1991 500.00 0.50 447.36 2802.59 4.71 3.48 3.26 7,632,256,223
1992 500.00 0.50 448.56 3024.93 475 352 3.26 7,990,992,245
1993 500.00 0.50 449.81 3003.44 475 353 3.26 8,178,170,507
1994 500.00 0.50 450.52 3274.38 477 353 3.26 9,194,547,559
1995 500.00 0.50 452.44 3081.53 474 3.50 3.26 9,226,178,180
1996 500.00 0.50 453.15 3147.42 471 3.49 3.26 9,924,546,701
1997 500.00 0.50 44712 3416.24 475 3.52 3.26 10,998,755,116
1998 500.00 0.50 455.36 3407.06 468 3.44 3.26 11,310,334,956
1999 500.00 0.50 443.57 3211.00 4.63 347 3.26 10,879,890,000
2000 500.00 0.50 45491 3589.20 467 352 3.26 11,978,900,000
2001 500.00 0.50 459.66 3797.67 4.70 353 3.26 13,312,750,000
2002 500.00 0.50 454 87 3815.19 4.68 354 3.26 14,015,210,000
2003 500.00 0.50 458.38 3728.49 472 3.59 3.26 14,323,180,000
2004 500.00 0.50 457.12 3828.01 476 3.58 3.26 15,036,970,000
2005 500.00 0.50 455.35 3539.98 477 357 3.26 14,525,673,322
2006 500.00 0.50 454.50 3675.34 478 3.59 3.26 15,143,034,389
2007 500.00 0.50 444 .32 3767.37 4.81 363 3.26 15,588,239,702
2008 500.00 0.50 45452 3644.53 476 3.61 3.26 15,187,207,491
2009 500.00 0.50 44593 3800.97 4.79 364 3.26 16,525,314,663
2010 500.00 0.50 458.43 3685.14 4.81 3.66 3.26 16,977,338,483
2011 500.00 0.50 452.57 3815.95 4.81 3.66 3.26 17,858,996,504
2012 500.00 0.50 462.64 4090.88 484 371 3.26 19,702,477,306
2013 500.00 0.50 457.75 3882.22 483 3.70 3.26 19,449,144,828
2014 500.00 0.50 458.26 4251.48 4.86 3.72 3.26 21,277,104,467
2015 500.00 0.50 452.29 4229.31 487 376 3.26 21,890,330,519
2016 500.00 0.50 447.93 4260.25 4.88 3.77 3.26 21,541,562,614
2017 500.00 0.50 450.43 4098.60 489 3.80 3.26 21,322,817,354
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2018 500.00 0.50 460.88 4231.96 485 377 3.26 21,345,213 486
2019 500.00 0.50 463.609 436171 466 342 3.26 21,853,600,359
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Appendix 2: Age used for each species category for the calculation of basal energy

Species class Species Class Age used (yr)
Dairy Milking cows - mature 4
Growing heifers 0 - 1 0.5
Growing heifers 1 -2 1.5
Breeding Bulls 4
Beef Breeding growing cows 0 — 1 0.5
Breeding growing cows 1 -2 1.5
Breeding growing cows 25
Breeding mature cows 4
Breeding Bulls — mixed age 4
Slaughter heifers 0 — 1 0.5
Slaughter heifers 1 - 2 15
Slaughter steers 0 — 1 0.5
Slaughter steers 1 -2 15
Slaughter Bulls 0 - 1 0.5
Slaughter Bulls 1 -2 15
Sheep Breeding ewes 4
Dry ewes 4
Growing breeding sheep 1
Growing non-breeding sheep 1
Wethers 4
Lambs 0.5
Rams 3
Deer Hinds 0 -1 0.5
Hinds 1 -2 15
Mix age breeding hinds 4
Stags 0 -1 1
Stags 1-2 1.5
Stags 2-3 25
Mix age breeding stags 4
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Appendix 3: Monthly digestibility of feed and energy concentration of feed for dairy for entire time series

Provided through an analysis of nationally collated data on metabolisable energy, organic matter digestibility, and nitrogen content (Giltrap & McNeill, 2020).

Monthly feed Digestibility and ME content

Month Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun
Digestibility 0.794 0.811 0.824 0.820  0.770 0752 0.741 0.711 0.697 0.737 0.753 0.783
of feed

(kg/kg)

ME of feed 1.8 121 12.3 12.3 1.3 1.1 10.6 10.3 10.0 10.6 10.8 115
(MEcon; MJ

MEkg dry

matter)

Appendix 4: Proportion of annual milk yield each month

Month Dairy Beef Sheep Deer
July 0.009 0 0 0
August 0.058 0 0 0
September 0.121 0.167 0.164 0
October 0.150 0.167 0.254 0
November 0.142 0.167 0.246 0.1
December 0.128 0.167 0.254 0.258
January 0.111 0.167 0.082 0.258
February 0.090 0.167 0 0.233
March 0.085 0 0 0.150
April 0.065 0 0 0
May 0.033 0 0 0
June 0.006 0 0 0
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Appendix 5: Cumulative pregnancy of days pregnant used in ME requirement equations

Month Dairy Beef Sheep Deer
July 269 220 97 159
August 0 251 128 190
September 0 269 138 220
October 0 0 0 251
November 26 0 0 269
December 57 8 0 0
January 88 39 0 0
February 116 67 0 6
March 147 98 0 37
April 177 128 5 67
May 208 159 36 98
June 238 189 66 128
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Appendix 6: Dairy population data from Statistics NZ

Values are June year end. Population models are used to adjust populations on a monthly basis, enabling aggregations by calendar year. See Clark (2008) for further details. Regional population data is available
but confidential.

Population Data

June year end Dairy Cows & Dairy Cows & Dairy Dairy
Heifers Heifers Cattle Breeding
(1 Year and Over) (1 Year and Over) Total Bulls
NOT in Milk or in in Milk or in Calf
Calf

1990 95697 2621378 3302377 29941
1991 86692 2723288 3440815 31174
1992 87695 2641712 3429427 35315
1993 92274 2722939 3467824 30631
1994 86737 2808030 3550140 29642
1995 120070 2994022 3839184 31430
1996 158391 3153230 4089817 31543
1997 182159 3219548 4165098 32401
1998 187824 3319680 4256000 33409
1999 191708 3388320 4344000 34099
2000 170227 3337486 4316409 39657
2001 194584 3505508 4598136 44447
2002 205432 3673531 4879862 49237
2003 221538 3841553 5161589 54027
2004 149190 3928140 5101603 43707
2005 174124 4103318 5152492 44661
2006 212042 4120176 5087176 38536
2007 234880 4137697 5169557 45190
2008 305727 4167121 5260850 53331
2009 335565 4347657 5578440 56466
2010 331428 4606971 5860776 57480
2011 339286 4680096 5915452 57808
2012 403704 4816190 6174503 66448
2013 407820 5009795 6445681 70410
2014 418866 5004634 6483600 75141
2015 483233 5175869 6698326 79572
2016 335790 5056403 6485535 70548
2017 345398 5202467 6618800 69583
2018 414784 5043813 6529811 71079
2019 393144 5010334 6385541 79983
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Appendix 7: Dairy cow weights

An example for June year end 2010 of how dairy cow weights are determined from the model the data are obtained from Dairy NZ statistics. The proportion of cow weights in each age class are determined from the

proportion of the number of cows in each age class to the total number of cows multiplied by the specific weight of the cow for its respective age class.

