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Introduction
This document is a guide for farmers and growers
to help them measure, manage and reduce
greenhouse gas emissions. It has been developed
collaboratively by the primary sector, Federation
of Māori Authorities, Government and scientists
from New Zealand universities and Crown Research
Institutes through the He Waka Eke Noa partnership.
This guidance is intended to help farmers,
growers and their advisors incorporate the
management of greenhouse gases into farm
planning, by understanding their emissions
profile and what contributes to it, exploring
opportunities to reduce it, and keeping good
farm records.
Many farmers and growers already have a farm plan,
often as part of an Industry Assurance Programme.
Primary sector organisations and processors involved
in He Waka Eke Noa are committed to supporting
all farmers and growers to have a written plan to
measure and manage emissions by 2025.
This guidance sets out four principles to guide
farmers and growers, backed by practical
information on opportunities to reduce greenhouse
gas emissions and capture carbon. It is intended
to help farmers and growers, as stewards of our
environment, understand what they can do to
measure, manage, and reduce their greenhouse gas
emissions.
This guidance was first published in December 2020
and was updated in 2021. This version, Edition 3,
includes additional information on:

 How actions to reduce greenhouse gas emissions
may also impact on water quality by reducing
contaminant leaching

 Climate change projections and guidance on
assessing the risks and opportunities for your
farm system.
For more information on recognised methods
for calculating your farm emissions, go to
hewakaekenoa.nz/tools
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He Waka Eke Noa – the Primary
Sector Climate Action Partnership
is committed to finding the best
outcomes for Aotearoa New Zealand
and farmers and growers, while
playing our part in global efforts to
tackle climate change.
The partnership will equip farmers
and growers with practical
information and tools to measure,
manage and reduce on-farm
emissions; recognise, maintain, or
increase integrated sequestration
on farms; and adapt to a changing
climate.
Find out more at
www.hewakaekenoa.nz

Why reduce farm greenhouse gas emissions
New Zealand’s international brand, and the
value of our products in international markets,
is built on our environmental credentials.
New Zealand farmers and growers are known as
innovators and producers of premium products.
We already have a reputation for having some
of the most sustainable agricultural practices in
the world.
We can continue to increase the value of our
products by demonstrating that we are continually
improving our practices, including managing
greenhouse gas emissions.
Around the world, governments are increasingly
focused on reducing emissions to limit further
global temperature rises. New Zealand must play
its part to retain and grow market access in a lowemissions global economy.
From a te ao Māori world view, we are all part of
te taiao and have a responsibility to care for it. The
Māori view, that the land provides for the people
and therefore the people must provide for the land,
strongly aligns with the view of most farmers and
growers who see themselves as stewards of the
land.

Farmers and growers are already active in protecting
and restoring waterways, protecting and increasing
biodiversity, and reducing emissions. These
interconnected actions will increase the value of our
products and strengthen our brand and reputation,
while helping to protect, restore and sustain our
environment, and enhance our wellbeing and that
of future generations.
To limit global temperature increases and avoid
greater impacts, New Zealand has joined other
nations around the world in committing to reduce
emissions (through the United Nations Framework
Convention on Climate Change Paris Agreement).
New Zealand has committed to reduce its emissions
by 30% below 2005 levels by 2030. The Climate
Change Response (Zero Carbon) Act sets out New
Zealand’s path to a low emission, climate resilient
future, with specific emission reduction targets for
carbon dioxide, nitrous oxide, and methane.

Māori input to the partnership is through Te Aukaha, which is led by Māori landowner representatives
and Māori agribusiness specialists. Te Aukaha employs a Treaty based framework that reflects the impact
of legislation and the unique circumstances of Māori landowners, whilst ensuring Māori engagement
with climate action is driven by ahi kā, landowners and individuals, whānau and hapū, and collectives.
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Managing greenhouse gases through
a farm plan
A farm plan is a useful tool to help manage the
different parts of a farm business, and to provide
assurance of good practice to consumers and other
interested parties.

Developing a greenhouse gas module in a farm
plan will help build:

Many farmers and growers already have some form
of farm plan, often as part of Industry Assurance
Programmes (such as Fonterra’s Tiaki programme,
the red meat sector’s NZFAP or Horticulture’s GAP).
You can find links to different industry assurance
programmes on the AgMatters website here:
https://www.agmatters.nz/goals/know-yournumber/

 The knowledge to make informed decisions on

This guidance is intended to help farmers and
growers incorporate a greenhouse gas module
into their farm planning. It is designed to integrate
with existing programmes and become part of an
integrated farm plan (see Integrated farm planning
box below).

 A clear understanding of a farm’s greenhouse
gas emissions.
actions to reduce emissions appropriate to the
farm business, while considering effects on other
aspects of the farm business.
The farm plan approach recognises the individual
nature of each farm and that choices about how
to reduce farm emissions are for each farmer and
grower to make.
By 2025 there is expected to be an emissions pricing
system, which will further inform individual farmer
and grower decisions about the costs and benefits
of actions to reduce emissions.

Choices about how to reduce farm
emissions are for each farmer and
grower to decide as part of their
farm plan.

Integrated farm planning
Integrated farm planning (IFP) brings all of your farm planning considerations into one place.
It provides a framework to identify risk, opportunities, and support good land management across your
entire production system. Developing an integrated farm plan now will help you meet your greenhouse gas
farm plan milestones.
The IFP programme is a joint effort between industry, the regional sector, and Government to support
farmers and growers to meet their farm planning requirements. This includes: developing greenhouse gas
modules to add to existing Industry Assurance Programmes and other farm planning frameworks; funding
for industry and catchment initiatives to support uptake of IFP; and increasing the number of advisers
capable of providing whole-of-system planning advice.
You can find more information about the IFP programme here: https://www.mpi.govt.nz/agriculture/
farm-management-the-environment-and-land-use/integrated-farm-planning-work-programme/
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Farm greenhouse gas emissions
There are three key greenhouse gases present on
New Zealand farms:

 Methane (CH4) – Generated by ruminants as a
by-product of digestion. Most CH₄ is burped into
the atmosphere by ruminant livestock. A small
amount of CH₄ (less than 5%) also comes from
dung and effluent systems.
The total feed eaten by livestock on your farm is the
main driver of CH₄ emissions.

 Nitrous Oxide (N2O) – Released into the
atmosphere from dung and urine patches, and N
fertilisers.
The nitrogen (N) content of feed and the amount of
nitrogen applied as fertilisers are the main drivers of
N₂O emissions, while temperature and soil moisture
can also play a role.

 Carbon Dioxide (CO2) – The main source of
CO₂ emissions is from the harvest and clearing of
woody vegetation. Woody vegetation captures
CO₂ but also releases it when cleared.
To a lesser extent the application of lime and urea
nitrogen fertilisers can also contribute to farm CO₂
emissions.
Soil management can both release and store
(sequester) CO₂ and this is under investigation so it
can be better quantified.

Energy use is the other driver of farm CO₂ emissions.
As it is already accounted for under the New
Zealand Emissions Trading Scheme (NZ ETS), it is not
included in your farm greenhouse gas emissions.
However, it should be considered when assessing
the costs and benefits of reduction opportunities,
and to calculate your wider carbon footprint.
Talk to your sector organisation or an experienced
rural professional for more detailed farm
greenhouse gas emissions information.
The AgMatters website is a valuable source of
information on farm greenhouse gas emissions
www.agmatters.nz.

Absolute emissions: the amount of greenhouse
gases emitted per farm. Tackling climate change
needs us to reduce absolute emissions.
Emissions intensity: the amount of greenhouse
gases emitted per unit of production. Reducing
emissions intensity is an important first step for
farmers to make towards reducing their farm’s
absolute emissions. Knowing both indicators helps
you to reduce your absolute greenhouse gas
emissions, while maintaining profitability.
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Opportunities to reduce farm greenhouse gas emissions
Methane (CH4) – Reduce the total feed eaten on your farm through: refining your stocking policy; improving
animal health and reducing stock losses; improving your pasture and grazing management; converting your
non-productive land to indigenous or exotic trees; or converting more productive land to high value crops.
Nitrous Oxide (N2O) – Reduce the N-surplus on your farm through reducing the total amount of N fertiliser
applied and refining your production system to reduce the nitrogen content of feed eaten. Consider crop
residues, particularly those with high N content, when making decisions about future nutrient inputs in
following crops.
Carbon Dioxide (CO2) – Sequestration (capture and storage) – increase the area of indigenous or exotic
trees. Reduce the use of urea.

