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On sheep and beef farmed land, 30% more sediment would have
entered rivers between 1995 and 2015 if farmers hadn’t changed
their practices.
Researchers estimated that if all known and developing mitigation
actions were implemented by all dairy and sheep and beef farmers
by 2035, potential loads of nitrogen and phosphorus entering
rivers might decrease by one-third, and sediment by two-thirds,
compared to 2015. For many catchments, this will be enough to
meet current water quality objectives.

How can this research be used?
On dairy-farmed land, this research found that the most
effective nitrogen and phosphorus mitigation practices used
between 1995 and 2015 were stock exclusion, improved
effluent management and better irrigation practices.
On sheep and beef farmed land, the most effective
sediment mitigation practices used over the period were
planting more trees, excluding stock from waterways, and
soil conservation works.
If all known and developing mitigation actions were
implemented by all dairy and sheep and beef farmers by
2035, the potential load of contaminant entering rivers
would decrease by 34% (nitrogen), 36% (phosphorus) and
66% (sediment).

Additional research from Our Land and Water has enabled
the identification of where reductions in nitrogen emissions
are required to achieve the requirements of existing
national regulations, and the amount by which this is
necessary (Snelder et al, 2020). An interactive map of
New Zealand showing total nitrogen in excess of current
regulatory criteria and reduction potential has been created
(tinyurl.com/OLW-map).
Adopting all known, established mitigation measures will
enable most New Zealand catchments to meet current
water quality objectives.
For some catchments and farms, applying all known and
emerging mitigations may be less pragmatic than some
change in land use or land use intensity.

Why is this issue important?
Farmers have been taking action to improve water quality
for years. Despite much hard work and investment,
some New Zealand rivers still aren’t meeting community
expectations for purity, swimmability and mahinga kai (food
and resources). There is a risk of losing motivation to take
further action without a measure of the overall impact of
this work on New Zealand’s water quality.
Expansion and intensification of the dairy sector (a 160%
increase in production, with a 40% increase in dairy-farmed
land area) has continued to put pressure on freshwater
by increasing total nitrogen and phosphorus loss. This has
made it harder to make improvements in water quality
through actions. Nevertheless, improvements have been
made and accelerating the adoption of mitigation actions
will lead to significant further improvement in water quality.
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What did we do?
Researchers connected to the Sources and Flows
research programme undertook a national-scale
assessment of the impact on water quality of adopting
better practices on dairy, sheep and beef farms.
The researchers combined data on geographic and
mitigation efficacy to model the total losses of N, P and
sediment for around 130 farm typologies (depending on
the contaminant), which considered landscape attributes
(such as soil, topography and climate factors) and land
use pressures (such as farm inputs and feed and stock
management practices) that influence contaminant
transport to water.
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The research team estimated nitrogen (N), phosphorus
(P) and sediment losses in 2015, and compared these to
potential contaminant loads in scenarios including:
1.

2015, assuming the practices of 1995 were
still in use (Figure 1)

2.

2035, assuming the full implementation of
all regularly used and developing on-farm
mitigation actions (Figure 2)

3.

Introduction of national limits for dissolved
reactive phosphorus (0.018 mg DRP/L) and
dissolved inorganic nitrogen (1 mg DIN/L)
– note this is not current policy (Figure 3)
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What did we find?
Significantly more nitrogen (45% more) and phosphorus
(98% more) would have entered rivers from dairyfarmed land between 1995 and 2015 if farmers hadn’t
changed their practices. On average over Aotearoa
between 1995 and 2015:
•

Dairy N losses increased from 46 to 49 kg N/ha/yr
– but would have increased to ~72 kg N/ha/yr if
farmers had not adopted better practices.

•

Dairy P losses decreased from 1.7 to ~1 kg P/ha/yr
– but would have increased to 2.1 kg P/ha/yr if
farmers had not adopted better practices.

•

Dairy sediment losses decreased from 350 T/km2/yr
to 260 T/km2/yr – but would have decreased to
about 320 T/km2/yr if farmers had not adopted
better practices.

