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Executive Summary

New Zealand has a diverse range of aquatic envieotsrfrom mountain springs to coastal
estuaries, connected by an intricate network arsylakes, wetlands, estuaries and
groundwater systems. Its freshwater bodies ar®@od guality by global standards and are a
pivotal resource for agriculture, recreation, tearj energy and industry. It is a source of life
and food, and it is a central part of everyday. Méater has a strong cultural and spiritual
presence in New Zealand, and Maori value waterliglcause it is central to their identity.

Despite being relatively clean and abundant ah#timnal scale, deteriorating water quality
is a pressing issue for a number of catchmentadrbiew Zealand. Diffuse discharges,
including nutrient discharges, are a significatdain this deterioration (Ministry for the
Environment 2007; Land and Water Forum 2010). Taed.and Water Forum was
established to develop a common direction for fneghr management in New Zealand, and
provided its first set of recommendations to thee€&oment in early 2011. In response, the
Government announced a package of initiativesuding theNational Policy Statement
(NPS) for Freshwater Managemeéhat sets out objectives and policies that diliel
government to manage water in an integrated artdieable way, while providing for
economic growth within set water quantity and dydimits. The Land and Water Forum
was subsequently asked by the Government to defelther recommendations on how to
manage within quality limits, and is due to repaorSeptember 2012. The Ministry for
Primary Industries commissioned this research ppeu the Forum process and to assist in
the evaluation of cost-effective policy options foanaging to targets.

This report focuses primarily on the costs and bienef policies designed to manage
nutrients from rural diffuse or non-point sourcgsecifically total nitrogen (N) and total
phosphorus (P). The bulk of the report is dedic&tesstimating the impacts on rural
landowners of various policy approaches to reduningent discharges in three important
New Zealand catchments: the Hurunui and Waiau Bjtee Manawatu River, and Lake
Rotorua. The policy impacts are assessed usingh@ioation of quantitative analysis and
gualitative discussion. A majority of the costs dmhefits are estimated using two
catchment-level, agri-environmental, partial edpilim economic models — the New
Zealand Forest and Agricultural Regional Model (M&M) and NManager. These models
allow for detailed representation of practices,nernics and environmental impacts for two
key primary industries, agriculture and forestrgck model has a unique structure and
parameterisation and thus its own set of strergtidlsweaknesses. An overview of the key
components of the models is shown in Table 1.
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Tablel  Overview of economic modelling for water qualitylipg case studies
Economic Key Environmental
Catchment Model Scale Key Land Uses Outputs
Hurunui NZFARM Spatial: 6 sub- Dairy, sheep and N leaching
and Waiau catchment zones beef, deer, pigs, P loss
Temporal: Annual | forestry, arable, GHG emissions
horticulture, scrub,
conservation land
Manawatu NZFARM Spatial: 4 sub- Dairy, sheep and N leaching
catchment zones beef, deer, forestry, | p |oss
scrub, conservation
land
Rotorua NManager Spatial: 1 Dairy, sheep and N leaching
catchment beef, forestry GHG emissions
Temporal: Annual

The economic models used for this analysis inchedesral practices for managing nutrients
at the farm-level, such as reducing nitrogen fisdilapplication, applying nitrification
inhibitors (DCD), or wintering off dairy cows. Agést two other important management
options tracked in this analysis, stream fencing) @parian planting, are not currently
included in either of the economic models. As alltesve also investigate the potential costs
and benefits of adopting these measures outsitteeahodel simulations.

The management practices that can contribute tectighs in nutrients tracked in this
analysis are listed in Table 2, and does not calldéeasible options to reduce N and P. First,
we do not include all possible nutrient sourcesmirons to mitigate nutrient leaching from
diffuse sources into waterways. Second, we doracktor account for nutrient mitigation
from point sources within the catchment. Includanlglitional management options and
sources of mitigation would potentially reduce éstimated costs of each of the policies
assessed in this report.

Table2  Management practices used in this analysis foraieduN and P

Management Practice NZFARM NManager Outside Models
Stock Exclusion via Fencing Streams V
Reduced N Fertiliser \ \/

Apply Nitrification Inhibitors (DCD) \

Wintering Off Dairy Cows \

Construct Dairy Feed Pad \

Riparian Planting \
Change Stocking Rate \ V

Using High Fertility Ewes \

Use Imported Feed \ \

Feasible Combinations of Above \/ \/ V
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We consider a number of policies that could imprarager quality, primarily through the
maintenance or reduction in nutrient loads frondtaased operations. The first option we
consider is having landowners implement the s&add management practices’ (GMP)
listed in Table 2 that would result in a lower legEnutrient leaching. We consider both
voluntary adoption of GMP and adoption in respdosegulatory requirements. The second
set of policies we consider is a nutrient cap-aadd programme. This places a regulatory
limit on total nutrient leaching from all major soas in the form of nutrient discharge
permits but allows for the trading of permits betwehe regulated sources. We assess the
cap-and-trade policy under several allocation oystiand spatial restrictions for trading to
estimate the range of likely costs and changesnd Use and land management. The final
option we consider is a direct tax on nutrient désges.

For each policy scenario, we report the mitigattosts of achieving the nutrient reduction
target to improve water quality and the resultingrges in farm profftrepresented by net
revenues in the catchment. Where appropriate,réaiqied land-use change resulting from
each scenario is also reported. We do not quaaltitye costs and benefits of each policy in
monetary terms, rather we report the relative ceamg the catchment’s nutrient discharges
and revenue streams resulting from each policyasa®n

There are several other important factors and osetoi consider for a policy assessment
beyond estimating the economic impacts of redublirajnd P from diffuse sources. These are
outside the scope of this report. Sediment andafamiform, for example, can have a strong
influence on water quality. The economic and bigitgl models used for this analysis are
currently not able to assess the impacts of theesters from changes in land use and/or land
management. However, the on-farm land managemaatiges and options to mitigate N
leaching and P losses often improve micro-orgaristhsediment contamination as well.
The models used in this analysis also estimategdsaim greenhouse gas emissions (GHG),
thereby highlighting some of the other “co-benéfikat could arise from implementing
policies that promote the reduction of nutrienctierges from diffuse sources.
Acknowledging this concept of co-benefits is impaitas there are often multiple pollutants
and policies being discussed simultaneously atéméral government and regional council
level.

This analysis also does not account for the bromaeacts of changes in land use and land
management beyond the farm gate. The flow on a&ffieatn some of the policies

investigated in this report could produce a sigaifit change in regional employment and
GDP. There could also be social and cultural impastwell. The estimates presented in this
report provide just a subset of possible metries$ tlould be used to determine the best policy
to manage nutrients at the catchment-level.

Many other important aspects of reducing nutriémisy rural diffuse sources not covered by
the economic models are addressed through additjoiaatitative analysis and
supplemented by qualitative discussion. This agdldii analysis includes assessing the likely

! Allocation options are how the regulatory limitianslated into individual discharge permits facle source.

2 Farm profit is measured as annual earnings béftegest and taxes, or the net revenue earneddtgput
sales less fixed and variable farm expenses.
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changes in water quality from implementing (or reofarticular nutrient reduction target, the
likely administrative and transaction costs of &qyp and how the costs and benefits could
impact different stakeholders in the communityisi of key caveats, assumptions, and
limitations for this analysis is included in Box 1.

Box 1: Key caveats, assumptions, and limitations of thedysis

«  We define a ‘cost-effective policy’ as a modelladigy that achieves the nutrient target in the
catchment at the least cost to the landownersndive specified management options.

« Our economic analyses depend on the datasets amdtes provided by biophysical models like
OVERSEER and SPASMO, and farm budgeting models asdfARMAX. Estimates derived
from other data sources may provide different tedor the same catchment. Thus, the tools and
analysis presented here should be used in conjunaiih other information during the decision
making process.

- Data and model limitations prevent this analysisrfincluding all possible N and P mitigation
strategies that could be implemented in a givechraént.Some mitigation options not
explicitly included are somfarm-level mitigation options (e.g. optimum sasét P) and
catchment-wide solutions (e.g. series of constduatetlands). Tracking additional mitigation
options could lower both the overall cost of théqyoand the cost to individual landowners.

« The economic models do not track or account forignit mitigation from point sources.
Incorporating the costs of mitigating posaurcesnay change the relative cost-effectiveness ¢
the policies. The Hurunui-Waiau and Manawatu caséies assume a constant nutrient
attenuation rate across the entire catchment awkéhat nutrients from diffuse sources will all
reach the waterway of concern within 10 years. Rbowrua case study assumes that there are
several groundwater lag zones within the catchnaemt that nutrients exported from some farms
can take up to 200 years to reach the lake.

=4

« The economic models do not explicitly account fbadministrative and transaction costs of the
various policies. Doing so could alter the estiradte the distributional impacts to farmers, land
use change, and overall cost of the different jedic

« The models are static and assume that technolbggte, input costs, and output are all constant
for the duration of the policy. However, the aifrtltte models is to compare a range of policy
options at a given point in time.

« NZFARM tracks both N and P while NManager only kachanges in N. We acknowledge that
there are other important factors and metrics ticker beyond N and P for assessing changes
water quality, such as sediment and faecal coliform

n

« With the exception of the voluntary GMP scenaribis,analysis assumes full compliance for each
nutrient reduction policy. Actual outcomes will féif if individuals do not understand the policy or
choose not to comply.

« Each case study uses catchment-specific econongiclidaphysical data, options for land
management, and policy assumptions. In additiondtmeinui-Waiau and Manawatu catchment
studies use the same economic model but the Rotareastudy uses a different model. Thus, the
estimates from one case study are not directly epafghe with another, although limited
comparisons can legitimately be made between thardirWaiau and Manawatu cases because
they use the same economic model.
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The three catchments investigated in detail are:

1. The Hurunui-Waiau catchment, Canterbury. This $oath Island river catchment
with predominant land uses being hill country gngziowland irrigated pastures and
plantation forests. Water quality is currently gutedle to the community, but is an
increasing concern in the catchment, particulanhig the on-going expansion of
irrigation in the Hurunui Plains. This catchmens Isaaallow stony soils with high
nitrogen leaching rates, and has a large irrigagreme proposal under
development. The water quality and water quanitityt$ for the catchment have been
developed by the local zone committee.

2. The Manawatu catchment. This is a North Islandrroagchment with longstanding
extensive and intensive land uses. Intensive paEstgstems are predominantly rain-
fed with a mix of dairy and sheep and beef farmBignificant water quality
problems already exist in the catchment due tot@md non-point source discharges.
Water quantity and quality limits are specifiedhie Horizons Regional Council’s
(HRC) Proposed One Plan.

3. Lake Rotorua. This is a North Island lake catchnmgtit a mix of pastoral and
forestry land uses on volcanic soils. Water quadityoor (BoPRC 2012) and is likely
to deteriorate further as there are long lag tibets/een nutrient discharges and
impacts on the lake. There are also large track8aairi land within the catchment.
This catchment has extensive information on growtdnflows and a limit-setting
policy is in place through Bay of Plenty Regionalu@cil’'s (BoPRC) Regional Land
and Water Plan.

A discussion of the important findings for eachcbatent is included below, and a summary
of the key impacts on N for each policy scenarilisied in Table 3. The main report
provides more detail on these findings, while thpemdices include additional policy
scenarios that demonstrate the range of impaats $everal different nutrient targets and tax
levels.

Hurunui-Waiau Catchment

The water quality limits being discussed for thetwi-Waiau catchment are intended to
maintain nutrient loads at 2010 levels (Environm@anterbury 2011a). There is also an
irrigation scheme being proposed for the Hurunairid area of the catchment that could
more than double the area of irrigable land indéiehment (Environment Canterbury 2012).
The policy scenarios are all compared to a basellmere there is no additional irrigation
scheme. Our modelling indicated the following:

. At the catchment level, adding a large irrigatichesme would raise net catchment
revenue by 10% through increased production, buidldvalso increase N leaching by
24%, P loss by 4% and GHG emissions by 72% in ébehment, in the absence of any
additional policies to manage water quality and Gh@acts. For the Hurunui Plains,

% Schedule D (December 2010 version). The One Pimnappealed to the Environment Court, and at the ti
of writing this report, the Environment Court désishad not been released.
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where the irrigation scheme will operate, there ldoe productivity benefits and
increased profits for dairy, sheep and beef, aatlarcrop farmers that increase their
access to water, but N leaching and P loss couldiborease by nearly 60%.

. If landowners in the catchment maintained theirenirland use and adopted GMPs
such as applying nitrification inhibitors (DCD)parian planting, and installing dairy
feed pads, it is unlikely that the 2010 catchmerttient loads would be maintained if a
large irrigation scheme were implemented (policg-#1). The estimated average costs
of implementing GMPs are around $50/tN, primariécause of the relatively high cost
of these practices for sheep and beef farmersicdatchment.

. Of the policy options modelled, a catchment-wideling programme with a
grandparenting allocation proved to be the most-efisctive' for landowners to
maintain 2010 catchment nutrient loads with thigation scheme implemented.
Compared with the baseline, a cap-and-trade pragethat allocates permits to
landowners based on their 2010 N leaching andlée®ls (i.e. grandparenting)
increases net catchment income by 5% (policy #%#h catchment-wide trading there
may still be water quality issues (e.g. localizkedtSpots’) in the Hurunui Plains
because N leaching is estimated to increase byar&¥4 loss by 44% for over
baseline levels in that area.

. Restricting trading of discharge permits to a sipearea of the catchment may reduce
the likelihood of ‘hotspots’, but net revenues oimigrease by 4% over the baseline
(policy #2b).

. We modelled a modified equal allocation approadii¢p #2c) where an average
permit level per hectare was established and tbprsted for the productive capacity
of the land. This generated similar results asaadfathering allocation with area-
restricted trading (policy #2b). Allowing farmersthe more productive Hurunui Plains
to purchase permits from landowners in the lowedpctivity areas (i.e. foothills)
would provide flexibility for landowners to increatheir own level of nutrient
discharges while still meeting 2010 nutrient loads.

. Theoretically, an optimally implemented nutrient {policy #3) would produce similar
impacts to a catchment-wide cap-and-trade progra(poiey #2a, #2c¢). The N and P
tax could, if desired, be varied across differeatpof a catchment to meet different
water quality limits (policy #2b).

. The optimal N tax rate to maintain nutrients at@@vels was to charge all landowners
in the catchment $23/kg N and $119/kg P (policy. #&hough this is an ‘optimal’
solution from a catchment-wide perspective, thenddatbe distributional impacts as
not all landowners who would be required to paytéxewould benefit from the new
irrigation scheme.

. The marginal costs of abatement for taxes are me@l making it difficult to establish
an optimal tax ex—ante. Providing flexibility tojast the tax over time would better
ensure that nutrient load limits are maintained @lre long run. If policy makers have

* In this report, a ‘cost-effective policy’ is defid as a modelled policy that achieves the nuttaget in the
catchment at the least cost to the landownersds ahot necessarily account for administrativeteanasaction
costs that could make the policy more costly idityea
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to frequently adjust the tax rate, then this cdderate more economic and social
disruption in the transition than a cap-and-traoler@ach.

Manawatu Catchment

The water quality limits modelled for the Manawatichment would require a reduction of
N leaching by 53% and P losses by 49%, similahtsé specified by Horizons Regional
Council (Ausseil & Clark 2007). We assume thatehére limit would have to be achieved
through mitigation from the land-use sector basethe fact that 90% of nitrogen in the
Manawatu River is from two main types of non-pa@atirces — dairy, and sheep and beef
farming (Clothier et al. 2007). Part of the polmytlined in the December 2010 version (the
Decisions Version) of the proposed Horizons One Réguired that new dairy farms
demonstrate compliance with cumulative nitrogerch&ay maxima that vary with Land Use
Capability (LUC) classification (i.e. natural cagiapproach). For the model scenarios, we
evaluate a policy option slightly different frometl®ne Plan wheral dairy farms must
comply with LUC based nitrogen leaching casus other options such as implementing
GMPs, various cap-and-trade schemes, and a nutlissiiarge tax. The baseline scenario
modelled assumed that the proposed water qualliyypoad yet to be implemented. As a
result of the policy assumptions presented inrdgi®rt, the estimates amet directly
comparable with analyses of the One Plan. The ikelynigs from the policies modelled for
the Manawatu catchment are:

. A GMP approach that assumed the most effectiventaty practices (i.e. DCD and
riparian planting) would be implemented on 50%haf &ligible land in the catchment
could reduce N leaching by 7%, and P losses by tbdétive to the baseline (policy
#1a). This would not achieve the specified nutrrediuctions.

. If all pastoral landowners were required by redgalato implement the GMPs of
applying DCDs and undertaking riparian planting] all dairy farmers also had to
implement the GMP of wintering their cows off ttegrh, then N leaching and P loss is
estimated to decrease by 15% and 27%, respec{peligy #1b). This would be done
at a low average cost ($2/kgN) to the landownemaily because applying DCDs
could improve productivity, but would not achieve twater quality limits specified by
the Regional Council.

. A catchment-wide cap-and-trade programme with adparenting-based allocation
(policy #2a) proved to be one of the most costetife policies of those options
modelled to meet the water quality limits at thechenent-level. Net revenue for
landowners in the catchment declined by 17% anthgdatiministration and
transaction costs further reduced revenues to 2382007 baseline revenues.

. Allocating discharge permits based on LUC is inahtb intensify the use of high
productivity land while simultaneously reducing ment loads. This is referred to as a
natural capital allocation approach. Only requiraxgsting dairy enterprises in each
LUC to meet specified nutrients discharge levesdsilts in a 6% reduction in total N
compared to the modelled baseline (policy #2c),lassl than a 1% reduction in net

® This policy option is not the same as the poliéegiffuse discharges in the notified versionitimer is it the
same as that in the decisions version of the PezpGse Plan.
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revenue. This is because (1) most dairy farmslaeady located on the LUCs with
permitted discharges of 18 kgN/ha/yr or more an tiequired little change to meet
the specified leaching rates stated in the Dece@®ED version of the Horizons One
Plan, and (2) dairy farms comprise less than 20%etatchment, and therefore
dairying does not have a large enough share datitemass to achieve a 53%
reduction in N discharges on its own.

. A natural capital approach could still be a feasjblicy to meet nutrient reduction
targets if (1) discharge permits based on LUC Hoeated toall pastoral, arable and
horticultural land uses (not just dairy) and &8)landowners are required to
collectively meet the HRC'’s nutrient targets ofueithg N by 53%, and P by 49%
through a catchment-wide trading scheme (similgrdiccy #2a). In this case, net
revenue for landowners in the catchment was estnat decline by 17% and adding
administration and transaction costs further reduegenues to 22% below baseline
revenues.

. The grandparenting (policy #2a) and natural capipglroaches (policy #2d) for
allocating nutrient discharges have similar estadampacts at the catchment level
when all landowners are covered, given that theeigsl are designed to (1) cover
nutrient losses from all landowners and (2) capients at the levels necessary to meet
the HRC water quality limits. However, impacts webwuhry at the farm-level between
grandparenting and natural capital based approdswaise some landowners would
receive different amounts of permits, dependin@ltocation criteria used.

. Restricting trades to smaller areas within the Maata catchment would reduce the
possibility of localized water quality ‘hotspotsiowever, spatially restricting trades
resulted in a modelled decline in revenue of ad@3 when accounting for changes in
farm profit, administration and transaction cosisliCy #2b). This is because farmers
in the ‘flats’ area of the catchment must reduceients in their own area of the
catchment rather than purchasing discharge pefroits farmers in the ‘hills’ that may
be able to reduce their N and P discharges at erlowst.

. The cap-and-trade programme and nutrient discharsgpolicies assessed could result
in significant changes in land use in the Manaveatichment with land converting
from pasture to arable, forests, scrub, or fallow.

. Theoretically, a nutrient tax (policy #3), implentet optimally, will provide similar
impacts as a catchment-wide cap-and-trade prografpaotiey #2a). We estimate that
charging landowners a tax of $36/kgN that leacha® their land should achieve the
desired nutrient loads set at the catchment-la@led.average cost of reducing N was
estimated to be $23/kgN, which is significantly Enthan the tax rate because many
landowners can implement changes in land manageimsnteduce N at costs lower
than the specified tax.

. In all likelihood there would be no need to taxsRtze land use and land management
changes implemented in response to the N tax sl achieve the required P loss
reductions in the catchment.

. Varying the N and P tax across different partdhefd¢atchment to meet different
nutrient reduction goals has similar outcomes disyp#2b. Estimates reveal that the N
tax could range from $18.70/kgN in the ManawatusHid $89.70/kgN in the Tararua
Flats.
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. The marginal costs of abatement for a tax are imegat, which could make it difficult
to establish the optimal tax ex ante. Providingibgity to adjust the tax over time
would better ensure that nutrient reduction goedsaghieved over the long run but
could generate more economic and social disruptidhe transition than a cap-and-
trade approach if policy makers have frequentlgdust the tax rate.

Rotorua Catchment

The provisional water quality target proposed e Rotorua catchment is to reduce the
annual N load to the lake from 755 tN to 435 tNha long run, with agricultural N loss to
fall by approximately 60% by 2022. The agricultusattor is expected to reduce 270 tN of
the desired 320 tN. The remainder will come from-agricultural sources. The water
quality target for total N in the Rotorua catchmengignificantly lower than the two river
catchments modelled because it is a much smallenrment. The baseline assumes there is
no additional water quality policy over and aboverent settings. The key findings from the
policy options modelled for the Rotorua catchmest a

. Implementing a mix of GMPs on pastoral land such@sying DCDs, reducing N
fertiliser, importing feed, and adjusting the mnddevel of stock would decrease the N
loads arriving at Lake Rotorua relative to baselmé by less than the 270 t reduction
required to achieve the regional council’s long emvironmental goal of 435 tN/yr
(policy #1a & b). In over-allocated catchments sashLake Rotorua land use change
as well as management changes may be requiredeibeméronmental goals.

. Even when nutrient exports decrease by 270 tN ipeHds, the loads of N reaching the
lake do not achieve the long run sustainable |laad of 435 tN per year until
approximately 2100 due to unmanageable legacy lddusse long delays between
costly N export cuts and N load outcomes couldrbessue in any catchment where
some N travels through groundwater and the grouteiiags are long.

. Reducing N discharges by 270 tN by 2022 was estidat cost $3.2 million per year
(policy #2a). A large amount of this cost woulddpent on mitigation efforts on dairy
land, relative to the land area occupied by dannk. If agriculture had to meet all the
required N leaching reductions (i.e. 320 tN) itlwibst an additional $1million per year
(policy #2b). This equates to a 30% increase iscios only an additional 18%
decrease in nutrients.

. A reduction of 270 tN could also be achieved by@é/Bg N tax. Setting the tax at
$27/kg N only achieves a reduction of 240 tN, whil®33/kg N tax gave a reduction of
303 tN (policy #3a, b & ¢).

. The distribution of costs in a cap-and-trade progre is determined by the choice of
allocation scheme. Allocating permits based onenirdischarges (i.e. grandparenting)
and then buying sufficient permits back to achitweeN reduction target would cost
the regulatory agency a modelled $5.4 million/ys#h farm profits increasing by
more than 10%. Conversely, auctioning all permitsidd net the regulatory agency
$5.3million and farm profits would fall by 39-70%.

Generalized Findings

While the impacts of water quality policies wilfidir between catchments there are some
findings that we can generalize from the three sas@ies. These include:
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The policy scope and stringency of the nutrientiotidn goals affects the economic
impact of the policy. If nutrient limits are estalbled prior to major declines in water
guality occurring then the economic burden of raagithe specified limits is
significantly lower. This is illustrated in the thfence in estimates of the total costs of
policies #2 and #3 for the Hurunui-Waiau and Manaveatchments. The proposed
policy to maintain current water quality in the Houoi-Waiau allowed the flexibility to
increase their intensity and net revenues by ab#twhile the large reductions in
nutrients proposed for the Manawatu meant thatdemners had a reduction in profit by
22% or more.

The economic impact of large reductions in nutsenthile large, was less in
percentage terms than the required nutrient realucéi.g. achieving a 53% reduction of
N in the Manawatu catchment would reduce catchmentevenue by 22% (under
optimal policy settings that enable a dynamicafficent adjustment to limits; and
assuming well-informed economically-rational demismaking by land users). This, of
course, depends on mitigation technologies avalabtl the willingness and ability to
invest in the adoption of GMPs, change land useadicipate in a trading
programmes.

In catchments where the nutrient load is signifiaabove the limit (e.g. Manawatu or
Rotorua), it is unlikely that a policy to voluntigror mandatorily implement GMP will
achieve the necessary reduction in dischargessi@wilations suggest that additional
policy instruments may be required and it is likédlgt some level of land use change
will be needed, though this will depend on the sigyef the problem and individual
catchment characteristics.

The average cost of nutrient reductions can vatly adthin and across modelled
catchments. Key reasons include current land udéasma management, feasible
mitigation options, and biophysical aspects sucbkoilsype and topography.

The modelled costs of reducing P loss are sigmiflgdarger than N leaching on a per
unit basis. This is likely due to the small amoofP in the catchment relative to N,
and hence that the value of output per unit of &se higher to mitigate than the same
unit of N. There are also limited management pecastincluded in the model that are
specific for controlling P loss.

The marginal abatement costs (i.e. the cost ofaiaduan additional unit of N or P at
the limit) are also different between the threelatents. This also indicates that there
is likely to be a high level of variation in mitijan potential across catchments in New
Zealand.

Economic theory shows that a pollution tax and @ag-trade programmes should
result in equally efficient nutrient reductions ypided there is perfect information about
the pollution sources and how landowners wouldtreaalternative instruments that
put a price on nutrient outputs. We find this ia three catchments assessed for this
report. The cost savings may be somewhat unddrough by the administration and
setup costs of establishing a tax or nutrient trggirogramme. Additional transitional
costs are likely in a tax regime if policy makeasnot set the optimal tax rate ex ante,
and adjust the tax rate frequently.

Although tax and trading scheme can theoreticalljeve the same level of nutrient
reductions at the same cost at the catchment-gbhaléyo approaches can have
different distributional implications. Some landasve would face lower costs from a
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cap-and-trade programme from selling excess natreztuction permits. In the tax
case, the government receives tax revenue frofatit®wners and has the ultimate
decision on how to utilise the funds, such as lyehsing other taxes or investing in
research, education, or alternative mitigationagito assist with the policy.

. If all the revenue collected from the nutrient v@ere recycled back to landowners in
the form of a dividend or reduction of other taxégn the changes in net catchment
revenue would be similar to the grandparented captaade policy. This is the
assumption that we use in when presenting catchmiglet estimates for the tax
policies in this report. If not all of the taxedleoted were recycled back to the
landowner, however, the total costs to farmers dde higher under this policy
approach. Furthermore, landowners that might ne¢ liae ability to implement more
cost-effective management practices on their fasaidcface a potentially high price of
maintaining their current operation.

. How discharge permits are allocated does not herge leconomic impacts at the
catchment level. However, different allocation sys$ can lead to significantly
different distributional impacts. For instancethie Manawatu catchment, the natural
capital allocation approach would reduce the cbsteeting the nutrient limit for those
located in high-productive land by 11% comparedwifgrandparenting allocation. At
the same time, those located in less productivasamuld face 16—17% higher costs to
meet the limit with a natural capital allocatiohlandowners were able to trade
permits, the equilibrium result at the catchmewelavill be similar regardless of how
the permits were distributed (i.e. natural capg@hndparenting, etc.). These findings
are based on the assumption that an efficientrtgaghiarket exists and all landowners
are profit maximisers. Impacts may differ whereréh@re high transaction costs,
spatially restricted trading, or there is an unwghess to buy and sell permits even if it
is economically efficient to do so.

. The larger the geographical area for trading, theencost-efficient the programme is
likely to be. This results from a more diverseafdand-uses, landowners, and tradable
permits. However, there may be a greater possilufitocalised water quality
‘hotspots’ with catchment-wide trading than wheeales are restricted to smaller
areas.

. Land-use change in response to changes in markditiams is typically a slow
process. Evidence suggests that adjusting lanquiskly will be costly, and may
justify slower transition pathways to minimize cost
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Table3  Estimated Impacts of Nutrient Reduction Policies
. . N Target Total Nin (% N _Target % N _Target N'lbi‘;/ig:tl%en Tim_e to |Total Annual Profit ©
Catchment Scenario (tonnes) 2022 Achlevedc AchlevedC Cost Achieve C_o_st ‘ Change from
(tonnes) by 2022 by 2100 ($/kg N) (years) | ($ million) Baseline (%)
Baseline without Waitohi Irrigation Scheme 2930 2930 100% 100% n/a 0 n/a 0%
Baseline with Voluntary GMP (Policy #1a) 2930 2710 108% 108% $52 10 $11.2 -5%
Baseline with Regulatory GMP (Policy #1b) 2930 2300 127% 127% $46 10 $29.3 -12%
S Waitohi Irrigation- No Water Quality Policy 2930 3620 76% 76% n/a Not -$24.4 +10%
Hurunui-Waiau - ohi-Catchment-wide Trading (Policy #2a) 2930 2930 100% 100% nla 10 $11.0 +5%
Waitohi-Region-restricted Trading (Policy #2b) 2930 2930 100% 100% n/a 10 -$9.3 +4%
Waitohi-Equal Allocation Trading (Policy #2c) 2930 2930 100% 100% n/a 10 -$9.8 +4%
Waitohi-N Tax at $23/kgN and P Tax at $119/kgP (Policy #3) 2930 2930 100% 100% n/a 10 -$11.0 +5%
Baseline 2536 5400 0% 0% n/a 0 n/a 0%
Voluntary GMP (Policy #1a) 2536 5019 13% 13% $2 Not $0.8 0%
Regulatory GMP (Policy #1b) 2536 4591 28% 28% $2 Not $1.8 -1%
Catchment-wide Trading (Policy #2a) 2536 2536 100% 100% $23 10 $64.7 -22%
Manawatu Region-restricted Trading (Policy #2b) 2536 2520 101% 101% $45 10 $129.4 -43%
Natural Capital Allocation Trading — Dairy Only (Policy #2c) 2536 5076 11% 11% $4 10 $1.2 -0.4%
Natural Capital Allocation Trading — Pasture and Arable (Policy #2d) 2536 2536 100% 100% $23 10 $66.2 -22%
Tax at $36/kgN (Policy #3) 2536 2536 100% 100% $23 10 $66.2 -22%
Baseline 435 755 100% 100% n/a 0 n/a 0%
BoPRC GMP (Policy #1a) 435 539 68% 58% $7 Not $0.8 -5%
Stringent GMP (Policy #1b) 435 472 88% 91% $11 Not $2.6 -18%
Catchment-wide Trading - 270tN reduction (Policy #2a) 435 454 94% 100% $9 92 $3.2 -22%
Rotorua Catchment-wide Trading - 320tN reduction (Policy #2b) 435 479 86% 100% $5 147 $4.2 -29%
Tax at $30/kgN (Policy #3a) 435 454 94% 100% $4 92 $3.2 -22%
Tax at $27/kgN (Policy #3b) 435 472 88% 91% $9 Not $2.6 -18%
Tax at $33/kgN (Policy #3c) 435 436 100% 109% $11 16 $3.9 27%

Landcare Research

Page xxi




Evaluation of the impact of different policy options for managing to water quality limits
n/a: not applicable

& Each case study catchment uses different econdaitég biophysical data, options for land managensemnt policy assumptions. The Hurunui-Waiau and &eatu
catchment scenarios were modelled using NZFARMenvRibtorua was modelled NManager. Thus, the estgvfeden each case study are not directly comparable.

® Nutrient reduction targets are set simultaneofsiy\ and P for Hurunui-Waiau and Manawatu. Rotdargets are only for reductions in N leaching.

“Values greater than 100% indicate that addition&ient reductions beyond the target have beereaebi In the case when the policy requires a samatius reduction in
N and P, the economically optimal solution coulddehange land use or land management in a mamatareduces one nutrient beyond the target level.

YNegative costs in the Hurunui-Waiau catchment inthat there is an increase in net revenue froneas® in intensity due to implementation of Waitotigjation Scheme

 Farm profit is measured as annual earnings béfteeest and taxes, or the net revenue earneddudput sales less fixed and variable farm expenses.
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1 Introduction

New Zealand has a diverse range of aquatic envieotsrfrom mountain springs to coastal
estuaries, connected by an intricate network arsylakes, wetlands, estuaries and
groundwater systems. Its freshwater bodies ar@od guality by global standards and water
is important to everyone in New Zealand, regardigsghether one is Bbri or Pakeha. It is

a pivotal resource for recreation, tourism, enengy industry. It is a source of life and food,
and it is a central part of everyday life.

The value of water is particularly high for iwi.adri consider all natural resources as living
taonga (treasures) that are intimately connecté fiioysically and spiritually, and an
important role of tangata whenua is that of kaitiaguardians — of the natural world and all
the living things in their area of responsibilifyhis connection means that the natural world
is central to their worldview, and individual andgltaral identity. As such, &bri have a
distinctive role in water catchments as tangatanmbeMaori also operate with other,
potentially conflicting, roles: they are small dadye pastoral landowners, forest owners, and
water users. Their large landholdings, particulaflynderdeveloped farming land, leave
Maori particularly exposed to land-use intensificatrestrictions and allowance allocation
decisions (Kerr & Lock 2009).

Despite being relatively clean and abundant ah#tmnal scale, deteriorating water quality
is a pressing issue for a number of catchmentadrbiew Zealand. Diffuse discharges,
including nutrient discharges, are a significatdain this deterioration (Ministry for the
Environment 2007; Land and Water Forum 2010). Taed.and Water Forum was
established to develop a common direction for fnegbhr management in New Zealand, and
provided its first set of recommendations to thes€oment in early 2011. In response, the
Government announced a package of initiativesudinl theNational Policy Statement
(NPS) for Freshwater Managemeéhat sets out objectives and policies that diliel
government to manage water in an integrated artdisable way, while providing for
economic growth within set water quantity and dydimits (NZ Government, 2011).

The National Policy Statement (NPS) for Freshwitanagement was written to drive
national consistency in local RMA planning and dexi-making while allowing for an
appropriate level of regional flexibility. Policy &f the NPS essentially directs regional
councils to use the Resource Management Act tbledtavater quality targets and set
enforceable limitsto maintain or improve water quality in their niselakes, and streams.
Once limits are set, policies need to be put ic@la efficiently allocate freshwater resources
to users in an efficient and straightforward wagt hrovides the ability to maximise its value
while not putting any additional strain on the @amiment. For example, Policy A2 of the
NPS explicitly states that “where water bodies dbmeet the freshwater objectives made
pursuant to Policy Al [establish freshwater objextiand set freshwater quality limits],

every regional council is to specify targets anglament methods (either or both regulatory
and non-regulatory) to assist the improvement denquality in the water bodies, to meet
those targets, and within a defined timeframe.” Thed and Water Forum was subsequently

% The NPS defines a limit as ‘the maximum amournesburce use available, which allows a freshwater
objective to be met’, and a target as ‘a limit vthioust be met at a defined time in the future’.
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asked by the Government to develop further reconalaigams on how to manage within
quality limits, and is due to report in Septemb@t2 The Ministry for Primary Industries
commissioned this research to support the Forummegsoand to assist in the evaluation of
cost-effective policy options for managing to tdsge

This report focuses primarily on the costs and bienef policies designed to manage
nutrients from rural diffuse or non-point sourcgsecifically total nitrogen (N) and total
phosphorus (P). A bulk of the report is dedicateddtimating the impacts on rural
landowners of various policy approaches to reduningent discharges in three important
New Zealand catchments: the Hurunui and Waiau Rj\tbe Manawatu River, and Lake
Rotorua. The policy impacts are assessed usingh@ioation of quantitative analysis and
gualitative discussion. A majority of the costs dhefits are estimated using two
catchment-level agri-environmental partial equiliot economic models, the New Zealand
Forest and Agricultural Regional Model (NZFARM) aN¥anager. These models allow for
detailed representation of practices, economicseandonmental impacts for two key
primary industries, agriculture and forestry. Eantdel has a unique structure and
parameterisation and thus its own set of strengplldsweaknesses.