Potential impacts on water quality from actions to reduce
greenhouse gas emissions
Many existing farm plans already include actions to improve water quality outcomes. As you begin to
incorporate greenhouse gas measures into your existing farm plan, or as you develop a new plan, the
potential impacts (both positive and negative) on other aspects of your farm need to be understood.
Therefore, for each of the greenhouse gas opportunities this guidance also provides you with information on
the direction of change for nitrogen (N), phosphorus (P), sediment (sed), and Escherichia coli (E. coli) entering
into water.
You can find further information about how the impacts on water quality were identified in the AgResearch
report here: https://hewakaekenoa.nz/agresearch-report_hwen-freshwater-outcomes-from-ghgmitigation_final/
See the tables from page 11 for details on the opportunities to reduce greenhouse gas emissions and
the potential impacts on contaminants entering into water.
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Good Farming Practice Principles for reducing
greenhouse gas emissions
The Good Farming Practice Principles guide each farmer and grower to understand their emissions profile and
what contributes to it, explore opportunities to reduce it, and keep good farm records.

1

1.

Know your farm’s greenhouse gas emissions

2.

Identify opportunities to reduce your farm’s greenhouse gas emissions and
capture carbon

3.

Choose your actions

4.

Keep records, monitor and review.

Know your farm’s greenhouse gas emissions

Knowing what your greenhouse gas emissions are and where they come from is the first step
towards reducing them.
He Waka Eke Noa has a target for all farmers and growers to know their on-farm emissions numbers by
December 2022. Farming enterprises include all properties greater than 80-hectares, and in addition, those
properties under 80-hectares that are:

 Dairy farms with a milk supply number; or
 Cattle feedlots as defined in freshwater policy
A list of tools for calculating your farm emissions is provided on the He Waka Eke Noa website at:
https://hewakaekenoa.nz/wp-content/uploads/2021/07/GHG-tools-update-2.pdf

2

Identify opportunities to reduce your farm’s greenhouse gas
emissions and capture carbon

There are many opportunities to reduce greenhouse gas emissions, and capture carbon; the
potential will depend on the type of farming operation and current practices.
The broad opportunities include:

 Improving the efficiency of pasture and crop production
 Reducing the total amount of feed eaten on farm
 Matching feed demand with pasture growth and utilisation
 Improving the management of livestock effluent
 Capturing and storing carbon in vegetation and soils
You can find out more about each of these in the following pages.
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3

Choose your actions

Each farm’s opportunities to reduce emissions are chosen as appropriate to their operation,
and whether they will involve simple changes to current farm management practices, or more
significant action.
Based on this knowledge, each farmer and grower will choose which actions to take, as part of optimising
their farming operation.
By 2025 it is expected there will be a pricing system for emissions. This will inform decisions about the costs
and benefits of actions.
Farmers and growers will be involved in developing the emissions pricing system, through the He Waka Eke
Noa partnership.
There is no fixed amount by which each farmer has to reduce emissions, and choices will depend on farmspecific opportunities and costs.

4

Keep records, monitor and review

Record keeping is essential to inform future decision-making and allow easy verification of on-farm
emissions, which will likely be a future requirement.
Minimum information to record for the calculation of farm emissions includes:

 Livestock numbers by stock type, either using monthly values or, for simple tools, a weighted annual
average

 Amount of synthetic N fertiliser applied annually.
Additional information that can support a more detailed understanding of farm emissions and reduction
opportunities includes:

 Farm total and effective area
 Farm topography (slope)
 Livestock class, age, number, and movements
 N fertiliser or lime applications including product type, rate and timing
 Crop residues
 Production data such as milk solids, liveweight or crop yield
 Woody vegetation planting records.
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Overview of farm greenhouse gas reduction
opportunities
The tables provide an overview of the currently available farm greenhouse gas reduction opportunities.
Almost all these opportunities will reduce emission intensity but many only reduce total farm emissions
if changes are made to the farm system. For example, improving fertility rates or animal health reduces
emissions intensity as the farm carries fewer non-productive livestock. However, total emissions are only
reduced if the total number of livestock is then reduced.
While many of the opportunities only provide small changes to greenhouse gas emissions (or contaminants
entering into water), even small changes built into a farm system and adopted across multiple farms will result
in significant and cumulative changes over time.
More information about each opportunity is set out in the following pages. The potential reduction will be
highly dependent on your farming system.

Opportunity

GHGs affected

Improve the efficiency of pasture and crop
production

Nitrous oxide, carbon
dioxide
Methane, nitrous
oxide
Methane, nitrous
oxide
Methane, nitrous
oxide

Reduce total feed eaten on farm
Match feed demand with pasture growth and
utilisation
Improve the management of livestock effluent

Page reference

11
13
16
18

Capture and store carbon in vegetation

Carbon dioxide

19

Capture and store carbon in soils

Carbon dioxide

22
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Greenhouse gas reduction opportunities

greenhouse gas emissions and capture carbon
(through increased on-farm sequestration).

 Understand the possible impacts of those
opportunities on contaminants entering into
water.
Each table gives a brief explanation of the actions
you can take to reduce on-farm greenhouse gases
(GHGs) with examples of what that action might
look like in practice, and a list of which GHGs would
be affected.
Actions taken to reduce on-farm GHGs may affect
multiple aspects of your farm system. To help you
consider the wider impacts of these opportunities,
this guidance also sets out how each action will
affect the likelihood of common farm contaminants
entering water bodies in and around your farm.
Other beneficial impacts, such as biodiversity
increases and commercial gains, are also listed.
For ease of use, the symbols for each GHG,
contaminant and the direction of change are set out
in the key.
Further information and sector-based resources
are also included to support your decision-making
and to help you decide which actions are most
appropriate for your farm system.
These tables are a summary of cross-sector
information. More detailed information and
advice may be available from your sector, rural
professionals or online at www.agmatters.nz.
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Remember, choices about how to reduce farm
emissions are for each farmer and grower to decide
as part of their farm plan. There is no fixed amount
by which each farm has to reduce emissions, and
choices will depend on farm-specific opportunities
and costs. These tables are intended to inform your
choices; you are not expected to do everything
listed in them.

Greenhouse gases (GHGs)
CH₄

Methane

N₂O

Nitrous oxide

CO₂

Carbon dioxide

Impact of actions on water
Contaminant types

 Identify opportunities to reduce your farm’s

Some of the opportunities in the table can be
applied and assessed in combination, but their
impact is often not cumulative; that is, you won’t
necessarily get additional reductions in emissions
at the same scale from additional actions. It is
important the net greenhouse gas impact of any
change is assessed – this should include methane,
nitrous oxide, and carbon dioxide, including fossil
fuel related emissions.

Direction of change

The tables on the following pages provide
information and examples to help you:

N

Nitrogen

P

Phosphorus

Sed

Sediment

E. coli Escherichia coli

↑

Trade-off – action increases likelihood
of contaminants entering into water

↓

Co-benefit – action decreases
likelihood of contaminants entering
into water

n/c

No change – action is unlikely to
change the likelihood of contaminants
entering into water

-

Unknown – insufficient knowledge
available

Opportunity 1:
Improve the efficiency of pasture and crop production
For pasture farmers, efficiency improvements will only reduce greenhouse gas emissions if the total feed eaten on farm is decreased.
For cropping farmers, improving the efficiency of production is the main opportunity to reduce emissions.
For more information about efficiency improvements see: www.agmatters.nz/actions/efficiency-improvements.

Action

Example/s

Minimise nitrogen (N)surplus through reduced
use of N fertiliser and/or
supplementary feed

Use soil tests such as the Nitrate Quick Test
and Deep Soil Mineral N-tests for cropping.
Use nutrient budgeting tools to plan N
fertiliser inputs for crops (e.g., Crop Calculators
and OVERSEER).
Use feed and nutrient budgeting tools to plan
N fertiliser inputs for pasture (e.g., FARMAX and
OVERSEER).
Maintain high levels of clover in pasture to
reduce the need for N fertiliser applications.