•

Sheep and beef N losses increased from about
11 to 13 kg N/ha/yr – but would have increased
to 14 kg N/ha/yr if farmers had not adopted
better practices.

•

Sheep and beef P losses decreased from 0.9 to
0.75 kg P/ha/yr – but would have decreased to
0.8 kg P/ha/yr if farmers had not adopted better
practices.

•

Sheep and beef sediment losses decreased from
840 T/km2/yr to about 700 T/km2/yr – a similar
decrease to that expected if farmers had not
adopted better practices.

Note: Despite lower per hectare emissions, sheep and beef
accounts for about three-quarters of national N, P and
sediment losses, because much more land is in sheep and
beef (8.3 million hectares) than dairy (2.3 million hectares).

The effect of on-farm mitigations 1995–2015
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Figure 1. Area-weighted estimates of (A) N, (B) P and (C) sediment yields from dairy (black bars) and sheep-beef (grey bars)
farms with and without (including dashed bars) mitigation actions calculated for the period between 1995 and 2015.
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Best-case scenario for 2035
If all known and developing mitigation actions were implemented by
all dairy and sheep and beef farmers by 2035, the potential load of
contaminant entering rivers would decrease by 34% (nitrogen), 36%
(phosphorus) and 66% (sediment) compared to 2015.
Figure 2. The potential for mitigation strategies to reduce TN losses from
land to water by 2035.

POTENTIAL (%)
TO REDUCE
TN LOSS FROM
LAND TO WATER
< 2.5
2.5-7.5
7.5-15.0
15.0-25.0
25.0-50.0
>50.0
No reduction necessary

See zoomable interactive map at tinyurl.com/OLW-map

Potential future national thresholds

Disolved reactive
phosphorus

Disolved inorganic
nitrogen

< 0.018 mg L1
> 0.018 mg L1
Agricultural area > proposed DRP
threshold = 9%

< 1 mg L1
> 1 mg L1
Agricultural area > proposed DIN
threshold = 4%

Figure 3. Catchment areas in excess of potential new national limits for dissolved reactive phosphorus (0.018 mg DRP/L)
and dissolved inorganic nitrogen (1 mg DIN/L) if all known and developing mitigations were applied by 2035
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Why isn’t water
quality better?
Despite the efforts of many farmers to care for our water,
at the same time on other farms land use changed and
farming intensified.
Land area used by dairy expanded 40% between 1995
and 2015, and together with changes on farm, total dairy
production increased by around 160%. The land area
occupied by sheep and beef contracted, but the intensity of
production per hectare increased.
This increased food production continued to put pressure
on freshwater by increasing total nitrogen loss. Mitigations
were not sufficient to offset these increased nitrogen loads.

Next steps
The 2035 scenario considered by this research assumes that
actions are implemented 100%. However, we know that
this is often not the case. To improve the level and rate of
implementation, Our Land and Water is funding research to
record efforts to improve water quality within catchments
(Register of Land Management Actions), and research to
identify how to best monitor the water improvement from
those management actions (Environmental Catchment
Monitoring). We hope this will help farmers and catchment
groups learn from each other and instill confidence to act.
Existing catchment management groups have helped
farmers and others take collective responsibility to try
to achieve desired water quality outcomes. With further
leadership and engagement, this approach could evolve
into a more accountable, innovative and effective vehicle
for advancing environmentally sustainable agriculture. Our
Land and Water’s New Models of Collective Responsibility
programme will produce recommendations for how
government and the primary sector can most effectively
support catchment collectives.
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Our Land and Water (Toitū te Whenua, Toiora te
Wai) is working towards an agri-food and fibre
system that enhances the vitality of te Taiao with
a diverse mosaic of land uses that improve the
health of land, water and people.

Our Land and Water is one of 11 National Science
Challenges that focus on defined issues of national
importance identified by the New Zealand public.
Our Land and Water is hosted by AgResearch, funded by
the Ministry of Business, Innovation and Employment, and
supported by 16 partner research organisations.
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