The economic models used for this analysis inchedesral practices for managing nutrients
at the farm-level, such as reducing nitrogen isdilapplication, applying nitrification
inhibitors (DCD), or wintering off dairy cows. Agést two other important management
options tracked in this analysis, stream fencing) @parian planting, are not currently
included in either of the economic models. As alltesve also investigate the potential costs
and benefits of adopting these measures outsitteeahodel simulations.

This analysis tracks several management practiegsan contribute to reductions in
nutrients, but it does not cover all feasible opgido reduce N and P. First, we do not include
all possible nutrient sources or options to miggatitrient losses from diffuse sources into
waterways. Second, we do not track or accountdtniant mitigation from point sources
within the catchment. Including additional managehaptions and sources of mitigation
would potentially reduce the estimated costs ohedche policies assessed in this report.

We consider a number of policies that could imprarager quality, primarily through the
maintenance or reduction in nutrient loads frondtaased operations. The first option we
consider is having landowners implement the s&gadd management practices’ (GMP) that
would result in a lower level of nutrient leachiMye consider both voluntary adoption of
GMP and adoption in response to regulatory requeres The second set of policies we
consider is a nutrient cap-and-trade programmes plaices a regulatory limit on total
nutrient leaching from all major sources in theriasf nutrient discharge permits but allows
for the trading of permits between the regulatagses. We assess the cap-and-trade policy
under several allocation optidrand spatial restrictions for trading to estiméie ftange of
likely costs and changes in land use and land neanagt. The final option we consider is a
direct tax on nutrient discharges.

" Allocation options are how the regulatory limitianslated into individual discharge permits facle source.
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For each policy scenario, we report the mitigattoats of achieving the nutrient reduction
target to improve water quality and the resultihgriges in farm profft represented by net
revenues in the catchment. Where appropriate,réwiqgied land-use change resulting from
each scenario is also reported. We do not quaaltithe costs and benefits of each policy in
monetary terms, rather we report the relative chamg the catchment’s nutrient discharges
and revenue streams resulting from each policyasa®n

There are several other important factors and oseto consider for a policy assessment
beyond estimating the economic impacts of redubira;d P from diffuse sources. These are
outside the scope of this report. Sediment andafamiform, for example, can have a strong
influence on water quality. The economic and bigatsl models used for this analysis are
currently not able to assess the impacts of theesters from changes in land use and/or land
management. However, the on-farm land managemaatiges and options to mitigate N
leaching and P losses often improve micro-orgamisthsediment contamination as well.
The models used in this analysis also estimateggsaim greenhouse gas emissions (GHG),
thereby highlighting some of the other “co-benéfikat could arise from implementing
policies that promote the reduction of nutriencterges from diffuse sources.
Acknowledging this concept of co-benefits is impoitas there are often multiple pollutants
and policies being discussed simultaneously atéméral government and regional council
level.

This analysis also does not account for the bromaeacts of changes in land use and land
management beyond the farm gate. The flow-on effieotn some of the policies

investigated in this report could produce a sigaifit change in regional employment and
GDP. There could also be social and cultural impastwell. Thus, the estimates presented
in this report provide just a subset of possibléritethat could be used to determine the best
policy to manage nutrients at the catchment-level.

Many other important aspects of reducing nutriéms rural diffuse sources not covered by
the economic models are addressed through additjoiaatitative analysis and
supplemented by qualitative discussion. This aold#i analysis includes assessing the likely
changes in water quality from implementing (or reoparticular nutrient reduction target, the
likely administrative and transaction costs of &qyp and how the costs and benefits could
impact different stakeholders in the communityisk of key caveats, assumptions, and
limitations for this analysis is included in Box 1.

The three catchments investigated in detail are:

1. The Hurunui-Waiau catchment, Canterbury. This $oath Island river catchment
with predominant land uses being hill country gngziowland irrigated pastures and
plantation forests. Water quality is currently gutedle to the community, but is an
increasing concern in the catchment, particularmheg the on-going expansion of
irrigation in the Hurunui Plains. This catchmens Isaaallow stony soils with high
nitrogen leaching rates, and has a large irrigagreme proposal under

8 Farm profit is measured as annual earnings béftegest and taxes, or the net revenue earneddtgput
sales less fixed and variable farm expenses.
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development. The water quality and water quaniityt$ for the catchment have been
developed by the local zone committee.

The Manawatu catchment. This is a North Islandrrozgchment with longstanding
extensive and intensive land uses. Intensive paElstgstems are predominantly rain-
fed with a mix of dairy and sheep and beef farmBignificant water quality
problems already exist in the catchment due tot@oid non-point source discharges.
Water quantity and quality limits are specifiedhe Horizons Regional Council’s
(HRC) Proposed One PI&n.

Lake Rotorua. This is a North Island lake catchnvétit a mix of pastoral and
forestry land uses on volcanic soils. Water quaditgyoor (BoPRC 2012) and is likely
to deteriorate further as there are long lag tibets/een nutrient discharges and
impacts on the lake. There are also large trackamiri land within the catchment.
This catchment has extensive information on growatdnflows and a limit-setting
policy is in place through Bay of Plenty Regionaiu@icil’'s (BoPRC) Regional Land
and Water Plan.

The report is organised as follows. First we disdhe methodology behind the agri-
environmental economic models, how we define andehchanges in water quality based

on biophysical modelling and assumptions, and thtoe the various policies that are
considered. Second, we present the water qualligypassessments for the three catchment
case studies and resulting impacts on economieavidonmental output. Finally, we
summarise our findings and present some conclusidresmain report is accompanied by a
series of appendices contain greater details oedbeomic models, data, and detailed results
that support our policy analysis.

® Schedule D (December 2010 version). The One Pinappealed to the Environment Court, and at the ti
of writing this report, the Environment Court désishad not been released.
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2 Methodology

This report assesses the economic and environmergdatts of various water quality
policies for three catchments in New Zealand: HurdWaiau, Manawatu, and Rotorua. The
geographical location of each catchment is showkigare 1.

Auckland %3

- Rotorua Catchment
- Manawatu Catchment
- Hurunui/Waiau Catchment

Wellington

Christchurch

Figurel Location of case study catchments

The analysis of the proposed policies for the casdies will be primarily conducted using
two catchment-based economic models — the New déddarest and Agriculture Regional
Model (NZFARM) and NManager. Each model has a umisfuucture and parameterisation
and thus its own set of strengths and weaknessesvérview of the key components of the
models is show in Table 4. Additional policy insigg provided by a mix of quantitative
analysis and qualitative discussion. A more dedadlescription of the models is discussed
below.
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Table4  Overview of economic modelling for water qualitylipy case studies

Catchment | Economic | Scale Key Land Uses Environmental
Model Outputs

Hurunui NZFARM Spatial: 6 sub- | Dairy, sheep and beef, | N leaching
and Waiau catchment deer, pigs, forestry, P loss

zones arable, horticulture, "

| GHG emissions
Temporal: natura
Annual

Manawatu NZFARM Spatial: 4 sub- | Dairy, sheep and beef, | N leaching

catchment deer, forestry, arable, | p |gss
zones horticulture, natural GHG emissions
Temporal:
Annual

Rotorua NManager | Spatial: 1 Dairy, sheep and beef, | N leaching
catchment forestry GHG emissions
Temporal:
Annual

2.1 New Zealand Forest and Agriculture Regional Model (NZFARM)

The New Zealand Forest and Agriculture Regional 8MdNZFARM) is a comparative-

static, non-linear, partial equilibrium mathemattigeogramming model of New Zealand land
use operating at the catchment scale developedbgdare Research (Daigneault et al. 2012;
Greenhalgh et al. 2012). Its primary use is to pl@wecision-makers with information on

the economic impacts of environmental policy ad aglhow a policy aimed at one
environmental issue could affect other environmidiataors. It can be used to assess how
changes in technology, commodity supply or demegghurce constraints, or farm, resource,
or environmental policy could affect a host of emmic or environmental performance
indicators that are important to decisions-makecsrarral landowners. The model can track
changes in land use, land management, N leachialgl deaching by imposing a variety of
policy options that range from establishing a cateht-level cap-and-trade programme to
imposing nutrient leaching constraints at the gmise-level. Although the model is static, it
is parameterised such that responses to policyarmstantaneous but instead track a
medium- to long-term response that landownersikeéylto take over a 5-10-year period. A
detailed schematic of components of NZFARM is shawhigure 2.

The model’s objective function is to determine lineel of production outputs that maximize
the net revenu® () of production across the entire catchment arggest to land use and
land management options, agricultural producticsstand output prices, and environmental
factors such as soil type, water available fogation, and any regulated environmental
outputs (e.g. nutrient leaching limits) imposediog region. Regions (i.e. sub-catchment

19 Net revenue (farm profit) is measured as annualiegs before interest and taxes, or the net reveauned
from output sales less fixed and variable farm egps.
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zones) within a catchment are differentiated byllase capability, such that all land in the
same region will yield similar levels of productivifor a given enterprise and land
management scheme.

In addition to estimating economic output from #wgiculture and forest sectors, NZFARM
also tracks a series of environmental factors ohiolgiN and P leaching and GHG emissions
(carbon, methane and nitrous oxides). Simulatirdpganous land management is an integral
part of the model, which can differentiate betwdmrsiness as usual’ (BAU) farm practices
and less-typical options that can change levetggatultural output, nutrient leaching, and
GHG emissions, among other things. Key land managéewptions include changing
fertilizer regimes and stocking rates, adding agation system or implementing mitigation
technologies such as the installation of a daieglfpad or the application of nitrogen
inhibitors. Including a range of management optialh®vs us to assess what levels of
regulation might be needed to bring new technokgito general practice. Landowner
responses to N leaching and P loss restrictiolNZIRARM are parameterised using
estimates from biophysical models such as OVERSEFRSMO and FARMAX. Details

on the specific land management, economic, and@mwiental factors tracked in this report
are described in Appendix A. The costs trackediwitizFARM are land-use conversion
costs, cost of implementing a mitigation option ahdnges in input costs. It does not track
transaction costs such as administrative costayresultant changes in land value.

| Enterprise Mix |

| Stocking Rate | | Irrigation Scheme |

Fertilizer Regime | | Mitigation Option

Land
Climate Management
Environmental
Payments
Land Use Land
Class - N Z FA R M Conversion
Nutrient Enwronm.ental Objective: Maximise Costs
Constraints
Loads land-based net
.
revenue, subject to
GHG input constraints -
Emissions Output Prices

Soil Type

| Environmental Output | |

N

Soil Water GHG N and P
Erosion Yield Emissions Leaching

Economic Output

Agricultural Production |

Crop and
Horticultural
Products

Livestock
Products

Forestry
Products

Land-based
Net Revenue

Environmental
Costs

Figure2 Schematic of NZFARM inputs and outputs
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2.2 NManager

Motu Economic and Public Policy Research have dpesl NManager, a partial-equilibrium
simulation model that combines biophysical progsrtf the Lake Rotorua catchment with a
model of farmer N mitigation responses to regufatieull information on the NManager
model can be found in Anastasiadis et al. (201 we summarise key points of the model
here for convenience, with a more detailed explanaif changes to the model, and the
model’s strengths and key assumptions in Appendix H

NManager uses biophysical maps of groundwater arfdce water nutrient flows to model
the environmental outcomes of farm N dischargesnEaresponses to N leaching regulation
are simulated using OVERSEER and FARMAX to estinmaitégation costs for a
representative dairy and a representative shedgdree under different N mitigation
management. NManager uses these inputs to estianater mitigation and land use change
over time. Outputs of the model include costs andrenmental impacts of different

policies. A key strength of NManager is the linkagéydrologic data to predict the water
guality outcomes of policies over time.

Because the model estimates costs over many tinmpethe costs of a given policy are
calculated as the net present value of meetingrilkeonmental target using the BOPRC
standard discount rate of 7%. These costs aretthesliated into annual annuities. This cost
is the discounted sum of all mitigation costs reggiito meet the environmental target, where
mitigation costs are calculated using the profitigation curves outlined in Anastasiadis et
al. (2011). As a result, estimated costs of pdicie not include the costs of set-up and
administration of policies. They also do not in@utie impact of regulation on land values.
Therefore, the derived costs are likely to be ueskimates as the simulations assume that
farmers adjust instantly and optimally to changesasts; in reality these adjustments are
likely to be slower and less optimal. However,las ¢urrent version of the NManager is
static we do not allow for any technology changkiclv would result in overestimates of
cost.

2.3 Estimating Water Quality and Nutrient Reduction Targets

Regulatory agencies are increasingly setting wgality load limits as part of land and
water management. Generally, the limit settingpss starts with establishing water quality
objectives and associated concentration limitsgiayets where the current quality exceeds
the limits). For example, in Lake Rotorua, a tamfataching a tropic lake index (TLI)
representative of conditions in the 1960s has les@blished. For managing land use
activities and point source discharges, the comagon limits are then often converted to
load (e.g. kg) limits, as loads represent a corarégnneasure for resource allocation, and
because models of nutrient losses from farms dem @xpressed as annual loadings.

In this section, we review the factors that conte play when linking loads to concentration
limits, and the range of approaches that have bsed by land/water managers to establish
load limits in the three case-study catchments.

We also summarise how load limits have been estaddi for the economic modelling for the
three case studies. The economic models usedsistily rely on outputs from biophysical
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models such as OVERSEER and SPASMO that presemmistas total N leached and total

P loss at the point of discharge (i.e. paddocloredt plot) on an annual average basis, so it is
important to consider how loadings of total nuttseat the source can be related to
concentration limits or load limits at the pointioferest. Additional details on these nutrient
budgeting models are provided in Appendix A.

Nitrogen leaching in the form of nitrate is a compprocess and is affected by a number of
soil, environmental and management conditions ([@a&mneron 2000). N leaching loss is the
amount of N that has moved down through the sdihéoground water below the plant
rooting depth or is lost as runoff (OVERSEER 201)eaching from agricultural land and
the subsequent contamination of water resourceeaognized as an important
environmental issue because high concentrationgrate in drinking water are deemed to
be harmful to human health (Di & Cameron 2002)radé@s leached from agricultural land
that drain into surface water bodies may also cdeserioration in quality though algal
blooms. The actual loss to receiving water (e.gifacg, rivers, etc.) depends on the degree
of attenuation that occurs during the passage fobid the ground water just below rooting
depth to the receiving water, including that whinchy be attenuated in wetlands.

Phosphorus (P) loss to waterways in New Zealandlgnaccurs through surface run-off,
and, to a much lesser degree, by subsurface floerrdnge of P leaching from agricultural
systems is generally much less than N leaching ¢@.@verage 0.11-1.6 versus 21-177
kg/halyr, respectively). Based on this comparistocen appear that P loss may only have a
minor impact on waterways (Menneer et al. 2004 )welger, aquatic primary producers such
as freshwater algae can be extremely sensitiveein emall increases in P. This is especially
so in waterways where P is limited (McDowell et20004). Soil properties have a significant
influence on the amount of P that reaches a giveemway. This is because of the high
proportion of P loss that occurs as P bound topsoticles. About 80% in of P runoff is
particle bound (i.e. bound to sediment or orgaratemal) and about 20% is dissolved
(Menneer et al. 2004).

Relating nutrient loads to concentration limitsatwes a number of factors that have been
addressed directly or indirectly in the variousecasudies included in this report. Some of
these factors include:

« Conversion of concentration limits to nutrient lead the point of interest in the stream
or lake. This may entail consideration of:

— variations in concentrations with season or flote r&or example, storm flows may
be less important for stream periphyton becausedbeur only over small time
periods and periphyton growths tend to accumulatang prolonged stable flows.
Summer loadings of nutrients may be more importfaam winter loadings because in
winter the growth of periphyton will be limited lsynlight, temperature and flows.

— the form of nutrients. Concentration limits in sings are often expressed in terms of
soluble nutrients whereas nutrient loading modedsoéten in terms of total nutrients.

« Conversion of loads at the point of generatioroemk at the point of interest. This may
entail consideration of :

— loss/attenuation processes which remove (or sbogterm) nutrients between the
point of discharge and the point of impact. A coicgdion in this regard is that
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sources from different parts of the catchment maeldifferent attenuation between
the source and the impact location.

— transport and transformation processes that &ésfarm of nutrients or timing of
their delivery. Examples are groundwater lagslisgtand remobilisation from the
stream bed, and exchanges between streams andigsten.

— timing and form of the sources. For example, reayigvipe-off flows from border-
dyke irrigation might reduce overall phosphorugliags by, say, 20% but reduce
summer low-flow loadings of dissolved reactive pttasrus (DRP) by 50%.

Previous modelling that has underpinned the settirgater quality targets has not
accounted for changes in flow and in flow regimgs aesult of changes in water storage,
irrigation or land use. Alteration of flow regimaHects the relationship between
concentrations and ecological endpoints such aglpgon biomass, as well as altering the
dilution, thereby affecting the load limits. Thesespecially relevant for the Hurunui/Waiau
catchments, where water storage and substantnaifgased irrigation are currently under
active consideration and may lead to changes tpritygosed load limits during the plan
hearing process.

Substantial changes in any or all of the aboveofadre likely to alter the relationship
between catchment nutrient losses, nutrient loadsa stream or to a lake, and
concentrations and other water quality objectivedgbly, periphyton extent). Significant
changes in the nature and location of activitighiwia catchment may also alter the
relationship between total catchment nutrient lssse total stream loadings, for example,
by changing the predominant form of nutrients, tighof nutrient delivery, and amount and
spatial patterns of nutrient attenuation to andhiwithe stream.

Time lags and attenuation factors are also an igsueanslating nutrient loads from non-
point sources to changes in water quality in aivéog water-body over time. For Hurunui
and Manawatu, we define targets for annual nuttesges based on annual stream loading,
on the grounds that groundwater flows, and on dtetors will largely smooth out seasonal
effects. Estimates by GNS (Appendix I) reveal that acceptable to assume lag of times of
2—7 years in the Hurunui-Waiau and Manawatu catchsn&Vhile not directly embedded in
NZFARM, we do account for them the policy assesgroéthis report. For Rotorua, lags
range from a few years to many decades, and aomiaied for in NManager (Anastasiadis
2011). Additional detail on the methods applieéstimate lag times used in this Hurunui-
Waiau and Manawatu catchments study is providegpjrendix .

Table5  Key issues and metrics for measuring water quadigase study catchments

Component Hurunui-Waiau Rotorua Manawatu
Receiving water(s) Groundwater Lake Streams
concerned Main stem of streams (2 Lake
locations) and Coast
tributaries.
Estuary (Hapua)
Objectives relating Drinking water quality Return t01960s Control periphyton
to nutrients (groundwater) conditions biomass
Limit nitrate toxicity Nitrate toxicity
Phytoplankton control in
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Component Hurunui-Waiau Rotorua Manawatu

Limit periphyton cover lakes
Concentration Half maximum Concentrations circa Soluble inorganic
limit(s) acceptable value (MAV) | 1960s nitrogen (SIN) and DRP

value for drinking water
nitrate in groundwater;
nitrate toxicity 95%
protection value;

No change in
concentration of
dissolved inorganic
nitrogen (DIN) and DRP
at SH1 (post-2017) and
Mandamus (below and
above area of land
development,
respectively) from 2005
to 2010 average

concentrations specified
for each Water
Management Zone
(WMZ).

Total P (TP) and total N
(TN) targets in lake
(very low)

Note that upstream
targets can impact
downstream loads in
connected catchments.

Derived load limits
in the water-body of
interest.

Current (2005-2010)
measured loads of DIN
& DRP at SH1 and
Mandamus.

No load limit for
tributaries or
groundwater
(concentrations only).

Limits were derived
assuming current flow
regime.

435 tonnes of TN/year
from catchment based
on 1960s estimates.

TP load similar to
present.

Derived for SIN from
concentration limits and
measured flows,
excluding top 10% of
flows. No load limits in
the Proposed One Plan
for P.

Load limits to protect
lakes have not been
established.

Linkage from
sources in the
catchment to limits
in the water body of
interest.

Landcare Research

Load limits for losses at
source have not yet
been established in the
relevant plans.

A range of models were
used including CLUES,
a simplified
groundwater model, and
spreadsheet models of
nutrient loading.

Point sources controlled
separately but negligible
loads associated with
these.

For N, the ROTAN
model was used to
relate losses from the
land to loading to the
lake. This was
calibrated to
measurements. For P,
CLUES was used to
estimate the percentage
reduction in loads to the
lake achievable by
mitigation, but not
absolute loadings
(which were determined
by measurements).

Point sources are
controlled exogenously
via resource consents.

Some geothermal
sources (e.g. Tikitere)
may be treated to
remove N.

Point sources were
subtracted from
measured load to give
the contribution of non-
point sources to the
measured load.

N loss rates from the
land are determined
from loss models such
as OVERSEER and
SPASMO. These
should not exceed limits
prescribed for each
LUC class. 50%
attenuation of non-point
sources.

Point sources controlled
separately via resource
consents.
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Component

Hurunui-Waiau

Rotorua

Manawatu

Attenuation

Included in CLUES
predictions. Not dealt
with explicitly in
groundwater
contribution to stream
predictions or
spreadsheet models.

A small amount of
attenuation was
included in catchment
model for N by
calibration. Default
attenuation rates in
CLUES used.

No attenuation for point
sources.

50% reduction for non-
point sources.

Forms of nutrients

Spreadsheet models
and groundwater model
assumed all losses in
soluble form. CLUES
results for total nutrient
loads converted to
soluble fractions based
on currently measured
proportions.

ROTAN models TN and
CLUES models TP,
which is consistent with
the loading limits.

Losses assumed to be
all soluble.

Lags

Not used to derive the
long-term limits.

Included in ROTAN
model for N. Important
because of N emissions
from past land use
stored in groundwater.

This had limited impact
on the optimal
mitigation, because
most dairy farms are in
a similar lag zone.

Not included for P.
Pathway from surface to
lake via deep
groundwater is not
considered to be
important for P.

Not considered to be
important in studies to
date.

Groundwater-
surface water
interactions

A groundwater model
was used for N.

ROTAN N model
includes groundwater
explicitly

Not considered to be
important in studies to
date.

Storm flows

Loading limits and
models include storm
flows.

Loading limits and
models include storm
flows.

Models are for total
loading. Limits exclude
high flows.

Seasonality of
nutrient loads

Page 12

Seasonality of nutrient
losses at source
considered to be
smoothed for in-river
effects by groundwater
time lags. Thus only
annual (not seasonal)
load limits set.

Considered to be
unimportant as target
concerns annual
loading into lake

Seasonality not
considered important.
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2.4 Incorporating Nutrient Reduction Targets into Economic Models

The previous section outlined some of the factioas &re involved in setting load limits and
linking source loads in the catchment to limitghie stream, and how this has been addressed
in previous studies. Clearly there are a multitafipotential factors, and some simplification

is required to make the problem tractable for Ingkiwith economic models. Several
assumptions had to be made for the economic méalalscount for the initial (baseline)
amount nutrients in each catchment as well ashhages in nutrient loads that may result
from a policy. A summary of the major assumptisbsted in Table 6, and additional details

are provided in the individual case studies.

Table 6 Key assumptions for Modelling Nutrients in NZFARid NManager
Catchment | Nutrient Time Lags Catchment Load Targets Estimating
Leaching from Source Load for Policy Nutrient
Estimates to Water Measurement | Scenarios Reductions
Hurunui- Total N and Assume lags Hurunui and Current Set % change
Waiau Total P from <7 years, SO Waiau River measured loads | in total N and
OVERSEER, accounted for Regional Plan | at SH1 and total P equal to
SPASMO and | in long-term loads based Mandamus % change in
other literature | economic on DRP and recorders load to meet
response of DIN limit at
model catchment
scale
Manawatu | Total N and Assume lags One Plan Catchment-wide | Set % change
Total P from <7 years, sO concentrations | cap is reduction | in total N and
OVERSEER, accounted for | for SIN and of 53% N and total P equal to
SPASMO and | in long-term DRP 49% P from % change in
other literature | economic baseline concentration
response of estimate to meet limit for
model Regional targets each zone
varies by Water
Management
Zone
Rotorua Total N from 8 zones Total N 435 tonnes total | Set load limit at
OVERSEER account for N total N
lags up to 200
years

2.5 Nutrient Reduction Policies

Nearly all the water quality policies investigatadhis report can be assessed with the two
agri-environmental economic models. We assessaboenic incentives to reduce nutrient
output at the least cost. Core policies includeé€fjuiring specific targets to meet regional
water quality standards, (2) imposing an environtae@ax on farming outputs (e.g. $/kgN
leached), or (3) mandating the use of specific jovanagement practices.

Most of the policies are analysed to use the mitrieduction targets currently being
proposed by the regional council that governs eatthment (see Section 2.3). For the
policies that look at a specific farm managemeattice, we assess how large the potential
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change in nutrient loads could be given the likedpption of a given practice if it were
promoted as a voluntary practice as well as themiatl costs and benefits if all landowners
adopted that practice under a regulatory scheme.

We discuss the general structure for each of thieips and why they are typically
considered in the case of water quality protectioimprovement below. A summary of the
key features, advantages, and disadvantages & plodisies is listed in Table 7.

Promote good management practices

One approach for regulating agriculture is to regail farms adopt a good management
practice(s). In this case, mitigation is typicaibrried out using the least cost combination of
on-farm mitigation methods, but not land use chaAg®ption of a GMP can be done
through regulatory (e.g. mandate fencing of strgamsoluntary or industry-backed
measures (e.g. Dairying and Clean Streams Acchlalagement practices that can
contribute to reductions in nutrients tracked inM&&M include:

- altering stocking rate

- changing N fertiliser application rates

« applying the nitrification inhibitor dicyandiamid®CD)

« constructing dairy feed pad

« wintering cows on the dairy farm or not

« some combinations of these
Practices that are tracked in NManager include:

- altering stocking rate

« changing N fertiliser application rates

- applying DCD to dairy farms

« wintering cows on the dairy farm or not

« using imported feed

- altering the mix of stock classes (sheep and beef)

« using very high fertility ewes (sheep)

« some combinations of these

Two other important management options — streamirigrand riparian planting — and are
not currently included in either of the economicdals. We also investigate the potential
costs and benefits of adopting these measurestlste currently viable and well-promoted
measures for reducing nutrients. The level thatesofithese GMPs would be voluntarily
adopted by landowners — a key assumption for estimavhether a nutrient reduction target
could be met — is discussed in Section 2.6. Adad#i@stimates for the costs and relative

effectiveness of various mitigation options frorheaatpublished studies focusing on nutrient
reductions in New Zealand catchments are listedeAdix G.
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Nutrient cap-and-trade policy

A cap-and-trade programme is often proposed faraied nutrients in a catchment because
they are typically more flexible and cost effectthan requiring that all landowners meet
individual targets or implement certain land mamaget practices (i.e. command and
control). This approach provides some degree of@mmental certainty for the regulatory
agency as it sets the nutrient cap or target that tve achieved; thereby ensuring landowners
adapt their land use or land management to meeatget. This option has been proposed for
nutrient trading programmes in New Zealand andiisently being implemented in the Lake
Taupo catchment (Environment Waikato 2009).

Nutrient cap-and-trade markets typically do notplandividual restrictions on dischargers.
Instead, nutrient trading markets limit (or capg thtal annual nutrient leaching permitted in
a catchment to a level that will achieve a spegi@avironmental goal. This cap is then
allocated between the relevant nutrient sources f@mers) in the catchment, often as
nutrient discharge permits or allowances. Sourceshen required to hold sufficient permits
to cover their total nutrient losses (or dischard@épse sources that do not hold enough
permits to cover their discharges must either redbeir discharges or buy additional permits
from other participants who have surplus permits.

Nutrient trading markets are attractive for a numideeasons. As the regulation targets the
cumulative total discharge rather than individuatHtarges in a catchment, sources have
flexibility around their discharge level: they cacrease, maintain, or decrease their
discharge, as long as they hold sufficient permitsover their N leaching. They also have
flexibility in how they mitigate their leaching leis, including land-use change. This
flexibility encourages profit maximizing landownegsmitigate as long as their cost of
mitigation is less than the market price of a pérthose with low mitigation costs will
mitigate and profit by selling permits to thosetwitigher mitigation costs. Theoretically, this
will equalize marginal mitigation costs around tachment and ensure that that mitigation
is carried out by those who can do so most cheaply.

A cap-and-trade programme involves costs aroundétteng of the regulation (command
and control policies would face the same costs)thed some additional cost around the
trading component of the programme. The costsdi@tiading component of the programme
will be any costs associated with the transferpagmits (e.g. to modify a consent, updating
nutrient budgets) and any initial start-up costg.(developing a marketplace). The costs
borne by both a command and control and a cap+aé-policy include the setting of the
limit and the allocation of the cap between sourédlecating permits can be a time-
consuming and politically contentious processhasailocation will result in a redistribution
of current or future landowner wealth. We modetaes of possible allocation options for
each case study and estimate the potential ctisé tandowners and the community in the
catchment that results from each of these opti®ame of the likely administration and
transaction costs associated with the policy ardéun discussed in Section 2.5.

“Grandparenting” allocation, catchment-wide cap-and-trade programme

Grandparenting is where each source is allocafetrait based on their existing (or
reference year) nutrient discharge and is a comationation option. Therefore, for this
scenario, each landowner is allocated nutrientdigge permits based on a reference year’'s
enterprise mix and nutrient loss. For the agricaltgector, this allocation option allows
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existing land uses to continue at the owners diserebut only within a farm’s total
discharge permit. If farmers wish to increase ttaid—use intensity, they must acquire
permits from other landowners in the regulated &weaeet the cumulative nutrient leaching
targets for the catchment. Some landowners mightifimore advantageous (i.e. profitable)
to reduce their nutrient losses and sell excesnifeto others. The nutrient policies
evaluated in this report vary by catchment, buhezase study assesses a catchment-wide
cap-and-trade programme where landowners are t&b@ermits based on their nutrient
leaching levels for a reference year.

“Grandparenting” allocation, region-restricted cap-and-trade programme

This policy is similar to the catchment-wide captdrade programme above, except that
permits can only be traded within a given regiag.(Eoothills) in the catchment instead of
anywhere within the greater catchment. Landownersabocated permits based on their
reference year leaching losses, but they can anhob sell permits within a smaller area or
region within the catchment. This policy is morstrietive than trading across the whole
catchment as there are fewer permits to trade@gianal market, which could result in
higher costs. It may also be more costly to adrenisecause the regulatory agency would
have to oversee several trading markets insteadetatchment-wide market. However,
there could be an advantage from a water qualitypeetive as it may reduce potential
‘hotspot’ issues where there are localised areésndr water quality resulting from trading
increased downstream discharges with lower upstiacharges. This allocation scheme is
evaluated for Hurunui-Waiau and Manawatu catchmdniisnot the Rotorua catchment.

Nutrient Discharge Permit Auction

Under this allocation scheme all farmers must pasehan allowance for every unit of
nutrient that they discharge above a benchmark teaeis considered unmanageable or
cannot be mitigated (e.g. 4 kgN/ha/yr, which isltheest rate of N discharging that can be
achieved on pastoral land in the Rotorua catchmAtfigwances end up in the hands of those
who value them the most through an auction wharades will theoretically bid up to their
marginal cost of mitigation for an allowance. Thl®cation scheme is evaluated for the
Rotorua catchment.

Cap-and-trade with other allocation options

This policy considers a cap-and-trade programmie ther allocation options that have been
considered in regional policy, including:

1) Hurunui-Waiau: Environment Canterbury’s equal alii@n approach allocates the
same number of nutrient discharge permits (e.geachmark’ rate of 10 kgN/ha/yr)
on an aerial basis to all eligible landowners given nutrient management zone
(NMZ) in the catchment (Lilburne & Webb 2012). Téygproach is loosely based on
valuing the natural capital of land, and acknowkithat there will be greater costs
for high-leaching farms to achieve their permittischarge level than lower leaching
landowners. This was aimed to provide an econonaeritive and the flexibility to
encourage landowners of good quality land to irszeheir level of intensification
and penalise owners of land that is prone to heglehing, thus reducing their land use
intensity.
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2) Manawatu: The natural capital approach in anotlkecbmark-type scheme that
allocates nutrient discharge permits based onlilgsigal characteristics of the land or
soil type. This typically reflects either the laagiroductive potential or vulnerability
to nutrient leaching, and is independent of exgstand use. The approach supports
the sustainable use of both land and water ressingéavouring land areas that have
good productive potential and/or low leaching rakéarizons Regional Council’s
most recent version of the One Plan proposes tousetilative nitrogen leaching rates
(kgN/ha) for dairy farms based on the productiyibtential of eight land use
capability classes (LUC). For example, the PlagcEes that all dairy farmers in
LUC 1ll are permitted to discharge up to 24 kgNymdfom their land. We go beyond
the One Plan Specification by requiring all landevaito meet these per hectare (ha)
leaching rate targetsd to meet the N and P reduction targets for thehcaént as a
whole.

3) Rotorua: The BOPRC best management practice albocist motivated by a BOPRC
cost-sharing proposal in their proposed regiorah f2012). The council proposes a
cost-sharing arrangement where farmers are redgersr shifting their farm to best
practice while the rest of the costs of achievimgenvironmental target will be
covered by local, regional, and central government.

Pricing nutrient discharges (tax)

The final policy we consider is a discharge taxiolhs intended to incentivise landowners

to decrease their nutrient leaching if the beradfleaching another unit of N or P is less than
the tax rate of discharging an additional unithef butrient. If the tax rate is set correctly, it
will result in the same level of mitigation acrdbs catchment as a cap-and-trade policy. The
key difference between the two financial mechanisntat with a tax, the price is
established ex ante and the quantity of nutrieshicgons are then determined by the
response of the landowners. In the case of a cdfirade programme, the nutrient cap or
target is set ex ante, and the nutrient reductwaghen priced based on the cost of
mitigation.