GHG
Impact on water
Further information / sector guidance
affected and other benefits
N2O

N

↓

CO2 (urea)

P

n/c

Sed

n/c

E. coli

n/c

Reduced inputs of N at a farm scale will reduce the amounts of N cycling
through the soil-plant-animal system. This will help to minimise the
accumulation of surplus N in soil (particularly urinary N) and decrease the
risk of N leaching into water. The extent of the benefit will depend on the
amount of N brought onto the farm and other attributes of the farm such as
soil type or rainfall.
Quick Nitrogen Test Mass Balance Tool & User Guide: https://www.far.org.
nz/articles/1231/quick-test-mass-balance-tool-user-guide
LandWISE Nutrient Budgeting Templates for Vegetable Crops: https://
www.landwise.org.nz/projects/nutrient-budgeting-made-easy/
Horticulture New Zealand Code of Practice for Nutrient Management:
https://www.hortnz.co.nz/assets/Uploads/Code-of-Practice-forNutrient-Management-v-1-0-29-Aug-2014.pdf
Nutrient Management for Vegetable Crops in New Zealand: https://
www.plantandfood.com/en-nz/article/new-nutrient-managementguidelines-for-vegetables
Nutrient Management on your Dairy Farm: https://www.dairynz.co.nz/
publications/environment/nutrient-management-on-your-dairyfarm/
AgMatters: https://www.agmatters.nz/actions/reduce-nitrogenfertiliser/
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Action

Example/s

Select inhibitor coated
N fertilisers to reduce the
amount of nitrogen applied

Use coated urea products (urease inhibitors)
to increase effectiveness of urea applications.

GHG
Impact on water
Further information / sector guidance
affected and other benefits
N2O

N

n/c

CO2 (urea)

P

n/c

Sed

n/c

E. coli

n/c

A 10% reduction in urea applied can be achieved for the same production
by using a coated urea product.
Reduced ammonia losses due to urease inhibitors results in lower amounts
of N being redeposited onto land downwind, which decreases indirect
emissions of N₂O.
There is no significant effect on N leaching into water expected, provided
that the total amount of N fertiliser applied is reduced by 10% (to account
for the N that is no longer lost as ammonia).

Manage timing and
placement of N fertiliser
applications to reduce the
amount of nitrogen applied

For cropping, incorporate N fertiliser applied
at planting and split N fertiliser applications to
target specific crop growth stages.

N2O

N

↓

CO2 (urea)

P

n/c

Sed

n/c

E. coli

n/c

For pasture, only apply N fertiliser when
there is: a genuine feed deficit; nitrogen is
the limiting nutrient; there is sufficient soil
moisture; and soil temperatures are above 60C
(and rising).

The extent to which timing and placement of fertiliser applications reduces
N₂O emissions can be highly variable between farms.
Better timing and placement of N fertilisers should result in less surplus N
accumulating in soil, lowering N leaching into water. The magnitude of this
benefit will depend on the amount of N fertiliser used on-farm.
Fertiliser Association of NZ Code of Practice for Fertilisers: https://www.
fertiliser.org.nz/Site/code-of-practice/
Strategies to reduce nitrogen fertiliser use: https://www.dairynz.co.nz/
environment/on-farm-actions/reducing-nitrogen-fertiliser-use/

Use weather forecasts to apply N fertilisers
prior to effective rainfall.

Successful soil and fertiliser management: https://beeflambnz.com/
knowledge-hub/podcast/PC42-soil-and-fertiliser-management

Maintain and calibrate fertiliser spreading
machinery in accordance with the
manufacturers operating manual or use
Spreadmark accredited contractors.
Adopt precision fertiliser placement
technologies.
Manage pasture and crop
husbandry to optimise
production

Fertility is optimised for the soil type, slope,
and climate.
Pests and diseases are regularly monitored
and addressed as appropriate.
Grazing rotations are managed to optimise
pasture grown.
Pugging and compaction are minimised.
Irrigation is well-timed and efficient.
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N2O

N

↓

CO2 (urea)

P

↓

Sed

↓

E. coli

↓

The degree to which these practices reduce N₂O emissions depends on
whether total N fertiliser inputs can be reduced through their application.
For extensive systems, if optimised fertility results in an increased pasture
production, this may result in increased CH₄ emissions through increased
feed eaten.
Good management practice, such as maintaining optimal fertility and
good soil structure, use of lime and efficient irrigation, will encourage use
of soil nutrients and water infiltration – minimising the risk of contaminants
leaching into water.

Opportunity 2:
Reduce total feed eaten on farm
It is the total amount of feed eaten on farm that drives greenhouse gas emissions. Consideration of stocking rate at different times of the year, individual animal
performance and the need for supplementary feed, can help to optimise livestock farming systems, increase or maintain profitability and reduce on-farm greenhouse
gas emissions.
For more information about stocking rate and performance see: https://www.agmatters.nz/actions/stocking-rate-and-performance/

Action

Example/s

Identify and cull less
productive stock early

Less productive and empty dairy cows
culled early in the season rather than carried
through.

GHG
affected

Impact on water
Further information / sector guidance
and other benefits

CH4

N

↓

N2O

P

n/c

Sed

n/c

E. coli

n/c

Dairy herds sequentially dried off in autumn
instead of using supplementary feeds or N
fertiliser to boost pasture growth.

Having fewer animals on farm earlier in autumn will reduce N excretion
and the risk of N leaching into water during the drainage season, although
the effect is likely to be relatively small.

Less productive dry ewes culled early rather
than carried through.
Reduce wastage rates
(unplanned losses) so
replacement rates can be
optimised, and total feed
eaten reduced

For dairy, replacement rates can only be
optimised and reduced when wastage
rates are minimal. If wastage rates are high
through poor reproductive performance
and animal health issues, this creates risk for
sustaining herd numbers and profit from
using low replacement rates. Reduced total
feed demand from fewer replacements
results in a reduction in the use of N fertiliser
and/or supplementary feed.

GHG mitigation will only occur if culling happens earlier than usual. For
dairy farms, this will depend on climate (e.g., drought conditions), pasture
cover, the body condition of the herd, and access to slaughter facilities. For
sheep, beef, and deer farms, this also requires that no additional stock is
then purchased (e.g., finishing lambs).

CH4

N

↓

N2O

P

n/c

Sed

n/c

E. coli

n/c

For dairy, the optimum replacement rate for maintaining genetic gain is
18 – 20% where the wastage rates are low and the not in-calf rate is less
than 8%.
The small reduction in N leaching risk is based on the assumption of
reduced stocking rate, mainly through less replacement stock. Reductions
in other contaminants entering into water are likely to be small and (at
printing) unproven.

Increase lamb survival rates.
Rear lambs from the sheep dairy industry.
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Action

GHG
affected

Impact on water
Further information / sector guidance
and other benefits

CH4

N

↓

N2O

P

n/c

Sed

n/c

E. coli

n/c

Choose new genetics based on breeding
CH4
worth. Over time this will result in higher profit
N₂O
and yield as less cows or sheep are required to
convert the feed to profit.

N

↓

P

n/c

Sed

n/c

Consider sheep breed selection for lambing
percentage and lamb growth rates.

E. coli

n/c

Example/s

Adjust livestock class or
Increase breeding beef cow longevity or
ratios within the farm system replace cows with dairy beef animals.
to reduce the total feed
Consider hogget mating to increase the
eaten
lifetime efficiency.
Increase lambing percentage and sell lambs
earlier or finish lambs faster.
Use genetic selection over
time to increase animal
performance and decrease
livestock maintenance
requirements (providing it
doesn’t lead to an increase in
total feed eaten)

Hogget mating is only suitable where farm management practices
support this. Livestock farms may benefit by matching the farm system to
the pasture growth curve.
Reduced risk of N leaching into water is based on an assumed reduction in
total feed eaten. Reductions in other contaminants entering into water are
likely to be small and (at printing) unproven.
For dairy, genetic gains mean a 288-cow herd today produces the
same milk solids as the equivalent 300-cow herd 10-years ago (4%
improvement). This reduction of 12 cows reduces CH₄ and N₂O emissions
without reducing production.
Higher per cow production using lower stocking rates requires skilled
grazing management, tactical use of supplementary feed and/or
longer average lactation length. For grazing management, maintaining
an adequate stocking rate is essential to ensure pasture quality and
productivity.
Reduced risk of N leaching into water is based on an assumed reduction
in stocking rate due to an increase in per-animal-production. Only small
reductions in N entering into water are expected at first but there will be
important cumulative effects over time.
Reductions in other contaminants entering into water are likely to be small
and (at printing) unproven.

Improved management of
animal health

Improved animal health leads to gains in
efficiency and productivity.
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CH4

N

↓

N₂O

P

n/c

Sed

n/c

E. coli

n/c

Small reductions in N leaching risk based on an assumed reduction
in stocking rate, or earlier sale dates, due to an increase in per-animalproduction.
Reductions in other contaminants entering into water are likely to be small
and (at printing) unproven.

Action

Example/s

GHG
affected

Impact on water
Further information / sector guidance
and other benefits

Retire less productive land
from grazing

Match land use with land class.