Example for June year end 2010. Data obtained from Dairy NZ Statistics:

Age Holstein Friesian Jersey Holstein Friesian Jersey
Number Weight  Proportion | Number  Weight (kg)  Proportion of | Number  Weight Proportion of
(ka) of weight weight per (ka) weight per
cows in age class age class
each age
class
2| 194,511 396.70  80.27743888 | 66,612 317.44 60.32968502 244165 37051  85.66831959
3| 166,399 481.17  83.29834938 | 60,118 366.59 62.8784854 199,394  428.02  80.81892189
4] 138,738 51538  74.3892418 51,013 382.37 55.65210676 152,614  450.81  65.15156027
5] 126,665 520.08  68.53523748 | 47,263 405.77 54.71648039 132,605  467.59  58.71675131
6 99,144 53340 55.01822684 | 36,273 409.08 42.3358864 98,832 477.63  44.70191057
7 76,863 52577  42.0436367 30,031 419.67 35.95792754 79,439 480.15  36.11998872
8 61,636 533.15  34.18778795 | 22,400 425.37 27.18515475 59,090 486.49  27.22229976
9 46,625 531.37  25.7752578 16,149 424.59 19.56285923 41,953 493.33  19.59915974
10 50,617 531.08  27.96684592 | 20,637 416.25 24.50855716 47,906 489.15  22.19059118
Total | 961,198 491.4920228 | 350,496 383.1271426 | 1,055,998 440.189503
NZ National dairy cow breeds: Breakdown of breed types in the National NZ dairy herd (%). (F;(rg)portlon of dairy breed live weight per age class from the National dairy herd
Holstein Friesian 40.0 196.4
Jersey 124 477
Holstein Friesian Jersey 38.9 171.2
other 8.7 38.1
National average dairy cow weight (kg) 453.42
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Appendix 8: “Final Inputs” worksheet taken from the Beef inputs file for the Tier Two Inventory program

The live weight of mature cow is calculated using dairy cow weights and slaughter weights (Appendix 11). Breeding bull weights are kept constant. All other weights are converted from slaughter weights as collected
and reported by MPI. Calves at birth are assumed to be 9% of an average cow’s weight with linear weight gain reaching 90% of an average cow’s weight at the first calving (2 yr old). Milk yield is kept constant for
beef cows. Butterfat and protein values from New Zealand Dairy Statistics are applied to beef cow milk (Appendix 1) adjusted from litres to kg by multiply by a factor of 1.03.

Year Steer live  Heifer live  Bull live Milking Breeding bull Live weight Milk yield per Milk fat Protein Nitrogen retained in tissue (Nt)
weight  weight (kg)  weight cow live live weight  change breeding  cow per annum (kg(fat)/ (kg(protein)/ (kg(N)/ 100kg(live weight)
(kg) (kg) weight (kg) (k) bull (kglyr) (kglyear) 100kg(milk)) 100kg(milk))
1990 562.98 411.24 543.84 424.29 600.00 0.50 824.00 4.62 3.34 3.26
1991 563.32 407.83 550.20 390.45 600.00 0.50 824.00 4.66 3.34 3.26
1992 577.87 419.78 565.49 406.34 600.00 0.50 824.00 4.71 3.34 3.26
1993 588.49 423.04 570.10 428.22 600.00 0.50 824.00 4.75 3.34 3.26
1994 584.62 421.88 563.34 423.45 600.00 0.50 824.00 4.75 3.34 3.26
1995 606.26 436.23 589.40 458.31 600.00 0.50 824.00 4.77 3.34 3.26
1996 602.70 437.36 589.08 437.89 600.00 0.50 824.00 4.74 3.34 3.26
1997 593.60 433.89 577.02 450.11 600.00 0.50 824.00 4.71 3.34 3.26
1998 605.48 441.95 612.08 504.88 600.00 0.50 824.00 4.75 3.34 3.26
1999 603.43 439.16 609.57 488.04 600.00 0.50 824.00 4.68 3.34 3.26
2000 589.20 431.42 587.50 468.39 600.00 0.50 824.00 463 3.34 3.26
2001 602.67 441.34 600.02 476.36 600.00 0.50 824.00 4.67 3.34 3.26
2002 617.63 441.57 609.63 510.91 600.00 0.50 824.00 4.70 3.34 3.26
2003 612.01 445.61 598.05 493.69 600.00 0.50 824.00 4.69 3.34 3.26
2004 614.04 454.44 608.76 499.70 600.00 0.50 824.00 4.72 3.34 3.26
2005 623.68 458.76 616.06 507.29 600.00 0.50 824.00 4.76 3.34 3.26
2006 622.60 458.41 620.06 519.91 600.00 0.50 824.00 477 3.34 3.26
2007 635.52 465.71 628.18 546.39 600.00 0.50 824.00 4,78 3.34 3.26
2008 623.67 461.60 615.15 568.27 600.00 0.50 824.00 4.81 3.34 3.26
2009 607.71 462.91 598.51 533.45 600.00 0.50 824.00 4.76 3.34 3.26
2010 603.08 458.22 599.00 561.96 600.00 0.50 824.00 4.79 3.34 3.26
2011 623.47 474.97 622.28 525.10 600.00 0.50 824.00 4.81 3.34 3.26
2012 608.52 462.35 595.80 528.04 600.00 0.50 824.00 4.81 3.34 3.26
2013 628.08 485.00 615.99 563.24 600.00 0.50 824.00 4.84 3.34 3.26
2014 621.07 480.94 609.66 527.48 600.00 0.50 824.00 483 3.34 3.26
2015 608.81 470.58 604.72 533.71 600.00 0.50 824.00 4.86 3.34 3.26
2016 599.44 464.31 593.89 558.59 600.00 0.50 824.00 4.87 3.34 3.26
2017 611.70 468.62 604.65 553.25 600.00 0.50 824.00 4.88 3.34 3.26
2018 625.84 481.21 610.67 566.72 600.00 0.50 824.00 4.89 3.34 3.26
2019 622.66 481.37 602.97 512.65 600.00 0.50 824.00 4.85 3.34 3.26
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Appendix 9: Monthly digestibility of feed (percentage as a decimal) and energy concentration of feed (MJ ME/kg dry matter) for all years in the time series for sheep, beef and deer.