There are benefits and costs of implementing air@mwiental tax on nutrients relative to
other policies. A tax provides a certain pricelfordowners and is easy to understand. It
allows participants to plan ahead and invest wathfidence. The tax collected can be used
by the council to decrease other taxes (a so-caltadble dividend’), or can be invested in
research and innovation and education to furthdress the environmental problem.
Administering a discharge tax is often simpler thacap-and-trade programme, and therefore
less expensive to administer. In either case, heweggulatory agencies will still need to
collect data to estimate nutrient losses. This @ggr might therefore be more costly relative
to command and control type regulation or the priooncof voluntary adoption of GMPs
where the regulatory agency has to spend moseaféfort ensuring and enforcing the
uptake of measures.

One downside of using environmental taxes ovelpaaral-trade programme is the
uncertainty around whether it can sufficiently regluutrient losses. To determine the
reduction in nutrient losses resulting from a taguires a regulatory agency to know
dischargers’ mitigation cost curves, which is ptily an unreasonably high knowledge
requirement. Setting the tax rate too high or tv Will result in a different environmental
outcome to that intended. Another downside of usitgx approach is that it can financially
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burden some landowners that do not have the ablitmplement cost-effective management
options on their farm and thus face a potentialijjlprice of maintaining the status quo. A
cap-and-trade programme could allow the flexibildy landowners to directly purchase
discharge credits from nearby farmers who couldicedheir nutrients in a more effective. A
tax requires all landowners that continue to disghautrients to make a payment to the
government and then hope that they receive some dbtax relief in return. Thus, there
could be significant distributional differencesweén the two approaches.

For each case study, we estimate the price negdassachieve the same nutrient reduction
target investigated in the catchment-wide cap-aadetprogramme. This is supported by a
sensitivity analysis that sets the tax above amhalbthis ‘optimal’ rate. NZFARM

investigates the impact of a nutrient tax on niémd¢gaching and phosphorus loss ($/kg/ha) in
the Hurunui-Waiau and Manawatu catchment, while N&fger places a tax on nitrogen
exports for the Rotorua Lakes.
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Table7

Policy

Summary of water quality policies assessed

Evaluation of the impact of different policy options for managing to water quality limits

Principle

Key Features

Advantages

Disadvantages

Catchment
Modelled

Promote Good
Management
Practices

Farmers adopt
practices to
reduce
nutrients on
voluntary basis

Not a regulation-based
policy

Promaotion could be led by
government or industry

Voluntary nature provides
degree of flexibility for
landowners to choose to
participate

Industry-led promotion
could remove stigma that
promoted practices are
‘bad’ for landowners

Participants restricted by choice of
management practices

Practices alone may not meet water
quality objectives

Uncertain reduction of nutrient
discharges

Hurunui-Waiau
Manawatu
Rotorua

Regulate Land

Farmers adopt

Regulator develops list of

Relatively easy to

Regulator tasked with picking

Hurunui-Waiau

Management mandated acceptable practices that administer and monitor ‘winning’ practices Manawatu
Practices practices to landowners must adhere to | Rewards landowners who | Landowners restricted by choice of | Rotorua
reduce have already implemented | management practices
nutrients approved practices Practices alone might not be enough
to meet water quality objectives
Cap-and-trade Discharge Existing land use allowed to | Recognises investment in Favours existing intensive land use Hurunui-Waiau

Programme with | permit based | continue if discharge existing land use Penalises ‘early adopters’ that have | Manawatu
Grandparenting | on existing or | targets can be met Cost-effective if there is reduced their leaching levels before | Rotorua
g”ogat'ok” and h'StO”Cd|a”d Increases in leaching on active trading market policy was established
uybac Il:es;cﬁir:] farms in future must be Landowners have flexibility | Could be costly to set up and
intensitg offset by reductions on choice to meet reduction | administer
y elsewhere requirements

Cap-and-trade Allowances The same discharge permit | Benchmark level can be Transfers wealth from existing high Hurunui — Equal
with Benchmark allocated applies equally across all flexible and vary across leaching to low leaching land uses Allocation
Allocation based on a land uses regions within a catchment | costs could be significant for some Manawatu —

‘benchmark’ Minimal effort required to land users Natural Capital

Landcare Research

leaching rate

occur through redistribution of wealth
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Policy Principle Key Features Advantages Disadvantages Catchment
Modelled

Nutrient Permit are Discharge permits goes to Favours landowners that Costly for landowners that have to Rotorua
Discharge auctioned to highest bidders are capable of achieving purchase discharge permits

Revenue generated for the community

community from sale of Could see large social and economic

permits could be used to impacts for landowners if permit

offset other costs of prices are high

programme or to fund . :

" : Uncertain on cost of nutrient

additional water quality .

. o discharges

improvement initiatives

Certainty on reduction of

nutrient discharges
Nutrient Nutrient Unlimited level of Favours landowners that Actual reductions in leaching Hurunui-Waiau
Discharge Tax leaching is discharges allowed, are capable of achieving uncertain Manawatu

per kg basis willing to pay penalty Provides economic that are unable to make significant

Page 20

certainty to landowner as
he knows the price he will
pay for each kg leached

Revenue generated for
community from the tax
could be used to offset
other costs of programme
or fund additional water
quality improvement
initiatives

Certainty on costs of
nutrient discharges

changes in land use and land
management

Uncertain reduction of nutrient
discharges
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2.6 Administration and Transaction Costs

In addition to the costs of nutrient mitigation éacby polluters under a water quality policy,
costs associated with developing, implementing,adrdinistering policies to improve water
guality may be substantial. In New Zealand thescosimplementing and administering such
policies are expected to fall primarily on locavgonments and landowners, especially if
carried out under the auspice of the National pd@iatement for Freshwater (2011). Primary
costs for regional councils include transaction€associated with gathering information,
negotiating processes around regional plans andigmland administrative costs for
managing the programme on an on-going basis. Itrastnlandowners will likely face costs
for developing and submitting farm-level plans foitrient budgets. In addition, if the policy
instrument is a nutrient cap-and-trade programaredwners will face costs to search and
find other people with whom to buy and sell pernaitsl any administrative costs associated
with transacting a trade.

A policy administered by a regional council or gahgovernment requires public resources
and places demands on public-sector capabilities.ektent of the resource needs for
programme development, implementation, monitoramgl enforcement depend on the
design, coverage, and overall goals of the polcgotential example is the Lake Taupo
Protection Trust was established in 2007 to adit@nss public fund to reduce nutrients
leached to the lake by 20¥%This fund is being used to benchmark farms (@etermine

their leaching rate for the reference year), urad@tesearch projects for potential mitigation
options and also to permanently reduce nitrogeseshrough land purchases and retiring
the associated nutrient permits (called nitrogecithrge allowances). The cap-and-trade
programme is administered by Waikato Regional Chuwih the council responsible for
on-going water quality monitoring, resource conseatlifications and compliance.

The cost of trading for landowners includes searut information (such as revising nutrient
budgets) costs, contracting and trade approvascobe cost for trading for agricultural
sources can be higher than other sources. Thigsdlathe farm-level cost and complexity of
estimating farm nutrient leaching levels, the adgdtading nutrient discharge permits (which
is likely to be similar for all sources), and adutial costs that may be associated with the
challenges of observing the mitigation actionscammpliance monitoring and enforcement
(Shortle 2012).

Analyses of nutrient trading markets in the U.Szenibund that high transaction costs (often
the time taken for trades to occur) have contridbtieelow trading volumes (Shortle 2012).
However, as long as the specified environmental igdzeing met the lack of trades is of less
concern. Some reasons for low or no trade volumesrted in interviews with program
managers include lack of trading partners, lac&d#quate regulatory drivers (e.g. limits on
effluents are not sufficiently stringent to creatdemand for trades), uncertainty about
trading rules, legal and regulatory obstaclesaditrg, the existence of cheaper alternatives
for point sources to meet regulatory requirememas trading with agricultural and urban
non-point sources, and the programmes being toatodéave experienced trades (e.g.

1 hitp://www.laketaupoprotectiontrust.org.nz/pageGaké
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Morgan & Wolverton 2005). Many of these impedimerdsid be overcome through
improved programme design. Accordingly, better readesign could improve market
activity and hence economic outcomes. For exaniskgtz et al. (2005) find that trust and
communication barriers have contributed signifibatd low participation rates for farmers
in trading experiments in the agricultural sectod aonclude that engaging trusted third
parties (e.g. traditional agricultural resourcessmvation agencies) may reduce farmers’
reluctance to participate.

Transaction costs can be reduced if the policyesghed with that intent. For example,
McDonald and Kerr (2011) find that regulatory ageacan reduce time-of-trade transaction
costs if they establish cap-and-trade programmgsaesitablished baselines (or benchmarks)
for all participants (as opposed to voluntary biasehnd credit programmes where not all
sources are regulated and trading can occur bettheaegulated and unregulated sources)
and use of standardised ex-post monitoring of §gde opposed to ex ante approval of
individual trades). Trading efficiency can be ftimproved by encouraging liquidity in the
trading market, ensuring that participants havedgatormation, and providing market
participants with relative certainty about the fetof the programme by explicitly planning
for future programme changes.

A range of estimated implementation, administrgtaomd transaction costs for key
stakeholders are listed in Table 8. The costse¢dahdowners from reduced profit as a result
of changes in land management are not includeles® tcosts are directly tracked in the
economic models used for the specific case stuigections 3, 4 and 5. These costs are
summed to provide an estimate of the total cost@ifzen policy option.

Table8  Range of costs of administration and transactianed by key stakeholders for various water
quality policies
. Approximate Policies

Cost Category Cost Assumptions Cost Affected
Transaction Costs Based on Waikato Regional Council data on $1250/farm12 Cap-and-trade
for Landowner to Lake Taupo trading programme; includes
Trade Discharge cost to modify resource consent
Allowances
Farm Nutrient Cost for regional council to estimate status | $3500/farm Cap-and-trade
Budgeting quo nutrient leaching; about 40 hours per
Benchmark farm @ $85/hr (based on Greenhalgh 2011)
Individual Farm Plan [Hire consultant to develop plan to improve | $7000/farm Cap-and-trade,
Development nutrient management; about 80 hours per discharge tax

farm @ $85/hr (based on Greenhalgh 2011)
Regional Council Range of costs for revising regional plans $300,000- All regulatory
Administration and administering policy (MfE 2011) 700,000/year |policies
Central Government | Primarily to review regional policies for $50,000/year |All policies
Administration freshwater management (MfE 2011)

12 Based on range of consent modification costs Redmer, Waikato Regional Council, pers. comm., Apr

2012)
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2.7 Quantifying Costs and Benefits of Good Management Practices not Explicitly
Tracked in Economic Models

Nutrient losses from farms can be mitigated by elating contact of livestock with
waterways through fencing, or forcing runoff toflehrough riparian buffer zones or
constructed wetlands before entering waterwayssé peactices also require the construction
of bridges and/or culverts to keep the farm acbésso livestock, and often have high capital
costs. Regional councils and central governmeng kl@veloped schemes to ensure
mitigation compliance by farms and incentives vwiasdies and technical assistance (e.g.
Dairying and Clean streams Accord; Fresh StarEfesh Water Furld). A brief overview of
the costs and benefits associated with these ridigaptions are provided below.

Additional estimates for the costs and relativedif’eness of different mitigation options
based on other published New Zealand studiesstegllAppendix G.

The fencing of streams to keep livestock out ofwtlager has been a widely promoted option
for nutrient mitigation in New Zealand. Many regabicouncils have instituted programmes
to subsidise the cost of fence construction, wkex vary depending on the type of fence
needed and livestock it is keeping out. Monagh@092) estimates the capital cost of
building fences at $2—6 per m for dairy, $10-16médor sheep and $12—-20 for deer with an
annual maintenance cost of $0.25-0.70 per m foy dil.10-1.80 per m for sheep, and
$1.30-2.00 per m for deer. There is an estimatesl3% reduction of N in fenced
waterways (Monaghan 2009b). On a per farm basisefeare expected to cost between
$2200 and $17,400/farm with an average of $670@/fand a weighted average of
$5300/farm and an annual maintenance cost of $408®6400 with an average of $3400
per farm (Neild & Rhodes 2009). The estimated rédands 0-2 kg N/ha, with an average of
about 1 kg N/ha from fencing.

Taylor (2009) estimates the effective reductiomitfogen (kg N/ha/yr) from selected
mitigation options on select farms within the Maa#wcatchment. We use these data to
calculate the effective reduction in N per kiloneetif fence line (Table 9). The same study
also tracked the effectiveness of adding culvdasgawith the fences for some of the farms.
Estimates reveal that fencing streams on seletisfan the Manawatu can lead to a 1-8%
reduction in N leaching levels.

13 http://www. mfe.govt.nz/issues/water/freshwatertrssart-for-fresh-water/cleanup-fund. html
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Table9  Nitrogen leaching mitigation on select Manawaturfawith length of fences and number of

culverts needed to comply with the Proposed One #®P) and Dairy and Clean Stream Accord (DCSA)

Farm Length Total Effective Culverts |Current N Reduction in
of fence |Effective Reduction per km | Built for Whole N due to
(km) Reduction fence (no.) Farm fence/culvert

(kgN/halyr) | (kgN/halyr) (kgN/halyr) | (%)

Barrow 3.7 0.2 0.05 - 25 0.8

Stoney Creek [1.6 25 1.56 - 31 8.1

Jala 3.8 15 0.39 15 31 4.8

Windwood 2.2 2 0.91 7 25 8.0

Muskit 32 2 0.06 - 34 5.9

Waka 1.2 1 0.83 - 35 2.9

Planting riparian buffers and constructing wetlaagsalso viable options to mitigate N and
P leaching, as they filter nutrients containedaimf runoff. The cost of a riparian buffer and
its effectiveness depends greatly on the widthnafgants in the buffer as well as the
characteristics of the surrounding land (i.e. teoff coming off a slope or flat land, etc.). A
case study in the Bog Burn catchment, Southlandddhat a 4-m wide riparian buffer costs
$1/planted m of exotic species and $2.50/ plantexf native species with an opportunity
cost of lost productive land and fencing cost tolede livestock of about $8/m Monaghan
(2009Db). A literature review by Muscutt et al. (B9®n the effectiveness of buffer zones on
P transport found that total P can be reduced letwd and 93%, depending on the slope
and width of the buffer.

Finally, the construction of wetlands has also hegrlemented in some catchments in New
Zealand. In addition to reducing nutrient loadstlareds also have a number of co-benefits
such as enhancing biodiversity, flood control, angroving groundwater recharge. Neild
and Rhodes (2009) found the reduction in N leacliag approximately 0.9 kg N/ha for
constructed wetlands with a cost around $15,00(hdgban (2009a) estimates the capital
cost of building a wetland at $800 per ha, assurthiay1% of farm area is taken out of
production at an annual cost of $100 to $200/h&\wummary of the likely costs and
benefitd* of these mitigation options on a per-ha-per-yesidis listed in Table 10.

Table10 Estimated economic costs and nutrient reductiorefiis of select mitigation options

Mitigation Option Initial Cost Maintenance | Opportunity Nutrient Annualised
($/ha) Cost Cost Reduction Cost
($/ha) ($/ha) (kg/ha) ($/kg/ha)
Fencing Streams $300 $11.33 $8.00 1.0 kgN $40.18
Riparian Buffer $500 $8.00 $53.33 1.2 kgN $78.27
Wetland Construction $800 $0 $150.00 0.9 kgN $220.31

14 per hectare estimates are based on a 300 hatattnas 3 km of streams on its property. Annualisesis
are discounted at 5% across on a 20-year lifetiieecoption.
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2.8 Estimating Adoption of Good Management Practices

Voluntary approach

The extent to which GMPs are voluntary is the sttlpé considerable debate in the
literature. For the purpose of this report, we dergovoluntary approach as being any
measure of GMP that is taken in an unregulateddveonk. Accordingly, industry-promoted
practices such as those included in the Dairyirg@iean Streams Accord (MfE 2003) are
considered to be voluntary.

Voluntary agri-environmental policies have beenvaiméo have limited effectiveness in
inducing permanent change in farmers’ attitudestaetdviours, especially when farmers see
little benefit from implementing given practice@rfexample, Beswell et al. (2007) assessed
the adoption of voluntary stream fencing amongydfarmers in four New Zealand
catchments and found that farm-specific factorluerfce the decisions farmers make.
Specifically, they noted that adoption may be siowthe absence of proven on-farm benefits
and that the promotion of the GMP must be linketh&se benefits. This last result is
consistent with Bewsell and Kaine (2005), who fotimat a farmer’s decision to adopt
management practices depends on his or her payoegitihe benefits of those practices, and
that these perceptions are based on the systeavalication production possibilities for each
individual farmer rather than sustainability or gammental concerns.

‘Involvement’ may represent another impedimentdogion of agricultural innovations
(Bewsell & Kaine 2005; Kaine 2008; Bewsell & Bro®A11), where involvement is defined
as a motivational state that indicates the cogmigiffort required to pursue a given activity
(Kaine 2008). In this framework, adoption ratesatepcrucially on involvement levels. For
example, Bewsell and Brown (2011) surveyed 20 dainyers and found a low level of
interest in nutrient budgeting and planning. Udimg as a proxy for involvement, the authors
argue that farmers will comply with policy requirents without making significant changes
to the way in which they manage their farms untdlstime that their involvement in nutrient
budgets increases. In contrast, high levels ofdamer involvement in either an issue or a
policy may delay adoption of GMPs, including thaisat would unambiguously increase
profits.

The extent to which policies contribute to meetargdowners’ idiosyncratic goals — whether
economic, social, or environmental — may also &rilce adoption rates. For example, Pannell
et al. (2006) find that landowners will not adog¥iBs if they do not perceive that the
management options in question significantly cdmie to achieving their goals. Even when
policies enhance the achievability of goals, theyhfer find that adoption is based on
subjective perceptions and that these perceptiepsrdl on the process of learning, the
characteristics of the individual landholders, tiheader social environment, and the
characteristics of the management practice.

More broadly, Burton et al. (2008) argue that fasnendertake GMPs if and only if two
conditions are met: (1) The practice must be coibleatvith commercial interests and must
provide economic benefits to the landowner; andlt® practice must represent minimal
change to the current farming system. Even whesetbenditions are met, however,
voluntary adoption of GMPs is likely to be slow.darticular, Feder and Umali (1993) find
that adoption rates typically follow a sigmoidahe in which a small number of pioneers
are followed by a gradual increase in the numbedofpters, who are in turn followed by
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remaining laggards. Indeed, Smeaton et al. (20a1¢ demonstrated such a pattern in New
Zealand, even where GMPs for nutrient leachinggreénhouse gas emissions have very
modest impacts on profitability for most farms. ylague that the reasons for farmers
delaying adoption of GMPs include lack of manadeskdl, increased risk associated with
implementing new practices, and significant capitaestments necessary to implement the
policies.

Given such theoretical and empirical evidences rtat surprising that the Dairying and Clean
Streams Accord (MAF 2011) has found that ratesdopéon for industry-promoted practices
have varied across the different GMPs and regieosexample, a national-level assessment
on the four key targets in the Accord revealed timy 46% of dairy farms have a nutrient
management plan against a goal of 100% by 200theéAsame time, 99% of farms had
bridges or culverts at regular crossing pointsragaa goal of 90% by 2012, although there is
tremendous variation across New Zealdhd.

Using information from these studies, we estimigy rates of adoption for the GMPs
assessed in this report. The rates and key inprirt@assumptions are presented in Table 11.
These rates are then used to estimate the likdlyct®n in nutrients exported from diffuse
sources in the Hurunui-Waiau and Manawatu catchsreoitn the current estimates to
establish whether the proposed nutrient reductogets in each catchment could be met
strictly from the voluntary measures included irs study. As noted earlier, NManager does
not allow modelling the impact of individual GMRw the Rotorua case study. Instead, we
look at costs and benefits of restricting landowrtermanage their land based on two
different benchmark nutrient leaching rates.

1527% of Manawatu farms have complete stock exclufiom waterways via fencing but 81% are fully
compliant on dairy effluent; in contrast, 65% afrfes in Canterbury meet each of these measuresiditdg
data were not published for the other Accord target
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Table1l Assumed voluntary adoption rates for GMPs used4dRARM

Good Possible
Management Keys to Adoption Adoption
Practice Rate in 2022
Dairy
Dairying and Clean Streams Accord has goal of 90% by 2012; 100%
Stock Exclusion Mean percent of bank length with stock exclusion in 2011 was
via Fencing 78% nationally (MAF 2011). Fonterra will include stock exclusion
Streams from Accord-type waterways as a condition of supply at start of
2012/2013 season.
Reduced N Could see voluntary reductions as high as 40% reduction in N if | 75%
Fertiliser cost savings with minimal change in productivity are proven
On-going debate about the productivity benefits of DCDs in 50%
certain areas of New Zealand (Gillingham et al. 2012), but could
Aoplv DCD have voluntary increase in application if consistent productivity
PPl gains are observed; NZ Emissions Trading Scheme could
encourage rate of uptake because of nitrous oxide reduction
benefits.
L Possible if can secure cost-effective ways to achieve this, as 50%
Wintering Off : : :
land and feed constraints are sometimes a hindrance.
Typically produces nutrient reductions at minimal cost over the 75%
Feed Pad ; . .
long-run. Constraint could be the initial capital cost.
Riparian More costly than simply fencing, but can provide additional 50%
Planting nutrient reductions.
Sheep, Beef, and Deer
Stock Exclusion Feasible on plains and foothill pasture; more difficult to do so on | 60%
via Fencing large, steep farms in the hills. Recently encouraged by Beef and
Streams Lamb New Zealand.
On-going debate about the productivity benefits of DCDs in 50%
certain areas of New Zealand (Gillingham et al. 2012), but could
Aoply DCD have voluntary increase in application if consistent productivity
PPl gains are observed; NZ Emissions Trading Scheme could
encourage rate of uptake because of nitrous oxide reduction
benefits.
Reduced N Most hill farms already use minimal N. 25%
Fertiliser
N More costly than simply fencing, but can provide additional 50%
Riparian : . : : .
Planting nutrient reductions. Would likely need industry promotion or

Landcare Research

economic incentives for wide-spread adoption
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Regulatory approach

A regulatory approach to implementing GMPs woulskeesially mandate landowners to
comply with a list of acceptable activities or famd@orcement. This approach is more
appropriate for farmers who will not take actiorless forced to do so, either for economic or
political reasons. It will also typically encouragéaster and wider rate of adoption, but often
at a greater cost — both to the farmer and theggemomoting the adoption of GMPs.

Under a regulatory approach, rules must be relgtsteaightforward to enforce and
management practices must be easy to monitor. iZeetthe penalty must also be large
enough to incentivise change by the landownehdfdost of non-compliance is insignificant
compared with benefit of not complying, then landevs will typically risk being penalised
and pay the fine rather than cooperate (Blacké&dp0

For the purpose of this study, we assume that eqylated GMP would be adopted by 100%
of the landowners. The effectiveness of each GMRaasured by the estimated reduction in
nutrients versus the potential losses in net rezdouthe farmer. We also estimate any likely
administrative costs for developing and enforcimg GMP programme at the catchment-
level to assess the overall cost of the regulation.

2.9 Other Factors to Consider for Water Quality Policy

Other land-based mitigation strategies
Individualised property plan

Individualised property plans are often prepareddosn consultants or other land
management experts that can provide the landowitlerspecific feasible management
options for their farm. The options available te tarmer are likely similar to those GMPs
included in the case studies, or the additionailgaiion options listed in Appendix G. The
net benefits of hiring a consultant to perform gividual property plan would depend on
the relative cost of developing and implementing phtan plus the loss of profits from
implementing the mitigation options suggested leyakpert. In many cases, an individual
plan will discover other ‘quick fixes’ for the laodner that could result in benefits that were
not originally perceived.

Catchment plan

A catchment plan is a typically a voluntary measuhere landowners can take both
collective and individual actions to reduce nutrilxad. For example, farmers have the
ability to plant trees at the paddock level, buh#y require land and cooperation from
several farms to construct a wetland or bufferdaggough to effectively reduce nutrient
loads within the catchment. Alternatively, a recgtoidy of P runoff mitigation options for
Lake Rerewhakaaitu near Rotorua concluded thadlingila series of detention dams at
strategic locations in a sub catchment could cardad slow down a significant amount of
runoff, but landowners and council staff are stitirking through the process to get these
dams constructed (Parker et al 2012).
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The ability to delineate spatial zones within NZBARNd the catchment-wide configuration
of NManager allow us to simulate, to some extdmd,likely outcome of a catchment plan
because the models themselves estimate the ‘optiraglto reconfigure the landscape given
the nutrient reduction targets. However, the laickpatial detail within the models means
they are unable to assess the specific changeanagement that are occurring at the
individual farm-level. Additionally, the models ot account for mitigation options such as
the construction of wetlands or ‘optimal’ dairylef#nt management. We believe though that
the costs of taking this approach would be simdahe costs of some GMPs included or
trading policies investigated in the case studielslitional research will have to be
conducted to assess the administrative and traosasts of establishing and coordinating
a catchment plan.

Allocation approach with offsets

Another formulation of a nutrient cap-and-tradei@pis where only some of the sources are
capped (akin to the baseline and credit prograntisesissed earlier in this report). For
instance, only higher leaching enterprises are@@ppa catchment at a benchmark rate, and
these enterprises are required reduce their nutdsses to the benchmark level or pay other
landowners not covered under the policy (i.e. noluided in the cap) to reduce their nutrient
losses. Other activities that already have lowientieaching rates (e.g. forestry) are
basically capped at their current leaching rage randparented). Landowners who have
nutrient losses below the benchmark rate couldveceffset’ payments from the higher
leaching landowners who purchase these ‘volunidyctions’. This is somewhat similar to
the Horizons Regional Council natural capital apploand Environment Canterbury equal
allocation approach assessed in the case studidsede approaches all landowners in a zone
was allocated the same number of discharge peramtsthen required them to meet the
restricted limit through changes in land managemant use, or purchasing permits from
other landowners. The biggest difference with fkecation approach with offsets is that
some landowners in the catchment are not coverddruhe policy. In an efficient market

with many landowners willing and able to trade Hesge permits, the allocation approach
with offsets would likely result in a similar outoe as a cap-and-trade scheme involving all
landowners in the catchment.

Other farm-based mitigation technologies

The models used in this report do not accountlfgrasgsible changes in land management
that could be implemented to effectively reducelével of nutrients being transported from
diffuse sources to the local waterways (e.g. Mckergt al. 2007; Monaghan 2009a). For
example, McDowell and Nash (2012) developed a vewakthe cost-effectiveness and
suitability of mitigation strategies to prevent gpborus loss from dairy farms and found that
costs from on-farm mitigation strategies such asmtasing optimum soil test P
concentrations and improved irrigation managemamged from $0 to $200 per kg P
conserved. For this analysis, we use a select nuaflmeanagement practices available to
reduce nutrient loadings, but it is not an exhaedist. The models in our report also assume
constant technology and therefore do not accourgdtential improvements in efficiency or
uptake over time. As a result, the costs of thecigd assessed in this study could likely be
overstated. A list of estimates for the costs i@hative effectiveness of different mitigation
options from selected New Zealand studies are geavAppendix G.
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Accounting for point source pollutants

While this report has focussed on agriculturalnomn-point or diffuse source) mitigation
options to meet water quality goals, mitigatingrp@ource discharges may also be important
for some catchments. Typical point sources inckalgerage plants and urban storm water
drains, and including them in a trading programsékely to be economically and

politically valuable. In terms of economic effic@n it is could be beneficial to include point
sources in a trading programme as they are likehatve a different cost structure for
mitigating nutrient losses, providing more costenetieneity between potential participants
in a trading programme. Including point sourcea mmutrient trading programme theoretically
means that the marginal costs of mitigation areabsgd across all sources of pollution, not
just land use. To the extent possible, regulatagkpges should target both non-point and
point sources to make achieving the environmerdal gs efficient as possible as this will
allow the environmental goal to be achieved at kiwest. Including urban sources of
pollution would also be valuable for political reas as it promotes equity in how a water
quality goal is achieved.

Each case study makes unique assumptions abousalnaies are included in the water
guality policy/nutrient reduction targets. NZFARMts region-specific nutrient load limits
from land-based sources in the catchment base@émemage changes from the total N and
total P loads estimated in the baseline (i.e. egfeg year) case. It does not incorporate any
point source nutrients into the baseline or thécgalase. Thus, the amount of mitigation
necessary to meet a comprehensive nutrient tavgatdatchment (i.e. including all sources
of pollution) would have to follow the assumptidrat point sources must also reduce their
nutrient emissions by the same percentage as nohgources. Future analyses could focus
on the cost savings from integrating point sourge @on-point source pollutants into a
comprehensive policy for the Hurunui-Waiau and Meaia catchments if the relevant data
are available.

NManager also does not have the ability to estimatigation on non-agricultural land

either. Instead, changes in non-agricultural ngroggaching are incorporated by reducing the
‘unmanageable loads’ (see figures in Chapter 5¢. Simulations presented here (unless
explicitly stated otherwise) assume that non-agucal sources reduce nitrogen leaching by
50 t by 2022, as stated in the most recent BOPRiCypocuments (Bay of Plenty Regional
Council 2012).

Maori-specific issues

Maori have a distinctive role in catchments as tamgdtenua, but also fill many other,
potentially conflicting, roles: small and large fmal landowners, forest owners, and water
users. These various roles bring about a numbiesoés that Mori landowners will face
under any regulation to improve water quality. Heeebriefly discuss two pressing issues:
the implications of land use restrictions for lant@rs of underdeveloped land; and the
potential difficulty for small Mori landowners to take advantage for complex policy

Experience in the Rotorua catchment has suggeasaed/tori land is on average less
developed than non-adri land; that is, has lower production intensapd nutrient leaching
rates) than the land’s potential. Reasons foritiukside the unique ownership, decision
making, and funding challenges that stem from thegerative ownership restrictions on
Maori land as a result of the Te Ture Whenu@oNlAct 1993 (the Mori Land Act).
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Additional to these management restrictions, ind_Rlotorua some Bbri landowners
decided early on to limit the intensity of theinthdue to concern about falling lake water
quality. This lower level of development has sesiauplications for Mori landowners if
regulation restricts nutrient discharges to a patgortional to current discharges. Such a
restriction would take away the option to intensifithe future, a cost that would be borne
disproportionately by all underdeveloped farmeri$feences in intensification must also be
considered if a nutrient trading programme is tonyglemented, particularly when
considering any free allocation of permits; gramdpting permits would leave adri (and
other underdeveloped) land owners less wealthy dkaarers of similar but intensified land
(Kerr & Lock 2009).

A related issue is the difficulty experienced byasifrandowners or land under decentralised
management structures, such as muabrMand, when dealing with complex water quality
policy. A participant in the Motu Nutrient Tradirgjudy Group (NTSG) for Lake Rotorua
expressed concern about the ability of smabMlandowners to take advantage of a nutrient
trading scheme due to its complexity and the langimplications of a short-term decision to
sell nutrient discharge permits. To help protecalstandowners in a trading scheme, the
NTSG suggested that permits should be allocatedsmxesral time periods so that all future
permits are not sold by mistake early on, andrgilatory agencies could support small
landowners make good decisions about trading,quéatiy in the early years of a trading
programme (Kerr & McDonald 2011). This approach Ibasn followed in the Lake Taupo
trading programme, where the Lake Taupo Protedroist provides business advisors to
help participants make good trading decisions.

2.10 Key Caveats, Assumptions, and Limitations of this Analysis

There are several aspects of reducing nutrientsnapbving water quality not covered in
this report. While the economic models used forahalysis are relatively complex, the data
and computational limitations prevent us from mbdeglall farms, their individual
characteristics, and unique decisions. Ratherpmgelling approach looks across the
catchment using relative homogenous areas andsesgiegive farms whose objective is to
maximise profits. The estimates presented heraatrantended to be the final say on what
the most effective water quality improvement poktyuld be. Instead, the scenarios
presented are developed to highlight and comppaassible set of responses to various
nutrient reduction policies, given the set of aggtioms and land management options
included in the models. This is a key reason whydw@ot quantify all the costs and benefits
of each policy in monetary terms, and instead rtegherrelative changes in the catchment’s
nutrient discharges and revenue streams resutiomg éach policy scenario. A summary of
the key caveats, assumptions, and limitationshiigranalysis is as follows:

. We define a ‘cost-effective policy’ as a modelladigy that achieves the nutrient target
in the catchment at the least cost to the landasymggven the specified management
options.

. Our economic analyses depend on the datasets améies provided by biophysical
models like OVERSEER and SPASMO, and farm budgetingels such as
FARMAX. Estimates derived from other data sources provide different results for
the same catchment. Thus, the tools and analyssepted here should be used in
conjunction with other information during the desrsmaking process.
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Data and model limitations prevent this analysmrfrincluding all possible N and P
mitigation strategies that could be implemented given catchment. Some mitigation
options not explicitly included are some farm-lemetigation options (e.g. optimum
soil test P) and catchment-wide solutions (e.gesef constructed wetlands). Tracking
additional mitigation options could lower both tnerall cost of the policy and the
cost to individual landowners.

The economic models do not track or account fori@wit mitigation from point

sources. Incorporating the costs of mitigating peource nutrients may change the
relative cost-effectiveness of the policies. Theutwi-Waiau and Manawatu case
studies assume a constant nutrient attenuatiomcabss the entire catchment area and
that nutrients from diffuse sources will all redblk waterway of concern within 10
years. The Rotorua case study assumes that tleesearal groundwater lag zones
within the catchment, and that nutrients exportechfsome farms can take up to 200
years to reach the lake.

The economic models do not explicitly account fibadministrative and transaction
costs of the various policies. Doing so could aherestimates for the distributional
impacts to farmers, land-use change, and the dwarst of the different policies.

The models are static and assume that technolbgate, input costs, and output are
all constant for the duration of the policy. Howeuwbe aim of the models is to
compare policy options at a given point in time.

NZFARM tracks both N and P, while NManager onlyck® changes in N. We
acknowledge that there are other important facadsmetrics to consider beyond N
and P for assessing changes in water quality, ascdediment and faecal coliform.

With the exception of the voluntary GMP scenartbs, analysis assumes full
compliance for each nutrient reduction policy. Adtautcomes will differ if
individuals do not understand the policy or chooseto comply.

Each case study uses catchment-specific econonacldaphysical data, options for
land management, and policy assumptions. In achditiee Hurunui-Waiau and
Manawatu catchment studies use the same econondiel fot the Rotorua case study
uses a different model. Thus, the estimates froenaaise study are not directly
comparable with another, although limited comparsscan legitimately be made
between the Hurunui-Waiau and Manawatu cases betheg use the same economic
model.
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3 Case Study #1 Hurunui-Waiau Catchment, Canterbury

3.1 Introduction

The Hurunui-Waiau catchment in Canterbury is cosgatiof braided rivers, shallow stony
soils, hill country grazing, and lowland irrigatpdstures. The Hurunui and Waiau Rivers are
the two largest rivers in the catchment. Their knestdrs are located in the main divide of the
South Island and are largely free of human infleégihait as these rivers emerge onto the flat
land of the plains some of their flow is used fanking (domestic and stock) and for
irrigation. Salmon farms and small-scale hydroeie@ower generation also utilise water
from the catchment. Both rivers provide importaabitat for trout, salmon and whitebait
fisheries. The catchment also provides importabithafor braided riverbed nesting birds
and its headwaters provide habitat for threatepediss such as blue duck. A variety of
water-based recreation activities including kaygland jet boating also take place in the
Hurunui-Waiau catchments. These values can be degii&the flow in the river is
insufficient, there are changes in the naturaldesgy of floods, water quality deteriorates or
the river is modified by structures.