CH4

N

↓

Highly erodible, very steep, or very wet areas,
retired from production or converted to
forestry. Livestock numbers reduced to match
feed supply.

N₂O

P

↓

Sed

↓

E. coli

↓

Match land use with land class.
Highly productive land converted to highvalue crop production and livestock numbers
reduced to match feed supply.

CH₄

The reductions of contaminants entering into water are related to the
previous use of contaminants on the retired land – if retired areas were
significant sources of contaminants, then reductions are likely. Lag times
and legacy effects can delay the visible effects of the measure.
Reductions in contaminants entering into water are based on the
assumption that the stocking rate on the remaining area does not
increase.

Supports
Biodiversity
High value land use change

All land use change options require detailed analysis, including land
suitability market, labour and financial.

N

-

P

-

Sed

-

E. coli

-

All land use change options require detailed analysis, including land
suitability, market, labour and financial.
A wide range of land use change options are available, that will
result in varying directions of change for contaminants entering into
water. If changing from permanent grassland cover to reduced soil
cover/protection (e.g., pasture to flower crops), then the risk of some
contaminants entering into water could increase.
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Opportunity 3:
Match feed demand with pasture growth and utilisation
Balancing pasture growth and utilisation is key to optimising stocking rates that result in the same or higher profit with lower inputs. Improved grazing management
and strategic management of stocking rate throughout the year can result in less pasture wastage and lower supplementary feed inputs, reducing emissions.
For more information about low-emission feeds see: https://www.agmatters.nz/actions/feeds/

Action

Example/s

Optimise pasture quality and
production to better meet
feed demand

Pasture-based farming systems with good
grazing management that maintain yearround quality pasture production reduce
total dry matter demand.

GHG
Impact on water
Further information / sector guidance
affected and other benefits
CH4

N

↓

N2O

P

n/c

Sed

n/c

E. coli

n/c

Good grazing management includes
practices such as:
 Regular pasture assessments and feed
budgeting
 Setting and managing pre-grazing covers
and post-grazing residuals (intensive
systems)
 Choosing rotation lengths that optimise
both quality and quantity of pasture
 Managing pests and diseases
 Optimising soil fertility
 Actively managing any pasture surplus
Optimise supplementary feed
inputs to better meet feed
demand

Adjust stocking rate (feed demand) to
CH4
increase home grown feed and reduce
N2O
bought-in feed. Supplements should be used
tactically to address a true feed deficit or feed
imbalance.
Use low N content supplementary feeds.

The reduced risk of N leaching into water is based on assumed reduced N
intake and therefore less N excretion, which results in less leaching.
This opportunity is unlikely to have an effect on other contaminants.
DairyNZ guide to pasture management: https://www.dairynz.co.nz/
feed/pasture/
B+LNZ guide to growing and grazing pasture: https://beeflambnz.com/
knowledge-hub/module/principles-feeding-growing-and-grazingpasture#block-1349

N

↓

P

n/c

Sed

n/c

E. coli

n/c

For dairy, supplements should only be used when the marginal milk
produced is adding to the farm’s operating profit.
The reduced risk of N leaching into water is based on assumed reduced
N intake and therefore less N excretion, which results in less leaching. This
action is unlikely to have any effects on other contaminants.
DairyNZ feed management on dairy farms: https://www.dairynz.co.nz/
feed/
DairyNZ effects of removing supplementary feed: https://www.dairynz.
co.nz/media/5792388/tech_series_december_2019_web.pdf
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Action

Example/s

Use of alternative forages to
reduce protein in the diet

Forage rape reduces CH₄ emissions but
the rate of diet inclusion required for this is
still under investigation. If intensively grazed
on wet soils, increased N₂O emissions may
reduce its benefits.
Maize silage has a beneficial impact on
N2O emissions due to its lower nitrogen
concentration than pasture. Its lower energy
content means a slight increase in dry matter
consumed and therefore CH₄ emissions.
Hay has a beneficial impact on N₂O
emissions due to its lower nitrogen
concentration than pasture. Its relatively low
digestibility can also reduce feed intake and
therefore CH₄ emissions.

GHG
Impact on water
Further information / sector guidance
affected and other benefits
N₂O

N

↓

CH4

P

n/c

Sed

n/c

E. coli

n/c

All the alternative forages listed are in use to varying degrees in New
Zealand farm systems. However, optimising their incorporation into a
farming system and the long-term effects on animals, production, and the
environment is still under investigation.
Management of alternative forages can cause significant increases in
contaminants entering into water. For grazed forage crops in particular,
the yield on offer per unit area is greater, and the associated increase in
stocking rates means the risks of N leaching, and P, Sed, and E. coli entering
into water are likely to go up.
For some forages, the net greenhouse gas emissions need to be considered
including the use of N fertiliser and potential impacts on soil carbon from
more regular cultivation. The reduced risk of N leaching into water is based
on assumed reduced N intake and therefore less N excretion, which results
in less leaching.

Plantain can reduce the nitrogen
concentration in urine and therefore N₂O
emissions in some circumstances. It also
appears to create soil conditions that reduce
N₂O production and may also reduce CH₄
emissions. Research is continuing into these,
alongside how to incorporate and manage
plantain persistence in pasture farming
systems.
Fodder beet reduces N₂O emissions but for
CH₄ emissions it is only effective at very high
rates of diet inclusion (e.g., above 80%).
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Opportunity 4:
Improve the management of livestock effluent
Livestock effluent can be a significant source of on-farm greenhouse gas emissions where stand-off pads or animal housing is in use. In such farming systems, an
increased focus on better utilisation of effluent has benefits for both on-farm emissions and reduced risk of contaminants entering into water.

Action

Example/s

Avoid storing effluent in
anaerobic conditions

Carry out solids separation to prevent solids
entering anaerobic storage ponds.
Actively manage the effluent pond to its
lowest level, regularly remove and apply any
solids to pasture.

Covered manure/effluent
storage

Effluent treatment with
polyferric sulphate

Capture and flare or use of CH4 and reducing
ammonia emissions from effluent ponds.

Treat stored effluent to reduce methane
production

Use all captured effluent as a Regularly monitor effluent composition and
fertiliser, enabling reduced N record location of effluent applications to
fertiliser use
optimise fertiliser applications on effluent
blocks.
A stand-off pad or barn is constructed, and
the effluent from this captured and reused as
fertiliser.
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GHG
affected

Impact on water
Further information / sector guidance
and other benefits

CH4

N

n/c

N2O

P

n/c

Sed

n/c

E. coli

n/c

N

n/c

P

n/c

Sed

n/c

E. coli

n/c

N

n/c

P

↓

Sed

n/c

E. coli

↓

Commercially available infrastructure and systems are recommended for
mixing the polyferric sulphate effectively.

N

↓

P

↓

When animals are stood off pasture, total GHG emissions are likely to
increase due to CH4 emissions from manure management and greater N2O
emissions.

Sed n/c

n/c

E. coli

↓

CH4

CH4

N2O

Animal
Care

DairyNZ guidance for dairy effluent management:
https://www.dairynz.co.nz/environment/on-farm-actions/effluent/

New CH4 capture and conversion technologies are being assessed to
understand how they could be deployed for New Zealand effluent systems,
feasibility, and impact on emissions.
Energy capture systems from effluent: https://www.dairynz.co.nz/
media/2546503/energy-capture-systems-effluent-tech-note.pdf
Treated effluent and clarified water has reduced P solubility, leading to lower
dissolved reactive P losses when applied to land. Also, E. coli leaching into
water can be reduced due to the acidic nature of the treatment and bacteria
being contained in the flocculant.

More efficient off paddock capture of effluent and its safe return to land will
reduce the risk of N, P, and E. coli entering into water.

Opportunity 5:
Capture and store carbon in vegetation
Planting or restoring woody vegetation on farm can improve erosion control, waterway enhancement, biodiversity, shade and shelter, commercial gain, and aesthetic
appeal. The capture and storing of carbon (sequestration) is typically a secondary benefit from undertaking these activities.
Only land that meets certain criteria can currently be entered in the New Zealand Emissions Trading Scheme (NZ ETS). Consider the minimum standards to qualify
for sequestration rewards against the risks and benefits of entering the scheme. Engaging a forestry expert to help you with this is advisable. For more information:
https://www.teururakau.govt.nz/growing-and-harvesting/forestry/forestry-in-the-emissions-trading-scheme/
Through He Waka Eke Noa, the primary sector is working with Government to explore the potential for the inclusion of non-ETS plantings into on-farm emissions
reporting. Once this has been agreed this guidance will be updated.

