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ABSTRACT

Agricultural and forestry GHG emissions are a key feature of New Zealand’s emissions
profile, and New Zealand is the only country, to date, to have indicated that agricultural and forestry
emissions will be covered under their domestic climate policy —the New Zealand Emissions Trading
Scheme. Coupled with climate policy development is the increasing scrutiny of agricultural impacts
on water. This paper uses New Zealand Forest and Agriculture Regional Model (NZ-FARM) to assess
the potential economic and environmental impacts of imposing both a climate and nutrient
reduction policy on the agricultural and forestry industries in the Manawatu and Hurunui/Waiau
catchments in New Zealand. We find that adding a scheme that reduces catchment-level nutrients
by 20% on top of a national policy that puts a price of $25 per ton carbon dioxide equivalent on
agricultural GHG emissions could result in greater environmental benefits at a relatively small cost,

but the converse is not always true and could be significantly more costly for landowners.
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INTRODUCTION

Agriculture is an important part of New Zealand’s economy, and the sector faces similar
challenges as other large producing countries of the world as it strives to maintain or enhance the
level of output while keeping its resource use and environmental integrity in check. Agricultural
production in most parts of the country has increased significantly in recent decades through the use
of additional inputs, including fertilizer, irrigation, and supplemental feeds. Intensifying agricultural
inputs has increased nutrient leaching levels and sediment runoff to lakes, rivers and streams,
putting additional strain on the country’s freshwater resources. Approximately 47% of New
Zealand’s total greenhouse (GHG) emissions occur in the agricultural sector, which is relatively high
compared to other developed countries in the world, (MfE, 2011).

The country is unique from a regulatory perspective as it implemented a climate policy in
2008, the New Zealand Emissions Trading Scheme (ETS), which already covers many major sectors of
the economy, including forestry. Discussions are on-going about the most appropriate way to bring
the agricultural sector into the ETS in 2015 to help meet national emissions targets without placing a
large burden on its stakeholders. As of early 2012, agriculture’s primary points of obligation will be
the meat, wool and dairy processors. Processing companies are likely to adopt a number of
measures to pass that obligation upstream to the farming community, so farmers can expect to face
a carbon price, albeit indirectly though the processors. In addition, farmers also are subject to a
carbon price through, for example, higher fuel prices as fuel suppliers pass on the cost of their
climate obligations to consumers.

At the same time, as in many countries, New Zealand farmers are also facing increasing
pressure from actions to reduce their contribution to water quality degradation in many catchments
around the country through environmental regulation. Water quality, particularly nitrogen pollution
and to a lesser extent phosphorous pollution, has either been recognized as a problem or there are
concerns about the rate of water quality decline. This has led to a growing number of regional
authorities starting processes to limit nutrient losses to waterways. Regional councils, under New
Zealand’s Resource Management Act (1991), hold the responsibility for managing catchment water
qguality and many other natural resources. A few catchments already have nutrient limits in place
through Regional Plans (e.g., Lake Taupo and Lake Rotorua catchments), with many more in the
process of identifying or beginning processes to identify water quality limits and policies to achieve
such limits. The central government has also recently announced plans to increase funding for both
regional irrigation projects and efforts to clean up waterways (Carter 2011, NZ Government 2011,

Smith 2011). However, debate exists as to whether agricultural emissions reduction and water



quality policies such as limiting nutrient leaching levels can be met while still maintaining economic
viability and anticipated gains in agricultural productivity.

Given that farmers are facing a carbon price through national policy, and many are also likely
to face nutrient limits through regional policy, any assessment of the impact of either a domestic
climate policy or nutrient limits should be considering these impacts simultaneously, not
independently. The purpose of this paper is to understand the implications on farm income, land use
and the environment when farmers are faced with multiple environmental constraints, as well as the
interaction between climate and water policy and the extent to which water policy can be used to
meet climate obligations and vice versa.

This paper uses an agro-environmental catchment model to assess potential economic and
environmental impacts of a climate change and nutrient reduction policy on land-based production
in two New Zealand catchments. We use the Hurunui and Waiau catchments in the North
Canterbury region of New Zealand’s South Island and the Manawatu catchment on the North Island
for this analysis as both regions are currently undergoing a process to set nutrient limits from
agricultural production that could require farmers to change their land management to meet
reduction targets.