Two Ngai Tahu hapu, Ngati Kuri and MgTuahuriri, are situated within the Hurunui and
Waiau river catchments. Ngati Kuri's interest extefrom Parinui o Whiti (White Bluffs) in
the north to the Hurunui River in the south, eestnfthe Main Divide and out to sea. Mg
Tuahuriri’s interest extends from the Hurunui Riirethe north to the Hakatere/Ashburton
River in the south, east from the Main Divide andhe ocean and beyond. The mauri of the
Waiau and Hurunui rivers represents the essentéitids the physical and spiritual
elements of all things together, generating andlgahg all life. All elements of the natural
environment possess a life force, and all formii®fare related. Mauri is therefore a critical
element of the spiritual relationship of g ahu Wtanui with the rivers.

There are several issues of significance taiNighu regarding water in Canterbury. Some of
the key ones include the ownership of water, tseldirge of contaminants to water from
agricultural and industrial run-off, and the risklosses of traditional uses from those
discharges. Desired outcomes for iwi, as specifigtie Canterbury Natural Resources
Regional Plan (2009), include holding the rightremable water and recognition as the
kaitiaki of water, i.e. to exercise power in a manbeneficial to the resource of water.

The catchment is approximately 582,000 ha in sigkland use is consists of 43% natural
area, 42% sheep and beef, 5% forest plantatiordaifg, and 6% other land use (arable,
horticulture, deer, etc.). A map showing land usthe catchment as of 2010 is shown in
Figure 3. It is estimated that about 31,820 hdefdatchment are irrigated for dairy, sheep
and beef, and arable and horticultural crifif@roposals have been submitted to implement
the Waitohi scheme of Hurunui Water Project (HWRt will effectively increase irrigated
area in the Hurunui plains area from 22,000 to &3 }3a, increasing the total irrigated area of

16 Of the approximately 31,820 total ha of irrigatiorthe catchment, about 22,000 ha of irrigationiarthe
Hurunui plains area, while almost 10,000 ha aratkxdt in the Waiau plains.
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the catchment to over 72,000 ha (ECan 2012). Tioiggsed change will likely result in
changes in land use and land management and issukgect of the modelling section of
this case study.

Hurunui Waiau Catchment

Land Use B Native

- Deer - Other
Dryland Dairy M riss

- Dryland Sheep and Beef - Pine
Grapes B Tussock
Irrigated Dairy - Water

- Irrigated Sheep and Beef - Wheat
Scrub

0 5 10 20 30
e e e Kilometers

Figure3 2010 Land use in Hurunui and Waiau Catchments (E@as. comm.)

3.2 Water Management Issues

The Hurunui-Waiau catchment has experienced a lamease in dairy production in recent
years. Concurrently, water quality and availabititg decreasing. A number of irrigation
developments are also being explored (e.g. HWRMitlaintensify production further. In
response to water management issues the Cantedgioy has established zone committees
under the Canterbury Water Management Strategjulin2011, the Waiau-Hurunui Zone
Committee released its Zone Implementation PrograrfiP) (Environment Canterbury
2011b), which contained recommendations as to hatemwnanagement issues in the Waiau-
Hurunui Zone should be addressed. The Hurunui aai\River Regional Plan (HWRRP)
(Environment Canterbury 2011a) was developed asponse to the recommendations in the
ZIP that required a statutory response through &84 Resource Management Act.

The HWRRP has proposed targets for N and P limitshie Hurunui River that maintains
water quality at 2005—-2010 levels (hereafter “2@M&ls”). The Hurunui Waiau ZIP sets out
in some detail the non-statutory implementatiomast such as the development of good
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practice guidelines, which aim to lower the nuttieoncentrations in the main stem and
tributaries while at the same time providing headndor additional land to be developed and
intensified within the Hurunui and Waiau catchments

The most relevant water quality policy to consifierthis case study is the HWRRP
(Environment Canterbury 2011). The plan sets thd lonit in the catchment, in tonnes per
year, of dissolved inorganic nitrogen (DIN) andBiRP at the 2010 level. The annual DIN
load measured at the State Highway 1 (SH1) mongasite is allowed to increase 20%
above 2010 levels prior to 2017, but must returBd®0 levels or better thereafter. DIN at
SH1 as well as DIN and DRP at the Mandamus flowngsr site is to be maintained at
current levels for all years. According to wateabjty monitors, there was an average of 693
tonnes/yr of DIN and 10.2 tonnes/yr DRP recorde8itét between 2005 and 2010 (Table
12). These load limits would have minimal impaatscarrent farming activities, but could
limit landowners that wish to intensify their famgi system.

Table12 Hurunui-Waiau Catchment nutrient load limits (Emviment Canterbury 2011)

Monitoring site location Nutrient Load Limits
Dissolved Inorganic Dissolved Reactive
Nitrogen (tonnes/yr) Phosphorus (tonnes/yr)
Mandamus flow recorder 40 3.6
SH1 Flow recorder 693 10.2

Studies have determined that up to 100,000 haeofltirunui-Waiau catchment could be
irrigated if reliable water could be sourced arstrifiuted to these properti&sTo irrigate

this amount of land, water from both the Hurunud &aiau Rivers would need to be
utilised. It is also highly likely that water froome or both rivers, taken at times of high flow,
will need to be stored for use in times of low flollhe HWP is in the process of applying for
resource consent to develop a series of dams &adtiucture in the Waitohi catchment to
irrigate land in the Hurunui and nearby catchmessyell as generate hydropower. If fully
implemented, it is estimated that the Waitohi sohevill effectively increase the irrigated
area in Hurunui Plains from 22,000 to 63,500 hae iflpact on nutrient losses in the
catchment of additional irrigated land will depesrdthe policy mechanism implemented to
achieve the nutrient targets.

3.3 Data for Hurunui-Waiau Catchment

NZFARM accounts for all major land uses and entsegrin the Hurunui-Waiau catchment.
Key enterprises include dairy, sheep, beef, deebdr, maize, wheat, and fruit. There are a
total of 18 enterprises tracked in the model acossb-catchment zones (Figure 4). Not
every zone in the catchment will have all thesetiras (e.g. dairy or horticulture is not
present in the hills). The feasible practices fxleNZFARM region are determined by bio-

7 http://www. hurunuiwater.co.nz/
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geographical characteristics like slope, soil tygmess to water, etc., as well as the
enterprises shown in most recent land use maps.

Waiau Hurunui Catchment

[ Hurunui hills

Hurunui foothill

Hurunui plain

I waiau hills
[ waiau foothill

Waiau plain

Figure4 NZFARM regions for Hurunui-Waiau Catchment

Each enterprise requires a series of inputs to miagi production yields given input costs
and output prices. The cost of inputs coupled witter and input constraints can limit the
level of output from a given enterprise. Outputd prices for pastoral and arable enterprises
are primarily based on data provided by Lincolnvgnsity (Lincoln University 2010),
Ministry of Agriculture and Forestry (MAF) farm mivaring reports (MAF 2010a), and the
2010 Situation and outlook for New Zealand Agriatdtand Forestry (MAF 2010b). All
figures are listed in 2009 New Zealand dollars (NZBtocking rates for pastoral enterprises
were established to match regional figures includeie FARMAX model (Bryant et al.
2010). The physical levels of fertilizer appliedr&eonstructed from a survey of farmers in
each catchment. Forestry yields were obtained #asthbaum and Watt (2011) with timber
and pulp prices obtained from MAF (2010b).

Enterprises also face fixed and variable costsingnigom stock replacement costs to
deprecation. These costs were obtained from famsudtants (Stuart Ford, The AgriBusiness
Group, pers. comm.), the MAF farm monitoring regMAF 2010a), and Lincoln University
(2010). Costs for each enterprise varied acrossataament. Altering input costs or output
prices as well as the list of enterprises availédye given region changes the distribution of
enterprises (and their area) but total land areeires unchanged across all model scenarios.
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N and P leaching rates for all pastoral enterpiiséfurunui-Waiau were estimated using
OVERSEER (2010) to match the soil and productiedpnditions in the catchment, while N
and P leaching rates for grains and horticultureevestimated using SPASMO (Clothier et
al. 2008). Estimates (in kg N leached and kg P pesshectare) were derived from
parameterising the two biophysical models usingidant soil types in the catchment and
typical farm characteristics for the different m@gs in the catchment. The estimates for N
leaching from pine plantations and native vegetafow both catchments were taken as an
average from the literature (e.g. Parfitt et aBA;Menneer et al. 2004), and range from 1 to
4 kgN/ha. We assumed no P loss from forest plamtstor native forest land.

GHG emissions for most enterprises were deriveagusie same methodology as the New
Zealand GHG Inventory (NZI), which follows the IPG@ood Practice Guidance (2000).
Pastoral emissions were calculated using the samssiens factors as the NZI, but applied

to per hectare stocking rates specific to the cagtt. Forest carbon sequestration rates were
derived from regional lookup tables (Paul et aD&0 All emission outputs are listed in
tonnes per carbon dioxide equivalent €D To be consistent with the NZI (MfE 2011), all
emissions were converted to gQusing the 100 year global warming potentialslofd
methane (Cl) and 310 for nitrous oxide ¢9).

3.4 Water Quality Policy Scenario Analysis

This study models the impacts of several waterityuablicy scenarios ranging from placing
caps on N leaching and P losses to imposing GMRxisting farms. Most water quality
policies assessed using NZFARM include ways tocedwtrient losses by (1) requiring
specific targets to meet regional water qualitydgads, (2) imposing an environmental tax
on farming outputs (e.g. $/kgN/ha leached), omf@ndating the use of specific management
practices. Where data and methods were not avaitabhodel the policy explicitly, we rely
on alternative literature sources to provide a afigualitative estimates and quantitative
discussion. The explicit policies investigatedtfoe Hurunui-Waiau catchment include:

1. The development of the Waitohi Irrigation Scheme

2. Implementation of good management practices

w

Cap-and-trade programme with varying allocation
4. Direct tax on nutrient discharges

As outlined above, NZFARM estimates on-farm nutisen the form of total N leached
(kgN/ha) and total P loss (kgP/ha) using biophysiwadels such as OVERSEER and
SPASMO. On-farm nutrient leaching cannot be disettinslated to water quality impacts
without the use of hydrological models that caridigiish between exports (nutrients
discharged from the land) and loads (nutrientshiegcthe water body). We assume a lag
time of 7 years or less for the catchment, whidlo @brrelates to the length of time that
NZFARM is parameterised for when simulating long-farmer response to policy changes.
Additionally, because many of the estimates preskate from NZFARM, the modelling
outputs should be interpreted as relative chargfegirthan absolute values. This approach
also allows us to use total N and total P as aypfoxmeasuring changes in water quality
because the percentage change at the point ofadggehould be in line with the relative
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change in the waterways over the long run, giveregsumption of small lag times and
constant attenuation rates.

The effectiveness of the each policy is assessembimyparing nutrient losses between current
levels (i.e. the baseline) and each scenario anddht of achieving a policy. The cost
component primarily consists of reductions in farafit estimated using NZFARM. To the
extent possible, we include likely costs of estbiig and administering each policy into the
analysis and display changes in nutrient dischafges profits, and land use across the
different catchment zones modelled in NZFARM.

The baseline calibration and policy scenarios agsioms for the NZFARM modelling are
listed in Table 13.

Table1l3 NZFARM baseline and policy scenario assumptionguHui-Waiau Catchment

Key Baseline |Proposed |Key Policy Catchment NZFARM Nutrient Economic
Assumptions |Policy Assumptions [Nutrient Nutrient Time Lag Response
Measurement |Reduction from Source |Time Lag
Measurement [to Waterway
2010 HWRRP - |Commodity |HWRRP load |Set cap of <7 years <10 years
commodity Maintains N |Prices same  |limits of DIN |total N and
prices held and P loads |@s baseline. jand DRP total P to
constant at2010  |If regulated, equal load
levels landowners limits
Land use and are 100%
intensity held  \waitohi compliant.
constant Irrigation  Nutrients in
Scheme — |the catchm'en_t
No water Increases |are at the limit
. - total and cannot
quality policies |*! .
imposed |mgap|e INncrease
area in
catchment
by about
130%

Baseline scenario — no water quality policy

The baseline scenario assumes that there is no guadbty improvement policy in place.

The Hurunui-Waiau catchment comprises nearly 5&2t@) of which about 31,820 ha are
irrigated. Almost all of the catchment’s irrigatioocurs in the plains region, as this area has
the highest productivity and revenue potentialal'aet catchment income from land-based
operations in the baseline case is estimated & $24ion NZD. Total N leached is about
2,930 tonnes/yr while P loss is about 45 tonnes/yidas equates to an average of 5.0
kgN/ha and 0.07 kgP/ha across all land in the caéeit. A summary of the key baseline
economic and environmental outputs is listed inl@aH. It is these figures that the policy
scenarios are compared to.
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Table14 Key outputs for Hurunui-Waiau Catchment: No policy

Net Revenue N Leaching P Loss Total GHGs* Net GHGs* Irrigated Area
(million $) (tonnes) (tonnes) (tonnes) (tonnes) (hectares)
$240.0 2,930 45 1,572,300 956,970 31,820

* Total GHGs are greenhouse gas emissions fronaon-fctivities. Net GHG emissions include the @hnu
increment in carbon sequestration from forestssandb.

The enterprise areas in Hurunui-Waiau catchmenstawe/n in Figure 5. Dryland sheep and
beef farming dominate the region, especially infitis and foothills. A majority of the dairy
production currently takes place in the plainsaagas it is heavily reliant on access to
water. With the exception of some forest plantaionthe foothills, nearly all the non-sheep
and beef production in the catchment occurs impthims regions, which have access to
irrigation and overall better growing conditions.

Regional Area
200.0
M Fallow
504 Natural/DOC
160.0 Scrub
140.0 M Forestry
, 1200 M Irrigated Arable
e
£
] 100.0 Dryland Deer and Pigs
-
c
3 Irrigated D
3 ™ Irriga eer
S 800
s I
Dryland Sheep and Beef
]
60.0
M Irrigated Sheep and Beef
40.0
Dryland Dairy
20.0 —
- M Irrigated Dairy
0'0 I
Hurunui Hills  Hurunui Hurunui Waiau Hills Waiau Plains Waiau
Plains Foothills Foothills

Figure5 Regional enterprise area (‘000 ha), Hurunui-W#&atchment: No policy

The variation in N leaching and P loss rates og pés ha basis is shown in box plots in
Figure 6 and Figure 7, respectively. The box péotslose 50% of the data. The top and
bottom of the box mark the limits of + 25% of theriable population. The lines extending
from the top and bottom of each box mark the mimmand maximum values within the data
set that fall within an acceptable range. Any valugside of this range, called an outlier, is
displayed as an individual point.

These figures illustrate how nutrient leaching satean vary widely for the same enterprise
because of differences in location, stocking redd,type, irrigation scheme, fertiliser
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application, and management practices. The sprebldeaching rates for dairy indicates that
it has the greatest mitigation potential on a matéwre basis, while sheep and beef has the
greatest P mitigation potential. Additional datdlioing the net revenue produced per kg
nutrient leached is presented in Appendix F.

Kg N leached - Hurunui & Waiau Catchment
70 -

¢ Min Outlier ~ * Max Outlier
60 -

50 A

40 A

KgN/ha

30 A

20 A

R = I

Figure6 Range of N leaching rates (kgN/ha) for key enisgsrin Hurunui-Waiau catchment (SNB refers to
sheep and beef; grains refer to arable)
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Kg P Loss - Hurunui & Waiau Catchment
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Figure7 Range of P loss rates (kgP/ha) for key enterpitselirunui-Waiau catchment (SNB refers to
sheep and beef; grains refer to arable)

Waitohi irrigation scenario — no water quality policy

We model the economic and nutrient discharge ingpafcthe Waitohi Irrigation Scheme in
the absence of any nutrient limits. Key outputetisn Table 15 indicate that the 186%
increase in irrigated land results in a 10% inaedaset catchment revenue and a 27%
increase for landowners in the Hurunui Plains. F@gtishows how the enterprise mix would
change in the catchment. Most of the change isdhgersion of dryland to irrigated sheep
and beef, with additional dairy and arable landhgeidded primarily through deforestation.
Changes in land use intensity also increase N legdly 24% and 58% for the total
catchment and Hurunui Plains, respectively. P bas® increase by 4% for the catchment
and 59% for the Hurunui Plains. These estimateisaitel that an irrigation scheme without
any mechanism to constrain nutrient loads will tiegéy impact water quality.
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Table15 Key outputs for Hurunui-Waiau Catchment and Huruplaiins: Waitohi Irrigation Scenario

_ Total Net Irrigated
N Leachin P Loss
N(er:]ilﬁ;\;e;)ue g GHGs GHGs Area
(tonnes) (tonnes) | tonnes) (tonnes) | (hectares)

Total Catchment

Estimate $264.3 3,620 46.8 2,053,800 | 1,644,800 73,170
Change From 10% 24% 4% 31% 72% 130%
Baseline
Hurunui Plains

Estimate $114.8 1,870 4.5 1,154,800 | 1,154,800 63,530
Change From 27% 58% 50% 142% 148% 186%
Baseline

W Irrigated Dairy

M Dryland Dairy

M Irrigated Sheep and Beef

H Dryland Sheep and Beef

m Irrigated Deer

m Dryland Deer and Pigs

m Irrigated Arable

u Forestry

Scrub
» Natural/DOC
Fallow
-50 -40 -30 -20 -10 0 10 20 30 40 50
thousand hectares

Figure8 Change in aggregate enterprise area (‘000 ha) ffissline: Waitohi Irrigation Scheme

Given that an increase in irrigated land will méaat nutrient targets will not be met will
have a number of implications, including:

i) Increases in the frequency and duration of nuisaec@hyton blooms in both the
main stem of Hurunui River and its tributaries;

i) Increases in the frequency and duration of breashetrate toxicity criteria (i.e.
Hickey & Martin (2009) criteria used in HWRRP demeinent), particularly in the
Hurunui tributaries, some of which already regyldmleach these criteria. The
Hurunui main stem (e.g. at State Highway 1) wouldipcloser, but may stay below,
toxicity criteria;

i) Reduced mauri, aquatic ecosystem health and biyealue as a result of (i) and
(ii) above;

iv) Reduced amenity and recreation (swimming, anghad)e as a result of (i) above.
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Therefore, if the Waitohi Irrigation Scheme werglamented, a policy would need to be
implemented to maintain water quality levels at@Gvels.

Policy #1. Uptake of Good Management Practices (GMPs) without Waitohi Irrigation
Scheme

For this policy, we quantify the net costs and @ffeeness of existing pastoral enterprises
adopting different GMPs. This could be achieveatigh voluntary or regulatory
approaches. This assessment uses data collaté fNZFARM model plus additional
information on stock exclusion from waterways (fieg¢ and riparian planting, which are the
two GMPs not represented in NZFARM (see Sectioi 2.6

For this analysis, we assume that land use renaaipaseline (2010) land use but
management practices can change. For all land vehenrigigation practice is not but could be
applied, we compare nutrient losses and profith aitd without the GMP. These results are
then aggregated to sector level to obtain the tatedhment estimate. The estimates for dairy
and other pastoral farms for each GMP at the catalhtevel are shown in Table 16, while
estimates for each region are listed in AppendiXHe analysis assumes 100% adoption of
each GMP, allowing us to estimate the technicadipiodl for each management practice.
These figures can be adjusted downward for volyrapproaches where 100% adoption is
unlikely. The assumed adoption rates are outlinethible 11. There is a large variation in
nutrient reductions, costs, and profits resultirmgT the implementation of different GMPs.

For the dairy sector, reducing fertiliser use redul losses 8—18% and profits 4—10%.
Applying DCDs could increase profits 8% becausengiroved pasture growth and reduce N
losses by 21%. Feedpads reduce N losses by 15%kotit a 1% increase in profits.
Wintering off reduces N losses by 38% with a 23%reéase in profits. Combining wintering
off with either DCDs or a feedpad for dairy farmegey some additional mitigation and in
most cases, reduces the total costs because ofcfahreeproductivity benefits. Of the GMPs
considered, only reducing stocking rate, constngcteedpads, fencing streams, or doing
riparian planting reduce P losses.

For other pastoral enterprises, only a small foactf sheep, beef, and deer pasture is
intensively fertilised. The area where fertilispphcations could be reduced is in the

Hurunui and Waiau Plains, resulting in a 7-16% oida in N leaching and a corresponding
reduction in profits of 5-9%. DCDs could be applied they do not produce the same
returns for sheep and beef as for the dairy seetmrsheep and beef N leaching was reduced
by 20% with profits also decreasing by 17%. Fensiingams or riparian planting are the

only two GMPs considered that can impact both NRneeducing profits by 8—18%.

Landcare Research Page 43



Evaluation of the impact of different policy options for managing to water quality limits

Table16 Estimated nutrient reductions of GMPs for pasterderprises in Hurunui-Waiau Catchment

GMP Voluntary | Area | Decrease |Decrease | Change | Change |Average |Average | Total Profit

Adoption | ("'000 inN in P inN (%) |inP (%) | cost cost Cost Chg

Rate ha) | leaching losses ($/kgN) | ($/kgP) | ($'000 (%)
(t) (kg)
Dairy
DCD 50% 13 -130 0 -21% 0% -23 - -3050 | 8%
Feedpad 75% 13 -95 -205 -15% | -15% -5 -2132 | -438 1%
DCD + Winter 50% 13 -329 0 -52% 0% 12 - 3879 | -9%
off
Feedpad + 50% 13 -298 -205 -47% | -15% 31 45202 | 9280 | -23%
Winter off
Fertiliser to 75% 18 -63 0 -8% 0% 35 - 2198 | -4%
80%
Fertiliser to 75% 19 -121 0 -16% 0% 35 - 4276 | -8%
60%
Fertiliser to 0% 19 -145 0 -18% 0% 37 - 5313 | -10%
50%
Wintering off 50% 13 -240 0 -38% 0% 38 - 9088 | -23%
Max Stocking 0% 4 -125 -430 -53% | -50% 42 12302 | 5290 | -36%
Rate of 3
cows/ha
Exclude Stock 100% 1 -1 -21 0% -1% 44 2591 53 -1%
via Fencing
Riparian 50% 9 -12 -516 -1% -23% 83 1967 1015 | -3%
Planting
Sheep, Beef, Deer, and Pigs

Fertiiser to 25% | 3 | -4 0 | 7% | 0% | 39 - | 160 | 5%
80%
Fertiiser to 25% | 3 | -9 0 | -16% 0% | 31 - o1 | 8%
60%
Fertliser to 25% | 3 | -9 0 | -16% | 0% | 35 - | a5 | -0
50%
Exclude Stock | 6oop | 152 | -152 | -3846 | -12% @ -9% | 44 | 1720 6615 | -8%
via Fencing
Ripanan 50% | 127 | -152 | -9616 | -12% | -23% | 83 | 1306 | 12555 | -18%
Planting
DCD 50% 251 -140 0 -20% 0% 85 - 11864 | -17%

By combining feasible GMPs for all pastoral farmghe catchment we estimate the
reduction in nutrient losses from voluntary andutagpry approaches (Table 17). This
assessment maximises reductions of N leaching dossEs but does not necessarily
minimise costs to the landowner. The latter issusdidressed in detail in the analysis of the
various cap-and-trade policies below.
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The impact of GMPs is determined using a weightextage of adoption by GMP, as
described in Section 2.6. The nutrient reductiss®eaiated with the most effective GMPs
(i.e. DCDs and riparian planting) on approximated@o of the eligible land area reduces N
leaching by 6% and P losses by 11%. Profit folainelowners who have implemented these
practices is expected to decline by about 11%.

If all landowners in the catchment were regulated @equired to apply DCDs and undertake
riparian planting, and all dairy farmers had to t@mtheir cows off the farm, then N leaching
would be reduced by about 18% and P losses woulihdeby about 23% (Table 15). This
would reduce net catchment revenue by 14%. It wonfztbse costs on the regulatory agency
to monitor and enforce the compulsory adoptiorheke practices.

Table1l7 Estimated nutrient reductions of most effectivlumtary and regulatory GMPs (by level of
reduction) in Hurunui-Waiau Catchment

Measure Adopt |Area |N Chg |P Chg [N Chg |P Chg |Avg Avg Total |Profit
Rate (k ha) |(b) ) (%) (%) Cost Cost Cost |[Chg
($/kgN) | ($/kgP) | ($ mil) | (%)
DCD +
Riparian 50% 132 -220 |5 -6% -11% |52 1720 11.2 -11%
Planting
DCD +
Riparian 100% (264 |-630 |-10 |-18% |-23% |46 1306 293  |-14%
Planting+
Wintering Off

Following the loading limits specified in the HWRR® and P have to be maintained at
current levels to meet water quality standarde@region. Based on the NZFARM baseline
estimates of total N and total P from land-based s we estimate that total nutrient loads
are approximately 2,930 tN/yr and 45.2 tP/yr. lasiag irrigation to levels estimated under
the Waitohi scheme could mean nutrients increagg9bytN/yr and 1.6 tP/yr in the Hurunui
catchment.

If 50% of farmers voluntarily adopt the GMPs thadguce the largest nutrient reductions
(i.e. applying DCDs and undertaking riparian plagton pasture) then N leaching could be
reduced by about 220 tN/yr from baseline estimatesP losses could be reduced by about
5 tP/yr. This would provide some leeway for lané ugensity to occur in the catchment, but
not at the levels expected with the Waitohi IrrigatScheme as N targets would not be met.
Landowners that implement these practices coulg s reductions of about 11%,
although this would vary by farm location and eptese.

If Environment Canterbury required through regalatall farms in the Hurunui-Waiau
catchment had to apply DCDs, plant riparian stallgsig their streams and, if applicable,
winter dairy cows off farm, it could reduce N leaunby 630 tN/yr and P loss by 10 tP/yr
(Table 15). Requiring the adoption of these GMRdatoeduce N losses to levels close to
those required to meet the nutrient limits outlimethe HWRRP, even if the Waitohi
Irrigation Scheme is implemented. Our estimate ¢éd¢hing is about 10% above the 2010
nutrient target suggesting that additional chamgésnd management is likely needed, or that
some land use change is necessary to meet thentdinits. As we do not track all possible
GMPs that could be utilised in the catchment (optigffluent management, improved
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irrigation, etc.), it is possible that these aduhal nutrient reductions could be achieved using
a larger list of acceptable GMPs.

Policy #2. Implement nutrient cap-and trade programme with Waitohi Irrigation Scheme

A cap-and-trade programme is often considered a®bthe mechanisms to meet nutrient
targets as it provides flexibility to landownertoaling them to cost-effectively meet their
targets rather than requiring all landowners totnmeividual targets on their own land (i.e.,
command and control). This option has been invatdyfor a number of nutrient reduction
targets in New Zealand and is currently being immaeted in the Lake Taupo catchment
(Environment Waikato 2009). We assess three differap-and-trade programmes within the
Hurunui-Waiau catchment with different allocatiamdarading options.

Farmers are allowed to increase their land usasitiebeyond what they hold discharge
permits for but they must acquire permits from otaadowners in their specified trading
area to cover any additional nutrient discharges €hsures the cumulative nutrient leaching
targets for the catchment are met. Some landownigist find it more advantageous (i.e.
profitable) to reduce their nutrient leaching irgigynand sell excess permits to others, while
others will find it profitable to purchase allowascto increase their land use intensity.

The initial allocation of permits for each cap-anade programme scenario is outlined in
Table 18. The key differences between the scenarsfow the initial permits are allocated
and allocated and the region where the trades caur.cEach scenario ensures that the 2010
nutrient reduction target is achieved at the catafitrfevel, but the cost of doing so can vary
across different landowners, the community, ancemeadys. Because the policy applies the
polluter pays principle, it does not necessarilgt@ct past capital investment and could cause
social disruption and changes in land values. Tgact on the individual landowners
depends on how permits are allocated and who faroger trade with.

All scenarios are modelled using NZFARM. While adfial nutrient reductions could be
achieved from implementing practices not include8lZFARM it is likely that these
practices would have to be implemented at costale@quor greater than the practices
modelled here. For example, while riparian plantsgn effective way to reduce N leaching
and P losses in the catchment, the high unit dodbiag so could make it cost-prohibitive for
a cap-and-trade programme that allows landownedstiermine their own methods of
reducing nutrients on their land. Additionally, MEFARM is based on the nutrient
reductions for representative farms within the leatent it is likely that some farmers could
implement a specific GMP more cost-effectively thia@ representative farm.
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Table18 Initial allocation of nutrient discharge permitsrfhes/yr) and eligibility for trading across region
for cap-and-trade programmes: Hurunui-Waiau Catetime

Cap-and-trade Hurunui Hurunui Hurunui Waiau Hills Waiau Waiau
Scenario Hills Plains Foothills Plains Foothills
Number of 17 250 135 23 187 111
Farms
Baseline Total N 275 1182 239 404 615 212
Baseline Total P 14.4 2.8 5.9 14.4 0.6 7.1

< S
g?;gr;:gm:]dge N Trading permitted acrossall regionsin catchment i’
Initial _[TotalN| 275 1182 239 404 615 212
Permits |totalp| 144 2.8 5.9 14.4 0.6 7.1
Zone-Restricted [\ [\ [®) [®) (D) (D)
Trading Trading only allowed within same zone
Initial Total N 275 1182 239 404 615 212
Permits  lrotaip|  14.4 2.8 5.9 14.4 0.6 7.1
Equal Allocation < >
Approach Trading only in two specified regions
Initial Total N 275 1203 221 404 452 208
Permits Irota p|  14.4 3.7 5.0 14.4 0.6 7.1

Policy #2a. Grandparenting allocation with catchment-wide cap-and-trade programme

For this scenario, each landowner is allocated efmased on the nutrient losses associated
with their baseline (2010) enterprise mix. Thi®edition option is often referred to as
grandparenting, and allows existing land uses ticoe at the owners discretion, but only
within the property’s existing discharge permitcBese the cap on nutrient loads is fixed at
2010 levels, landowners are only constrained iy therease the nutrient intensity of their
enterprise mix. This is likely to occur if the Wit Irrigation Scheme was implemented.

We estimate the economic and environmental impacthe catchment if the irrigation
scheme is implemented, but landowners are reqtoreteet the nutrient load targets outlined
in the HWRRP. That is, all landowners are allocgtednits equal to their 2010 leaching
levels and can buy or sell these permits at thehoaént level. A sensitivity analysis where
nutrient loads are capped between 10 and 80% Hedgeline levels is presented in
Appendix B to highlight the possible non-linearpesse of land use, land management, and
farm profitability under a more constrained nuttipalicy scenario.

Key outputs for this policy and its comparisontie baseline are listed in Table 19. Changes
in enterprise area across the six regions of theitlu-Waiau catchment are shown in Figure
9. Estimates indicate that it is possible to additamhal irrigation in the Hurunui Catchment
and still meet the catchment’s nutrient targetsweleer, the increase in catchment net
revenue are reduced from +10% to +6% (i.e. the &Maltrigation Scheme with and without
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a catchment nutrient limit), while revenue gainshie Hurunui Plains is reduced from +27%
to +18%. Allowing trading across the catchment emages landowners in the Hurunui

Plains to increase their land use intensity by pastg permits from other regions, mostly
from the Waiau Plains, thereby maintaining reldsivegh gains in profit. This makes sense
given that many GMPs can be undertaken in plainslatively low cost (Appendix B). More
detail on the optimal distributidfiof nutrient permits for this and other cap-and-¢radlicy
scenarios is shown in Appendix C.

Table19 Key outputs for Hurunui-Waiau Catchment and Huruplains: Grandparenting allocation with
catchment-wide cap-and-trade and Waitohi irrigasoheme

Net Revenue N P Loss Total Net Irrigated
(million $) Leaching (tonnes) GHGs GHGs Area
(tonnes) (tonnes) | (tonnes) | (hectares)
Total Catchment
Estimate $255.0 2,930 45.1 1,707,000 | 987,900 69,840
Change from 6% 0% 0% 9% 3% 119%
Baseline
Hurunui Plains

Estimate $107.2 1,371 4.1 787,500 787,500 60,190
Change from 18% 16% 44% 65% 69% 171%
Baseline

18 This is similar to the equilibrium distribution pérmits after trading takes place. Likewise, ifrpiés were
allocated in this manner initially, no trades wohklmade as the market would already be in eqjuififor
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Figure9 Change in aggregate enterprise area (‘000 ha) ffissline: Grandparenting allocation with
catchment-wide cap-and-trade and Waitohi irrigaoneme

A grandparenting allocation with trading acrossehgére catchment is likely to be one of the
more economically efficient policy options for tbetchment as a whole, but it does impact
on the landowners, community, and waterways. Fampte, landowners in regions that sell
their permits would only choose to reduce theirieat loads beyond the required target if
there is a net gain in income from doing so. Theeefthe more permits a landowner is
allocated, the more opportunity they have to eitheet their nutrient reduction target or go
beyond the target and sell these reductions ta tahdowners.

The distribution of the regional costs and benefitthe policy, including administrative and
transaction costs, changes in profits for farmessfproduction changes and the buying and
selling of permits in the catchment, is shown igufe 10. As expected, landowners in the
Hurunui Plains benefit the most. The Waiau Plalse henefit positively, even when
accounting for transaction costs, because theglaesto sell excess permits at a higher price
than the cost of reducing nutrients. All the otleggions face a slight loss if the possible
transaction costs for becoming eligible to paragin the trading programme are accounted
for. Hence, some financial assistance might bessary to entice landowners from regions
that are not at the limit to become active partaigs in the cap-and-trade programme.
Summing across all cost and benefits yields a 5@efitedo the catchment over the pre-
Waitohi Irrigation Scheme baseline scenario.
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Figure10 Regional distribution of costs and benefits: Grarénting allocation with catchment-wide cap-
and-trade and Waitohi irrigation scheme

It should be noted that meeting the nutrient disgphaargets at the catchment level does not
necessarily mean that water quality will be maimedi for every sub-catchment in the
Hurunui-Waiau catchment. First, if N and P load#h® Hurunui Plains streams, drains and
groundwater increase by 16% and 44% respectivelpl€T17), it is unlikely that the water
quality load limits (N and P) and the in-river otfjges these are designed to achieve (i.e.
defined outcomes for periphyton, mauri, ecosysteaith, biodiversity, amenity and
recreation) would be met. Tributaries in the HuiuPlains that experience increases of
nutrients at these levels are likely to face tH®¥ang consequences Norton and Kelly
(2010):

i) Significant increases in the frequency and duradifomuisance periphyton blooms in
all the Hurunui River tributaries;

i) Significant increases in the frequency and duradibloreaches of nitrate toxicity
criteria in the Hurunui tributaries (with the pdssiexception of Dry Stream);

iii) Reduced mauri, aquatic ecosystem health and biityealue as a result of (i) and
(i) above;

iv) Reduced amenity and recreation (swimming, angladpe as a result of (i) above
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This suggests that if most sub-catchments in theiklu-Waiau catchment were also to
maintain 2010 water quality levels, an alternapedcy or trading programme design would
be needed to account for the likely increase mitdéescharges in the Hurunui Plains.