Action

Example/s

Consider converting less
productive land into
indigenous vegetation

Change land use of less productive land
within the farm system, allowing natural
regeneration to occur or by replanting with
indigenous species.

GHG
Impact on water
Further information / sector guidance
affected and other benefits
CO₂

Consider whether the land planted would
be suitable for entry into the New Zealand
Emissions Trading Scheme.

N

↓

P

↓

Sed

↓

E. coli

↓

Supports
Biodiversity
Commercial

Consider converting less
productive land into exotic
forest

Change land use of less productive land
within the farm system by planting exotic
forest.
Consider whether the land planted would
be suitable for entry into the New Zealand
Emissions Trading Scheme.

CO₂

↓

P

↓

Sed

↓

E. coli

↓

Commercial

DoC guide to protecting and restoring indigenous vegetation: https://
www.doc.govt.nz/about-us/science-publications/conservationpublications/protecting-and-restoring-our-natural-heritage-apractical-guide/
Regional guides to planting natives https://www.treesthatcount.co.nz/
resources/regional-guides-for-planting-natives/

N

Supports
Biodiversity

The reductions of contaminants entering into water are related to the
previous use of contaminants on the land – if converted areas were
significant sources of contaminants, then reductions are likely. Lag times
and legacy effects can delay the visible effects of the measure.

Although tree harvesting can accelerate P and sediment entering into
water in the short term, reductions in all water contaminants are expected
over an assumed 30-year forest rotation cycle.
MPI guide to planting forestry: https://www.mpi.govt.nz/forestry/
getting-started-forestry/what-to-think-about-before-you-plantforest/
Farm Forestry guide to planting forestry: https://www.nzffa.org.nz/farmforestry-model/the-essentials/
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Action

Example/s

Consider establishing
wetland forests

Change the land use of less productive wet
areas within the farm system and establish
wetland forests.

GHG
Impact on water
Further information / sector guidance
affected and other benefits
CO2

N

↓

CH4

P

↓

Sed

↓

E. coli

↓

Consider whether the land planted would
be suitable for entry into the New Zealand
Emissions Trading Scheme.

Supports
Biodiversity

Reduced risk of contaminants leaching into water is based on the
assumption that a pasture area is being converted.
Opportunities for wetland forests include: kahikatea swamp forests;
peatland forests (poorly drained areas of the west coast and central
plateau); and mangroves.
DoC guide to wetland forests: https://www.doc.govt.nz/nature/nativeplants/wetland-forests/

Commercial
Consider planting riparian
setbacks

Plant riparian setbacks to achieve freshwater
benefits through stock exclusion and ground
cover.

CO2

Plant trees to stabilise banks and provide
stream shading.

Plant spaced poplars and willows, or other
species with known root stabilising impact, on
slopes to control and reduce erosion.
Plant willows in gullies to control and reduce
erosion.
If the erosion control planting is greater than 1
hectare, has a tree crown cover of greater than
30%, and has an average width of more than
30 metres, consider whether the land planted
would be suitable for entry into the New
Zealand Emissions Trading Scheme.
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↓

P

↓

Sed

↓

E. coli

↓

Supports
Biodiversity

If the riparian setback is greater than 1 hectare
and has an average width of more than 30
metres or adjoins an area of forest that is to be
entered, consider whether the land planted
would be suitable for entry into the New
Zealand Emissions Trading Scheme.
Consider planting erosion
control trees where erosion
is active or could occur

N

Some regional councils provide advice, support and funding for riparian
plantings. Visit your regional council website for more information.
Reduced risk of contaminant leaching into water is based on the
assumption that setback distances and planted areas have increased. If the
grazed area is decreased, then a decrease in all contaminants leaching into
water can be expected.
DairyNZ guide to planting waterways: https://www.dairynz.co.nz/
environment/on-farm-actions/waterways/planting-waterways/
DairyNZ riparian planner: https://www.dairynz.co.nz/environment/
waterways/riparian-planner/

CO2

N

n/c

P

↓

Sed

n/c

E. coli

↓

Animal
welfare
Supports
biodiversity

Some regional councils provide advice, support and funding for planting
trees for erosion control. Visit your Regional Council website for more
information.
Reduced risk of contaminants leaching into water is based on the
assumption that there is no change in pasture production or stocking rate.
Poplar & Willow Research Trust guide to poplars and willows: https://www.
poplarandwillow.org.nz/farmer-guides/why-plant-poplars-andwillows
Farm Forestry guide to poplars and willows for erosion control: https://
www.nzffa.org.nz/farm-forestry-model/resource-centre/treegrower-articles/november-2010/use-of-poplars-and-willows-forerosion-control/

Action

Example/s

Consider planting trees for
animal welfare

Plant shelterbelts within the farming
landscape to provide shade and shelter for
livestock.

GHG
Impact on water
Further information / sector guidance
affected and other benefits
CO₂

Plant shelterbelts within the farming
landscape to protect from wind erosion.
If the shelterbelt is greater than 1 hectare and
has an average width of more than 30 metres,
consider whether the land planted would
be suitable for entry into the New Zealand
Emissions Trading Scheme.
Consider diversifying
land use by establishing
perennial tree crops (e.g.,
fruit or nut trees)

Consider fencing and pest
control for existing and
newly planted indigenous
vegetation

Planting perennial tree crops will sequester
carbon when growing but lose carbon when
they are pruned or replanted.

CO₂

This is unlikely to be a viable stand-alone
option to sequester carbon and is not eligible
for inclusion the New Zealand Emissions
Trading Scheme.
CO₂
Any activity that improves growth of
existing indigenous vegetation or reduces
contaminants entering into water will increase
net sequestration.

N

n/c

P

↓

Sed

↓

E. coli

n/c

Reduced risk of contaminants leaching into water is based on the
assumption that there is no change in pasture production or stocking rate.
If tree planting is widespread and the feed N intake is reduced, then
reductions in the risk of N leaching into water can also be expected.

Animal
Welfare

Farm forestry guide to shade and shelter: https://www.nzffa.org.nz/
farm-forestry-model/why-farm-forestry/trees-for-shade-andshelter/

Supports
Biodiversity

DairyNZ guide to shade and shelter: https://www.dairynz.co.nz/
media/5447838/Trees_for_shelter.pdf

N

↓

P

↓

Sed

↓

E. coli

↓

Reduced risk of contaminants leaching into water is based on an assumed
change from grazed to ungrazed pasture or uncultivated land area.
Tree Crops – Fruits: https://treecrops.org.nz/tree-information/fruit/
Tree Crops – Nuts: https://treecrops.org.nz/tree-information/nuts/

Commercial
N

n/c

P

n/c

Sed

↓

E. coli

↓

Supports
Biodiversity

Reduced risk of contaminants leaching into water is based on the
assumption that there be fewer animals defecating in water or eroding
vulnerable landscapes.
DoC guide to protecting and restoring indigenous vegetation: https://
www.doc.govt.nz/about-us/science-publications/conservationpublications/protecting-and-restoring-our-natural-heritage-apractical-guide/
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Opportunity 6:
Capture and store carbon in soils
Research on ways to maintain and increase soil carbon under New Zealand conditions is currently underway. New Zealand currently has high soil carbon levels
compared to other countries globally. Any disturbance of soil leads to soil carbon loss. Except for changes in land use (e.g., cropping to pasture), no management
practices have been widely proven to increase soil carbon under New Zealand conditions but some practices have been proven to help minimise the risk of soil
carbon losses. Quantifying changes in soil carbon is possible but can be labour-intensive and expensive, requiring repeated measurements over long time intervals
(e.g., 3–10 years). For many of the options included in the table, the net impact on greenhouse gas emissions must also be considered.
Through He Waka Eke Noa the primary sector is working with Government to provide a pathway for recognition of other forms of sequestration, such as soil carbon,
when there is sufficient evidence or measurement techniques.
For more information about soil carbon see: https://www.agmatters.nz/actions/potential-actions/#soil-carbon

Action

Example/s

Minimise time soils are left
fallow (i.e. with no growing
vegetation)

Sow cover crops or minimise the time
between crops.

GHG
Impact on water
Further information / sector guidance
affected and other benefits
N2O

N

↓

CO₂

P

↓

Sed

↓

E. coli

-

When soils are bare, there is no carbon input from photosynthesis but
losses of CO₂ from microbial respiration continues, so there is a net loss of
soil carbon. N2O emissions are likely to be greater when soils are left bare,
due to there being no active sink (i.e. growing plant) for uptake of inorganic
soil N.
Reductions in contaminants entering into water are based on the
assumption that there is no additional feed intake from cover or catch
crops.