Average monthly digestibility of feed and energy concentration of feed as determined for sheep and beef for all years, and 1990 and 2010 for deer.

Monthly Digestibility (Decimal)

Month Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun
Sheep and
beef
Digestibility of
feed 0.736 0.756 0.772 0.767 0.708 0.687 0.674 0.640 0.625 0.670 0.688 0.722
ME of feed 10.8 1.1 11.3 11.3 10.3 10.1 9.6 9.2 9.0 9.6 9.7 10.5
Deer 1990
Digestibility of 0.763 0.781 0.796 0.791 0.737 0.717 0.705 0.673 0.658 0.701 0.718 0.750
feed
ME of feed 11.3 11.6 11.8 11.8 10.8 10.6 10.1 9.7 9.5 10.1 10.2 11.0
Deer 2010
Digestibility of 0.742 0.762 0.777 0.772 0.714 0.694 0.681 0.647 0.632 0.667 0.695 0.728
feed
ME of feed 10.9 1.2 11.4 1.4 10.5 10.2 9.7 9.3 9.1 9.7 9.8 10.6

Provided through an analysis of nationally collated data on metabolisable energy, organic matter digestibility, and nitrogen content (Giltrap & McNeill, 2020).
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Appendix 10: Beef population and slaughter data from Statistics NZ and MPI

Values are June year end. Population models are used to adjust populations on a monthly basis, enabling aggregations by calendar year. See Clark (2008) for further details.

APS Population Data MPI Slaughter Statistics
Breeding Bulls Total Heifers Steers Bulls
Year Cows

1990 1,386,418 78,965 4,593,160 520,327 804,758 447,345
1991 1,388,000 76,865 4,670,569 376,170 581,095 382,936
1992 1,418,955 76,907 4,676,497 418,723 637,721 434,053
1993 1,462,787 86,448 4,757,962 428,031 649,168 496,351
1994 1,576,587 91,245 5047,848 425363 580,125 573,791
1995 1,616,860 88,052 5,182,508 448,888 611,463 556,127
1996 1,595,548 86,676 4,852,179 427,974 708,551 514,929
1997 1,590,000 88,052 4,806,000 492,787 807,203 473,690
1998 1,443,000 79,911 4,432,000 518,288 779,084 370,000
1999 1457413 80,709 4,643,705 511,528 781,985 346,601
2000 1,392,048 80,120 4,594,029 454696 610,419 368,664
2001 1,326,682 79,531 4,544,354 486,969 588,710 486,552
2002 1,259,190 78,945 4,491,281 437,632 544,873 610,512
2003 1,288,214 80,428 4,626,617 401,716 467,291 626,450
2004 1,263,243 67,548 4,447,400 453,700 488,552 640,547
2005 1255255 71,305 4,423,626 513,956 583,473 698,050
2006 1,268,981 71,709 4,439,136 509,613 596,501 577,052
2007 1,195,098 80,424 4,393,617 500,590 621,409 531,330
2008 1,103,603 66,336 4,136,872 492,805 607,224 525,898
2009 1,096,014 78259 4,100,718 500,652 647,770 553,518
2010 1,117,659 70,383 3,948,520 516,472 604,933 485,606
2011 1,052,822 72,379 3,846414 508,558 616,462 439,024
2012 1,059,784 78,334  3,734/412 480,440 595519 431,793
2013 1,019,012 75214 3,698,522 460,527 569,194 445,098
2014 1,011,914 81,037 3,669,862 443,404 577,346 426,003
2015 981,856 82,105 3,547,228 454416 573,443 435835
2016 953,618 73,972 3,533,054 488,372 566,632 482,586
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2017 976,094 76,302 3,616,001 481,561 525297 465,016
2018 1,029,149 85992 3,721,262 478249 531,140 460,669
2019 1,104,700 87,849 3,889,996 480,967 535268 537,108
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Appendix 11: Mature beef cow live weight calculation spreadsheet

For further details see Clark (2008).

Carcas
s
Year ) _Dair_y cows Beef N weig_ht ) ) Total v_veight ) Av beef cow
Dairy cow Cows in milk or in breeding Killing out of dairy Total weight Beef cow Beef cows Dairy cattle dairy Total weight carcass Av beef cow
live weight slaughtered calf cows dairy cows cows all carcases replacement rate killed killed carcase beef carcase weight live weight
kg Number Number Number % kg kg (%) Number Number kg kg kg kg