Policy #2b. Grandfathering allocation with zone-restricted cap-and-trade programme

Policy #2b is similar to policy #2a except pernuiés only be traded within a given
NZFARM zone or region (e.g. Hurunui Foothills) betcatchment rather than anywhere
within the grater Hurunui-Waiau catchment. All lamehers are still allocated permits to
correspond to their 2010 N leaching level, but tbay only buy or sell these permits within
their zone. This policy is more restrictive, withwier permits traded in a local market and
possibly higher permit costs. It may also be marglyg to administer because the regulatory
agency would have to oversee six trading marketead of one catchment-wide market.
However, there could be an advantage from a walglitg perspective as the policy avoids
some possible “local hot spot” water quality degitamh that may result from trades
occurring in different parts of the catchment.

Key outputs for this policy and its comparisontie baseline are listed in Table 20. The
change in enterprise area in the Hurunui Plairagivel to the baseline is shown in Figure 11.
All other zones in the catchment maintain theireiae land use and management mix
because they were already at the optimal levetadyction and are not required (or
incentivised through trading) to reduce their rernttiloads. Estimates indicate that it is still
possible to add additional irrigation in the HuruRlains, but not as much as that planned
through the Waitohi Irrigation Scheme. Changesatravenue are smaller than the
catchment-wide trading policy as landowners inHloeunui plains can only trade with the
Hurunui plains and subsequently are likely to paghér costs of mitigation. As a result,
there is a higher investment in forestry with lesaversion to dairy. Additionally, farmers
are willing to leave some pastures fallow whileemgively farming other parts to reduce their
overall nutrient leaching rates.

Table20 Key outputs for Hurunui-Waiau Catchment and HuruPlains: Grandparented allocation with
zone-restricted cap-and-trade programme with Waitabation scheme

Total Net Irrigated
GHGs GHGs Area

(tonnes) | (tonnes) | (hectares)

Net Revenue N Leaching P Loss
(million $) (tonnes) (tonnes)

Total Catchment

Estimate $250.9 2,930 45.2 1,639,000 | 921,800 60,900
Change from 506 0% 0% 4% 4% 91%
Baseline

Hurunui Plains
Estimate $101.4 1,181 2.8 545,800 431,800 51,230

Change from

: 12% 0% 0% 14% -71% 131%
Baseline
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M Irrigated Dairy
m Dryland Dairy
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M Dryland Sheep and Beef
m Irrigated Deer
m Dryland Deer and Pigs
u Irrigated Arable
u Forestry
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m Natural/DOC
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Figure1l Change in aggregate enterprise area ('000 ha) iaseline: Grandparented allocation with zone-
restricted cap-and-trade programme with Waitolgation scheme

The zone-restricted trading programme has minimakaterways in the catchment, as
permits can only be traded within a given zone thiedefore nutrients discharges will be
maintained at 2010 levels for all NZFARM zones. Dndy region in the catchment that is
really affected by this scenario is the Hurunuif®aas this is where the Waitohi Irrigation
Scheme will be located. The distribution of thets@d benefits of the policy to the
landowners from the administrative and transaatmsts, and changes in profits from
changing production levels and buying and selliegwpts, as well as regional council costs
to administer the programme, are shown in FigureSLbtracting the administration and
transaction costs from the higher farm profits giae4% increase in net catchment revenue
compared the baseline (i.e. 2010 land use and ptioduvith no Waitohi Irrigation Scheme).
Farmers in the Hurunui Plains are still expecteexjperience an overall benefit from a zone-
based cap-and-trade programme, but profits aretdl38a less than the catchment-wide
trading policy (#2a).
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Figure12 Regional distribution of costs and benefits: Garénted allocation with zone-restricted cap-and-
trade programme with Waitohi irrigation scheme

Policy #2c. Environment Canterbury equal allocation with catchment-wide cap-and-trade
programme and Waitohi Irrigation Scheme

The equal allocation cap-and-trade programme etamative way to allocate permits. It
was developed for Environment Canterbury for situest where catchments were
approaching or already over possible nutrient Br(liilourne & Webb 2012). This proposal
is essentially a modified version of an ‘averagialipcation approach where the total
permissible load in a “nutrient management zondVI@l is divided equally on an aerial
basis between all landowners. The equal allocatiodification reduces the permits allocated
on land with lower potential production capacityg(enillier and colder area) by reducing the
permits allocated for this land below the catchneamrage as they are assumed to be lower
leaching. All land classified as having lower paiginproduction (LPL) capacity is allocated
the same per hectare number of permits. Convetsigliger potential productivity land (HPL)
is allocated more permits than the catchment aeefBlge benchmark target (kg/ha) will vary
between NMZs according to the catchments’ watelityuzbjective, derived load limit, and
measured water quality target. In some NMZs, tleecated permit levels may be
constraining for landowners, while in others theray be the potential for some lower
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production capacity landowners to still intensifyne programme considers the natural
capital of the land by allocating fewer permitddeer potential production areas. This is
intended to encourage landowners of good qualitgt ta increase or maintain high levels of
intensification (with corresponding higher nutriéodses), thereby maximising productivity
in the catchment at a lower environmental cost.

We assessed the equal allocation approach usirfglibwing steps. First, all landowners
from the Waiau catchment were exempted from thdingaprogramme as this was a separate
NMZ that is assumed to remain in compliance as #reynaffected by the new irrigation
scheme. Second, landowners on lower potential ptaducapacity land and the
conservation estate in the Hurunui Hills regionevalso excluded from the cap-and-trade
programme because they are assumed to have fewtapigies to intensify their farms.
Third, farmers in the Hurunui Foothills region aesignated as being in a LPL area of the
NMZ while farmers in the Hurunui Plains are desigdaas being in the HPL area of the
NMZ. The adjustments made for the purpose of thedelling exercise are not exactly how
the equal allocation approach would be implememedality though. This is because the
boundaries for the NZFARM zones do not directhelup with the LPL and HPL boundaries
in the Hurunui NMZ. Regardless, this scenario dweside an illustration of the range of
impacts that are likely to occur using this apploeatative to the other cap-and-trade
allocation schemes presented above.

Based on these specifications, landowners locatéaei Hurunui Plains are allocated permits
at an equal (benchmark) leaching rate of 10.5 kghdfid 0.06 kgP/ha, while those in the
foothills are allocated 5.4 kgN/ha and 0.06 kgPhas with the catchment-wide cap-and-
trade policy (policy #2a), landowners are allowmedrade across regions; however, because
only the Foothills and Plains regions have beeascated permits in this scenario there is a
limited trading area. In this scenario, irrigatisrstill permitted to increase to the levels
estimated under the Waitohi Scheme provided lanéosvcan meet their nutrient targets.

Key outputs for this policy and its comparisontie baseline are listed in Table 21. The
change in enterprise area in the Hurunui Plainstandnui Foothills relative to the baseline
case is shown in Figure 13, as these are the walydgions able to trade permits in this
scenario. Allowing trading between the two regiteels to larger increases in net revenue,
irrigated area, and GHG emissions relative to &ggon-restricted cap-and-trade policy
(policy #2b). Because irrigated dairy is estimatetiave a two- to three-fold higher N
leaching rate than the average leaching raterfigabed sheep and beef and arable crops in
the Hurunui Plains, landowners find it more ecornmhio expand these enterprises when
facing nutrient load restrictions. NZFARM also esties that the value of a permit is
$24.50/kg for N and $200/kg for P. That is, landevenwould be willing to pay up to these
prices, at the margin, to increase their nutriestitarge as they will could produce additional
profit for at least the value of the permit.

¥ These figures were estimated based on the detdlszhtion calculations outlined in Lilburne andeb
(2012).
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Table21 Key outputs for Hurunui-Waiau Catchment and Hurui®lains: Equal allocation with cap-and-
trade programme with Waitohi Irrigation Scheme

Net Revenue N Leaching P Loss Total Net Irrigated
(million $) (tonnes) (tonnes) GHGs GHGs Area
(tonnes) | (tonnes) | (hectares)
Total Catchment
Estimate 252.4 2,930 45.2 1,687,900 | 1,350,000 63,900
Change from 5% 0% 0% 7% 41% 101%
Baseline
Hurunui Plains
Estimate 103.3 1,203 3.7 638,200 572,700 54,300
Change from 14% 2% 32% 33% 23% 145%
Baseline
M Irrigated Dairy
B Dryland Dairy
HE m Irrigated Sheep and Beef
m Dryland Sheep and Beef
M Irrigated Deer
m Dryland Deer and Pigs
Irrigated Arable
i Forestry
HP Scrub
» Natural/DOC
Fallow
-50 -40 -30 -20 -10 0 10 20 30 40 50
thousand hectares

Figure 13 Change in aggregate enterprise area (‘000 ha) ffimssline: Equal allocation with cap-and-trade
programme with Waitohi Irrigation Scheme

The equal allocation approach with a trading progree should have less of an impact on the
water quality in the catchment relative to the batent-wide trading scheme, primarily
because there are less permits being purchasedrogris in the Hurunui Plains. N leaching

in the Hurunui Plains only increases 2%, but Rillsexpected to increase by 32%. The
relatively high increase in P could result in olvabte impacts in the local streams such as
excessive plant growth that could reduce the réiomra and aesthetic values of the region
and possibly affect fish and other aquatic animals.

A distribution of the costs and benefits of theipglincluding the administrative and
transaction costs, and changes in profits for fasrrethe two areas of the catchment affected
by this policy, is shown in Figure 10. As with tb#her two cap-and-trade programmes
(policies #2a and #2b), landowners in the Hurunair® still benefit from adding irrigation
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and improving intensity, even in the face of nuttidischarge limits.. Farmers in the Hurunui
Foothills do not benefit after possible transactosts associated with being involved in the
trading programme are accounted 4dlf transaction costs were refunded or subsidised f
participants in the foothills, they might be mordling to participate in the programme as
any change in profit would be more than offsethmy price they sell their excess permits for.
Summing across all costs and benefits categoreddsya 4% increase in revenues for the
catchment over the scenario without the Waitolhgétion Scheme.

$14
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B Administration
$10 Transaction
M Profits

$8

M Permit Value

+ Total

W
(9]

million $/yr

®r

%]
N

$(2)

$(4)

Hurunui Plains Hurunui Foothills Regional Council

Figure 14 Regional distribution of costs and benefits: capg-rade programme Equal allocation with with
Waitohi Irrigation Scheme

Policy #3 Direct tax on nutrient discharges

This policy puts a flat tax on each kilogram of &P discharged. Theory states that if the
tax is imposed properly, then this should result Bimilar outcome as the catchment-wide
cap-and-trade policy Weitzman (1974). Of coursis, ifibased on the assumption that the
regulatory agency knows the exact marginal abatentets for nutrients in the catchment,
which in reality are difficult to establish ex anWhere sufficient water is available to
increase the irrigation area to the levels propaseter the Waitohi Irrigation Scheme, the

% Note that transactions costs are not accounteit .dZFARM. They are added to the analysis after th
equilibrium distribution of permits is estimatet.transaction costs detract all landowners inkugunui
Foothills from trading, then the result would be #ame as the region-restricted trading scheme.
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optimal tax level would be the same as the shagann{it) prices estimated under the
catchment-wide cap-and-trade programme.

We estimate that a tax of $23.30 per kgN leached$dii8.70 per kgP lost would enable
some farmers to add irrigation and increase theid{use intensity but still maintain the 2010
nutrient targets stipulated in the HWRRP at theloaent level. While the tax rate is set at
the margin, the average cost for many landownerddvactually be lower on a $/kg basis.
This is because landowners would find it more @ffgetive to implement management
changes rather than maintain the status quo anthpagx for discharging the same amount
of nutrients as in the baseline.

The tax approach could have a noticeable differam&&m-level impacts relative to the cap-
and-trade approach. This is because landownerspays direct tax for all their nutrient
discharges rather than purchase excess dischamé@gp&om other farms in the catchment.
If all the revenue collected from the nutrient veare recycled back to landowners in the
form of a dividend or reduction of other taxes ntiige changes in net catchment revenue
would be similar to the grandparented cap-and-tpediey (#2a). This is the assumption we
use in this report when presenting catchment-watienates for policy #3. If not all the taxes
collected were recycled back to the landowner, hawnehe total costs to farmers would be
higher under this policy approach. Furthermoredéamers that might not have the ability to
implement more cost-effective management practoeheir farm could face a potentially
high price of maintaining their current operation.

Landowners’ responses can also be sensitive t@khete, so it is important to ensure that
the rate is set at a level to provide the approgpeaonomic incentives. We conducted a
sensitivity analysis around the optimal tax ratedssl to maintain 2010 nutrient targets. A
tax rate of $16.00/kgN would increase N and P |dad$0% and 5%, respectively. Setting a
tax rate of $24.40/kgN and $655/kgP would redudeents loads by about 10%, thereby
allowing additional room for increases in land ugensity on some land in the catchment.
Note that in some cases, it might not be necedsagt both a tax on N and P to reach both
of the required nutrient reduction targets. Thisesause the changes in land use and land
management incentivised by one tax rate could begmnto meet the catchment-wide target
for the other nutrient of concern.

In addition to conducting a sensitivity analysiglod tax rate necessary to increase irrigation
but maintain nutrient discharges at 2010 levelsaise investigate the potential abatement
costs over a range of N and P discharge taxese3tinaated marginal abatement cost (MAC)
curve for N is shown in Figure 15, while the MAG @ is shown in Figure 16. Estimates
reveal that the responses to the tax are not lifidas indicates it would be difficult to set the
optimal tax to achieve desired nutrient reductiexgante. A policy with the flexibility to
adjust the tax rate over time would better enduaé iutrient reduction targets are achieved
over the long run. Taking this flexible approachuidonot be detrimental to water quality in
the catchment due to the relatively short lag tifoesutrients to reach a water way from its
point of discharge.
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Table 22 summarises the key changes in NZFARM astipom the baseline (i.e. with no
Waitohi Irrigation Scheme), and assumes that ndmieectax revenue collected by the
government is refunded to the landowner. Both regeand GHGs are more responsive to an
N tax than a P tax. This is likely because the mggions and set of mitigation options
included in NZFARM encourage more land-use changhe catchment under the N tax
scenario, especially in the Hurunui and Waiau Blaggions. Additional estimates from the
varying tax rate scenarios conducted for the Huriiaiau catchment are presented in
Appendix B.

Table22 Key outputs for Hurunui-Waiau Catchment for vagduiand P tax rates

Net farm Changein N | Change in P |Changes in C?na:gtes
revenue leaching losses total GHGs GHGs
(million $) (tonnes) (tonnes) (tonnes) (tonnes)
$/kgN
$0 252.4 2,930 45.2 1,687,900 | 1,350,000
$25 -26% -25% -2% -21% -92%
$50 -48% -31% -6% -34% -135%
$75 -68% -38% -10% -45% -163%
$100 -86% -41% -12% -46% -158%
$/kgP
$0 252.4 2,930 45.2 1,687,900 | 1,350,000
$500 -9% -1% -8% -6% -32%
$1000 -17% -8% -64% -14% -56%
$1500 -20% -9% -66% -15% -63%

3.5 Summary and Conclusions

In this case study we have considered a numbeolaigs that could achieve nutrient
reduction targets in catchment. These policiesiokelthe implementation of GMPs, a
nutrient cap-and-trade programme with differemb@dtion options, and a tax on nutrient
discharges. The water quality limits being discdgse the Hurunui-Waiau catchment are
intended to maintain nutrient loads at 2010 le{Elsvironment Canterbury 2011a). There is
also an irrigation project being proposed (i.e.\tf&tohi Scheme) for the Hurunui Plains
region of the catchment that could nearly doubéedtea of irrigable land in the region
(Environment Canterbury 2012).

We assessed a number of variants of each polichawel also assessed the sensitivity of
results to different nutrient targets (see AppeesliB and C). For each policy we have
reported the costs of achieving the nutrient redadiarget relative to the no-policy scenario.
Where appropriate, we have also reported the estthiand-use change resulting from
policy. We do not quantify all the costs the betsedif each policy in dollar terms, rather we
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report the relative changes in the catchment'senttdischarges and revenue/profit streams
resulting from policy and the complementary long GHG emissions reductions.

A summary of the water quality scenarios considéoethe Hurunui-Waiau catchment is
provided in Table 23. The policy scenarios areathpared with a baseline where there is no
additional irrigation scheme. Based purely on mising the cost of the policy, the optimal
choice would be to allow the Waitohi Irrigation ®ohe to be fully implemented in the
catchment, but also to develop a catchment-wideacaptrade scheme using a
grandparenting allocation approach. Setting a t&28 per kgN and $118 per kgP would
achieve a similar result, although the impacts @alry at the farm level. Both approaches
would enable some farmers to add irrigation ande@se their land-use intensity but still
maintain 2010 nutrient levels. There may be sonverse water quality impacts for some
areas of the catchment should ‘*hotspots’ occurs Wauld most likely occur in the Hurunui
Plains, as this is where the greatest land-usasifieation will occur.

Table23 Summary of water quality policies in Hurunui-Wai@atchment

% N Average % P Total L
N L P Change
. Target | Mitigation Target Annual
Scenario Target . Target . from
(tonnes) Achieved Cost (tonnes) Achieved C_o:st Baseline

by 2022 | ($/kg N) by 2022 | ($million) %)
Baseline without
Waitohi Irrigation 2930 100% n/a 45 100% n/a 0%
Scheme
Baseline with Voluntary 0 0 0
GMP (Policy #1a) 2930 108% $52 45 104% $11.2 -5%
Baseline with
Regulatory GMP (Policy 2930 127% $46 45 111% $29.3 -12%
#1b)
Waitohi Irrigation- No 0 0 0
Water Quality Policy 2930 76% n/a 45 96% -$24.4 +10%
Waitohi-Catchment-
wide Trading (Policy 2930 100% n/a 45 100% -$11.0 +5%
#2a)
Waitohi-Region-
restricted Trading 2930 100% n/a 45 100% -$9.3 +4%
(Policy #2b)
Waitohi-Equal
Allocation Trading 2930 100% n/a 45 100% -$9.8 +4%
(Policy #2c)
Waitohi-N and P Tax

0, 0, - 0,

(Policy #3) 2930 100% n/a 45 100% $11.0 +5%
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The key findings from the policies assessed foiHbrunui-Waiau catchment are:

At the catchment level, adding a large irrigatichesme would raise net catchment
revenue by 10% through increased production, buildvalso increase N leaching by
24%, P loss by 4%, and GHG emissions by 72% irc#tehment, in the absence of any
additional policies to manage water quality and Gh@acts. For the Hurunui Plains,
where the irrigation scheme will operate, there ldoe productivity benefits and
increased profits for dairy, sheep and beef, aalllarcrop farmers who increase their
access to water, but N leaching and P loss coulidiborease by nearly 60%.

If landowners in the catchment maintained theirenirland use and adopted GMPs
such as applying nitrification inhibitors (DCD)parian planting, and installing dairy
feed pads, it is unlikely the 2010 catchment natrieads would be maintained if a
large irrigation scheme were implemented (policg-#). The estimated average costs
of implementing GMPs are around $50/tN, primariécause of the relatively high cost
of these practices for sheep and beef farmersicdatchment.

Of the policy options modelled, a catchment-widaling programme with a
grandparenting allocation proved to be the mosteffsctiveé for landowners to
maintain 2010 catchment nutrient loads with thigation scheme implemented.
Compared with the baseline, a cap-and-trade pragethat allocates permits to
landowners based on their 2010 N leaching andlée®ls (i.e. grandparenting)
increases net catchment income by 5% (policy #%#h catchment-wide trading there
may still be water quality issues (e.g. localizkdtspots’) in the Hurunui Plains
because N leaching is estimated to increase bya&¥4’ loss by 44% over baseline
levels in that area.

Restricting trading of discharge permits to a sipearea of the catchment may reduce
the likelihood of ‘hotspots’, but net revenues omlgrease by 4% over the baseline
(policy #2b).

We modelled a modified equal allocation approadii¢p #2c) where an average
permit level per hectare was established and tprsted for the productive capacity
of the land. This generated similar results asaadfathering allocation with area-
restricted trading (policy #2b). Allowing farmersthe more productive Hurunui Plains
to purchase permits from landowners in the lowedpctivity areas (i.e. foothills)
would provide flexibility for landowners to increatheir own level of nutrient
discharges while still meeting 2010 nutrient loads.

Theoretically, an optimally implemented nutrient {policy #3) would produce similar
impacts to a catchment-wide cap-and-trade progra(poiey #2a, #2c¢). The N and P
tax could, if desired, be varied across differeatgpof a catchment to meet different
water quality limits (policy #2b).

The optimal N tax rate to maintain nutrients at@@vels was to charge all landowners
in the catchment $23/kg N and $119/kg P (policy. #&%hough this is an ‘optimal’

2L |n this report, a ‘cost-effective policy’ is defid as a modelled policy that achieves the nuttaget in the
catchment at the least cost to the landownersds ahot necessarily account for administrativeteanasaction
costs that could make the policy more costly iditya
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solution from a catchment-wide perspective, thendatbe distributional impacts as
not all landowners who would be required to paytéxewould benefit from the new
irrigation scheme.

. The marginal costs of abatement for taxes are m&@l making it difficult to establish
an optimal tax ex ante. Providing flexibility tojast the tax over time would better
ensure that nutrient load limits are maintained aékre long run. If policy makers
frequently have to adjust the tax rate, this cgdderate more economic and social
disruption in the transition than a cap-and-traoler@ach.
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4 Case Study #2 Manawatu Catchment, Manawatu-Wanganui

4.1 Introduction

The Manawatu catchment in the North Island’s Mantawsanganui region is a river
catchment with extensive and intensive land uskes.fain water body is the Manawatu
River, which runs from hill country in the Tarartenges to plains and through a gorge to the
Palmerston North and coastal side of the catchnsegmificant water quality problems
already exist in the river driven by both point arwh-point source discharges. Water
guantity and quality limits setting processes aiadp developed under the Horizons One
Plan (Horizons Regional Council 2012).

The catchment is approximately 575,000 ha in simkland use is divided by 17% dairy,
57% sheep and beef, 18% natural, and 8% otherdsedategories (arable, horticulture,
deer, etc.). Figure 17 shows land use in the catahias of 2007. About 6,000 ha of the

catchment are irrigated for dairy, while all otlpeoduction is achieved through dryland

farming systems.

Manawatu Catchment

Summarised Land Use
i Sheep and Beef

- Arable
- Dairy
- Deer
- Forest

" Horticulture

- Intensive Livestock

- Natural
- Other

0 5 10 20 30 40
O s Kilometers

Figure17 Baseline land use in Manawatu Catchment (Agril299¥)
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Ngati Kahungunu, Rangitane, g Raukawa, Ngti Kauwhata and Mugoko all have
interests in the Manawatu catchment area and péaynaficant role as kaitiaki in the
catchment. A number of issues of significance faitend iwi are identified in the Horizon’s
One Plan (Horizons Regional Council 2010). The lakckecognition of the special qualities
of water, particularly Wai Mori (pure water), in water management policy arahping is a
high priority issue in the region. Waiddri must be maintained for hajand iwi to be able to
carry out traditional cultural activities. Iwi acalling for better management of hazardous
substances and nitrate run-off to avoid water piolfy to have the effects of pollution from
land uses in the region on traditional food gatigdreas, native habitats and ecosystems to
be recognised, and for more comprehensive mongaird enforcement of environmental
standards set in plans and consents (Horizons Rag@ouncil 2010).

4.2 Water Management Issues

The state of the Manawatu River has changed over. fThe catchment has been modified
through land-use change and flood and drainageaombrks. Water quality concerns have
emerged because of both point and non-point saliscbarges in the catchment. Many of
the rivers and lakes have been deemed unsafe fiomsivg or food gathering, and aquatic
life is being damaged (Manawatu River Leaders Ag¢@fx11). Clothier et al. (2007) found
that 90% of nitrogen in the Manawatu River is frimo main types of non-point sources —
dairy, and sheep and beef farming. Dairy alonesponsible for contributing about half the
N loading in the river.

Horizons Regional Council (HRC) has recognisedniied to limit and reduce nutrient
loading in the river to control and improve watealty in the region. Revisions to the draft
Horizon’s One Plan introduces rules to limit nuttieeaching from dairy farms in targeted
catchments. HRC have set the cumulative leachinigsli(expressed as kg/ha/yr) based on
the soil’'s Land Use Capability (LUC) classificatj@s listed in Table 24. Dairy farms in
targeted catchments will be required to preparetaemt budget and nutrient management
plan, and implement practicable farm managemerttipes to minimise nutrient leaching.
New dairy farms will be required to comply with tlisted nitrogen leaching rates, while all
dairy farms in targeted catchments will be requiedxclude cattle from all permanent
waterways.

Table24 Horizons One Plan dairy farm nitrogen leaching tinikgN/ha) for each land use capability class
(LUC)

LUC I LUCII LuUcC i LUC IV LUCV LUC VI LuCcvil LU CVvill

30 27 24 18 16 15 8 2

HRC has also proposed nutrient concentration taurfgetrivers that must be met and these
new N leaching rules are a key mechanism to meet based concentration goals.
Additional changes to farm management practicegoatichits to further expansion or
intensification of nutrient intensive farming coddd required to meet the large nutrient
reduction targets outlined as part of the One PAarsseil & Clark 2007).

This case study uses an agri-environmental economodel, NZFARM, to investigate some
of the economic and environmental impacts of reayautrient discharges to from diffuse
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sources in the Manawatu catchment. For the modptédy assessment, we assume that the
water quality limits for the entire Manawatu cat@mhwould require a reduction of N
leaching by 53% and P losses by 49%, similar tedtepecified by Horizons Regional
Council (Ausseil & Clark 2007). Various targets balso been proposed on smaller water
management zones in the catchment (Table 24). ¥éeaakume that the entire limit would
have to be achieved through mitigation from thellase sector based on the fact that 90% of
nitrogen in the Manawatu River is from two maindgpmf non-point sources — dairy, and
sheep and beef farming (Clothier et al. 2007). iporating additional sources and mitigation
options could alter the estimates presented irrépert.

We investigate a series of water quality improvenpaticies, many of which are supported
through the use of instruments such as impleme@ié’s, various cap-and-trade schemes,
and a nutrient discharge tax. As mentioned aboperton of the policy outlined in the
December 2010 version (the Decisions Version) effitoposed Horizons One Plan required
that new dairy farms demonstrate compliance withwative nitrogen leaching maxima that
vary with Land Use Capability (LUC) classificati@re. natural capital approach), as shown
in Table 24. In this report, we evaluate a slighifferent set of policy options that follow a
natural capital approach by estimating the impattspolicy wherall dairy farms must
comply with LUC based nitrogen leaching cdpplus an additional policy that requires all
pastoral and arable farms to comply. Both theseipslalso assume that landowners can
trade nutrient discharge permits. The baselineast@modelled assumed that the proposed
water quality policy had yet to be implemented. Aiddal details on the policies modelled
are provided in Section 4.4.

%2 This policy option is not the same as the politegiffuse discharges in the notified versionitimer is it the
same as that in the decisions version of the PezpGse Plan.
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Table25 Regional nutrient reduction targets for the Manaw2atchment

NZEARM Water Solublg Dlssol\(ed

Inorganic Reactive Total N Total P
Catchment Zone Management Zone -

Nitrogen | Phosphorus
Tararua Hills

Tararua Flats

Manawatu Hills

Manawatu Flats

Entire Catchment

Source: Ausseil & Clark (2007)

4.3 Data for Manawatu Catchment

NZFARM accounts for all the major land uses anegmtses in the Manawatu catchment.
Key enterprises include dairy, sheep, beef, desber, maize, wheat, and fruit. There are 16
enterprises tracked in the model across 4 catchmoeras (Figure 18). Every catchment zone
comprises a subset of these enterprises dependitigedand capability (e.g. slope, soil type,
access to water, etc.) in each catchment zonerdetpeses present in the baseline (2007
reference year).
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Manawatu Catchment
|| Tararua Flats
- Manawatu Flats
I manawatu Hills

- Tararua Hills

0 5 10 20 30 40
e e s Kilometers

Figure 18 NZFARM catchment zones for the Manawatu Catchment

Each enterprise requires a series of inputs to miagi production yields. The high cost of
given inputs coupled with water and input constsagan limit the level of output from a

given enterprise. Outputs and prices for pastordlaable enterprises are primarily based on
data provided by Lincoln University (Lincoln Unig#ty 2007), Ministry of Agriculture and
Forestry (MAF) farm monitoring reports (MAF, 2007ahd the 2007 Situation and outlook
for New Zealand Agriculture and Forestry (MAF, 20D7All figures are listed in 2007 New
Zealand dollars (NZD). Stocking rates for pasterakrprises were established to match
regional figures included in the FARMAX model (Bngaet al. 2010). Fertilizer application
rates were derived from a survey of farmers in eatbhment. Forestry yields were obtained
from Kirschbaum and Watt (2011) with timber andmpptices obtained from MAF (2010b).

Specific enterprises also face fixed and variabEsranging from stock replacement costs
to deprecation. These costs were obtained from éamsultants (Greg Sheppard and Brian
Clarke, pers. comms.), the MAF farm monitoring niegMAF, 2007a) and Lincoln

University (2007). The costs for each enterprisgedsacross the catchment. A scenario that
adjusts the input costs or output prices or adgg@mmental constraints for a given
NZFARM region in the catchment would change thérilistion of enterprises (and their
aggregate area), but total land area remains ugekaacross all model scenarios.
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Data on environmental output coefficients were et from several sources. N and P
leaching rates for all pastoral and arable entseprin the Manawatu catchment were taken
from OVERSEER (2010), except for potatoes, whichengstimated using SPASMO

(Clothier et al. 2008). N leaching from pine plaias and native vegetation were based on
an average from the literature (e.g. Parfitt ei@B7; Menneer et al. 2004). We assumed no P
loss from plantations or native forest lands.

GHG emissions for most enterprises were deriveagusie same methodology as the New
Zealand GHG Inventory (NZI), which follows the IPG@@ood Practice Guidance (2000).
Pastoral emissions were calculated using the samssiens factors as the NZI, but applied

to per hectare stocking rates specific to the cattt. Forest carbon sequestration rates were
derived from regional lookup tables (Paul et aD&0 All emission outputs are listed in
tonnes of CQequivalent (C@e). To be consistent with the NZI (MfE 2011), wengert all
emissions to Cge using 100 year global warming potentials of 213bl, and 310 for NO.

4.4 Water Quality Policy Scenario Analysis

This study models the impacts of several waterityyablicy scenarios that range from
placing caps on N leaching and P losses to requiikPs on all farms. Most water quality
policies assessed using NZFARM include ways tocedwtrient losses by (1) requiring
specific targets to meet regional water qualitydgads, (2) imposing an environmental tax
on farming outputs (e.g. $/kgN/ha leached), omf@ndating the use of specific management
practices. Where data and methods were not avaitalshodel the policy explicitly, we rely
on alternative literature sources to provide a afiguantitative estimates and qualitative
discussion. The explicit policies investigatedtfee Manawatu Catchment include:

1. Implementation of good management practices
2. Cap-and-trade programme with varying allocation
3. Direct tax on nutrient discharges

As discussed above, NZFARM estimates on-farm misie the form of total N leached
(kgN/ha) and total P loss (kgP/ha) using biophysiwadels such as OVERSEER and
SPASMO. The translation of on-farm leaching carbetirectly translated to water quality
impacts without the use of hydrological models ttaat distinguish between exports
(nutrients discharged from the land) and loadsrigniis reaching the water body). As
discussed Chapter 2, we assume a lag time of 8 pedess for the catchment, which
corresponds to the length of time NZFARM is parariséd to simulate for long-run farmer
responses to policy changes. Additionally, becangey of the estimates presented are from
NZFARM the modelling outputs should be interpredsdelative changes rather than
absolute values. This approach also allows usedatal N and total P as a proxy for
measuring changes in water quality because thepge change at the point of discharge
should be in line with the relative change in theoant of nutrients reaching the waterways
over the long run, given the assumption of smalltlmes and constant attenuation rates.

The effectiveness of the each policy is assessambimyparing nutrient losses between current
levels (i.e. the baseline) and each scenario anddkt of achieving a policy. The cost
component primarily consists of reductions in faruofit estimated using NZFARM. To the
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extent possible, we include likely costs of es&bhig and administering each policy into the
analysis and display changes in nutrient dischafges profits, and land use across the
different catchment zones modelled in NZFARM.

The baseline calibration and policy scenarios agsioms for the NZFARM modelling are
listed in Table 26.

Table26 NZFARM baseline and policy scenario assumptions

Key Proposed |Key Policy Catchment NZFARM Nutrient Time |Economic
Baseline Policy Assumptions |Nutrient Nutrient Lag from Response
Assumption Reduction Reduction Source to Time Lag
S Measurement |[Measurement |Waterway
2007 Reduced N [Commodity |One Plan Set % change |<7 years <10 years
commodity by 53% and|prices same concentrations |in total N and
prices held |P by 49% |as baseline. [for Soluble total P equal to
constant If requlated, |Inorganic % change in

landowners  Nitrogen and |concentration
Land use and are 190% gs:((:)tli\\l/id to meet limits
intensity held compliant.

Phosphorus

constant

Nutrients in
No water the catchment
policies allocated and
imposed must be

reduced

Baseline scenario — no nutrient reduction policy

NZFARM calibrates the baseline to mimic the disitibn of the aggregate enterprises for
each catchment zone in 2007, as shown in Figur@dtal catchment income in the baseline
is estimated at $301 million NZD. Total N leachs@bout 5,400 tonnes/yr, while P loss is
about 380 tonnes/year. This equates to an avefejé kgN/ha and 0.7 kgP/ha when all land
in the catchment is included. A summary of the &gnomic and environmental outputs in
the baseline is listed in Table 27. All policy sagos are then compared to the baseline.

Table27 Key outputs for Manawatu Catchment: No Policy Scen@aseline)

Net Revenue N Leaching P Loss Total GHGs* Net GHGs*  [rrigated Area
(million $) (tonnes) (tonnes) (tonnes) (tonnes) (hectares)
$301.0 5,400 380 3,168,000 2,107,000 5,900

* Total GHGs are greenhouse gas emissions fronaon-fctivities. Net GHG emissions include the a@hnu
increment in carbon sequestration from forestssandb.

The distribution of enterprises tracked in NZFARdshown in Figure 19. Dryland sheep
and beef farming dominate the region, althoughetlage large areas of dairy in the “flats”
catchment zones. The “hills” catchment zones atstain some natural bush and scrub along
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the ridges. All catchment zones contain a smal afdorestry plantations. Arable cropping
is undertaken primarily in the Manawatu flats, @odsists of potatoes, maize, and wheat.