Soil quality

The impact on E. coli is also dependent on land use and management, so is
difficult to assess.
Increase the duration of
pasture in crop rotations

The crop rotation has a longer pasture phase
included within it.

CO₂

N

-

P

↓

Sed

-

E. coli

↓

Soil quality
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The net greenhouse gas impact must be considered – if pastures are
grazed, increases in CH₄ and N₂O may negate any soil carbon increases.
Reductions in the risk of contaminants entering into water depends on the
type of livestock and crop rotation. More pasture cover will provide greater
protection to soil from rainfall and therefore surface erosion.

Action

Example/s

Retain and incorporate crop
residues where possible

Avoid stubble burning unless necessary for
pest and disease management.

GHG
Impact on water
Further information / sector guidance
affected and other benefits
CO₂

N

n/c

N2O

P

↓

Sed

n/c

E. coli

↓

Soil quality

Retaining material ‘on-farm’ provides the opportunity for it to be
incorporated into soil organic matter.
N-containing residues can be a source or a sink of N, depending on the
balance of carbon and nitrogen in soil. Generally, high carbon residues,
such as cereal stubble, lead to a net removal of nitrogen from the soil. High
nitrogen residues, such as legume residue, can lead to a net supply of N to
the soil. Consideration of whether a crop residue will be a source or sink
of N should be included as part of nutrient input decision making in the
following crops.
N loss (as N leaching into water or N₂O emissions) is triggered when there
is an N surplus in the soil and drainage is occurring / conditions are suitable
for N₂O emissions.
Assessing the risk of contaminants entering into water is based on an
assumption that there is minimal soil disturbance, which may otherwise
release CO₂ and mineralise soil organic N.

Add external organic
amendments, such as
manure, compost or biochar

This approach is only likely to lead to
measurable increases in soil carbon if large
quantities are added.
If amendments stop being added, soil carbon
will likely decrease back towards the original
equilibrium over time.

CO₂

N

↑

N2O

P

↑

Sed

n/c

E. coli

↑

Soil quality

The net greenhouse gas benefit must be considered (e.g., the emissions
associated with production, transport and spreading).

N₂O emissions can be reduced by replacing synthetic N fertiliser with
organic amendments. Note: N content of organic products vary, test before
applying to allow application rates which minimise N surplus.
In contrast, the effects of biochar on N₂O emissions are still unclear.
N-containing materials can release or lock up N, depending on the balance
of carbon and nitrogen in soil. Generally, high N-containing materials, such
as animal manures, lead to a net addition of N to the soil.
An increase in contaminants entering water is based on the assumption
that large inputs over time would be needed to increase soil organic carbon
contents, and if the material is animal-based then associated inputs of N
and P would therefore also be relatively large – providing an external source
of E. coli to the system.
If the amendments need to be incorporated, the resulting soil disturbance
can lead to increased risk of sediment entering into water.
Biochar is unlikely to have any measurable effect on contaminants entering
into water.

HE WAKA EKE NOA, MARCH 2022 •

23

Action

Example/s

Optimise water table depth
for peat soils

Actively manage the water-table, keeping it
as high as practically possible.

Restore or create wetlands

Restoration of large wetlands that act as a
long-term carbon sink.

GHG
affected

Impact on water
Further information / sector guidance
and other benefits

CO₂

N

-

P

-

Sed

-

E. coli

-

N

↓

P

↓

Sed

↓

E. coli

↓

CO₂

Supports
Biodiversity

Drainage of peat soils exposes large amounts of carbon to oxygen, which
accelerates microbial decomposition and CO₂ release.
Further research is required to identify the optimum water table depth to
minimise net emissions (i.e. including consideration of CH₄ and N₂O).
A direction of change for contaminants cannot be provided as it depends
on seasonal fluctuations of the water table. There is a possible risk of
increased P entering into water if subsoil conditions become less aerobic.
The net greenhouse gas benefit must be considered as CH₄ and N₂O
emissions may increase in the short term and net carbon sequestration is
highly uncertain.
Further research is required to determine the long-term net effect of
wetland restoration and construction under New Zealand conditions. Large
natural peat bogs in the Waikato have been shown to be net greenhouse
gas sinks.
Reduced risk of contaminants entering into water is based on an
assumption that pasture area is converted.

Protect and manage erosion
prone land

See Opportunity #5 – Erosion control
plantings.

CO₂

N

n/c

P

↓

Sed

↓

E. coli

n/c

Reduced risk of contaminants entering into water is based on an
assumption that there is no commensurate change in pasture production
or stocking rate

Supports
Biodiversity
Increase the different types
of plant species in pasture
swards

Adding deeper rooted species, like lucerne,
chicory and plantain to traditional ryegrass
and clover swards.
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CO₂

N

-

P

-

Sed

-

E. coli

-

This is an area of active research in New Zealand. Diversity of functional
groups (e.g., grass, legumes and other forage species) is generally
considered more important than the number of species present. Current
evidence is largely from overseas experiments in ungrazed grasslands.
This option refers to the diversity of function of different types of pasture
species and is too broad to assess the potential impact of contaminants
entering into water. However, if plantain is included and represents a
significant proportion of the sward (greater than 20%), then risk of N
entering water would decrease.

Future opportunities: Technologies that reduce methane or nitrous oxide production
A range of developing technologies are focused on reducing livestock methane production per unit of feed consumed or nitrous oxide production. These include
alternate forages, additives, inhibitors, vaccines, genetic selection, and genetic modification.
New nitrification inhibitors are also still under development. None of these are currently available for use in New Zealand but some may become viable within the next
5-10 years.
For the latest science, see: www.nzagrc.org.nz and www.pggrc.co.nz.

Action

Example/s

GHG
Impact on water
Further information / sector guidance
affected and other benefits

Several products have been shown to reduce
Application of feed additives
and rumen methane inhibitors CH₄ production (per kilogram of dry matter
intake) from ruminants when fed as part of a
and vaccines
total mixed ration. To date there is no robust
demonstration or approval (where required)
for their use in a New Zealand pasture-based
system.

CH₄

Application of feed additives
that bind surplus dietary N and
render it indigestible

Genetic selection for
lower-emissions animals

Use of tannins to reduce protein digestion,
which increases faecal N and reduces urine N.

Genetic breeding values for low CH₄ sheep
are currently being rolled out to breeders and
will soon to be available to farmers.
Work is continuing to identify low CH₄ cattle
and testing is underway on potential benefits
from low-N emitting cattle.

N

n/c

P

n/c

Sed

n/c

E. coli

n/c

N₂O

N

↓

CH₄

P

n/c

Sed

n/c

E. coli

n/c

CH₄

N

-

N₂O

P

n/c

Sed

n/c

E. coli

n/c

Delivery may require changes in farm practices (e.g., longer lasting products
in the rumen, use of boluses, in shed or in-pasture feeding or water trough
distribution).
There may be regulatory barriers and requirements (e.g., withholding
periods and potential negative market reactions to the use of feed
additives).
Some binding agents are known to reduce feed intake and/or production
when fed above a threshold limit.
This action will reduce the excretion of urinary N and therefore the risk of N
leaching into water.
Genetic selection takes time but is permanent and cumulative.
Environmental indexes are now being incorporated as part of Breeding
Worth programmes. There may be trade-offs with productivity traits by
adding an additional selection trait.
A reduced risk of N leaching into water is conceptually possible but not yet
proven.
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Action

Example/s

Potential development of
genetically modified plants

The CH₄ reducing effects of High
Metabolisable Energy (HME) rye grass are yet
to be proven in animals.

GHG
Impact on water
Further information / sector guidance
affected and other benefits
CH4

N

↓

N₂O

P

n/c

Sed

n/c

E. coli

n/c

N

↓

P

n/c

Sed

n/c

E. coli

n/c

Genetically modified high lipid ryegrass
cultivars are in development. High lipid diets
have been shown to reduce CH₄ emissions in
some circumstances. They may also reduce
N₂O emissions due to the reduced nitrogen
concentrations in plants.

Proof of concept, regulatory barriers and potential market reactions for the
use of genetically modified plants in New Zealand.
Plants with traits that can reduce N intake and/or urinary N excretion by
stock will reduce the risk of N leaching into water.

Genetically modified, high tannin-containing
white clover is yet to be tested for effects on
greenhouse gas emissions.
Application of nitrification
inhibitors to the soil that slow
the nitrification of ammonia
and reduces N₂O emissions
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The next generation of inhibitors are now
under development.