1990 446 581,472 2,621,378 1,355,000 0.42 187 104,113,209 0.17 230,350 351,122 65,798,553 38,314,656 166 390
1991 447 645,694 2,723,288 1,386,418 0.42 188 117,834,423 0.17 235,691 410,003 77,035,679 40,798,744 173 406
1992 449 611,885 2,641,712 1,388,000 0.42 188 113,866,925 0.17 235,960 375,925 70,823,144 43,043,781 182 428
1993 450 590,799 2,722,939 1,418,955 0.42 189 109,557,298 0.17 241,222 349,577 66,042,457 43,514,841 180 423
1994 451 548,110 2,808,030 1,462,787 0.42 189 105,221,126 0.17 248,674 299,436 56,658,927 48,562,199 195 458
1995 452 657,411 2,994,022 1,576,587 0.42 190 123,991,226 0.17 268,020 389,391 73,994,015 49,997,211 187 438
1996 453 738,937 3,153,230 1,616,860 0.42 190 141,028,097 0.17 274,866 464,071 88,323,027 52,705,070 192 450
1997 447 720,733 3,219,548 1,595,548 0.42 188 142,747,668 0.17 271,243 449,490 84,409,180 58,338,488 215 505
1998 455 875,375 3,319,680 1,590,000 0.42 191 171,918,238 0.17 270,300 605,075 15,721,344 56,196,894 208 488
1999 444 749,863 3,388,320 1,443,000 0.42 186 142,945,239 0.17 245,310 504,553 93,997,030 48,948,209 200 468
2000 455 687,825 3,337,486 1,457,413 0.42 191 134,357,518 0.17 247,760 440,065 84,079,830 50,277,688 203 476
2001 460 596,814 3,505,508 1,392,048 0.42 193 121,038,567 0.17 236,648 360,166 69,532,320 51,506,247 218 511
2002 455 674,042 3,673,531 1,326,682 0.42 191 133,117,998 0.17 225,536 448,506 85,685,067 47,432,931 210 494
2003 458 816,993 3,841,553 1,259,190 0.42 193 161,643,304 0.17 214,062 602,931 116,075,385 45,567,919 213 500
2004 457 853,640 3,928,140 1,288,214 0.42 192 169,172,543 0.17 218,996 634,644 121845926 47,326,617 216 507
2005 455 795,344 4,103,318 1,263,243 0.42 191 158,599,700 0.17 214,751 580,593 111,036,610 47,563,090 221 520
2006 455 668,020 4,120,176 1,255,255 0.42 191 136,453,282 0.17 213,393 454,627 86,783,681 49,669,601 233 546
2007 444 709,163 4,137,697 1,268,981 0.42 187 144,305,545 0.17 215,727 493,436 92,082,002 52,223,543 242 568
2008 455 642,858 4,167,121 1,195,098 0.42 191 130,105,840 0.17 203,167 439,691 83,936,661 46,169,179 227 533
2009 446 837,919 4,347,657 1,103,603 0.42 187 166,708,922 0.17 187,613 650,306 121,795,102 44,913,820 239 562
2010 458 826,812 4,606,971 1,096,014 0.42 193 165,000,115 0.17 186,322 640,490 123,320,833 41,679,282 224 525
2011 453 869,841 4,680,096 1,117,659 0.42 190 171,962,939 0.17 190,002 679,839 29223208 42,739,731 225 528
2012 463 742,864 4,816,190 1,052,822 0.42 194 152,511,600 0.17 178,980 563,884 109,567,081 42,944,519 240 563
2013 458 925,345 5,009,795 1,059,784 0.42 192 183,748,092 0.17 180,163 745182 143,264,550 40,483,542 225 527
2014 458 910,092 5,004,634 1,019,012 0.42 192 181,208,065 0.17 173,232 736,860 141,821,764 39,386,301 227 534
2015 452 1,089,436 5,175,869 1,011,914 0.42 190 215,207,216 0.17 172,025 917,411 174,272,380 40,934,836 238 559
2016 448 1,165,295 5,056,403 981,856 0.42 188 225,281,812 0.17 166,916 088,379 185,942,569 39,339,241 236 553
2017 450 946,801 5,202,467 953,618 0.42 189 187,586,293 0.17 162,115 784,686 148,448,016 39,138,277 241 567
2018 461 1,032,175 5,043,813 976,094 0.42 194 203,916,297 0.17 165,936 866,239 167,677,620 36,238,677 218 513
2019 464 978,818 5,010,334 1,029,149 042 195 195,655,439 0.17 174,955 803,863 156,524,765 39,130,674 224 525
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Appendix 12: Final Inputs taken from the sheep inputs file for the Tier Two Inventory program

Live weights calculated using slaughter weight and a killing out percentage of 45% for lambs and 40% for ewes and multiplying the slaughter weight of ewes by 1.4 to obtain ram weight. Lamb birth weight is estimated
as 9% of adult ewe weight with linear growth rates between birth and 6 months (lamb slaughter age). Hoggets assumed same linear rate as lambs to 6 months of age then at a rate to reach full adult weight at 20
months. Adult wethers assumed to be same weight as adult breeding female. Milk yield (per animal), butterfat and protein values are assumed to be constant. Note: Lambing percentage is the number of lambs
tailed from ewes expressed as a percentage. For further details see Clark, 2008.

Year Drx:;ﬁ gre Ram live weight at Lamb live weight Live weight change Grgasy Fleece A_nnual Milk ?;;t(?;:;t Nl(t'zo'ge(:gr(tn;;noe: klg t:is\lue w’:g:o(gg?‘l;ag Lambing v::)aotll ‘;?:IL
slaughter (kg) slaughter (kg) at slaughter (kg) ram (kglyr) Weight (kglyr) Yield (Kglyr) 100kg(milk) weight)) wool) Percentage rate (kgiyr)

1990 494 69.1 291 0.05 5 103 8 26 0.134 0.975 341,000,000
1991 509 713 305 0.05 5 103 8 26 0.134 0.941 309,000,000
1992 514 719 313 0.05 5 103 8 26 0.134 0.965 305,300,000
1993 515 721 317 0.05 5 103 8 26 0.134 0.972 295,900,000
1994 510 714 332 0.05 5 103 8 26 0.134 0.911 255,500,000
1995 542 75.9 339 0.05 5 103 8 26 0.134 0.989 284,000,000
1996 527 738 324 0.05 5 103 8 26 0.134 1.035 288,600,000
1997 535 749 337 0.05 5 103 8 26 0.134 1.004 268,800,000
1998 55.4 775 35.1 0.05 5 103 8 2.6 0.134 1.088 274,800,000
1999 56.2 787 343 0.05 5 103 8 26 0.134 1.103 265,800,000
2000 56.5 79.2 348 0.05 5 103 8 26 0.134 1.019 252,000,000
2001 58.1 814 365 0.05 5 103 8 26 0.134 1.081 257,300,000
2002 59.8 838 36.8 0.05 5 103 8 26 0.134 1.076 236,700,000
2003 58.2 815 371 0.05 5 103 8 26 0.134 1.031 228,800,000
2004 58.6 82.1 374 0.05 5 103 8 26 0.134 1.140 227,100,000
2005 60.5 847 383 0.05 5 103 8 26 0.134 1.085 217,700,000
2006 61.8 86.5 386 0.05 5 103 8 26 0.134 1.130 215,300,000
2007 618 86.5 383 0.05 5 103 8 26 0.134 1.144 224,500,000
2008 60.3 84.4 374 0.05 5 103 8 26 0.134 1.103 217,600,000
2009 58.3 817 36.6 0.05 5 103 8 26 0.134 1.085 205,800,000
2010 60.0 84.0 387 0.05 5 103 8 26 0.134 1.118 157,500,000
2011 619 86.7 392 0.05 5 103 8 26 0.134 1471 185,800,000
2012 59.6 835 397 0.05 5 103 8 26 0.134 1.046 172,700,000
2013 63.2 88,5 411 0.05 5 103 8 26 0.134 1.153 164,900,000
2014 625 875 401 0.05 5 103 8 26 0.134 1.139 169,900,000
2015 62.9 88.0 405 0.05 5 103 8 26 0.134 1.123 158,200,000
2016 62.7 87.8 403 0.05 5 103 8 26 0.134 1.182 154,500,000
2017 626 876 407 0.05 5 103 8 26 0.134 1.180 151,600,000
2018 63.8 89.3 M3 0.05 5 103 8 26 0.134 1.215 143,400,000
2019 64.0 89.6 410 0.05 5 103 8 26 0.134 1.223 141,300,000
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Appendix 13: Sheep population data from Statistics NZ

Values are June year end. Population models are used to adjust populations on a monthly basis, enabling aggregations by calendar year. See Clark (2008) for further details.