200
180
160 Fallow
Natural/Doc
140 Scrub
M Forest
120
3 u Arable
S
g 100 H Deer
E=
E ® Sheep and Beef
E 80
2 m Dairy
£
60
40
20
0
Manawatu Flats Manawatu Hills Tararua Flats Tararua Hills

Figure19 Regional enterprise area (‘000 ha), Manawatu CagchniNo policy scenario

The variation of N leaching and P loss rates og pde ha basis are shown as box plots in
Figure 20 and Figure 21, respectively. The boxspéotclose 50% of the data. The top and
bottom of the box mark the limits of + 25% of theriable population. The lines extending
from the top and bottom of each box mark the mimmand maximum values within the data
set that fall within an acceptable range. Any valutside of this range, called an outlier, is
displayed as an individual point.

These figures demonstrate the variability in natrieaching rates for the same enterprise
across the catchment. This relates to differentesocking rate, soil type, irrigation scheme,
fertiliser application, and mitigation options ireptented. The large spread in N leaching
rates for grains and horticulture indicates thaei greater mitigation potential on a per-ha
basis compared with other enterprises, while sh@eeef and deer have the best mitigation
potential for P. Some of these options will be dssed more explicitly in the policy analysis
below. The profit per kg nutrient leached is présdnn Appendix F.
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Kg N leached - Manawatu Catchment
80 -

¥ Min Outlier * Max Outlier
70 A —

60 -

50 -

KgN/ha

40 A

Figure20 Range of N leaching rates (kgN/ha) for key entsgwiin Manawatu catchment (SNB refers to
sheep and beef)

Kg P Loss - Manawatu Catchment
3.5

¥ Min Outlier * Max Outlier

2.5 A

KgP/ha

1.5 A

==

Figure21 Range of P loss rates (kgP/ha) for key enterpims®anawatu catchment (SNB refers to sheep and
beef)
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Policy #1. Uptake of good management practices (GMPs)

For this policy, we quantify the net costs and @ffeeness of existing pastoral enterprises
adopting different GMPs. This could be achieveatigh voluntary or regulatory
approaches. This assessment uses data collaté fNZFARM model plus additional
information on stock exclusion from waterways (fieg¢ and riparian plantings, which are
the two GMPs not represented in NZFARM (see Se@i6in

For this analysis, we assume that land use renaaithe baseline (2007) levels but
management practices can change. For all land veheriégation practices is not in place
but could be applied, we compare nutrient lossdspaofits with and without the GMP.
These results are then aggregated to sector legeltta total catchment estimate. The
estimates for dairy and other pastoral farms feheaMP at the catchment level are shown
in Table 28, while estimates for the catchment sare listed in Appendix F. The analysis
assumes 100% adoption of each GMP, allowing usttmate the technical potential of each
GMP. These figures can be adjusted downward fovohentary measures based on the
assumed adoption rates outlined in Table 11, foar8kction 2.7. There is a large variation
in nutrient reductions, costs, and profits resgltiom the different GMPs.

For dairy farmers in the catchment, reducing fiegil use reduces N leaching by 10-15% and
could feasibly increase profits by 1-2%. Applyin@Ds could also feasibly increase profits
13% because of improved pasture growth while redubi losses by 16%.Feedpads can

also reduce N losses by 15% with an 8% increapeaiits. Wintering off reduces nitrogen
leaching by about 15%, with an 18% increase inayeprofits. Combining wintering off

with either DCDs or a feedpad for dairy farmersegisome additional mitigation while still
providing the same gains in profit as the individ@MP. Of the GMPs considered, only
constructing feedpads, fencing streams, or dojarian planting reduce phosphorus losses,
with riparian planting having the largest declif@sP in the Manawatu, or approximately
23%.

For other pastoral enterprises, only a small foactf sheep, beef, and deer pasture is
intensively fertilised so any changes in fertilig@plications will have little impact on

nutrient losses. DCDs could be applied and prosigesitive return (14% increase in profits)
for farmers who apply them and reduce N losses%yFencing stock or riparian planting
are the only two GMPs considered for non-dairy gastenterprises that can impact both N
and P, but doing so could reduce profits by 26—66Bs is because NZFARM estimates that
sheep and beef farmers in the Manawatu are, omg®geto be earning profits of around
$200/halyr. Therefore, an opportunity cost of up&8/ha/yr for a riparian strip could be a
difficult option to undertake without financial &since or other incentives.

% There is still an on-going debate about the pravity benefits of DCDs in certain areas of New el
(Gillingham et al. 2012). The productivity changeed in this report were obtained by parameteayidie
FARMAX model (Bryant et al. 2010) for the Manaw&atchment.

Page 72 Landcare Research



Evaluation of the impact of different policy options for managing to water quality limits

Table28 Estimated nutrient reductions of GMPs for pasterderprises in Manawatu Catchment if 100%
Adoption by landowners

Voluntary | Area . N P Average |Average | Total Profit
. . Change in | Change

GMP Adoption | (‘000 N () in P (kg) change |change | cost cost cost change

Rate ha) 9 (%) (%) | ($/kgN) | ($/kgP) | ($'000) (%)

Dairy

Fertiliser to
80%

75% 9 -23 0 -10% | 0% -7 = -161 1%

Fertiliser to
60%

Fertiliser to
50%

DCD

Feedpad 75% 80 -301 -3381 | -15% | -17% -79 -7043 | -23,813 | 18%

Winter off

Max Stocking
Rate of 3 0% 0 0 0 0% 0% 0 0 0 0%
cows/ha

DCD + Winter
off

Feedpad +
Winter off

Exclude
Stock via
Fencing

Riparian
Planting

50% 54 -64 -6606 -3% | -23% 83 807 5329 -6%

Sheep, Beef, Deer, and Pigs

Fertiliser to

80% 25% 0 n/a n/a n/a n/a n/a n/a n/a n/a

Fertiliser to
60%

Fertiliser to

50% 0% 0 n/a n/a n/a n/a n/a n/a n/a n/a

DCD

Exclude
Stock via 60% 199 -199 -30,440 | -9% -9% 44 285 8666 -26%
Fencing

Riparian
Planting
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By combining feasible GMPs for all pastoral farmghe catchment we estimate the
reduction in nutrient losses from voluntary andutatpry approaches. This assessment
maximises reductions in N and P losses but doesetwsssarily minimise costs to the
landowner. The latter issue is addressed in detéie analysis of the various cap-and-trade
policies below.

The impact of voluntary GMPs is determined usinvgegghted average of GMP adoption, as
described in Section 2.6. The nutrient reductiss®aiated with the most effective voluntary
practices (i.e. DCD and riparian planting) beingiemented on 50% of the eligible land area
reduces N leaching by 7% and P losses by 14% (TP&)leProfit for the landowners who
have implemented these practices is expected tmddxy 1% as the costs for the riparian
planting are nearly offset by the productivity gafrom applying DCDs. Our interpretation

of the HRCs water quality targets (Table 24) estadahat N leaching must be reduced 53%
and P losses reduced by 49% to meet water quéditylards for the Manawatu catchment.
Thus, the voluntary GMP approach would provide sbeeefits for water quality in the
catchment, but would not achieve the necessarjentiteduction targets.

If all landowners were regulated to apply DCDs andertake riparian planting, and all dairy
farmers had to winter their cows off the farm, tiNteaching would be reduced by 15% and
P losses would decline by 27% (Table 29). This waalst the average landowner in the
catchment about 1% in profits, again because teeafdhe planting is nearly offset by the
benefits of applying DCDs. It would also cost tlwgrnment time and money to implement,
as effort would have to go into monitoring and eaiitg compulsory adoption of these
practices to ensure the full environmental gainsewealised. As with the voluntary GMP
case, a regulatory GMP approach would produce tghscin nutrients and improve water
guality in the Manawatu, but it is still not adetpito meet the desired targets specified in
Table 24. Thus regulating the adoption of the GMEdave investigated here will not result
in the achievement of water quality targets for¢htchment. This indicates that some land
use change will be necessary over the long run.

Table29 Estimated nutrient reductions of the most effectigkintary and regulated GMPs (by level of
reduction) in the Manawatu catchment

Management |Adoption | Area | Change | Change N P Average | Average | Total Profit

practices rate (000 | inN (t) |inPloss |change |[change | cost cost cost [change
ha) (®) (%) (%) ($/kgN) | ($/kgP) | ($ mil) (%)

DCD +

Riparian 50% 67 -381 -52 -1% -14% 2 285 0.9 -1%

Planting

DCD +

Riparian 100% | 348 | -809 | -104 | -15% | 27% | 2 182 18 | -1%

Planting+

Wintering Off
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Policy #2. Implement nutrient cap-and-trade programme

As discussed in the Hurunui-Waiau catchment caskysta cap-and-trade programme is
often proposed for reducing nutrients in catchnoatiause it provides flexibility to
landowners allowing them to meet their targets-edigctively rather than requiring all
landowners meet individual targets on their owrdlére. command and control). We assess
three different cap-and-trade scenarios withinMlamawatu catchment with various
allocation and trading options. The first two sa@sare similar to policies #2a
(grandfathering allocation and catchment-wide tigiiand #2b (grandfathering allocation
with trading restricted to catchment zones) inkueunui-Waiau catchment section, except
for the size of the nutrient reduction targets. Tdst scenario mimics the natural capital
approach for allocation that has been proposed®§.H

Farmers are allowed to increase their land usasitiebeyond what they hold discharge
permits for but they must acquire allowances fraheplandowners in their specified trading
area to cover any additional nutrient discharges €hsures the cumulative nutrient leaching
targets for the catchment are met. Some landownigist find it more advantageous (i.e.
profitable) to reduce their nutrient leaching irstiéyn and sell excess permits to others, while
others will find it profitable to purchase permitsincrease their land use intensity.

The basics of each cap-and-trade scenario in theaMatu catchment are outlined in Table
30. The key differences between the different scesanclude the initial number of permits
available for allocation in each catchment zonewhether trades can occur across the
catchment or only within a catchment zone. Eachate ensures that the same nutrient
reduction target is achieved at the catchment I@xelmaintain N and P at 2010 levels), but
the cost of achieving the target varies acrosewdfft landowners, the community, and
specific waterways in the catchment depending erstienario. Because the policy applies a
polluter pays principle, it does not necessarilgt@ct past capital investment and could cause
social disruption and changes in land values. Wact on individual landowners depends
on how permits are the allocated and who farmersbowed to trade with.

All scenarios are modelled using NZFARM. While adfial nutrient reductions could be
achieved from implementing practices not include8lZFARM it is likely that these
practices would have to be implemented at costale@quor greater than the practices
modelled in NZFARM. For example, while riparian g is an effective way to reduce N
leaching and P losses in the catchment, the estihagih unit cost of doing so relative to
other mitigation options could make it cost-protiug for a cap-and-trade programme that
allows landowners to determine their own method®dticing nutrients on their land.
Additionally, as NZFARM is based on the nutrierduetions and costs for a representative
farm in the catchment zone it is likely some farsnewuld implement a specific GMP more
cost-effectively than the representative farm.ddahg additional management options not
tracked in the model could also have an impacherestimates presented in this report.
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Table30 Initial allocation of permits (tonnes/yr) and ebdity for trading across catchment regions forteac
cap-and-trade scenario

gggr-]aar:i((j)-trade Manawatu Flats Manawatu Hills Tararua Flats Tararua Hills
Land Area (ha) 143,600 175,100 94,300 162,600
Number of Farms 1,847 445 798 389
Baseline Total N 1881 922 1493 1099
Baseline Total P 62 84 26 205
Catchment-wide P Trading permitted acrossall regionsin catchment R
grandparenting ~ -
Initial Total N 884 433 702 516
Permits | Total p 32 43 13 104
Region-restricted [P L L L

Trading Trading only with landownersin sameregion

Initial Total N 884 627 612 396
Permits | rota| p 12 48 21 108
Xslt)l;(r)ﬂciapital < Trading permitted across all regionsin catchment >
Initial Total N 964 487 633 452
Permits | rotal p 73 37 48 35

Policy #2a. Grandparenting allocation, with catchment-wide cap-and-trade programme

For this policy scenario, we estimate the econanit environmental impacts on the
Manawatu if landowners must meet the comprehemaitrgent load targets (i.e. the cap)
specified by HRC (see bottom of Table 24): a 53@éuction in the annual discharge of total
N and a 49% reduction in total P. If landownersena the limit of discharges, they would
be given 100% of the permits. The Manawatu is sit@ation where nutrients are already
‘over-allocated,’ such that landowners are discimgygutrients beyond a point where a
freshwater objective is no longer being met. Thuess evaluate a modified grandfathering
allocation scheme where all landowners are graatgidcharge permit based on existing or
historic land use and leaching intensity, but atlyhe level of 47% of their total land-based
N and 51% of their total P leaching levels in 20B&cause this scenario is specified as a
catchment-wide programme, all farmers can buy lbpsemits anywhere in the Manawatu.
A sensitivity analysis where nutrient loads arepepbetween 10% and 80% below baseline
levels is presented in Appendix D to highlight gussible non-linear response of land use,
land management, and farm profitability under tap-and-trade programme with differing
nutrient limits.

Key outputs for this policy and its comparisontie baseline are listed in Table 31. Changes
in enterprise area across the four NZFARM catchroétite Manawatu catchment are shown
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in Figure 22. Allowing trading across the catchmemtourages landowners in the flats to
increase their nutrient discharges by purchasimmipe from other landowners located in the
hills. This makes sense, given that many of the GlliBcussed in policy scenario #1 can be
undertaken in the flats region at relatively lovstcddditionally, the results indicate that not
all permits allocated for P loss are used, asntight not be economically feasible to meet
the N leaching targets (with the modelled GMPshuiitt reducing P beyond the targeted
level. More detail on the optimal distributférof nutrient allowances for this and other
policy scenarios is shown in Appendix E.

Table31l Key outputs for the Manawatu catchment: Catchmeddewap-and-trade programme and
grandfathered permits

Net Revenue | N Leaching P Loss Total Net Irrigated
(million $) (tonnes) (tonnes) GHGs GHGs Area
(tonnes) (tonnes) (hectares)

Estimates $251.2 2536 148 1,689,800 | -717,900 5,870
Change From 17% 53% 61% 47% -134% 1%
Baseline

Tararua Hills

Tararua Flats u Dairy

u Sheep and Beef
H Deer
¥ Arable
m Forest
Scrub
Natural/Doc

Fallow

Manawatu Hills

Manawatu Flats

-150 -100 -50 0 50 100 150
thousand hectares

Figure22 Change in aggregate enterprise area ('000 ha) aseline: Catchment-wide cap-and-trade
programme and grandfathered permits

2 This is similar to the equilibrium distribution permits after trading takes place. Likewise, ifrpits were
allocated in this manner initially, no trades wobklmade as the market would already be in equilifor
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A grandparenting allocation with trading acrossehére catchment is likely to be one of the
most economically efficient policy options for tbatchment as a whole, but it does have
various impacts on the landowners, community, aateiways. For example, landowners in
catchment zones that have net reductions in pemaitgd only choose to reduce their
nutrient loads beyond the required target if tiveds a net gain in income from doing so.
Therefore, the more permits landowners are allocabe more opportunity they have either
to meet their nutrient reduction target or to ggdrel the target and sell these reductions to
other landowners.

A distribution of the costs and benefits of theippincluding administrative and transaction
costs, and changes in profits for farmers is shiowkigure 23. Every catchment zone
experiences a financial loss, primarily from theuetion in profits and the transaction costs
necessary to trade permits. The Tararua Hills 8eegfit somewhat from trading, though, as
farmers are able to use GMPs or change land uselte their discharges beyond their
allocated permits and sell any excess permitsidoaners in the Manawatu and Tararua
flats. Summing across all cost and benefits yial@2% reduction in net catchment revenue
relative to the baseline where there is no watatityupolicy.

$20
$15
S10
S5
B Administration
- $' i
s m Transaction
1:‘: $(5) m Profits
% B Permit Value
5(10) + Total
$(15)
$(20)
$(25)
$(30)

Manawatu Manawatu Tararua Tararua Regional
Flats Hills Flats Hills Council

Figure23 Regional distribution of costs and benefits: Catehtrwide cap-and-trade programme with
grandparented permits
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Policy #2b. Grandfathering allocation with region-restricted cap-and-trade programme

Policy #2b is similar to policy #2a except pernui#s only be traded within a given
catchment zone (e.g. Manawatu Flats) instead df litdowners located anywhere within
the greater Manawatu catchment. That is, all lamdesare still allocated permits at a
specified percentage of their 2007 nutrient disgbastimates but can only buy or sell
permits within the catchment zone where their feghocated. This policy is more restrictive
as there are fewer permits available to trade @h eatchment zone, which could result in
higher costs. It might also be more costly admiatstely because the regulatory agency
would have to oversee four trading markets instdamhe catchment-wide market. There
may be an advantage from a water quality perspgdiecause the policy would preserve
water quality in some of the catchment zones theat be at risk of ‘hotspots’ because of high
nutrient levels in a local (i.e. sub-catchment)ewdtody.

The NZFARM region-restricted nutrient reductiongials were based on the water quality
standards set by HRC at the water management ¥YoWE] level. As discussed above,
because standards were set at concentrationsy; théimeloads, we converted DRP and SIN
concentrations to loads assuming the same peraeokemge in total N leaching and P losses
at the farm. Table 25 shows the annual total Ntatal P reduction for the four NZFARM
catchment regions based on the HRC concentratimhd/@anawatu catchment WMZs.

Key outputs for this policy and its comparison witle baseline are listed in Table 32. The
change in enterprise area in the catchment reltditiee baseline is shown in Figure 24.
Farm profit reductions (37%) in this scenario wiarger than with catchment-wide trading
(17%) as landowners in the flats must meet allienttargets on their own and pay higher
mitigation costs rather than compensating farmerther catchment zones to reduce their
nutrient loads. This leads to a significant amaafrénterprises change in all catchment
zones, with sheep and beef and dairy being cord/éstéorestry or scrub, or left fallow.
Interestingly, a substantial amount of land is @ted to arable cropping in the Manawatu
Flats, as it is a relatively profitable, viable enprrise with little or no impact on P loss.

Table32 Key outputs for the Manawatu catchment: Catchmenézap-and-trade with grandparented
permits

Net N Total

: P Loss Net GHGs Irrigated
Revenue Leaching GHGs
(million $) (tonnes) fonnes) (tonnes) (et Area (ha)
Total Catchment $189.9 2,520 190.4 1,477,800 -304,800 5,870
Values
Change From -37% -53% -49% -53% -114% 1%

Baseline
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Figure24 Change in aggregate enterprise area (‘000 ha) fesrline: Zone-restricted cap-and-trade with
grandparented permits

A zone-restricted cap-and-trade programme in thedMatu could create significant
improvements in water quality for many parts of téchment, but at a potentially large cost
to the landowners, especially when compared witltp&2a. The distribution of the costs
and benefits of the policy including administratased transaction costs, change in profits for
farmers and the costs for the regional councidimiaister the programme is shown in Figure
25.

Landowners in all regions except for the Manawailis face greater costs when trading is
restricted to specific regions because (1) theyhtmgt be allocated as many permits and are
required to produce greater reductions in nutrigsitharges, or (2) they are unable to benefit
from producing nutrient reductions and then seltimgjr surplus permits for a profit to
another NZFARM region. The Manawatu Hills face fewests under this policy primarily
because their nutrient reduction target is lessgent than some of the other catchment
regions. Thus, each landowner in that region mtadl a greater number of discharge permits
compared with the catchment-wide policy (Table 30).

Subtracting the administration and transactionscfystn the reduction in farm profits yields
about a 43% decrease in revenues for the catchmmenthe baseline where there is no water
quality policy. This indicates that while water ¢jtyais likely to be improved dramatically in
nearly all of the sub-catchments in the Manawater ¢iwve long run, doing so under this
policy is nearly twice as costly as the catchmemntevecheme with grandparenting.
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Figure25 Regional distribution of costs and benefits: Zoestricted cap-and-trade with grandparented
permits

Policy #2c and #2d. Natural capital approach and catchment-wide trading

The revised version of the Horizon’s One Plan idtices rules to limit nutrient leaching from
dairy farms in targeted catchments based on ti's tamd-use capability (LUC)
classification, often referred to as a natural i@gipproach (NCA). The NCA is a
benchmark-type scheme that allocates nutrient drgehpermits based on the physical
characteristics of the land or soil type. This tglly reflects either the land’s productive
potential or vulnerability to nutrient leaching,dais independent of existing land use. The
approach supports the sustainable use of bothdaddvater resources by favouring land
areas that have good productive potential andi@idéaching rates.

The December 2010 version (the Decisions Versibtheproposed Horizons One Plan
required that new dairy farms demonstrate compéamith cumulative nitrogen leaching
maxima that vary with LUC classification, as shawiTable 24. For example, the Plan
specifies that all dairy farmers in LUC 11l be pettad to discharge up to 24 kgN/ha/yr from
their land. For policy #2c we evaluate a slightiffedtent policy option from the One Plan
that still follows a natural capital approach bequires thaall dairy farms must comply with
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LUC based nitrogen leaching caB©ur policy also assumes that dairy farmers cart mee
their discharge criteria by changing managemerthem farm, purchasing permits from
other dairy farms in the catchment, or changingl lase. As a result of the policy
assumptions presented in this report, the estinaaiga®t directly comparable with analyses
of the One Plan.

A summary of the key outputs for the dairy-only N@Kocation policy with catchment-wide
trading is listed in Table 33. We estimate thatafmits were allocated to all dairy farms
based on the maximum per hectare leaching rate4,Ul net revenue would be reduced by
about 0.4%, but N leaching in the catchment wodbly be reduced by 6%. This is
because (1) most dairy farms in the catchmentlegady in those LUCs that permit
discharges of 18 kgN/ha/yr or more and thus needdoce their N output only marginally to
meet the benchmark leaching target; and (2) damy$ comprise less than 20% of the
catchment, and therefore do not have a large ensh@te of the land mass to meet the
catchment targets of a 53% reduction in N on ita.diwen if all dairy farms in the
Manawatu catchment were converted to forestry, NEAMPestimates that N leaching would
only be reduced by about 40%. Additional measui#sherefore be necessary to achieve
the specified nutrient reduction targets.

Table33 Key outputs for Manawatu Catchment: Catchment-wale-and-trade programme with natural
capital allocation approach for only dairy-farms

; Total Net Irrigated
N Leachin P Loss
?'nfit”gi"g)””e E GHGs | GHGs | Area
(tonnes) (tonnes) (tonnes) (tonnes) (hectares)
Estimates $299.7 5,099 352.49662 | 2,919,877 | 1,571,364 | 5,835
Change From |, 4o, -6% 7% -8% -25% 1%
Baseline

Policy #2d builds upon policy #2c¢ by (1) requiritingit all enterprises (not just dairy) initially
be allocated discharge permits at the benchmasdabhing rates listed in Table 24, (2)
adjusting the number of N permits downwards prapodily for each LUC so that
landowners must comprehensively meet the catchmielg-nutrient targets for N leaching
(53% reduction), and (3) issuing the same propomiopermits to farmers to meet the target
for P loss (49% reduction). These criteria are sg@gy to develop a policy scenario using a
NCA that ensures the comprehensive nutrient redi¢éirgets in the Manawatu catchment
are met. As with policy #2a, landowners are allowettade permits across the entire
catchment. While this will result in very similaggults for the catchment as a whole,
individual landowners could yet be impacted difféhg based on the number of permits they
are allocated.

The impacts of using the natural capital approadichieve the nutrient targets are listed in
Table 34, while changes in land use from the bgsims usual case are shown in Figure 26.
Results indicate that N leaching and P loss tampetisdhe met when each landowner is

% This policy option is not the same as the politegiffuse discharges in the notified versionitimer is it the
same as that in the decisions version of the PezpGse Plan.
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allocated permits based on their LUC. This is aquamed by a corresponding 17% loss in
net revenue from reductions in farm output, chamgésnd use, and higher costs of
production. Most of the change in net revenue acouthe sheep and beef and dairy
enterprises, as land is converted to forests, samdbfallow pasture. The large expansion of
fallow land is due to farmers converting some efitihand to low leaching enterprises to
maintain high levels of productivity on other pastgheir property. More land use is
expected to change in the hills because theresarerfmitigation options and the enterprises
have relatively low profitability.

Table34 Key outputs for Manawatu Catchment: Catchment-wigle-and-trade programme with natural
capital allocation approach for all pastoral arabée farms

: Total Net Irrigated
N Leachin P Loss
(Nrﬁitmzﬁvg)nue i g i GHGs GHGs Area
(tonnes) (tonnes) (tonnes) (tonnes) (hectares)
Estimates $251.2 2,536 148 1,689,800 | -717,900 | 5,830
Change From | ;0. -53% -61% -47% -134% 1%
Baseline

Tararua Hills

Tararua Flats

Manawatu Hills

Manawatu Flats

-150

-100 -50

0
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100 150

thousand hectares

Figure26 Change in aggregate enterprise area (‘000 ha) fiaseline: Catchment-wide cap-and-trade
programme with natural capital allocation approach

The regional distribution of the costs and benefithe policy including administrative and
transaction costs and changes in profits for fasnrethe catchment is shown in Figure 27.
As with the catchment-wide cap-and-trade programiitie a grandfathering allocation,
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every catchment zone has revenue losses. Sumnmogsaall cost and benefit categories
yields a 22% reduction in net revenue for the aatefit relative to the baseline where there is
no water quality policy, again similar to policya&2ecause although the permits are
allocated differently landowners still have thesfilem to buy and sell permits across the
catchment.

The key difference between policy #2a and thisqya#2d is that the total values of the
permits traded are different for each region beeafishe way they were allocated (Table
30). Under grandparenting (#2a), farmers were atlxt permits based purely on their current
(2007) land use and nutrient discharge rates.drNiGA approach (#2d) landowners are
allocated permits based on their LUC and areaaf tarm. Because the NZFARM region
designated as ‘Manawatu Flats’ comprises a relgtiaege area of the high-quality LUCs in
the catchment relative to its historical nutrieisictiarge levels, landowners there are
provided with a larger number of permits than trengparenting allocation approach. This
approach reduces landowner costs by 11% compathdulicy #2a. Landowners in the
regions that were not allocated as many permigs f@rarua) could see a 16—-17% increase
in costs under policy #2d relative to policy #2a.

$15
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M Administration

m Transaction
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M Profits

$(10)

M Permit Value

million $/yr

+ Total

$(15)

$(20)

$(30)
Manawatu Manawatu Tararua Tararua Regional
Flats Hills Flats Hills Council

Figure27 Regional distribution of costs and benefits: Cateht-wide cap-and-trade programme with natural
capital allocation approach
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Policy #3. Direct tax on nutrient discharges

If the tax is imposed properly and landowners anlg taxed for discharges above their
baseline (2007) nutrient discharges, this showddltén an outcome to the cap-and-trade
policies. The optimal tax level would be the samé¢h& shadow (permit) prices estimated
under the catchment-wide cap-and-trade schemecypieifia). We estimate that this is
equivalent to a tax of $36 per kgN and $0 per I8f@&ed on this finding, the council might
not need to tax P as the land-use and land managetmenges implemented to meet the N
targets also mean the required P loss reducti@nadnieved. This suggests that a tax could
be a relatively efficient option from an adminisiva standpoint as only one nutrient needs to
be regulated. Of course, this finding is dependernthe structure and land-use options
tracked in NZFARM and may not hold where an altéwmeamanagement practice or land use
reduced N leaching but increases P losses.

While the tax rate is set at the margin, the awersgt for many landowners would actually
be lower on a $/kg basis. For the catchment-wide che average cost of reducing N was
estimated to be about $23/kgN. This is significafdgiver than the marginal tax rate because
many landowners can implement changes in land nesinewgt that reduce N at costs lower
than the specified tax, thus reducing their oveeadlburden relative to maintaining the status
quo.

The tax approach could have a noticeable differam&@&m-level impacts relative to the cap-
and-trade approach because landowners must pagc @ix for all their nutrient discharges
rather than purchase excess discharge permitsdtioen farms in the catchment. For
example, a cap-and-trade scheme with a naturaiat@tiocation approach may benefit some
sheep and beef farmers who can sell excess nutlisstiarge allowances, whereas a tax
would reduce their net profit as they would be resflito pay for any nutrients that are
discharged from their operation (not just the lemedr the specified target).

If all the revenue collected from the nutrient t@ere recycled back to landowners in the
form of a dividend or reduction of other taxes, thanges in net catchment revenue would
be similar to the grandparented cap-and-trade y@#2a). This is the assumption we use in
this report when presenting catchment-wide estisiiatiepolicy #3. If not all the taxes
collected were recycled back to the landowner, hvawnehe total costs to farmers would be
higher under this policy approach. Furthermoreséhandowners who might not have the
ability to implement more cost-effective managenmactices on their farm could face a
potentially high price to maintain their currenteogtion.

As in Hurunui-Waiau catchment, we find that landews response (via land use and land
management changes) is sensitive to the tax rateit®ity analysis of the optimal tax rate
found that setting a rate of $22/kgN and $34/kgRlddecrease N and P loads by 40%.
Setting a tax rate at $66/kgN would reduce loadsagh nutrient by about 60%, and again
would not require an additional P tax as the pcastimplemented in response to the N tax is
also beneficial for reducing P losses.

In addition to conducting a sensitivity analysigloé tax rate, we also investigate the
potential abatement over a wide range of taxes and\NP discharges. The estimated
marginal abatement cost (MAC) curves for N is shawhigure 28, while the MAC for P is
shown in Figure 29. Estimates reveal the respaasge tax are not linear, which indicates it
would be difficult to set an optimal tax to achielesired nutrient reductions ex ante. A
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policy that had the flexibility to adjust the taate over time would better ensure that nutrient
reduction targets are achieved over the long raking this flexible approach would not be
detrimental to water quality in the catchment duéhe relatively small lag times for

nutrients to reach a waterway from its point oterge. Additional estimates from the
varying tax rate scenarios conducted for the Manawatchment are presented in Appendix
D.

Nitrogen Leaching Abatement from N Leaching Tax
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Figure28 Marginal abatement costs for N leaching: Manawaitcment
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P Loss Abatement from P Loss Tax
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Figure29 Marginal abatement costs for P loss: Manawatut@asnt

Table 35 summarises the key changes in outputstierbaseline, with detailed figures for
land-use change at the different tax rates listefijgpendix D. Net catchment revenue
appears to be more responsive to an N tax, butargrto the Hurunui-Waiau catchment,
GHGs are equally responsive to both N and P tak@sther point is that implementing an N
tax results in large reductions of both N leachand P losses, but implementing a P tax
could lead to increases in N leaching as landowslgfsaway from pastoral enterprises to
arable cropping. Thus, solely having a P tax withpuiting restrictions on N leaching might
not achieve the desired water quality targets.
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Table35 Key outputs for Manawatu Catchment for variousrd B tax rates

Change in net Change in N |Change in P Change in Change in
revenue (million $) |Leaching Loss total GHGs  |net GHGs
(tonnes) (tonnes) (tonnes) (tonnes)
$/kgN
$0 $301.0 5,400 380 3,168,000 2,107,000
$25 -36% -35% -17% -23% -96%
$50 -58% -57% -68% -51% -144%
$75 -717% -61% -72% -53% -151%
$100 -92% -73% -76% -65% -131%
$/kgP
$0 $301.0 5,400 380 3,168,000 2,107,000
$250 -1% 30% -62% -35% -72%
$500 -15% 65% -89% -70% -138%
$1000 -16% 57% -89% -69% -148%

4.5 Summary and Conclusions

In this case study we have considered a numbeolmigs that could achieve nutrient
reduction targets in Manawatu catchment. Theseipslinclude the implementation of
GMPs, a nutrient cap-and-trade programme with iiffeallocation options, and a tax on
nutrient discharges. The modelled nutrient tarf@tshe comprehensive Manawatu
catchment are to reduce N leaching by 53% andde$osy 49% (Ausseil & Clark 2007),
although varying targets could also be imposednoallsr water management zones in the
catchment.

We assessed a number of variants of each polichavel also assessed the sensitivity of
results to different nutrient targets (see Appeeslid and E). For each policy we have
reported the costs of achieving the nutrient redadirget relative the no-policy scenario.
Where appropriate we have also reported the estdiManhd-use change resulting from
policy. We do not quantify all the costs the betsedif each policy in dollar terms, rather we
report the relative changes in the catchment'senttdischarges and revenue/profit streams
resulting from policy and the complementary long GHG emissions reductions.

A summary of the water quality scenarios considéoethe Manawatu catchment is
provided in . The baseline has no water qualitygyah place. Based purely on minimising
the cost of the policy and meeting the N and P ctdu targets, the optimal choice would be
to develop a catchment-wide cap-and-trade schemg aggrandparenting allocation
approach. Setting a tax of $36 per kgN leachednahglacing a tax on P would achieve a
similar result. There may still be some adverseewatiality impacts for some areas of the
catchment should *hotspots’ occur, namely in theemtrient-intensive flats regions that
find it more economical to purchase discharge pesrfrom landowners in the hills.
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Table36 Summary of water quality policies in Manawatu @atent

% N Average % P Total Cig)r?te
Scenario N Target | Target | Mitigation |P Target| Target Annual frorr?
(tonnes) |Achieved Cost (tonnes) [Achieved Cost Baseline

by 2022 | ($/kg N) by 2022 (($ million) (%)
Baseline 2536 0% n/a 190 0% n/a 0%
Voluntary GMP o o o
(Policy #1a) 2536 13% $2 190 27% $0.8 0%
Regulatory GMP o 0 6
(Policy #1b) 2536 28% $2 190 55% $1.8 1%
Catchment-wide

0, 0, - 0,

Trading (Policy #2a) 2536 100% $23 190 122% $64.7 22%
Region-restricted 0 9 NEG
Trading (Policy #2b) 2536 101% $45 190 100% $129.4 43%
Natural Capital
Allocation Trading — o e g
Dairy Only (Policy 2536 11% $4 190 14% $1.2 -0.4%
#2c)
Natural Capital
Allocation Trading — 0 . .
Pasture and Arable 2536 100% $23 190 122% $66.2 -22%
(Policy #2d)
Tax at $36/kgN 0 0 o
(Policy #3) 2536 100% $23 190 0% $66.2 22%

The key findings from the policies assessed foiMla@awatu catchment are:

. A GMP approach that assumed the most effectiventaty practices (i.e. DCD and
riparian planting) would be implemented on 50%haf &ligible land in the catchment
could reduce N leaching by 7% and P losses by Blétive to the baseline (policy
#1a). This would not achieve the specified nutrrediuctions.

. If all pastoral landowners were required by redgalato implement the GMPs of
applying DCDs and undertaking riparian planting] all dairy farmers also had to
implement the GMP of wintering their cows off ttegrh, then N leaching and P loss is
estimated to decrease by 15% and 27%, respec{peligy #1b). This would be done
at a low average cost ($2/kgN) to the landownemaily because applying DCDs
could improve productivity, but would not achieve twater quality limits specified by
the Regional Council.