N₂O

Reduced risk of N entering into water is based on assumption that a
nitrification inhibitor can be made commercially available.

Other considerations: Reduce fossil fuel related emissions
On-farm greenhouse gas emissions from fossil fuels are already accounted for through the New Zealand Emissions Trading Scheme and are not part of the on-farm
emissions reporting and verification requirements. However, they are a key consideration in improving your farm’s carbon footprint. It is also important to understand
current and future non-renewable energy farm inputs when exploring on-farm greenhouse gas reduction opportunities.
AgMatters also has information on potential future actions that can be taken to reduce emissions: https://www.agmatters.nz/actions/future-actions/

Action

Example/s

Reduce fossil fuel use by
minimising machinery usage

Minimum tillage cultivation techniques are
adopted.

GHG
affected

Impact on water
Further information / sector guidance
and other benefits

CO₂

N

↓

P

↓

Sed

↓

E. coli

n/c

Correct tyre pressures.

Reduced risk of N, P, and sediment entering into water is based on the
assumption that cultivation is avoided. Avoiding cultivation will improve
the relationship between pasture N demand and supply. It will also help
to maintain soil cover and structural integrity, therefore reducing sediment
and P entering into water due to soil erosion.
Reduced tillage techniques are likely to have similar but smaller effects, as
will reductions in other types of mechanical operations, such as spraying
crops or applying fertilisers.

Reduce fossil fuel use through
selection of more efficient or
electric machinery

Upon replacement, a more efficient pump
motor is selected for the irrigation and stock
water system.

CO₂

N

n/c

P

n/c

Sed

n/c

E. coli

n/c

DairyNZ energy efficiency information: https://www.dairynz.co.nz/
milking/the-milking-plant/electricity-efficiency/
Irrigation NZ energy efficiency information: https://www.
irrigationnz.co.nz/practical-resources/irrigator-risk-advice/
Attachment?Action=Download&Attachment_id=73
(Membership required)
Saving electricity on the farm: https://www.smallerherds.co.nz/
knowledge-hub/infrastructure/some-observations-on-savingelectricity-on-the-farm/

Reduce electricity use from
the grid through more
efficient energy use, and/ or
on-farm solar/ wind and water
generation

Installation of a wind turbine or solar panels
on farm buildings and/or dairy sheds.

CO₂

N

n/c

P

n/c

Sed

n/c

E. coli

n/c

Sustainable Energy Association: https://www.seanz.org.nz/public_
resources
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Climate change adaptation
While farmers and growers are already well practiced in managing climatic risk, future changes in the climate,
including more frequent and severe extreme events, will require a greater focus on adaptation.
This guidance is to help farmers and growers better consider climate change adaptation when identifying
options to reduce their on-farm greenhouse gas emissions.
Incorporating a long-term risk-based approach to farm planning is key to building farm resilience to
climate change. The steps in this process include:

1. Understanding the likely future climatic and extreme events scenarios for your farm
2. Understanding the unique risks and opportunities this creates for your farm:
a) biophysical characteristics
b) farming system
c) infrastructure
3. Assessing and implementing options to increase your farm’s resilience, including
understanding the benefits of these to your wider farming business
4. Monitoring and adapting your approach over time
Strategies to increase climate change resilience will differ for each farm, however, they will likely
contain a mixture of the following approaches:

 Increased monitoring and awareness to identify and manage impacts
 Actions to reduce specific exposure to likely impacts
 Contingency planning
 Income diversification
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Climate change projections for New Zealand
The mid-range estimate for projected
temperature change is for an increase of about
0.8oC by 2040 and 1.4oC by 2090, relative to the
1986 – 2005 period.
Because of the many possible mixes of greenhouse
gases in the atmosphere and the differences in
the results from different models, possible future
warming could span from 0.2oC – 1.7oC by 2040 to
0.1oC – 4.6oC by 2090.
Changes in rainfall are likely to vary much more
across seasons and regions.
Winter and spring are very likely to have increased
rainfall in the west of both the North and South Island
and be drier in the east. Summer is likely to be wetter
in the east of both islands, while the west and central
North Island will be drier.
Moderately extreme rainfall is likely to increase in
most areas, with areas where rainfall is increasing
overall, like the West Coast, likely to increase the most.
All areas are likely to get more very extreme rainfall,
especially shorter, more intense events.
Droughts are expected to get more severe
everywhere except Taranaki-Manawatū, the West
Coast, and Southland.
More detailed analysis of regional climate change
projections are available from a number of

organisations including NIWA, MPI, and some
regional councils. These consider a range of
timeframes and possible future atmospheric
greenhouse gas emission levels (often referred to as
‘emission pathways’). A summary of these projections
is available in the NIWA report “Regional climate
change summary tables and associated risks
and opportunities for the primary sector” on the
He Waka Eke Noa website.
This report uses two scenarios to provide a range
of future possible climates known as RCP 4.5 and
RCP 8.5. The selection of these particular RCPs is not
because these possible futures are more likely than
others but to show a range of potential climatic
futures.
RCP 4.5 represents a world where some global-scale
mitigation of greenhouse gas emissions has occurred,
with increased warming continuing through the first
half of the 21st century but stabilising around the
year 2050. By contrast, RCP 8.5 is based on higher
greenhouse gas emissions, little mitigation and
continued warming throughout the 21st century.
You can find out more about RCPs and
how they work in the NIWA report here:
https://hewakaekenoa.nz/wp-content/
uploads/2022/03/NIWA-Climate-reportFINAL-2021.pdf

Predicted climate change by region for 2040
The best way to build climate change resilience
for your farm or growing systems is to understand
the likely future climatic changes. As each region of
New Zealand is unique and will experience climatic
changes differently, the following guidance shows
climate variables for each region under a moderate
emissions scenario (RCP 4.5) through to the year
2040.
More detailed information for your region, including
projections under a high emissions future (RCP 8.5)
and out to 2090 can be found in the most recent

NIWA report, available here: https://hewakaekenoa.
nz/wp-content/uploads/2022/03/NIWA-Climatereport-FINAL-2021.pdf
When considering big changes for your farm or
growing systems or planning significant or intergenerational investments, it is important to consider
the long-term picture. This can be done using the
2090 climate projections, alongside what might
happen if the world faces a high emissions future
(RCP 8.5).
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Regional forecast maps to 2040 (RCP 4.5)
The maps below highlight potential changes for each climate region out to 2040 under a moderate emissions
pathway (RCP 4.5), except for the changes to sea level rise which are out to 2090.

Zone 1: Upper North Island
Warmer, drier, more hot days (over 25oC), low river flows
reached earlier
Rainfall little change – seasonal reduction in winter and
spring, small increase in summer

1.

Fewer frosts
Small decrease in extreme wind, ex-tropical cyclone
intensity increases
Sea level rise 0.36 – 0.71m (2090)

Zone 2: Western lower North Island
Warmer, drier, more hot days (over 25oC), low river flows
reached earlier
Rainfall little changed - seasonal reduction in winter and
spring, small increase in summer
Fewer frosts
Up to 10% increase in extreme wind, ex-tropical cyclone
intensity increases

2.

Sea level rise 0.36 – 0.71m (2090)

Zone 3: Eastern lower North Island
Warmer, very dry conditions increase, more hot days
(over 25oC), very dry conditions increase except for high
altitude Tararua Ranges
Rainfall little changed - seasonal reduction in winter
and spring, small increase in summer
Fewer frosts
Extreme wind speed increases up to 10%, intensity of
ex-tropical cyclones increases
Sea level rise 0.36 – 0.71m (2090)
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3.

Zone 4: Northern South Island
Warmer, -5 to +5 variance in number of dry days, increase
in hot days (over 25oC)

4.

Rainfall very wet days increase by 10% in Marlborough
Sounds region. No change elsewhere
Fewer frosts, decreased snow, snowline lifts from 1550m
to 1550 – 1750m
Extreme wind speeds increase up to 10%, intensity of
ex-tropical cyclones increases
Sea level rise 0.36 – 0.71m (2090)

Zone 5: Eastern South Island
Warmer, increase in hot days (over 25oC), fewer dry
days/year on Canterbury Plains, more dry days in inland
areas. Low river flow threshold reached earlier in the year
Rainfall little change – small increases autumn-winter,
small decreases in winter for Canterbury. -5% to +5%
change in extreme precipitation. Largest decrease across
Eastern Otago

5.