Breeding ewe Dry ewe Total Sheep
Breeding ewes Dry ewes hoggets hoggets Wether Wethers Lambs (Ic6701 excluding

Year Rams (Ic6720) (Ic6721) (1c6722) (1c6723) (1c6724) Ram hoggets hoggets (1c6727) and 1c6700) lambs (Ic6731

1990 684,662 40,453,499 1,246,661 1,643,103 8,938,057 732,058 2,393,466 1,760,686 40,616,456 57,852,192
1991 666,113 36,631,076 1,212,886 3,201,837 8,695,902 712,225 2,328,621 1,712,984 38,716,291 55,161,643
1992 640,588 36,684,469 794,574 1,714,532 8,023,500 697,784 2,324,510 1,688,436 34,990,925 52,568,393
1993 575,207 35,374,952 706,605 1,262,702 7,966,586 667,934 2,142,130 1,602,245 36,243,948 50,298,361
1994 541,283 34,437,986 767,898 1,316,284 8,319,053 608,261 2,106,872 1,274,690 37,017,649 49,466,054
1995 516,374 33,692,996 848,541 1,305,607 8,269,253 578,549 2,160,143 1,246,002 35,148,880 48,816,271
1996 501,556 33,446,796 519,786 944,730 7,956,081 650,937 2,195,511 1,178,509 37,426,000 47,393,907
1997 350,402 33,021,000 241,886 1,891,068 8,882,000 418,500 1,411,536 617,609 38,521,000 46,834,000
1998 344,859 32,355,000 238,060 1,861,154 8,748,000 411,880 1,389,208 607,840 34,853,607 45,956,000
1999 767,626 30,364,254 529,901 1,869,499 6,786,549 916,809 3,092,256 1,352,998 34,840,000 45,679,891
2000 476,268 30,646,410 328,773 2,570,348 6,295,226 568,827 1,918,566 839,457 35,748,000 43,643,874
2001 454,049 29,216,733 313,435 2,450,439 6,001,549 542,291 1,829,064 800,296 32,647,387 41,607,855
2002 433,584 26,784,582 380,693 2,374,210 5,684,176 707,121 2,385,010 822,461 33,247,115 39,571,837
2003 420,945 27,086,569 290,583 2,271,780 5,563,982 726,370 2,449,937 741,947 31,853,940 39,552,113
2004 398,788 26,742,440 301,198 2,662,492 5,364,817 706,796 2,366,229 728,378 33,225,836 39,271,137
2005 382,371 26,418,797 236,632 3,130,399 5,850,583 748,380 2,505,446 607,059 33,809,880 39,879,668
2006 384,896 26,904,995 280,756 3,022,987 5,682,274 755,582 2,529,559 520,545 33,005,451 40,081,594
2007 389,810 26,063,325 286,441 2,524,730 5,551,909 717,699 2,402,730 523,833 31,020,153 38,460,477
2008 344,846 23,485,548 310,820 1,470,068 4,965,623 687,364 2,301,173 522,422 27,888,325 34,087,864
2009 348,318 22,214,044 223,869 1,821,217 4,667,610 610,784 2,044,798 452,950 28,152,100 32,383,589
2010 313,444 21,793,694 224,066 2,077,197 4,834,558 675,500 2,261,458 382,694 24,967,363 32,562,612
2011 316,280 20,484,792 339,381 2,015,897 4,650,351 670,229 2,243,808 411,592 25,954,154 31,132,329
2012 295,056 20,411,382 320,032 2,380,597 4,619,158 659,772 2,208,801 367,917 25,966,836 31,262,715
2013 302,274 20,232,933 191,635 1,998,722 4,681,623 708,418 2,371,661 299,495 24,976,628 30,786,761
2014 297,419 19,779,205 244,900 2,072,038 4,189,670 671,628 2,248,493 300,047 25,832,974 29,803,402
2015 290,187 19,074,356 313,941 1,750,318 4,561,932 664,272 2,223,868 241,954 24,570,347 29,120,827
2016 271,085 18,137,180 322,511 1,694,888 4,294,238 591,911 1,981,617 290,242 24,102,597 27,583,673
2017 264,731 17,755,322 371,132 1,980,740 4,281,532 602,254 2,016,241 254,258 24,127,372 27,526,537
2018 274,231 17,161,744 379,309 2,018,126 4,264,600 678,974 2,273,086 245,697 24,707,163 27,295,749
2019 273,225 16,845,367 338,699 2,073,458 4,224,674 652,706 2,185,145 228,574 22,745,000 26,821,846
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Appendix 14: Deer inputs

Annual Milk

Hind live Stag live yield  Nitrogen in body tissue Nitrogen in velvet Velvet yield

Year weight (kg) weight (kg)  (kg/headlyr) (kg(N)/100kg (tissue) (kg(N)/ 100kg(velvet)) (kg/headlyr)
1990 100 133 204 3.71 9 1.94
1991 101 130 204 3.71 9 1.60
1992 105 133 204 3.71 9 1.63
1993 106 142 204 3.71 9 1.94
1994 110 146 204 3.71 9 2.31
1995 105 149 204 3.71 9 2.61
1996 110 156 204 3.71 9 2.85
1997 1 153 204 3.71 9 3.07
1998 118 167 204 3.71 9 2.99
1999 120 160 204 3.71 9 3.37
2000 122 167 204 3.71 9 2.87
2001 125 164 204 3.71 9 3.46
2002 128 159 204 3.71 9 3.22
2003 127 158 204 3.71 9 3.35
2004 129 153 204 3.71 9 2.95
2005 131 159 204 3.71 9 3.80
2006 133 163 204 3.71 9 2.29
2007 135 163 204 3.71 9 3.62
2008 134 160 204 3.71 9 3.16
2009 133 159 204 3.71 9 3.21
2010 135 166 204 3.71 9 3.22
2011 139 163 204 3.71 9 4.00
2012 138 163 204 3.71 9 4.00
2013 140 166 204 3.71 9 4.00
2014 139 165 204 3.7 9 4.00
2015 138 163 204 3.71 9 4.00
2016 138 163 204 3.7 9 4.00
2017 140 164 204 3.71 9 4.00
2018 141 1m 204 3.71 9 4.00
2019 142 172 204 3.7 9 4.00
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Appendix 15: Deer population data
Values are June year end