. A catchment-wide cap-and-trade programme with adparenting-based allocation
(policy #2a) proved to be one of the most costetife policies of those options
modelled to meet the water quality limits at thechenent-level. Net revenue for
landowners in the catchment declined by 17% anthgdatiministration and
transaction costs further reduced revenues to 2382007 baseline revenues.
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Allocating discharge permits based on LUC is inshtb intensify the use of high
productivity land while simultaneously reducing ment loads. This is referred to as a
natural capital allocation approach. Only requiraxgsting dairy enterprises in each
LUC to meet specified nutrients discharge levessilts in a 6% reduction in total N
compared with the modelled baseline (policy #2o0) kss than a 1% reduction in net
revenue. This is because (1) most dairy farmsleeady located on the LUCs with
permitted discharges of 18 kgN/ha/yr or more an tiequired little change to meet
the specified leaching rates stated in the Dece@®ED version of the Horizons One
Plan, and (2) dairy farms comprise less than 20%etatchment, and dairying
therefore does not have a large enough share tdridamass to achieve a 53%
reduction in N discharges on its own.

A natural capital approach could still be a feasjblicy to meet nutrient reduction
targets if (1) discharge permits based on LUC Hoeated toall pastoral, arable and
horticultural land uses (not just dairy) and &8)landowners are required to
collectively meet the HRC'’s nutrient targets ofueithg N by 53% and P by 49%
through a catchment-wide trading scheme (similgraiecy #2a). In this case, net
revenue for landowners in the catchment was estunat decline by 17%, and adding
administration and transaction costs further reduegenues to 22% below baseline
revenues.

The grandparenting (policy #2a) and natural capipglroaches (policy #2d) for
allocating nutrient discharges have similar estedampacts at the catchment level
when all landowners are covered, given that thecjesl are designed to (1) cover
nutrient losses from all landowners and (2) capients at the levels necessary to meet
the HRC water quality limits. However, impacts abuary at the farm-level between
grandparenting and natural capital-based approdmezsise landowners may receive
different amounts of permits, depending on allaatriteria used.

Restricting trades to smaller areas within the Maata catchment would reduce the
possibility of localized water quality ‘hotspotsiowever, spatially restricting trades
resulted in a modelled decline in revenue of ad@3 when accounting for changes in
farm profit, administration and transaction cog@licy #2b). This is because farmers
in the ‘flats’ area of the catchment must reduceients in their own area of the
catchment rather than purchasing discharge pefroits farmers in the ‘hills’ that may
be able to reduce their N and P discharges at erlowst.

The cap-and-trade programme and nutrient dischargpolicies assessed could result
in significant changes in land use in the Manaveatichment with land converting
from pasture to arable, forests, scrub, or fallow.

Theoretically, a nutrient tax (policy #3), implentet optimally, will provide similar
impacts as a catchment-wide cap-and-trade prograipaotiey #2a). We estimate that
charging landowners a tax of $36/kgN for nitrogeat ieaches from their land should
achieve the desired nutrient loads set at catchieeak The average cost of reducing
N was estimated to be $23/kgN, which is signifibaldwer than the tax rate because
many landowners can implement changes in land nesinewgt that reduce N at costs
lower than the specified tax.

In all likelihood there would be no need to taxsRtee land use and land management
changes implemented in response to the N tax sl achieve the required P loss
reductions in the catchment.
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. Varying the N and P tax across different parthefcatchment to meet different
nutrient reduction goals has similar outcomes tp@2b. Estimates reveal that the N
tax could range from $18.70/kgN in the ManawatusHib $89.70/kgN in the Tararua
Flats.

. The marginal costs of abatement for a tax are im@at, which could make it difficult
to establish the optimal tax ex ante. Providingibigity to adjust the tax over time
would better ensure that nutrient reduction goedsaghieved over the long run but
could generate more economic and social disruptidne transition than a cap-and-
trade approach if policy makers have frequentlgdust the tax rate.
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5 Case Study #3 Lake Rotorua Catchment, Bay of Plenty

5.1 Introduction

Lake Rotorua has seen a significant decrease ierwgatlity over the past 40 years, largely
as a result of land-use intensification and pursirameases in nutrient leaching into the lake
(Parliamentary Commissioner for the Environment&®0The local community has indicated
that this decline in water quality is not accepgalaind the regional council is currently
considering the optimal policy mix to achieve sfgrint nitrogen discharge reductions. The
most recent statements from the council indicadé tiey aim to decrease annual nitrogen
exports in the Lake Rotorua catchment from 755 ésrper year to 435 tonnes per year (Bay
of Plenty Regional Council 2012). As pastoral farghand forestry are the source of
approximately 80% of nitrogen flowing into Lake Bnia, reaching this goal will require
changes in land management and use (Bay of PlesgioRal Council 2012).

We consider a number of policies that could achteeeintended nitrogen cuts. The first
option is the voluntary or regulatory implementataf ‘good management practice’ (GMP),
in which farmers achieve a lower nitrogen leachieig while holding land use fixed. The
second policy is a cap-and-trade scheme for nitroigewhich a cap is placed on the total
leaching of all pastoral sources of nitrogen (sbgep, beef, and dairy) and sources can trade
nitrogen-discharge permits among themselves tomagicatchment-wide production whilst
still achieving the environmental goal. We devdie majority of the chapter to assessing
variants of this policy. The third option consid#ie a tax on nitrogen leaching; for this
option, we also consider the sensitivity of envir@mtal outputs to an incorrectly specified
tax. Finally, we assess how different allocatiohallmwances will affect the distribution of
costs across different land uses, the community tla@ local government. For each policy,
we report the total cost, its distribution acraasd uses, land-use change, and the resulting
nitrogen loads that will ultimately reach Lake Rot®. Reductions in greenhouse gas (GHG)
emissions, a co-benefit that emerges with watelitguanprovement policies, are reported in
the appendix.

All policies are estimated using the agri-enviromtaéeconomic model NManager, a partial-
equilibrium simulation model that uses bio-physisaiperties of the Lake Rotorua
catchment and farmer nitrogen mitigation costsstareate environmental outcomes and costs
of nitrogen regulation in Lake Rotorua. While amlieaversion of NManager has been used
to measure the costs of some policies discussed(bgy. Anastasiadis et al. 2011), this
report presents the first simulations since sewexnsions have been added to the model,
including an allocation module and a GHG-emissimaslule. These extensions allow us to
investigate issues of crucial importance for poti@gign, including the impact of different
allocation mechanisms on the distribution of castd the wider environmental impacts of
nutrient policy.

The chapter continues as follows: subsection 2igesva background on Lake Rotorua and
the environmental challenges that it faces; sulisex8 and 4 introduce our simulation
model, NManager, and detail how it has been updateddertake the current analysis; in
section 5, each policy is discussed in turn.
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5.2 Lake Rotorua: Background

Water quality has been declining in Lake Rotoruaatdeast the last 30 years due to
increased levels of nutrients entering the lake iflerease in nutrient levels by agricultural,
residential, and commercial sources has led teasad frequency of algal blooms, which
limit recreational water use and affect the locst fplant, and animal populations
(Parliamentary Commissioner for the Environment&@0These historical nutrient exports
are still arriving in the lake due to the time lagsociated with transporting discharges from
their sources through groundwater to the lake (&dind et al. 2011). Alongside these
historical releases, current exports of nutriengstao high to maintain lake water quality.
The sources of nutrient exports are shown in TaBBay of Plenty Regional Council
2012).

The Bay of Plenty Regional Council (BOPRC) hasasgbal of returning water quality to
levels last seen in the 1960s (Environment Baylerfty et al. 2009). Achieving this goal
requires a cut in the amount of nitrogen arrivinghe lake each year to 435 tonnes. Nitrogen
reaches Lake Rotorua through surface water anchgraater. As a result of groundwater
lags of up to 200 years, there are significanedéihces between the amount of nitrogen
arriving in the lake in any one year and the amexpbrted each year. For example, in 2009,
inputs into the lake were estimated to be 593 tNifnrile exports were estimated to be

776 tN/yr (Anastasiadis et al. 2011). If currenpests of nitrogen remain constant, then
annual nitrogen loads entering the lake will comgiio increase over the next 60—70 years
and will approach a steady state such that lakasl@all be equal to current exports in
approximately 2080 (Rutherford et al. 2011).

Table37 Land use and nutrient sources

Land use 2010 % of total | Nitrogen % of total |total P/yr |% of total
Area catchment |exports, N (2007) P
(ha) tN/yr (2010)
Dairy 5050 10.9 273 36.2 4.1 10.5
Drystock 15072 |[32.5 236 31.3 12.8 32.7
Forest 21182 |45.7 75.4 10 2.2 5.6
Urban 3961 8.5 93.4 12.4 3.8 9.7
Lifestyle 1053 2.3 16.7 2.2 0.5 1.3
Geothermal 59 0.1 30.3 4 1.4 3.6
Lake & rain n/a n/a 30 4 1.3 3.3
Springs n/a n/a n/a n/a 13 33.2
Total 46377 100 7557 100 39.1 100

% NManager uses slightly different land-use mapstsult in slightly different predicted nitrogezakhing.
See section 5.3 below.
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Substantial effort has already been undertakempoave water quality by reducing the
nutrient levels within the lake. Since 2005, Lak@d®ua has had a rule in place to cap
nitrogen and phosphorus losses to the lake, althatigntion has since shifted from capping
to reducing nutrient discharges. Land-use changed gnanagement practice, nutrient
trading, and others factors have contributed toessed discharges, but the final policy mix
for achieving water quality goals is yet to be ded.

The level of phosphorus leaching is also importantvater quality. However, the most
recent BOPRC policy documents indicate that “tardet phosphorus in the catchment are
on track to be met” (Bay of Plenty Regional Cour2€ilL2). Therefore, the focus of this
chapter is on managing nitrogen leaching.

5.3 NManager Simulation Model

Costs of policy options are presented as an e@nvannual annuity of meeting the total cost
of reaching the nitrogen reduction target. We folthe BOPRC and use a discount rate of
7%. An equivalent annual annuiffEAA) is calculated by transforming the net preésen
value (NPV, the discounted sum of all mitigatiostsorequired to meet the nitrogen
reduction target) into a stream of annuities. A-ngutral regulatory agency would be
indifferent between paying the EAA every year tog tength of the policy and paying the
NPV at the policy’s inception.

Mitigation costs are calculated using the profitigation curves outlined in Anastasiadis et
al. (2011). As a result, estimated costs of pdicie not include the costs of set-up and
administration. They also do not include the impaaegulation on land values. Our costs
are likely to underestimate the true costs as imulations assume that farmers adjust
instantly and optimally to change; in reality, teesljustments are likely to be slower and less
optimal. However, as the current version of the Mifger is static, we do not allow for
technology change, which would result in overesten®f cost. Finally, the simulations
assume full compliance with policies. Actual outeswill differ when individuals do not
understand policy or choose not to comply. Seafipendix for further discussion of the
NManager model.

All costs are relative to a baseline of businesssasl under current regulation. Under ‘Rule
11’, landowners cannot change their land use @ taanagement if doing so will increase
discharge® (Environment Bay of Plenty et al. 2009). As pralfility is positively correlated
with nutrient discharges, we assume that this ufpméron discharges is and will continue to

1
1+
2"EAA = NPV * (—11”1 where NPV=Net Present Value, the discounted sufutofe costs, r = discount
1+(57)
rate and t = length of policy.

% Landowners can increase discharges if they offfseby decreasing discharges elsewhere. To ourledige,
this proto-trading system has never been appliea faymer in the catchment.
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be binding; for the baseline case, we assume tbethages will continue at current rates.
Key outputs of the baseline scenario are capturddgure 36° and Table 38.

Table38 Baseline profits

total per ha

Profits (Equivalent Annualised Annuity)

Dairy profits $7,213,621 $1,345
Sheep/Beef profits $7,226,372 $470
Total $14,439,994

GHG emissions

Long run annual emissions 120,851 5.8
(tonnes CO ,-e)
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Figure30 Baseline nitrogen flows

% 'Unmanageable loads’ are made up of legacy loadd@ads considered unmanageable by NManager.
Legacy loads are the nitrogen loads that have l#eased in the past but, as a result of the stowrglwater
transport times, are still to arrive in the lakewrhhnageable loads are made up of a catchment-Viiseaace
of 4 kgN/halyr, which is the lowest nitrogen leaghican be lowered to, and nitrogen from sourceshvive do
not have mitigation cost curves for such as urlmamces. It is imagined that these urban sourcdwil
managed separately in addition to the mitigatiamiea out on agricultural land.
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5.4 Model Extensions

Two extensions to NManager have been added to antghmeework by Anastasiadis et al.
(2011): an allocation module and a GHG-emissiondut® These extensions allow us to
investigate a number of issues crucial for poliegign, including the impact of different
allocation rules on the distribution of costs, #mel complementary GHG impacts of
implementing nutrient policy. The model extensians outlined in detail in Appendix H.

5.5 Potential Policies and Results

Regional councils may use a variety of approach@sdet environmental goals. In this
subsection, we consider mandatory GMP, a cap-aut#tscheme for nitrogen, and nitrogen
export taxes. We also summarise the results ofaatesimulations from Anastasiadis et al.
(2011).

Good Management Practice (GMP)

A potential first step towards achieving environita¢igoals in Lake Rotorua would be for all
farms to mitigate nitrogen leaching to a level defl by GMP. GMP could be achieved either
voluntarily by farmers (potentially with industrygssure and assistance) or through
regulation. We simulate the cost of voluntary gulatory GMP by estimating outcomes
when mitigation is carried out using the least-amshbination of on-farm mitigation

methods but not land use change. Dairy mitigatiethods considered include application of
nitrification inhibitors (DCDs), changes in stocginates, use of nitrogen fertiliser, wintering
cows elsewhere, using imported feed, and combimatd the above. Sheep/beef mitigation
methods include changing stocking rates, usingriliger, altering the mix of stock classes,
using very high fertility ewes, and combinationgloé above.

Some of these mitigation techniques could occuavalrily, while others are likely to be
introduced only through regulation. Smeaton ef20111) investigate profitability under a
number of nutrient mitigation management methott& duthors find that nitrogen
discharges can be reduced whilst profitability smained under some mitigation methods;
it is these management techniques that are mety li be adopted by farmers without
regulation. For dairy farms, these management tqaks include use of DCDs, low but non-
zero fertiliser application, and lower stockingeatvith higher per-head production. For
sheep and beef farms, the authors suggest thesonastssful management approaches will
include high fertility ewes and a focus on incregsproduction per animal over increasing
stock. The best combination and intensity of agpion of each management technique will
differ across farms.

Due to limitations in NManager, we cannot simuldie potential impact of voluntary
mitigation alone. Instead, we consider two GMP ml&éins, one which could potentially be
achieved voluntarily and one which could only bpexted to be reached through regulation.
The first GMP definition that we simulate followsAstasiadis et al. (2011): specifically, we
consider good practice nitrogen leaching for d&ind of 28 kgN/ha/yr (down from baseline
leaching of 56 kgN/ha/yr) and nitrogen leachind@fkgN/ha/yr for sheep/beef land (down
from 16 kgN/ha/yr current leaching). This reductiwould be difficult and costly for
landowners to achieve and would only be achievealtih regulation. We also assess
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outcomes under a less stringent GMP definition psed by BOPRC that could potentially

be achieved by voluntary actions by farmers. ThéBG GMP stipulates that dairy nitrogen
leaching should be 40 kgN/ha/yr and that sheepleaehing should be 14.4 kgN/ha/yr (Bay
of Plenty Regional Council 2012). We assume thatGMPs are achieved in equal steps over
ten years, with farmers meeting progressively mestrictive discharge limits each year until

the GMP is fully achieved in 2022.

Our simulations are estimated assuming 100% conqgaiaAs discussed earlier in the report,
this is assumption is potentially unrealistic. Lowwempliance will decrease the costs of the
policy to farmers but will also proportionately dease the nitrogen reductions achieved
under the policy. To be consistent with later satiohs, we also assume that an additional
50 t of nitrogen is reduced by non-agriculturalrses. This assumption is shown in our
simulations as a reduction in unmanageable loamithee cost of this additional reduction is
not included in our cost estimates as we have nookeobustly estimating it.

Results

Figure 32 shows that while both definitions of GMM decrease the nitrogen loads arriving
at Lake Rotorua relative to baseline, neither achieve the regional council’s long run
environmental goal of 435 tN/yr. Indeed, the BOPRKZP will barely restrict loads to

current levels: nitrogen arriving in the lake vwdk#crease over the short term but will increase
over time due to historical discharges and unmaataigdoads, despite the long run decrease

in nitrogen exports from farmland of approximateh0 tN/yr°
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Figure31 Nitrogen loads resulting from GMP regulation

% BOPRC recognise this and argue that land-use ehailbalso be required to meet the communities’
environmental goals.
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Table 39 shows that the costs borne by farmers theg€sMP requirements are significant.
Meeting the less restrictive BOPRC GMP restrictiaisdecrease total long-run farm
profits by approximately 5%, while meeting the mstengent Anastasiadis GMP regulations
will reduce the net present value of long-run gsofiom agricultural production in the
Rotorua catchment by 10%. Under both definition&bfP, mitigation will be carried out
disproportionately on dairy land relative to shéeef land due to the tighter cuts called for
on dairy land and the greater costs in terms afdodit required to achieve GMP leaching
rates on profitable dairy land. A final point toteas that while the Anastasiadis GMP costs
are 330% of the BOPRC GMP costs, the reductionxjpoes is 220% of the BOPRC GMP.
The non-linearity of costs occurs as there areegging marginal costs of mitigation; that is,
the more that farmers have to mitigate, the hafaledl more expensive) it becomes. This
non-linearity of cost is explored in the nutriersiding section.

Table39 Mitigation costs of meeting GMP regulations

BoPRC GMP Anastasiadis GMP

EAA of % decrease % decrease
mitigation in BAU in baseline
costs Total $/halyr profits Total $/halyr profits
Dairy $697,388 $130 -10% $1,589,982 $296 -22%
mitigation
costs
Sheep/Beef $82,801 $5 -1% $974,856 $63 -13%
mitigation
costs
Total $780,188 -5% $2,564,838 -18%

Cap and trade

Nutrient trading markets limit (or cap) the totahaal nutrient leaching permitted in a
catchment to a level that will achieve the enviremtal goal. This cap is then divided into
allowances to discharge (permits), and participemtse trading scheme are required to
return a permit for every unit of nitrogen leachingm their property. Those participants
who do not hold enough permits to cover their dasghs must either reduce their discharges
or buy additional permits from other participantsodhave surplus allowances.

Nutrient trading markets are theoretically attnaetior a number of reasons. First, because
regulation targets the cumulative total of discleartather than individual discharges,
participants have flexibility in their own level§ discharging, i.e. as long as they hold
enough allowances to cover their leaching, paicip can increase, maintain, or decrease
their discharges, as has happened in Lake Taumy. @dn also mitigate leaching in any way
that can be measured, including land-use changs fl€kibility encourages profit-
maximizing landowners to mitigate as long as thest of mitigation is less than the market
price of a permit; those with low mitigation cost#l mitigate and profit by selling permits to
those with higher mitigation costs. Using NManaderastasiadis et al. (2011) find that a
trading scheme will achieve environmental goald falke Rotorua at a lower total mitigation
cost than other options.
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However, implementing and administering a tradicigesne can be complex and more
expensive for both administrators and particip#imis simpler command-and-control
regulation. Trading systems require sophisticateditaring of discharges and the creation
of a new trading market. These set-up and admaistr costs cannot be calculated using
NManager. Additionally, if a trading scheme is ®iplemented, then the regulatory
agency must allocate allowances, which can be etiomsuming and politically contentious
process. Allocation is discussed at the end ofghizsection.

We model an export-trading market based on thdinedtin Kerr and McDonald (2011). At
the end of each year, participants have to retnough allowances to cover the nitrogen that
leaches from their property over the year, whichssmated using the biophysical model
OVERSEER. Patrticipants can trade freely throughloeityear to ensure that they will be in
compliance. Participants are not responsible ferdekiel of leaching associated with forestry
(4 kgN/halyr) as leaching cannot be decreased bilswevel.

Meeting the target with cap and trade

The BOPRC have indicated that they wish to red@etR through land-use change and

70 tN from moving all farms to GMP. We first examithe costs of meeting the BOPRC goal
of reducing nutrient leaching from rural land by02ZR by 2022 with the remaining
reductions to meet their 320 tN reduction targdid@chieved by non-agricultural sectors.
We allow this reduction to occur through the mdBtient combination of land use and
management change, and transition to this 270dNcteon target in ten annual 27 tN
reduction steps. We assume that the additionaN5df teductions decrease unmanageable
discharges by annual 5 tN reduction steps (deretenh lake decreases’ in the appropriate
figures); the cost of these additional reductiamsreot included in the policy cost reported as
we are unable to estimate them. Later in this g@eatie investigate the additional costs
associated with achieving the 320 tN reductionugloagricultural abatement alone,
consider the potential savings of achieving envitental targets over a longer time frame,
and explore how costs increase as nutrient rechebbecome more ambitious. The
distribution of costs under different allocatiomemes is explored in detail in section 5.5.

Figure 32 gives the environmental outcomes of ggoexcap-and-trade scheme with a 270 tN
nitrogen leaching target by 2022. Immediately cledhe importance of unmanageable
loads: while nutrient exports decrease by 270 tthiwil0 years, the loads of nitrogen
reaching the lake do not achieve the long-run swetée load goal of 435 tN per year until
approximately 2100 due to unmanageable legacy lddusse long delays between costly
nitrogen export reductions and nitrogen-load outesould be an issue in any catchment in
which nitrogen travels at least in part throughugrdwater and in which the groundwater lags
are long.
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Figure32 Nitrogen loads resulting from cap-and-trade reguatvith a2022 reduction target of 270tN

Table 40 makes clear that land-use change is sure togpaynificant role in achieving
nitrogen cuts in the catchment. NManager predi@s in the long-run cost of reducing
nitrogen discharges by 270t will require that mibr&n 55% of current dairy land will need to
convert to sheep/beef land given current pricescamant technology. Land-use change
would be even greater if the full 320 tN reductwas to be achieved on agricultural land
alone: efficiently achieving this goal would resializero dairy land in the catchment and

about 2,000 ha of new forestry land.

Table40 Land use change under a cap-and-trade scheme witttogen reduction target of 270t by 2022

Long run land BAU 270tN reduction 320tN reduction
use

Area(ha) | Percentage | Area(ha) Percentage | Area(ha) | Percentage
Dairy 5,363 13% 2,285 5% 0 0%
Sheep/Beef 15,375 37% 18,453 44% 18,564 44%
Forestry 21,023 50% 21,023 50% 23,198 56%

We also consider the cost of achieving the enviremal goal, and distribution of mitigation
cost across the different land uses (Table 41)uBiad nitrogen discharges by 270 tN by
2022 will cost approximately $3.2 million in equigat annual annuity terms. Efficiently
achieving this goal will see a disproportionate antspent on mitigating dairy land.
Achieving the 320 tN reduction from agriculturahtawill cost an additional $1 million EAA
every year. These additional cuts are considerabliye expensive as costs increase by 32%
but nitrogen is only reduced by an extra 19%, agaimforcing the non-linearity of achieving
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tighter targets. The long-run-allowance price gigasndication of the additional cost of
mitigating at higher levels: at the 270 tN targpatrticipants would be charged $30 to be
allowed to release an additional kg of nitrogenilevat the margin under the 320 tN target,
they would be charged $34.40.

Table4l Costs of meeting nitrogen targets under cap-ardetpalicy

270 tN (by 2022)

320 tN (by 2022)

Mitigation costs Total $/halyr Total $/halyr
($1yr)

Dairy mitigation $2,241,901 $418 $2,962,776 $552
costs

S/B mitigation $965,908 $63 $1,275,151 $83
costs

Total $3,207,809 $4,237,926

Long run allowance | $30.00 $34.40

price

Achieving environmental targets over a longer time period

The final cap-and-trade policy approach that weswar is the potential cost savings of
delaying mitigation. Implementing caps more slowil decrease costs for a number of
reasons, only some of which are captured by NMan@gkey cost saving occurs because of
discounting: we value costs faced today more thaurd costs. Following BOPRC, we
discount future costs at a 7% annual rate in NManaghich effectively means that we value
costs faced ten years from now half as much agtivesface today. As well as discounting,
we would expect that achieving environmental goaks a longer time period will be
cheaper because it allows time for learning andrtelogy development. Additionally,
achieving 270 tN of nitrogen leaching cuts in 1@rgemay be seen as politically
unacceptable and therefore not credible. A keyrdeteant in the success of environmental
markets is participant certainty, ensuring thatipigants see targets as credible and
sustainable in the long run will be crucial to intieize the learning and behaviour change
needed (Karpas & Kerr 2011). Finally, evidenceamid-use change in response to changes in
market conditions suggests switching land usesisw process (Kerr & Olssen 2012). Such
evidence suggests adjusting land use quickly wiltbstly and may justify slower transitions

to minimize cost.
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Figure33 Cost savings of delaying nitrogen target implemigoaunder cap-and-trade policy

To investigate the potential cost savings of delgyiolicy, we simulated a number of 270tN
nitrogen-leaching-reduction caps in NManager. Tastdst sees full implementation occur in
one year and the slowest phases in the reductien2bvyears. Figure 33 shows the cost
savings of slowing implementation. Implementing théuctions in 1 year rather than over 10
years would increase costs by 43%, while the saviran spreading over 10 years rather
than over 5 years are still 21%. Delaying full iemplentation of the policy by an additional 5
or 10 years will save 17% and 30%, respectively atditional savings from delaying
further become increasingly smaller; delaying sa tmplementation occurs over 25 years
saves only an additional 11% compared with the &d-yarget.

Of course, delaying the full implementation of rizgion will also delay improvements in the
lake. Figure 34 shows the environmental impactetdying the policy. In the short term,
there are differences in the nitrogen loads rearthe lake under the different policy
timelines; however, these loads converge in thg fon. Given the long-run nature of the
water quality goals of the Lake Rotorua catchmeuitthe significant cost savings of
achieving these goals more slowly, achieving thasgets over a somewhat longer time
horizon may be justified.
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Figure 34 Nitrogen loads resulting from delaying implemergatof nitrogen targets

Non-linearity of cost

We simulate a series of nutrient targets to inges#i how the total cost of achieving an
environmental goal changes as the ambition of enitrieduction target increases. Figure 35
demonstrates that costs increase at a fastergahe aitrogen reduction target becomes more
ambitious. For example, the cost of increasingpgien reductions by 50 t from 70 t to 120 t
increases costs by $480,000 per year, while intrgasductions by 50 t from 320 t to 370 t
costs $1,200,000 per year. This is a result daathers facing increasing marginal costs of
mitigation; that is, the first units of mitigati@re easier (and cheaper) than later mitigation.
The BoPRC target of 270 t of reductions is showreth
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Figure35 Catchment wide cost of achieving more stringenfrenmental targets

5.6 Nitrogen Export Taxes

The final policy we consider is nitrogen export.tBxofit maximizing nitrogen dischargers
will decrease their nitrogen leaching if the benefileaching another unit of nitrogen is less
than the tax rate of exporting an additional kgitfogen. This ensures marginal costs of
mitigation will be equalized at the level of the tate across the catchment, and the efficient
distribution of mitigation occurs.

There are benefits and costs of implementing amr@mwental tax on nitrogen exports
relative to other policies. A tax provides a certaiice for landowners and is easy to
understand. It allows participants to plan aheatliavest with confidence. The tax collected
can be used by the council to decrease other {ax@s-called ‘double dividend’), or can be
invested in research and innovation and educatidarther address the environmental
problem. If tax evasion and avoidance could be miged, a nitrogen tax would equalise
marginal costs of mitigation across the catchmentlwwould theoretically distribute
mitigation effort efficiently around the catchméditentically to a cap-and-trade scheme).

Administering a nitrogen tax will be simpler anetéfore cheaper than a cap-and-trade
scheme, as it will not require the allocation abaknces or the establishment of trading
rules and mechanisms. However, regulatory agemglestill need to collect data to estimate
nitrogen exports; this will make a nitrogen expat difficult and costly relative to
command-and-control-type regulation. There is al&ey downside of using environmental
taxes over a cap-and-trade scheme — environmemtattainty. To know what level of
mitigation would occur at any tax rate, regulatagencies would need to know dischargers’
mitigation cost curves, which is potentially anessonably high knowledge requirement.
Setting the tax rate at too high or too low a levill result in a different environmental
outcome to that intended.
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In this section we use NManager to explore themi@tkfor adverse environmental outcomes
or higher costs under imperfectly set taxes. Warasghat the council’s environmental aim
remains to reduce agricultural nitrogen leachin@B§ tN/yr by 2022! The tax rate that will
achieve this goal is equal to the nitrogen permdgs estimated under the cap-and-trade
scheme with the same environmental goal. We asisesnvironmental and cost outcomes of
setting this tax 10% higher or lower than this wati tax to assess the sensitivity of outcomes
to tax rate misspecifications. The long-run taesaire shown in Table 42.

Tax rate sensitivity results

The environmental outcome of setting the incortaxtrate is shown in Figure 36. Setting the
tax rate at 90% of the correct level, that is aylaim tax of $27.00 per kgN/yr rather than
$30.00 per kgN/yr, meaning that the environmental ¢gs never met. In the long run, the

level of nitrogen loads are 30 tN more than thgdfairthe reductions carried out are only 88%
of the reductions required. Conversely, settingtéixetoo high (i.e. at a long-run rate of
$33.00 per kgN/yr rather than $30 per kgN/yr) me@esenvironmental target will be
overshot by approximately 33 tN, and that the emrnental target is met more quickly; the
435 tN goal is achieved before 2030, approximatélyears earlier than the $30 tax achieves
the goal.
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Figure36 Nitrogen loads resulting from a tax on nitrogen@xp

31 We also assume that the council removes an addit&0 tN from other sources by 2022. As in theogién
trading section above, we do not price these ré@hsfs we have no ability to reliably estimatetsos non-
agricultural mitigation.

Landcare Research Page 105



Evaluation of the impact of different policy options for managing to water quality limits

However, this additional environmental benefit caragsignificant cost. Table 42 shows that
the 110% tax rate results in additional mitigatimsts of 22%, which occurs despite the tax
rate only increasing by 10%. This result makesitivieisense as all of the cheap mitigation
options have already been carried out under the®3and the mitigation carried out under
the $33 tax all cost between $30 and $33 dollarkgh.

One caveat is that the simulations we have runad@liow for the regulator agency to
‘learn’ and alter the tax rate. If the regulatogeacy was monitoring farmers’ nitrogen
exports to enforce compliance with the policy, duld be straightforward for the council to
measure the responsiveness to the initial tax Téey could then adjust this tax rate to
ensure that total nitrogen exports were meetingldsred levels. Incorporating this learning
would significantly lower the cost of over- or umedooting the 270 tN reduction tax rate.

Table42 Mitigation costs under nitrogen taxes

EAA of mitigation costs 90% of 270 tN tax 270 tN (by 2022) 110% of 270 tN tax

rate rate

Total $/halyr | Total $/halyr | Total $/halyr
Dairy mitigation costs $1,786,283 | $333 $2,241,901 $418 $2,745,479 $512
Sheep/Beef mitigation $770,456 | $50 $965,908 $63 $1,182,253 $77
costs
Total $2,556,739 $3,207,809 $3,927,731
Long run tax $27.00 $30.00 $33.00

5.7 Other Simulations

Anastasiadis et al. (2011) simulate the costs ofadditional policies to achieve nitrogen
reductions in Lake Rotorua — land retirement antbae complex ‘vintage’ trading market
that considers the time lags between nitrogen éxgrat arrival in the lake. These simulations
were carried out under slightly different nitrogangets, but the general results still apply.
We summarise the key conclusions from these simuakbelow.

Land retirement

Anastasiadis et al. (2011) investigate the cosicbieving nitrogen reduction targets through
land-use change alone, i.e. with no on-farm mittgatThis equalises the marginal cost of
land use change, but does not equalise both maayiets of mitigation and land-use change
as in the export-trading market. The authors firat &is a result, using a land-retirement
scheme is almost 25% more expensive than an etpdittg scheme. High levels of land-
use change might also be expected to be assowgidtedreater social disruption and
community costs.

Vintage trading scheme
Anastasiadis et al. (2011) also investigate themq@l efficiency gains of taking account of

the time that nitrogen exports from properties altyuarrive as lake loads. Due to significant
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groundwater lags in Lake Rotorua, cost-effectiverggsns could be achieved by shifting the
timing of mitigation between different areas of take so those properties closest to the lake,
whose nitrogen leaching most immediately impadts laads, can mitigate more now. This
would allow those properties in the back of theleatent, whose nitrogen exports will not
affect lake loads for decades, to defer the costibfjating nitrogen until later, reducing the
net present value of mitigation. To test the casirgys of such a policy, the authors simulate
a ‘vintage’ market, where participants have to haldwances time-dated with the average
year their nitrogen leaching will arrive in the ¢éak

Clearly such a scheme would be administrativelymemand more difficult for participants
to understand. Anastasiadis et al. (2011) alsothatifor Lake Rotorua the costs savings of
increasing complexity are very small. The authonpleasise that this result is specific to the
Lake Rotorua catchment, and that under the follgveionditions significant savings may be
available in catchments: (1) where nitrogen reathesvater body predominantly through
groundwater with little immediate surface wateragen leaching; (2) where there is a more
even distribution of land with short lag times; Byl where less stringent environmental
targets allow for more flexibility in mitigation.

5.8 Allocation

In this section we assess the wealth impacts adating nitrogen reduction policy and how
this is distributed across communities in the oaieht under various free allocation schemes.
The cost estimates presented in earlier secti@thartotal cost of mitigation required to
achieve the nitrogen reduction goal on each laedansl in total. The simulations in earlier
chapters show that to achieve the nitrogen reduttimet cost effectively the majority of
mitigation expenditure will need to occur on damyms. However, this is not the same as
saying that dairy farmers will bear the cost o thiitigation; that is determined by the
allocation of allowances. Free allocation of allowes effectively works as a lump sum
transfer of wealth to the recipient and can be tsetistribute the costs of achieving nitrogen
reduction policy across different land users amddbmmunity. There is no ‘right’ way to
allocate allowances as there is no generally aguped definition of how cost should be
fairly shared. The ‘best’ allocation system will the one that the community agrees is fair
and is politically feasible. Kerr and Lock (20093a@lss a number of potential principles for
cost sharing to achieve nitrogen reduction goalsake Rotorua, and outline the importance
of considering efficiency alongside equity if al&ion occurs in a trading scheme with
limited flexibility or transaction costs.