Fewer frosts, decreased snow. Snowline lifts from 1550m
to 1550 – 1750m
Extreme wind speeds increase up to 10%, intensity of
ex-tropical cyclones increases
Sea level rise 0.36 – 0.71m (2090)

Zone 6: Western and southern South Island
Warmer, more hot days (over 25oC) – more in Central
Otago, fewer in Fiordland, fewer dry days/year on central
West Coast, +5 dry days per year for Kahurangi National
Park and Southland
Small increase in annual rainfall. Larger increase in winter.
-5% to +5% change in extreme precipitation. Low river flow
threshold reached earlier
Fewer frosts, decreased snow. Snowline lifts from 1550m
to 1700m – 2000m

6.

Extreme wind speeds increase up to 10%, intensity of
ex-tropical cyclones increases
Sea level rise 0.36 – 0.71m (2090)
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Assessing risks and opportunities for your farm systems

How do we know change is happening?

What are the risks and opportunities a
changing climate might cause?

What are the key questions to consider?

Increased humidity presents a risk to pasture/crop health
(e.g., pests and diseases)

Will my pasture/crops be affected by changes in the timing
of rainfall?

Monitor local weather information for warnings of events,
humidity, and heat waves

Seasonal changes in rainfall may affect the pattern of plant
growth

Can I still manage my water supply to meet the plants’
needs?

Set up your own weather station and record your farm
specific numbers

An increase in potential evapotranspiration deficit
and drought frequency may affect plant growth and
development, affecting yield, and quality

How and when are my pasture/crops affected by humidity
and temperature change?

Track the incidence and cost of disease and damage
caused by humidity and/or pests across seasons

Are there any new or existing plant diseases that could
affect my pasture/crops?

Monitor local temperature changes – how close is it to the
upper tolerance range of my pasture/crops?

Are there any actions I can take to reduce the impact of
water stress?

Record date and location (GPS), photograph, and/or keep
samples of any new or unusual plant pests (e.g., bugs or
unusual diseases)

Increased frequency of floods, storms, and high winds
may increase the likelihood of damage to pasture/crops/
trees, especially near critical developmental stages (e.g.,
pollination, fruit set, harvest)

Risks

Plant health and productivity

Below are some of the questions to ask yourself about your particular situation. This table should be used as a starting point to help you develop a strategy to prepare
for and adapt to future climate changes.

Increased pest and disease pressure as well as the arrival
of new pests and diseases (due to reduced frost and
increased temperatures)

Would I be able to supply additional irrigation in a
significantly reduced rainfall scenario?
What are the tolerance limits of my current pasture/crops –
do I have the best variety or would another be better?

More days above 25oC may affect plant growth and
What pests should I be looking out for?
development impacting critical growth phases (e.g., may
impact pasture production, pollen viability, seed vigour etc)
What does an increase in saltwater concentrations mean
Changes in temperature may affect the harvesting process for my pasture/crop?
and post-harvest storage
Sea-level rise will increase coastal inundation in lowland
areas causing saltwater stress on plants and potentially
impacting both productivity and quality
Increased storm activity (high winds and hail) damaging
horticultural crops
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What could be measured?

Report any suspected new disease or pest to MPI
Keep a note of any changes in numbers, frequency or size
of pests or diseases
Keep a note of how often sea levels or salt water are an
issue on your property

Opportunities

Plant health and
productivity

What are the risks and opportunities a
changing climate might cause?
Reduced chance of frost damage as days of frost decrease
Locations becoming frost-free may present opportunities
for the establishment of new crops
Increases in temperature and humidity may allow new
pasture or crop options to become available

Risks

How do we know change is happening?
What could be measured?

What other grass species, crops or trees could work at my
place?
What opportunities are there for new crops in my rotation,
what knowledge will I need?

More days above 25oC may cause animals increased heat
stress and decreased productivity and growth

Are my animals likely to suffer from heat stress (e.g., access
to water, distance walked, available shelter, water supply)?

Monitor weather forecasts for temperature and extreme
events warnings

Flood risk to stock in flood-prone paddocks

Where are the areas on my property where heat stress
could occur?

Monitor early signals of drought

Poor drainage due to changes in groundwater or sea levels
may cause increased lameness and poor foot health

Stock health

What are the key questions to consider?

Warmer temperatures and higher humidity may increase
the incidence of disease and infection
Higher temperatures and increased incidence of drought
may affect feed quality and abundance for stock

Monitor expenditure on imported/supplemental feed costs

Are there areas that could be developed to provide shade
for stock and/or wind breaks?
Are there places on my property where an extreme event
could affect my stock (e.g., flood plain)?
What areas on my property are likely to experience water
logging?
What are the symptoms of disease and infection to look
out for and how can I check for these?

Opportunities

What are the signs of drought on my property? What is my
response plan and when do I activate it?
New breeds may create new markets and products and
reduce health risks

What other stock options do I have?
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Risks

Increased frequency of floods, storms and high winds
may increase the likelihood of damage to property-based
infrastructure (e.g., irrigation infrastructure) that affects the
property’s ability to function or undertake key activities
Sea level rise may lead to infrastructure that no longer
works as it was intended

What are the key questions to consider?
What infrastructure on this property could be damaged
by storm events, flood, or sea level rise (e.g., fences, races,
buildings, irrigation units)?
Are there any options to increase the resilience of this
property to extreme events?
Is there any infrastructure that requires moving to avoid
flood or sea levels rise?
Where are the ‘safe’ areas on my property for critical
infrastructure?

Opportunities

Property based infrastructure

What are the risks and opportunities a
changing climate might cause?

Careful siting of new infrastructure that supports the
property’s day to day operation
Changes in rainfall patterns may impact on water storage
needs. This may present different opportunities to capture
rainfall from extreme events
Alternative power generation options (e.g., wind, solar)
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How do we know change is happening?
What could be measured?
Monitor the performance of property-based infrastructure
and record the frequency of failure

Risks

What are the key questions to consider?

Variable rainfall and increased incidence of drought may
affect the continuity of water supplies

How can I achieve improved water efficiency in key areas
such as:

Increased water demand of crops and pasture species may  Infrastructure – can I improve the efficiency of an
experience increased evapotranspiration deficit
irrigator (e.g., lower application intensity, lower nozzles
or travelling drip to reduce wind inefficiency).
Changing seasonal rainfall patterns means that water
 Crops – what effect will crop management practices
availability may not match demand
have on water stress?
Increased intense rainfall events may overwhelm existing
 Soil – how can I increase the amount of water my soil
drainage systems (potential impacts on drainage and
can store to add resilience?
overland flow)
Am I able to access additional water through varying
Sea level rise and/or increased extraction of freshwater
existing consents or through shared, global consent with
may cause changes in the intrusion of salt water into
neighbours in the catchment?
groundwater and the saltwater wedge will extend up
rivers. This will affect water quality in some areas
How can the deficit between water availability and water
demand be managed on this property?

How do we know change is happening?
What could be measured?
Monitor on-going water demand and water use
Plan irrigation events carefully and link to weather
forecasting and soil moisture deficits
Monitor the effectiveness of drainage networks – how
many nuisance flood events have I had?
Monitor saltwater concentrations in the water supply

Will sea level rise or increased freshwater extraction
increase the salt content of my water supply (known as
slow salinisation)? What can I do about this?
How good is my existing drainage network? Are there any
actions I can take to manage intense rainfall events?

Opportunities

Water management

What are the risks and opportunities a
changing climate might cause?

Changing environmental conditions may support new
crops

What options do I have for diversification and new
products that are able to cope with changing water
availability?
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Opportunities
Risks

Farm physical
environment

Staff

Risks

What are the risks and opportunities a
changing climate might cause?
Increased risk to staff due to increased floods, storms, and
high winds
Increases in temperature and days over 25oC could cause
heat stress for workers, especially those undertaking
physical labour

What are the key questions to consider?
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What could be measured?

Do I have a Health and Safety Plan for adverse events?

Monitor local weather warnings

Is it too hot to undertake physical activities outside?
How hot is too hot and how else can the activities be
undertaken (i.e. in cooler times of the day)?

Monitor temperatures – how many hot days are there in a
year?

Warmer (winter) temperatures may increase staff comfort
levels during some tasks

Increased frequency of floods, droughts, storms, high
winds and on-going sea level rise may impact the physical
characteristics of the property (e.g., impact of wind and
water on soil erosion from inundation)

How do we know change is happening?

Are there any highly erodible areas on this property that
could be affected by extreme events? What action(s) could
be taken?
Are there any flood-prone areas, or places where a
waterway could change course?

Monitor staff well-being and absenteeism
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