HINDS STAGS Total population
Year end Mixed age 1-2 years old  0-1 years old Mixed age breeding 0-1yearsold 1-2yearsold 2-3years old
June breeding
proportion proportion proportion proportion proportion proportion proportion numbers
1990 0.44 0.09 0.12 0.11 0.16 0.05 0.02 780,066
1991 0.38 0.07 0.15 0.12 0.19 0.05 0.02 976,290
1992 0.39 0.08 0.13 0.16 0.16 0.05 0.02 1,129,503
1993 0.38 0.08 0.14 0.16 0.15 0.05 0.02 1,135,242
1994 0.38 0.08 0.15 0.16 0.14 0.05 0.02 1,078,479
1995 0.37 0.07 0.16 0.16 0.14 0.05 0.02 1,231,109
1996 0.39 0.08 0.12 0.17 0.15 0.05 0.03 1,178,704
1997 0.41 0.08 0.15 0.14 0.16 0.05 0.02 1,192,138
1998 0.42 0.08 0.16 0.11 0.16 0.05 0.02 1,353,688
1999 0.43 0.09 0.18 0.09 0.17 0.05 0.01 1,515,238
2000 0.44 0.09 0.17 0.09 0.17 0.05 0.01 1,676,788
2001 0.45 0.09 0.16 0.08 0.18 0.05 0.01 1,667,171
2002 047 0.09 0.15 0.07 0.18 0.05 0.01 1,657,555
2003 0.45 0.09 0.16 0.08 0.18 0.05 0.01 1,647,938
2004 0.43 0.09 0.19 0.08 0.18 0.05 0.01 1,689,444
2005 0.41 0.12 0.17 0.07 0.17 0.05 0.01 1,756,888
2006 0.41 0.10 0.19 0.07 0.18 0.05 0.01 1,705,084
2007 0.43 0.10 0.17 0.07 0.18 0.04 0.01 1,586,918
2008 0.43 0.09 0.18 0.07 0.18 0.04 0.01 1396023
2009 0.43 0.10 0.17 0.07 0.19 0.04 0.01 1,223,324
2010 0.43 0.10 0.18 0.07 0.17 0.05 0.01 1,145,858
2011 0.42 0.10 0.18 0.07 0.17 0.04 0.01 1,122,695
2012 0.42 0.10 0.18 0.08 0.17 0.03 0.01 1,088,533
2013 0.42 0.10 0.18 0.08 0.18 0.04 0.01 1,060,694
2014 0.42 0.10 0.17 0.08 0.17 0.04 0.01 1,028,382
2015 0.40 0.10 0.17 0.10 0.17 0.04 0.01 958,219
2016 0.41 0.10 0.17 0.10 0.17 0.04 0.01 900,100
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Appendix 16: Population numbers for non-key source livestock categories

Alpaca and Mules and

Goat Swine Poultry Horse llama asses

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

1990 1,063 395 8,719 94 0.397 0.141
1991 793 407 8,687 90 0.498 0.141
1992 533 411 8,790 88 0.63 0.141
1993 353 395 9,217 87 0.752 0.141
1994 284 423 9,296 68 0.859 0.141
1995 337 431 10,587 69 1.032 0.141
1996 228 424 11,069 68 1.234 0.141
1997 228 417 10,862 69 1.427 0.141
1998 228 412 11,267 70 1.706 0.141
1999 186 369 11,547 72 2.142 0.141
2000 175 369 11,673 73 2.677 0.141
2001 164 354 12,118 74 3.434 0.141
2002 153 342 12,824 76 4.356 0.141
2003 179 377 13,934 80 6.091 0.141
2004 141 389 14,768 77 7.811 0.141
2005 136 341 15,080 73 10.337 0.141
2006 131 356 14,388 68 12.586 0.141
2007 112 367 14,226 66 14.794 0.141
2008 96 325 14,258 63 15.334 0.141
2009 82 323 13,427 65 15.887 0.141
2010 95 335 13,609 64 15.224 0.141
2011 86 327 13,739 57 14.122 0.141
2012 90 314 14,001 57 14.168 0.141
2013 80 298 14,177 57 14.523 0.141
2014 97 287 15,082 52 15.804 0.141
2015 75 268 15,975 41 8.091 0.141
2016 112 255 17,133 49 8.127 0.141
2017 99 274 17,777 44 9.649 0.141
2018 89 287 17,949 41 8.619 0.141
2019 94 256 18,757 38 10.185 0.141
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Appendix 17: Fraction of manure excreted in each animal manure management system (MMS) - for all livestock species

Proportion of nitrogen in each management system (MS)

MMS Dairy Beef Sheep Deer Goats Swine Poultry Horse
Pasture Range and 0.95 1.0 1.0 1.0 1.0 0.09 Broilers —0.049 1.0
Paddock Layers — 0.058
Other - 0.03
Anaerobic lagoon .05 0.21
Solid storage and dry 0.42
lot
Daily Spread 0.26
Other management 0.02  Broilers - 0.951
Layers — 0.942
Other - 0.97
Reference Ledgard &  Animals graze  Animals graze Animals graze IPCC default Hill2012  Fick etal,, 2011  IPCC default table
Brier 2004 outside 365 outside 365 outside 365  table 4-21 1996 4-21 1996 IPCC
days/annum days/annum days/annum  IPCC reference reference manual

manual
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Appendix 18: Emission factor and fractions used to determine direct and indirect N2O emissions from Agricultural soils

Parameter Emission factor or Units Reference
fraction value
Fracgast 0.1 ka(NHs-N + NOx-N)/ka(N applied) Sherlock et al., 2008
Fracgastul 0.055 ka(NHs-N + NOx-N)/kg(N applied) Saggar et al., (2013)
Fracgasm 0.1 kg(NHs-N + NOx-N)/kg(N applied) Sherlock et al., 2008
FracLeacH(sN,0N,u,Renew) 0.07 kg N/kg of fertiliser or manure N Thomas et al., 2003 & 2005
FracLeachcr) 0.1 kg N/kg of fertiliser or manure N Welten et al., (2021)
Fracsurn Crop specific kg N/kg crop-N Thomas et al., 2008
Fracrenew Year specific Beare et al., 2012; Thomas et al., 2014
Fracremove 0 ka N/kg crop-N Thomas et al., 2014
EF4 0.01 kg(N20-N)/kg(N applied) Kelliher & de Klein, 2006
EF1urea 0.0059 kg(N20-N)/kg(N applied) Kelliher et al., 2014
EF2 8 kg(N20-N)/halyr IPCC 2006, Table 11.1
EF3prep pun 0.0012 kg(N20-N)/kg(excreted N) van der Weerden et al., 2019
EF3prap based on slope and livestock category, see table 8.1
EF3prep miNOR 0.01 kg(N20-N)/kg(excreted N) Based on Carran et al., 1995; Muller et al., 1995; de Klein et al., 2003; Kelliher et al., 2003
EF3aL 0.001 kg(N20-N)/kg(excreted N) IPCC 2006, pg. 10.52 note in text.
EFsssp 0.02 kg(N20-N)/kg(excreted N) IPCC 2006, Table 10.21
EF3otHEr 0.005 kg(N20-N)/kg(excreted N) IPCC GPG Table 4.13 (poultry manure without bedding)
EF3pouttry 0.001 kg(N20-N)/kg(excreted N) Fick et al., 2011
EF4 0.01 kg(N20-N/kg(deposited NH3-N + NOx-N)  IPCC 2006, Table 11.3
EFs 0.025 kg(N20-N)/kg(leached N) IPCC 2006, Table 11.3
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Appendix 19: Nitrogen content of the diet for dairy, beef, sheep and deer