We assess the wealth implications of achievingotioposed BoPRC target of a 270t
reduction in nitrogen by 2022 under the exportitrggbolicy described in section 5.5. All
wealth comparisons are relative to the baseline oaflined in section 5.3. As a result, the
option values of being able to increase nitrogechéng are not included in the wealth
changes documented below: these options weretltist anplementation of ‘Rule 11’
restrictions on expansion in 2005. For this reaserdo not report the wealth implications of
introducing a cap-and-trade scheme on forestetieasap-and-trade scheme we simulate
allows for a baseline leaching of 4 kgN/ha/yr, &irg will be relatively unaffected by the
implementation of such an export trading systermdfead we quantified the costs of this
policy relative to a no-regulation state we wouslé to consider wider costs, including the
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cost of losing the option to intensify on forestryd underdeveloped land at the time Rule 11
was introduced? The three allocation schemes we consider arenedtlelow.

Auction

The first allocation mechanism we assess is 100&aming, that is, zero free allocation.
Under this allocation scheme, both sheep/beef aigt thrmers must purchase an allowance
for every unit of nitrogen they discharge. Allowas@nd up in the hands of those who value
them the most through an auction where farmersthgibretically bid up to their marginal
cost of mitigation for an allowance. We assumerangaction costs. As mentioned in section
5.5, the first 4 kgN/ha/yr are considered unmanblgeand participants are not held
responsible for this leaching.

Grandparenting with buyback

We also investigate outcomes under a grandparealiocation; that is, participants are
freely allocated allowances at a rate proportiotatheir leaching before the introduction of
regulation. To avoid strategic behaviour grandp@mgrshould be based on unchallengeable
data on leaching rates prior to any indication frest allocation based on current leaching
will occur. If care is not taken recipients may bbourrent exports in order to get more
generous free allocations. Grandparenting can aayaproportion of previous discharges;
below we present outcomes with 100% free allocatidrere all sources are freely granted
allowances equal to their baseline discharges.ré&tpatory agency would have to then
buyback enough of the freely allocated allowan¢g¢eeamarket price to achieve the nitrogen
reduction goal. Because the market price will beabtp the marginal cost of mitigating the
last unit of nitrogen to meet the cap and sourea® lncreasing marginal costs of mitigation,
this buyback will more than fund the mitigationsafurces, whose initial mitigation costs will
be lower than the market price of allowances.

Bay of Plenty Regional Council ‘good management practice’ allocation

The final allocation regime we consider is motivalby a BOPRC cost sharing proposal in the
recent proposed regional plan information docum@y of Plenty Regional Council 2012).
They propose a cost sharing arrangement where faane responsible for shifting their

farm to best practice while the rest of the co$tsohieving the nitrogen reduction target will
be covered by the wider community (local, regioaal] central government). BoPRC
defines best practice for dairy farms as nitrogeching of 40 kgN/ha/yr (a decrease of

16 kgN/ha/yr, or approximately 30%), and nitrogeaching of 14.4 kg/ha/yr for sheep/beef
farms (a decrease of 1.6 kg/ha/yr, or 10%).

%2 |n actual fact, owners of underdeveloped landfanesters will benefit from a move to a tradingteys such
as that simulated here, relative to the statusofiiRule 11. A trading scheme allows these landosteer
purchase nitrogen credits and intensify their lasé if the benefits of intensifying outweigh thestsoof
allowances and conversion. While this additionakifility is a benefit relative to Rule 11, the toborne by
these landowners at the introduction of Rule 11 avily be outweighed if this flexibility is matchdxy
generous free allocations of permits that allove¢haffected landowners to intensify at little cost.
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Allocation results

Figure 37 compiles the total costs borne by landa&/currently in dairy, sheep/beef, and by
the community to meet the 270 tN by nitrogen reidicby 2022 on agricultural larid If all
allowances are auctioned at the inception of poticat is there is zero free allocation, the
community will receive more than $80 million in@Nlance payments ($5.3million EAA).
This money can be spent in any way the communiy §é it could be used to reduce rates,
pay for additional mitigation, invested in reseaochmitigation options, or spent on other
priorities. The money could also be returned tallawners to help offset the cost of
purchasing allowances and carrying out the mitigatequired to achieve the nitrogen
reduction goal. The total cost of mitigating andghasing allowances is large for both
sheep/beef and dairy land owners, in total in N&Yht it costs them approximately $77
million ($5 million/yr) and $52 million ($3.4 mikin/yr), respectively. Table 43 presents
these costs in per ha terms: under an auction aloevregime sheep and beef farmers will
see a reduction in per ha profits of 47% relatovbdseline profits. Dairy farmers will see an
even larger reduction in baseline profits of 70%.

$6.00
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$4.00
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$2.00
$1.00
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-$1.00
-$2.00
-$3.00
-$4.00
-$5.00
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B Grandparent
BoPRC

Cost (Smillions EAA)

Figure 37 Distribution of costs under a nitrogen cap-anddracheme with varying allocation of allowances

Both sheep/beef farmers and dairy farmers wouldhsse profits increase under a 100%
grandparenting with buyback allocation scheme. teef profits would increase by 11%
relative to baseline, while dairy would see an eaeger increase in baseline profits of 19%.
This occurs because the community buyback will ntioa@ cover the mitigation costs

% Note that if the community will fund the additidr tN reduction required to reach the 320tN reidnc
goal, the cost of this mitigation to the communifyl be additional to the numbers reported herey Aasts of
scheme set up and administration on the regulater sr compliance costs on the participant sigeadso
absent from our analysis.
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farmers face. Using this allocation mechanism timaraunity would face a total cost of $82
million ($5.4 million/yr) to achieve the nitrogeaduction goal, while sheep/beef farmers and
dairy farmers in aggregate benefit by more than@8llon ($2.1 million/yr). Allocating
allowances to cover more than the cost of mitigatiould be justified if the aim of free
allocation was to compensate for the lost optidoevghat farmers faced when Rule 11 was
imposed. However, if this was the aim of the altamaregime additional allowances should
go to the land that was most likely to intensifyt ivas not restricted by Rule 11. The land
most likely to intensify would have been underdepeld land with low nitrogen leachifig.
Instead, grandparenting gives the majority of theedea allowances to dairy land which
presumably was already at the limits of intenstfamaand therefore faced a relatively small
lost option cost.

Table43 Distribution of cost per ha and relative to basefimofits under a nitrogen cap-and-trade scheme
with varying allocation of allowances

Dairy Sheep/Beef
Cost per ha under allocation $/halyr % change in $/halyr % change in
($EAA/ha) baseline profits baseline profits
Auction $941 -70% $223 -47%
Grandparent with buyback -$252 19% -$52 11%
BoPRC GMP $115 -9% -$16 3%

The final allocation scheme we consider is a coatisg between BoPRC and landowners
where the council will freely allocate allowancgsto a good management practice level,
and buyback allowances to ensure that the nitroggunction target is reached. Landowners
are expected to cover the costs of any leachingeatiee GMP level. The total cost faced by
regulatory agencies to achieve the nitrogen redadtrget under this allocation scheme is
just under $43 million ($2.8 million/yr). Under thallocation dairy farmers will see their
costs decrease by a total of just under $10 mi{&n6million/yr), or 9% of BAU profits.
Comparatively, sheep/beef farmers will see a shigtrease on BAU profits of 3%, a
cumulative gain of just over $3 million ($0.2 milli/yr). The different outcomes for dairy
and sheep/beef landowners reflect the relativeinlBAU dischargers and their respective
marginal costs of mitigation.

5.9 Maori Perspective

Maori have a distinctive role in water catchmentsaagata whenua, but also fill many other,
potentially conflicting, roles: small and large fmal landowners, forest owners, and water
users. These various roles bring about a numbiesoés that Mori landowners will face
under any regulation to improve water quality. Heeebriefly discuss two pressing issues:

3 A large portion of underdeveloped land in the leatent is Maori land. This land was underdevelopetie
time of Rule 11 due management restrictions, lichitevestment funds, and conscious decisions tomiga the
impact on the lake.
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the implications of land-use restrictions for lamahers of underdeveloped land; and the
potential difficulty for small Mori landowners to take advantage for complex policy

Experience in the Rotorua catchment has suggdsa¢d/iori land is on average less
developed than non-adri land; that is, has lower production intensapd nutrient leaching
rates) than the lands potential. Reasons for ticiside the unique ownership, decision
making, and funding difficulties that stem from ttwoperative ownership restrictions on
Maori land as a result of the Te Ture Whenuaoll Act 1993 (the Mori Land Act).
Additional to these management restrictions, ind_Rlotorua some kbri landowners
decided early on to limit the intensity of theinthdue to concern about falling lake water
quality. This lower level of development has sesicmplications for Mori landowners if
regulation restricts nutrient discharges to a patgortional to current discharges. Such a
restriction would take away the option to intensifithe future, a cost which would be borne
disproportionately by underdeveloped farmers. Défiees in intensification must also be
considered if a nutrient trading scheme is to bgl@mented, particularly when considering
free allowance allocation mechanisms; grandpargrilowances would leave 3dri (and
other under-developed) land owners less wealthy thners of similar land (Kerr & Lock
2009).

A related issue is the difficulty of small landows@r land under decentralised management
structures, such as muchatti land, dealing with complex water quality poliéy participant
in the Motu Nutrient Trading Study Group (NTSG) fake Rotorua expressed concern
about small Mori landowner’s ability to take advantage of a rauit trading scheme due to
its complexity and the long run implications offeod term decision to sell allowances. To
help protect small landowners in a trading scheheNTSG suggested that allocations are
given out in tranches over time so that all futaltewances cannot be sold by mistake early
on, and that regulatory agencies support smalloanérs to make good decisions around
trading, particularly in the early years of a treglscheme (Kerr & McDonald 2011). This
approach has been followed in the Lake Taupo tgasihhieme; the Lake Taupo Protection
trust provides business advisors to help parti¢goarake good trading decisions.

5.10 Conclusions and Future Work

In this case study we have considered a numbeolwigs that could achieve nutrient
reduction targets in catchment. These policiesiokelthe implementation of GMPs, a
nutrient cap-and-trade programme with differemb@dtion options, and a tax on nutrient
discharges. The provisional water quality targeppsed for the Rotorua catchment is to
reduce agricultural N loss by approximately 60%26¢2 (reducing the annual N load to the
lake from 755 tN to 435 tN in the long run). Theiegltural sector is expected to reduce
270 tN of the desired 320tN. The remainder will edimom non-agricultural sources.

For each policy we have reported the mitigatiortso$ achieving the nitrogen reduction
target and how this will be efficiently spent acdasnd uses. Where appropriate we have also
reported the predicted land-use change resultorg fyolicy. While we cannot quantify the
benefits of each policy in dollar terms, we haveoréed the Lake Rotorua nitrogen loads that
will result from policy and the complementary lonm GHG emissions reductions. Finally,
we have discussed the distributions of cost adldsent land uses and the wider

community under a selection of different free alttan schemes. We have assessed the
sensitivity of results to model assumptions whergesgble. A summary of the water quality
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scenarios considered for the Manawatu catchmearbigded in Table 44. The baseline

assumes there is no water quality policy.

Table44 Summary of water quality policies in Rotorua Cateimt

Total

Scenario N TZ;QEt L\lc;izr\?ee(; L\Ic;izr\?;(; AVceorsat(‘:]e agg:tal C;?;filgg/;)”

by 2022 | by 2100 | ($/kgN) S—
Baseline 435 0% 0% n/a- n/a- 0%
BoPRC GMP 435 70% 58% $7 $0.8 -5%
Stringent GMP 435 89% 91% $11 $2.6 -18%
fggj’;’tii’;pg;tzozz 435 94% 100% | $9 $32  |-22%
?ezzgljlc\:lti?))r;pl;);tZOZZ 435 87% 100% | $5 $4.2 -29%
Tax at $30kg/N 435 94% 100% $4 $3.2 -22%
Tax at $27kg/N 435 89% 91% $9 $2.6 -18%
Tax at $33kg/N 435 100% 109% $11 $3.9 -27%

To summarise, the key findings from the policiesess in this case study for the Rotorua
Catchment are:
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Implementing a mix of GMPs on pastoral land such@sying DCDs, reducing N
fertiliser, importing feed, and adjusting the mnddevel of stock would decrease the N
loads arriving at Lake Rotorua relative to baselmé by less than the 270 t reduction
required to achieve the regional council’s long emvironmental goal of 435 tN/yr
(policy #1a & b). In over-allocated catchments sashLake Rotorua land use change
as well as management changes may be requiredetoeaméronmental goals.

Even when nutrient exports decrease by 270 tN ipeHDs, the loads of N reaching the
lake do not achieve the long run sustainable |laad of 435 tN per year until
approximately 2100 due to unmanageable legacy Iddusse long delays between
costly N export cuts and N load outcomes couldrbessue in any catchment where
some N travels through groundwater and the grouteiiags are long.

Reducing N discharges by 270 tN by 2022 was estidhtat cost $3.2million per year
(policy #2a). A large amount of this cost woulddpent on mitigation efforts on dairy
land, relative to the land area occupied by dannk. If agriculture had to meet all the
required N leaching reductions (i.e. 320 tN) itlwidst an additional $1million per year
(policy #2b). This equates to a 30% increase iscios only an additional 18%
decrease in nutrients.

A reduction of 270 tN could also be achieved by@/kg N tax. Setting the tax at
$27/kg N only achieves a reduction of 240 t N whil®33/kg N tax gave a reduction of
303t N (policy #3a, b & ¢).

The distribution of costs in a cap-and-trade progre is determined by the choice of
allocation scheme. Allocating permits based onenirdischarges (i.e. grandparenting)
and then buying sufficient permits back to achitweeN reduction target would cost
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the regulatory agency a modelled $5.4 million/ys#h farm profits increasing by
more than 10%. Conversely, auctioning all permitsidd net the regulatory agency
$5.3million and farm profits would fall by 39—-70%.
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6 Summary and Conclusions

This report assesses the impacts on water qualityaam revenues from different policy
options — regulation, cap-and-trade programmestaebs — to maintain or reduce nutrient
loads in three New Zealand catchments. Despiteethdts being unique to these catchments,
some of the findings from our policy analysis cob&lgeneralised to gauge the possible
impacts on other regions of the country. Howeves,dctual impacts in other catchments will
vary depending on the physical, geographic, andbkoonditions in each catchment.

For each policy scenario, we report the mitigattioats of achieving the nutrient reduction
target to improve water quality and the resultingriges in farm income, represented by net
revenues in the catchment. Where appropriate,rédiqgied land-use change resulting from
each scenario is also reported. We do not quaaltithe costs and benefits of each policy in
monetary terms, rather we report the relative chamg the catchment’s nutrient discharges
and revenue streams resulting from policy pluddhg run change in GHG emissions. A
recap of the important findings for each catchmemicluded below, and a summary of the
key impacts on N for each policy scenario is ligtedable 45. Additional policy scenarios
that demonstrate the impacts from several diffenemtient targets and tax levels in the
Hurunui-Waiau and Manawatu catchments are includégppendices B—E.

Hurunui-Waiau Catchment

The water quality limits being discussed for thetwi-Waiau catchment are intended to
maintain nutrient loads at 2010 levels (Environnt@ahterbury 2011a). There is also an
irrigation scheme being proposed for the Hurunairid area of the catchment that could
more than double the area of irrigable land indéiehment (Environment Canterbury 2012).
The policy scenarios are all compared to a baselhrexe there is no additional irrigation
scheme. Our modelling indicated the following:

. At the catchment level, adding a large irrigatichesme would raise net catchment
revenue by 10% through increased production, bufidvalso increase N leaching by
24%, P loss by 4% and GHG emissions by 72% in éitehment, in the absence of any
additional policies to manage water quality and Gh@acts. For the Hurunui Plains,
where the irrigation scheme will operate, there ldoe productivity benefits and
increased profits for dairy, sheep and beef, aatlarcrop farmers that increase their
access to water, but N leaching and P loss coulidiborease by nearly 60%.

. If landowners in the catchment maintained theirenirland use and adopted GMPs
such as applying nitrification inhibitors (DCD)parian planting, and installing dairy
feed pads, it is unlikely that the 2010 catchmaerttient loads would be maintained if a
large irrigation scheme were implemented (policg#). The estimated average costs
of implementing GMPs are around $50/tN, primariécause of the relatively high cost
of these practices for sheep and beef farmersicdatchment.
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. Of the policy options modelled, a catchment-wideling programme with a
grandparenting allocation proved to be the most-efisctive’”® for landowners to
maintain 2010 catchment nutrient loads with thigation scheme implemented.
Compared with the baseline, a cap-and-trade prageathat allocates permits to
landowners based on their 2010 N leaching andléa®ls (i.e. grandparenting)
increases net catchment income by 5% (policy #%#h catchment-wide trading there
may still be water quality issues (e.g. localizkdtSpots’) in the Hurunui Plains
because N leaching is estimated to increase byar&¥4 loss by 44% for over
baseline levels in that area.

. Restricting trading of discharge permits to a Sipearea of the catchment may reduce
the likelihood of ‘hotspots’, but net revenues oimligrease by 4% over the baseline
(policy #2b).

. We modelled a modified equal allocation approadii¢p #2c) where an average
permit level per hectare was established and tbprsted for the productive capacity
of the land. This generated similar results asaadfathering allocation with area-
restricted trading (policy #2b). Allowing farmersthe more productive Hurunui Plains
to purchase permits from landowners in the lowedpctivity areas (i.e. foothills)
would provide flexibility for landowners to increatheir own level of nutrient
discharges while still meeting 2010 nutrient loads.

. Theoretically, an optimally implemented nutrient {policy #3) would produce similar
impacts to a catchment-wide cap-and-trade progra(poiey #2a, #2c¢). The N and P
tax could, if desired, be varied across differeatpof a catchment to meet different
water quality limits (policy #2b).

. The optimal N tax rate to maintain nutrients at@@vels was to charge all landowners
in the catchment $23/kg N and $119/kg P (policy. #&hough this is an ‘optimal’
solution from a catchment-wide perspective, thenddabe distributional impacts as
not all landowners who would be required to paytéxewould benefit from the new
irrigation scheme.

. The marginal costs of abatement for taxes are me@l making it difficult to establish
an optimal tax ex ante. Providing flexibility tojast the tax over time would better
ensure that nutrient load limits are maintained @lre long run. If policy makers have
frequently to adjust the tax rate, this could gateemore economic and social
disruption in the transition than a cap-and-trgoler@ach.

Manawatu Catchment

The water quality limits modelled for the Manawatichment would require a reduction of
N leaching by 53% and P losses by 49%, similahtsé specified by Horizons Regional
Council (Ausseil & Clark 2007). We assume the enimit would have to be achieved
through mitigation from the land-use sector basethe fact that 90% of nitrogen in the
Manawatu River is from two main types of non-pa@atirces — dairy, and sheep and beef

% In this report, a ‘cost-effective policy’ is defid as a modelled policy that achieves the nuttaget in the
catchment at the least cost to the landownersds ahot necessarily account for administrativeteanasaction
costs that could make the policy more costly iditya
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farming (Clothier et al. 2007). Part of the polmytlined in the December 2010 version (the
Decisions Version) of the proposed Horizons Ona Réguired that new dairy farms
demonstrate compliance with cumulative nitrogerch&ay maxima that vary with Land Use
Capability (LUC) classification (i.e. natural cagiapproach). We evaluate a policy option
whereall dairy farms must comply with LUC based nitrogerctiag caps? plus other
options such as implementing GMPs, various capteatk schemes, and a nutrient
discharge tax. The baseline scenario modelled asstimat the proposed water quality policy
had yet to be implemented. The findings from thikcpges modelled are:

. A GMP approach that assumed the most effectiventaty practices (i.e. DCD and
riparian planting) would be implemented on 50%haf &ligible land in the catchment
could reduce N leaching by 7% and P losses by Eléfive to the baseline (policy
#1a). This would not achieve the specified nutrrediuctions.

. If all pastoral landowners were required by regatato implement the GMPs of
applying DCDs and undertaking riparian plantingj ahl dairy farmers also had to
implement the GMP of wintering their cows off ttegrh, then N leaching and P loss is
estimated to decrease by 15% and 27%, respecf{peligy #1b). This would be done
at a low average cost ($2/kgN) to the landownemarily because applying DCDs
could improve productivity, but would not achieve twater quality limits specified by
the Regional Council.

. A catchment-wide cap-and-trade programme with adparenting-based allocation
(policy #2a) proved to be one of the most costetife policies of those options
modelled to meet the water quality limits at thechenent-level. Net revenue for
landowners in the catchment declined by 17% anthgdatiministration and
transaction costs further reduced revenues to 2382007 baseline revenues.

. Allocating discharge permits based on LUC is inthtb intensify the use of high
productivity land while simultaneously reducing ment loads. This is referred to as a
natural capital allocation approach. Only requiraxgsting dairy enterprises in each
LUC to meet specified nutrients discharge levessilts in a 6% reduction in total N
compared to the modelled baseline (policy #2c),lass than a 1% reduction in net
revenue. This is because (1) most dairy farmsleeady located on the LUCs with
permitted discharges of 18 kgN/ha/yr or more an tiequired little change to meet
the specified leaching rates stated in the Dece@®ED version of the Horizons One
Plan, and (2) dairy farms comprise less than 20%etatchment, and therefore
dairying on its own does not have a large enoughestf the land mass to achieve a
53% reduction in N discharges.

. A natural capital approach could still be a feasjblicy to meet nutrient reduction
targets if (1) discharge permits based on LUC Hoeated toall pastoral, arable and
horticultural land uses (not just dairy) and &8)landowners are required to
collectively meet the HRC'’s nutrient targets ofueithg N by 53% and P by 49%
through a catchment-wide trading scheme (similgraiecy #2a). In this case, net
revenue for landowners in the catchment was estnat decline by 17% and adding

% Note: this policy option is not the same as thicjes for diffuse discharges in the notified versineither is
it the same as that in the decisions version oPtlogposed One Plan.
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administration and transaction costs further reduegenues to 22% below baseline
revenues.

. The grandparenting (policy #2a) and natural capipglroaches (policy #2d) for
allocating nutrient discharges have similar estadampacts at the catchment level
when all landowners are covered, given that theeigsl are designed to (1) cover
nutrient losses from all landowners and (2) capients at the levels necessary to meet
the HRC water quality limits. However, impacts abuary at the farm-level between
grandparenting and natural capital based approdaise landowners may receive
different amounts of permits, depending on allaratriteria used.

. Restricting trades to smaller areas within the Maata catchment would reduce the
possibility of localized water quality ‘hotspotsiowever, spatially restricting trades
resulted in a modelled decline in revenue of ad@3 when accounting for changes in
farm profit, administration and transaction cosisliCy #2b). This is because farmers
in the ‘flats’ area of the catchment must reduceients in their own area of the
catchment rather than purchasing discharge pefroits farmers in the ‘hills’ that may
be able to reduce their N and P discharges at erlowst.

. The cap-and-trade programme and nutrient dischargpolicies assessed could result
in significant changes in land use in the Manaveatichment with land converting
from pasture to arable, forests, scrub, or fallow.

. Theoretically, a nutrient tax (policy #3), implentet optimally, will provide similar
impacts as a catchment-wide cap-and-trade prografpaotiey #2a). We estimate that
charging landowners a tax of $36/kgN for nitrogeat ieaches from their land should
achieve the desired nutrient loads set at the oenokilevel. The average cost of
reducing N was estimated to be $23/kgN, whichgsificantly lower than the tax rate
because many landowners can implement changesdmianagement that reduce N at
costs lower than the specified tax.

. In all likelihood there would be no need to taxsRtee land use and land management
changes implemented in response to the N tax sl achieve the required P loss
reductions in the catchment.

. Varying the N and P tax across different partdhefd¢atchment to meet different
nutrient reduction goals has similar outcomes disy#2b. Estimates reveal that the N
tax could range from $18.70/kgN in the ManawatusHid $89.70/kgN in the Tararua
Flats.

. The marginal costs of abatement for a tax are imagat, which could make it difficult
to establish the optimal tax ex ante. Providingibgity to adjust the tax over time
would better ensure that nutrient reduction goedsaghieved over the long run but
could generate more economic and social disruptidhe transition than a cap-and-
trade approach if policy makers have frequentlgdust the tax rate.

Rotorua Catchment

The provisional water quality target proposed e Rotorua catchment is to reduce the
annual N load to the lake from 755t N to 435t Nha long run, with agricultural N loss to
fall by approximately 60% by 2022. The agricultusattor is expected to reduce 270t N of
the desired 320t N. The remainder will come from-agricultural sources. The water
quality target for total N in the Rotorua catchmengignificantly lower than the two river
catchments modelled because it is a much smallelnrment. The baseline assumes there is
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no additional water quality policy over and aboverent settings. The key findings from the
policy options modelled for the Rotorua catchment a

Implementing a mix of GMPs on pastoral land such@sying DCDs, reducing N
fertiliser, importing feed, and adjusting the mnddevel of stock would decrease the N
loads arriving at Lake Rotorua relative to baselmé by less than the 270 t reduction
required to achieve the regional council’s long emvironmental goal of 435 tN/yr
(policy #1a & b). In over-allocated catchments sashLake Rotorua land use change
as well as management changes may be requiredeibemé&ronmental goals.

Even when nutrient exports decrease by 270 tN ipeHds, the loads of N reaching the
lake do not achieve the long run sustainable |laad of 435 tN per year until
approximately 2100 due to unmanageable legacy lddusse long delays between
costly N export cuts and N load outcomes couldrbessue in any catchment where
some N travels through groundwater and the grouteiiags are long.

Reducing N discharges by 270 tN by 2022 was estidat cost $3.2million per year
(policy #2a). A large amount of this cost woulddpent on mitigation efforts on dairy
land, relative to the land area occupied by dannk. If agriculture had to meet all the
required N leaching reductions (i.e. 320 tN) itlwibst an additional $1million per year
(policy #2b). This equates to a 30% increase iscios only an additional 18%
decrease in nutrients.

A reduction of 270t N could also be achieved by@é/Bg N tax. Setting the tax at
$27/kg N only achieves a reduction of 240 tN whil$33/kg N tax gave a reduction of
303 tN (policy #3a, b & ¢).

The distribution of costs in a cap-and-trade progre is determined by the choice of
allocation scheme. Allocating permits based onenirdischarges (i.e. grandparenting)
and then buying sufficient permits back to achigweeN reduction target would cost
the regulatory agency a modelled $5.4 million/yw#h farm profits increasing by
more than 10%. Conversely, auctioning all permitsidd net the regulatory agency
$5.3million and farm profits would fall by 39-70%.

Generalized Findings

While the impacts of water quality policies wilfidir between catchments there are some
findings that we can generalize from the three sas@ies. These include:

The policy scope and stringency of the nutrientiotidn goals affects the economic
impact of the policy. If nutrient limits are establed prior to major declines in water
guality occurring then the economic burden of reaglthe specified limits is
significantly lower. This is illustrated in the tBfence in estimates of the total costs of
policies #2 and #3 for the Hurunui-Waiau and Manaveatchments. The proposed
policy to maintain current water quality in the Houi-Waiau allowed the flexibility to
increase their intensity and net revenues by ab#ytwhile the large reductions in
nutrients proposed for the Manawatu meant thatdemners had a reduction in profit by
22% or more.

The economic impact of large reductions in nutgenthile large, was less in
percentage terms than the required nutrient realucéi.g. achieving a 53% reduction of
N in the Manawatu catchment would reduce catchmentevenue by 22% (under
optimal policy settings that enable a dynamicafficent adjustment to limits; and
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assuming well-informed economically-rational demmsmaking by land users). This, of
course, depends on mitigation technologies avalabtl the willingness and ability to
invest in the adoption of GMPs, change land useadicipate in a trading
programmes.

. In catchments where the nutrient load is signifiaabove the limit (e.g. Manawatu or
Rotorua), it is unlikely that a policy to impleme&aMP voluntarily or mandatorily will
achieve the necessary reduction in dischargessi@wilations suggest that additional
policy instruments may be required and it is likélgt some level of land use change
will be needed, though this will depend on the sigywef the problem and individual
catchment characteristics.

. The average cost of nutrient reductions can vatly dthin and across modelled
catchments. Key reasons include current land udéagud management, feasible
mitigation options, and biophysical aspects sucboddype and topography.

. The modelled costs of reducing P loss are sigmiflgdarger than N leaching on a per
unit basis. This is likely due to the small amoohP in the catchment relative to N,
and hence that the value of output per unit of &96 higher to mitigate than the same
unit of N. There are also limited management pecastincluded in the model that are
specific for controlling P loss.

. The marginal abatement costs (i.e. the cost ofaiaduan additional unit of N or P at
the limit) are also different between the threelatents. This also indicates that there
is likely to be a high level of variation in mitifjan potential across catchments in New
Zealand.

. Economic theory shows that a pollution tax and @ag-trade programmes should
result in equally efficient nutrient reductions yided there is perfect information about
the pollution sources and how landowners wouldtreaalternative instruments that
put a price on nutrient outputs. We find this ia three catchments assessed for this
report. The cost savings may be somewhat unddrouigver, by the administration
and setup costs of establishing a tax or nutrraaling programme. Additional
transitional costs are likely in a tax regime ifipp makers cannot set the optimal tax
rate ex ante, and adjust the tax rate frequently.

. Although tax and trading scheme can theoreticalljeve the same level of nutrient
reductions at the same cost at the catchment-ghaléyo approaches can have
different distributional implications. Some landasve would face lower costs from a
cap-and-trade programme from selling excess natreztuction permits. In the tax
case, the government receives tax revenue frodatit®wners and has the ultimate
decision on how to utilise the funds, such as lyehsing other taxes or investing in
research, education, or alternative mitigationagito assist with the policy.

. If all the revenue collected from the nutrient veere recycled back to landowners in
the form of a dividend or reduction of other taxégn the changes in net catchment
revenue would be similar to the grandparented captaade policy. This is the
assumption we use in when presenting catchment-@gtimates for the tax policies in
this report. If not all the taxes collected wereyaed back to the landowner, however,
the total costs to farmers would be higher undiergblicy approach. Furthermore,
landowners that might not have the ability to inmpdaat more cost-effective
management practices on their farm could face enpially high price of maintaining
their current operation.
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. How discharge permits are allocated does not herge leconomic impacts at the
catchment level. However, different allocation sys$ can lead to significantly
different distributional impacts. For instancethie Manawatu catchment, the natural
capital allocation approach would reduce the cbsteeting the nutrient limit for those
located in high-productive land by 11% comparedwifgrandparenting allocation. At
the same time, those located in less productivasamuld face 16—17% higher costs to
meet the limit with a natural capital allocatiohlandowners were able to trade
permits, the equilibrium result at the catchmewelavill be similar regardless of how
the permits were distributed (i.e. natural capgahndparenting, etc.). These findings
are based on the assumption that an efficientrtgahiarket exists and all landowners
are profit maximisers. Impacts may differ whereréh@re high transaction costs,
spatially restricted trading, or there is an unwghess to buy and sell permits even if it
is economically efficient to do so.

. The larger the geographical area for trading, theencost-efficient the programme is
likely to be. This results from a more diverseafdand-uses, landowners, and tradable
permits. However, there may be a greater possilafitocalised water quality
‘hotspots’ with catchment-wide trading than wheeagles are restricted to smaller
areas.

. Land-use change in response to changes in markditiams is typically a slow
process. Evidence suggests that adjusting lanquiskly will be costly, and may
justify slower transition pathways to minimize cost
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Total Profit ©
NT Total N in X X Aygrage Time to  |Annual Change
Catchment *  [Scenario argetb 2022 Target Target Lol Achieve |Cost from
({emEs) (tonnes) Q;r;g\z/gg Q;: 2%89 (C$7|f; N) (years) |[($ . Baseline
million) (%)
Baseline without Waitohi Irrigation Scheme 2930 2930 100% 100% n/a 0 n/a 0%
Baseline with Voluntary GMP (Policy #1a) 2930 2710 108% 108% $52 10 $11.2 -5%
Baseline with Regulatory GMP (Policy #1b) 2930 2300 127% 127% $46 10 $29.3 -12%
Hurunui-Waiau Waitohi Irrigation- No Water Quality Policy 2930 3620 76% 76% n/a Not -$24.4 +10%
Waitohi-Catchment-wide Trading (Policy #2a) 2930 2930 100% 100% n/a 10 -$11.0 +5%
Waitohi-Region-restricted Trading (Policy #2b) 2930 2930 100% 100% n/a 10 -$9.3 +4%
Waitohi-Equal Allocation Trading (Policy #2c) 2930 2930 100% 100% n/a 10 -$9.8 +4%
Waitohi-N Tax at $23/kgN and P Tax at $119/kgP (Policy #3) 2930 2930 100% 100% n/a 10 -$11.0 +5%
Baseline 2536 5400 0% 0% n/a 0 n/a 0%
Voluntary GMP (Policy #1a) 2536 5019 13% 13% $2 Not $0.8 0%
Regulatory GMP (Policy #1b) 2536 4591 28% 28% $2 Not $1.8 -1%
Catchment-wide Trading (Policy #2a) 2536 2536 100% 100% $23 10 $64.7 -22%
Manawatu Region-restricted Trading (Policy #2b) 2536 2520 101% 101% $45 10 $129.4 -43%
Natural Capital Allocation Trading — Dairy Only (Policy #2c) 2536 5076 11% 11% $4 10 $1.2 -0.4%
i;lzactjt):ral Capital Allocation Trading — Pasture and Arable (Policy 2536 2536 100% 100% $23 10 $66.2 229
Tax at $36/kgN (Policy #3) 2536 2536 100% 100% $23 10 $66.2 -22%
Baseline 435 755 100% 100% n/a 0 n/a 0%
BoPRC GMP (Policy #1a) 435 539 68% 58% $7 Not $0.8 -5%
Stringent GMP (Policy #1b) 435 472 88% 91% $11 Not $2.6 -18%
Rotorua Catchment-wide Trading - 270tN reduction (Policy #2a) 435 454 94% 100% $9 92 $3.2 -22%
Catchment-wide Trading - 320tN reduction (Policy #2b) 435 479 86% 100% $5 147 $4.2 -29%
Tax at $30/kgN (Policy #3a) 435 454 94% 100% $4 92 $3.2 -22%
Tax at $27/kgN (Policy #3b) 435 472 88% 91% $9 Not $2.6 -18%
Tax at $33/kgN (Policy #3c) 435 436 100% 109% $11 16 $3.9 -27%
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n/a: not applicable

& Each case study catchment uses different econdaitég biophysical data, options for land managensemnt policy assumptions. The Hurunui-Waiau and &eatu
catchment scenarios were modelled using NZFARM|eMRotorua was modelled NManager. Thus, the estisnfabm each case study are not directly comparable

® Nutrient reduction targets are set simultaneofsiy\ and P for Hurunui-Waiau and Manawatu. Rotdargets are only for reductions in N leaching.

“Values greater than 100% indicate that addition&ient reductions beyond the target have beereaebi In the case when the policy requires a samatius reduction in
N and P, the economically optimal solution coulddehange land use or land management in a mamatareduces one nutrient beyond the target level.

4Negative costs in the Hurunui-Waiau catchment inthat there is an increase in net revenue froneas® in intensity due to implementation of Waitotigjation
Scheme.

¢ Farm profit is measured as annual earnings béfteeest and taxes, or the net revenue earneddtdput sales less fixed and variable farm expenses.
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