Percent Nitrogen in Diet kg(N)/100kg(dietary DM) or tonne(N)/100 tonne(dietary DM)

Species Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun
Dairy 3.98 4.09 4.16 3.69 3.23 3.15 3.02 2.86 3.10 3.40 3.57 3.79
Beef & 3.55 3.65 3.72 3.25 2.80 2.72 2.59 243 2.66 2.97 3.13 3.36
Sheep

Deer

1990 3.75 3.85 3.92 345 3.00 2.92 2.79 2.63 2.86 347 3.33 3.56
2010 3.59 3.69 3.76 3.29 2.84 2.76 2.63 247 2.70 3.01 317 3.40

Provided through an analysis of nationally collated data on metabolisable energy, organic matter digestibility, and nitrogen content (Giltrap & McNeill, 2020).
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Appendix 20: Nitrogen fertiliser application and yield of nitrogen fixing and other crops

o e N peyed e LS UMW ON s omow e s e Lo S
et 1o T R 7 R T R Uy Gn
1990 59,265 0 24,586 67,200 57,378 3,386 434,856 188,047 161,651 78,877 467,866 162,240 57,960 73,540 28,492 6,732 1,062
1991 61.694 0 32.521 67.200 65.064 3.386 382,043 180.690 183.388  57.187 456,918 168.870 63.830 80.730 28,057 9.124 1.274
1992 70,122 0 32,071 67.200 75,290 5.204 318,787 191,039 163,842 57,625 445,970 175,500 69,700 87,920 28,159 8,658 978
1993 104,095 0 44218 67.200 63.268 5,018 389,623 219,414 133,069 56,793 416,944 187,620 73,100 116,580 25,704 9,331 1,314
1994 124,131 0 57420 67,200 59,898 2,712 395476 241853 142,768 57,718 439,840 295,740 110,520 150,180 24439 8,347 948
1995 151.263 0 85.797 67.200 56.448 923 302.804 245173 160.797  38.735 494,060 341.820 147.660 136.620 33.727 8.419 1.656
1996 153,780 0 88,972 67.200 46,373 923 367,181 277,014 209,710 41217 486,040 346,320 143,360 129,320 35,771 8,588 1,322
1997 143,295 0 80,159 68,040 50,337 923 411,000 317379 193806 49,065 454,440 384,480 135,480 131,790 39,553 8,392 546
1998 155,467 0 102,801 87,360 66,200 940 340,000 302,100 176,148 42,223 478,860 384,480 135,480 131,790 42,062 6,268 2,204
1999 166.819 0 139.016 95.760 52,200 0 304,000 320.000 197.000  41.702 560.640 384.480 135.480 140.160 39413 5.832 1.590
2000 189,096 0 143,359 100,800 64,000 0 302,000 326,000 181,000 35,398 504,520 422,640 127,600 134,260 28,789 4,363 1,109
2001 248,000 10,443 187,452 100,800 37,700 0 365,000 364,000 177,000 22,394 497,300 379,950 121,700 139,360 24543 3.476 809
2002 309,200 9,200 244 835 100,800 29,457 3,302 440,883 301499 148,847 34,986 526,080 337,260 115,800 131,200 32,504 3,990 1,302
2003 337,400 12,420 272,303 87,360 31,200 2,000 371,837 318916 197,182 29,934 555,160 344,880 140,820 136,080 39,456 4,226 1,778
2004 348,000 23,000 285,437 86,644 31,912 2,000 226,082 255,860 234,248 30,844 567,060 320,370 141,560 168,860 43,400 4,573 2,433
2005 350,320 4,600 286,410 85,927 29,068 2,000 302,023 318,947 210,253 25,000 560,720 295,860 142,300 139,620 37141 5,554 1,952
2006 329,700 22,154 264,869 76,318 22,506 2,000 277,020 261,798 227,054 28478 513,840 285,750 133,250 160,840 29,738 5,028 1,269
2007 315,920 14,242 286,221 66,708 22,053 847 335,627 344434 185627 27531 516,320 275,640 124,200 155,480 35,159 3,578 2,279
2008 328,157 14,242 276,208 77977 20,047 1,863 408,730 343,350 205,557 25463 486,220 273,150 112,690 132,020 44919 3,234 2,187
2009 279,752 22,154 234,543 58,999 21,201 1,445 435270 403463 237,844 33,703 501,080 270,660 101,180 136.500 43,247 4,531 2,900
2010 332,981 19,325 281,871 59,000 37,094 3,800 308,298 444,800 188,812 47,608 521,440 289,590 86,170 132,920 29,812 3,671 1,851
2011 360,284 16,496 311,756 59,000 32,401 4,573 367,958 383262 210,175  28.466 579,540 308,520 71,160 129,340 40,365 3,392 2,069
2012 362,508 21,603 310,020 63,000 20,148 2,865 438,789 488,614 211231 18,118 521,900 343,080 93,280 136,740 44,102 3,446 2,348
2013 366,600 28,162 326,297 63.000 24,532 2490 416,478 447,799 201659 28,225 502,135 323,560 91,951 133,382 40,003 3.773 2438
2014 376,890 64,630 320,357 66,000 28,070 1,800 405,747 413497 237,165 34,741 488,043 304,020 90,620 130,020 55,706 6,554 4,797
2015 428,682 61,941 381,527 66,500 25,353 1,637 437144 413533 226,278 29,119 445,556 320,876 85,669 127,091 41,395 4,629 3,053
2016 432,200 95,400 360,300 62,000 41,321 2,363 364,186 459,349 210,325 46,645 488,120 337,732 80,719 124,163 41,334 7,026 4137
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2017 443,000 102,500 369,000 38,192 2,778 298407 405713 175022 35366 507,880 354,588 75.768 121234 41197 7.784 3979
2018 458,000 113,900 381,500 24,784 2,998 380264 371611 190,543 24,809 508,680 354,894 75,484 128,447 48.438 7,715 5,252
2019 452,000 127,000 358,000 23,887 2,617 383,651 398,091 195955 26,824 514.340 355,200 75,200 135,660 55,735 6,416 7,290
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Appendix 21: Forage crops for pasture renewal

Rye-Clover mix (sheep, beef, deer) Rye-Clover mix (dairy) Lucerne (dairy, sheep, beef, deer)
Year Frequency of Frequency of Frequency of
Area (ha) ren(izwal ();/o) Area (ha) ren?awal ();/o) Area (ha) ren?awal ({/o)
1990 12,464,774 15 1,348,773 5.6 84,000 10
1991 12,375,199 15 1,340,139 5.6 87,637 10
1992 12,481,023 15 1,359,654 5.6 97,517 10
1993 12,544,768 15 1,400,408 56 102,714 10
1994 12,014,309 15 1,521,398 56 106,238 10
1995 11,899,584 1.9 1,620,211 6.1 107,085 10
1996 11,630,514 1.9 1,634,912 6.1 115,095 10
1997 11,346,725 1.9 1,702,290 6.1 114,282 10
1998 11,090,807 1.9 1,741,797 6.1 111,842 10
1999 10,872,953 1.9 1,743,240 6.1 111,111 10
2000 10,583,428 2.6 1,816,354 7.0 113,257 10
2001 10,310,998 26 1,872,373 7.0 113,117 10
2002 10,060,296 26 1,906,658 7.0 119,626 10
2003 9,964,856 2.6 1,879,512 7.0 121,016 10
2004 9,825,489 2.6 1,896,293 7.0 122,900 10
2005 9,730,753 3.0 1,868,443 74 123,162 10
2006 9,586,894 3.0 1,889,716 74 118,061 10
2007 9,439,214 3.0 1,914,814 74 116,868 10
2008 9,335,328 3.0 2,018,700 74 117,402 10
2009 9,302,090 3.0 2,110,918 74 124,185 10
2010 9,180,291 3.0 2,122,181 74 119,105 10
2011 9,076,514 3.0 2,213,448 74 121,895 10
2012 8,841,788 3.0 2,255,360 74 129,314 10
2013 8,684,944 30 2,289,094 74 132,187 10
2014 8,517,405 3.0 2,382,324 7.4 133,695 10
2015 8,354,734 3.0 2,309,423 74 138,056 10
2016 8,170,561 3.0 2,426,790 74 148,965 10
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Appendix 22: Loss of soil carbon in mineral soil during cropland management

Soil carbon loss
Year

(tonne)
1990 -61.66
1991 -80.57
1992 -99.48
1993 -118.39
1994 -137.30
1995 -156.21
1996 -175.13
1997 -194.97
1998 -214.81
1999 -234.65
2000 -254.49
2001 -274.34
2002 -293.25
2003 -312.16
2004 -331.07
2005 -349.98
2006 -368.89
2007 -387.81
2008 -407.27
2009 -426.73
2010 -427.28
2011 -427.83
2012 -428.38
2013 -407.33
2014 -386.28
2015 -365.23
2016 -344.19
2017 -323.14
2018 -302.09
2019 -281.04
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Appendix 23: Limestone, dolomite and urea usage

Year Limestone (tonne)  Dolomite (tonne) Urea (kg (N))
1990 802,760 14,367 24,585,917

1991 866,597 15,510 32,520,868

1992 930,435 16,652 32,071,302

1993 1,007,628 18,034 44,218,217

1994 1,107,066 19,814 57,420,471

1995 1,206,504 21,593 85,796,763

1996 1,081,801 19,362 88,972,714

1997 1,191,928 21,333 80,158,542

1998 1,302,056 23,304 102,800,655
1999 1,412,183 25,275 139,015,833
2000 1,522,310 27,246 143,358,866
2001 1,632,438 29,217 187,451,505
2002 1,742,565 31,188 244,835,138
2003 1,536,886 27,506 272,303,015
2004 1,494,224 26,743 285,437,170
2005 1,644,880 29,439 286,410,270
2006 1,374,290 24,596 264,869,515
2007 1,460,817 26,145 286,221,406
2008 1,370,382 16,515 276,208,078
2009 1,614,132 19,894 234,542,989
2010 1,371,608 35,578 281,871,447
2011 1,411,414 28,251 311,755,951
2012 1,517,235 31,734 310,020,373
2013 1,190,855 33,756 326,297,077
2014 1,312,257 30,597 320,356,500
2015 1,190,169 26,419 381,526,980
2016 1,144,648 22,586 360,300,000
2017 1,019,861 22,785 369,000,000
2018 1,097,270 25,294 381,500,000
2019 1,216,694 22,648 358,000,000
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Appendix 24: Area of organic soils (hectares)

v Cropland - Grassland —high  Grassland - low Grassland — with Total Area
ear Cropland - annual : . . )
perennial producing producing woody biomass
1990 7428 2235 127673 29964 4553 171853
1991 7449 2259 128739 28988 4536 171970
1992 7469 2283 129785 27983 4504 172024
1993 7490 2307 130824 26968 4468 172057
1994 7511 2330 131844 25922 4416 172023
1995 7532 2354 132877 24896 4375 172033
1996 7552 2378 133904 23863 4329 172026
1997 7573 2402 134944 22883 4301 172103
1998 7593 2427 135991 21914 4278 172203
1999 7613 2452 137044 20954 4260 172322
2000 7634 2477 138108 20000 4246 172464
2001 7654 2502 139173 19049 4234 172612
2002 7675 2525 140241 18068 4216 172726
2003 7697 2549 141318 17090 4200 172854
2004 7719 2573 142410 16120 4189 173010
2005 7741 2597 143523 15157 4179 173196
2006 7764 2620 144647 14196 4172 173400
2007 7787 2644 145792 13239 4168 173630
2008 7789 2648 146036 13167 4142 173782
2009 7791 2652 146287 13096 4116 173943
2010 7793 2656 146532 13027 4095 174104
2011 7795 2660 146777 12952 4070 174253
2012 7797 2664 147029 12879 4045 174413
2013 7798 2663 147043 12886 4010 174400
2014 7809 2663 147065 12916 3999 174453
2015 7811 2663 147076 12929 3963 174443
2016 7811 2664 147104 12929 3930 174438
2017 7811 2664 147092 12932 3906 174405
2018 7811 2664 147081 12935 3880 174370
2019 7811 2663 147069 12938 3820 174302

This area is updated annually by the Ministry for the Environment
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