Despite the importance of the agricultural and downstream processing sectors in the New
Zealand economy, there is not a strong tradition of using partial or general equilibrium models to
evaluate domestic policies or other measures directed at the agricultural sector. Policy-makers have
instead relied on the development of ad hoc scenarios of land use change, farm budget models, and
simple multiplier analysis of flow-on effects. To redress this situation, we have developed the New
Zealand Forest and Agricultural Regional Model (NZ-FARM), a catchment-level agro-environmental
economic model. Catchment-level economic models are important for appropriately addressing
detailed regional impacts and identifying the synergies between climate change and water quality.
Partial equilibrium models are often preferred for catchment-level analyses as they detailed quality
representation of practices, economics and environmental impacts for the sectors being modelled,
in this case the agricultural and forestry sectors (Johanssen et al. 2007; Adams et al. 1996).

There have been few studies that have comprehensively assessed the economic and
environmental impacts of regulatory policy on land use in the New Zealand context. Monaghan et al.
(2008) analyse the effectiveness of best practice management for reducing nutrient losses from
dairy farms in four major catchments of New Zealand. Anastasiadis et al. (2011) use the N-Manager
simulation model to estimate the economic costs and environmental impacts associated with six
approaches to nutrient management in the Rotorua catchment. Hendy et al. (2006) use a partial

equilibrium model to simulate the effects of a tax on agricultural emissions and a payment for native



forest and scrub regeneration on land use nationally. Although useful for policy analysis, the models
used in these studies do not provide estimates at the level of detail available using NZ-FARM. NZ-
FARM is also unique because, to our knowledge, it is the only model in New Zealand capable of
assessing the impact of policy or technological changes on rural incomes for a wide array of
environmental performance indicators, such as GHG emissions and sequestration, water quality and
soil loss.

The paper is organized as follows. First, we present the theoretical foundation of the NZ-
FARM model, and describe the details of the data sources specific to the two catchments. Next, we
describe the GHG and nutrient mitigation options for the two catchments. Following that, we
present baseline land use, farm production, GHG emissions, water use, and other environmental
outputs, followed by results from a series of environmental policy scenarios. The final section

provides a conclusion of our findings.

METHODOLOGY
Agro-Environmental Economic Model

The New Zealand Forest and Agriculture Regional Model (NZ-FARM) is a comparative-static,
non-linear, partial equilibrium mathematical programming model of New Zealand land use operating
at the catchment scale. Its primary use is to provide decision-makers with information on the
economic impacts of environmental policy as well as on how a policy aimed at one environmental
issue could affect other environmental factors. It can be used to assess how changes in technology,
commodity supply or demand, resource constraints, or farm, resource, or environmental policy
could affect a host of economic or environmental performance indicators that are important to
decision-makers and rural landowners. The model can track changes in land use, land management,
N leaching, and P leaching from imposing a variety of policy options that range from establishing a
catchment-level cap and trade programme to imposing nutrient leaching constraints at the
enterprise-level. A detailed schematic of components of NZ-FARM is shown in Figure 1.

The model’s objective function is to determine the level of production outputs that
maximize the net revenue (m) of production across the entire catchment area, subject to land use
and land management options, agricultural production costs and output prices, and environmental
factors such as soil type, water available for irrigation, and regulated environmental outputs (e.g.,

nutrient leaching limits) imposed on the region. This is specified as:



Output Price*Output Quantity
- Livestock Input*Unit Cost

- Variable Cost*Units Used
Max NR = Zr,s,l,e,m,ia (1)

- Annualized Fixed Cost
— Environmental Tax * Units Emitted
- Land Conversion Cost*Hectares Converted

subject to:
NRr,s,l,e,m =20
Land Use; < Land Available,
Water Available for Irrigation, < Irrigated Area,

Environmental Output, < Regulated Environmental Output;:

where r is the catchment region, s is soil type, e is enterprise, / is land use type , and mis land
management practice, and jo is a set of enterprise-specific input costs, output prices, and
environmental outputs. Summing the revenue and costs of production across all enterprises and
regions yields the total net revenue for the catchment. Regions within a catchment are
differentiated by land use classification, such that all land in the same region will yield the same level
of productivity for a given enterprise and land management scheme. A formal mathematical
representation of the model is listed in Appendix A.

In addition to estimating economic output from the agriculture and forest sectors, NZ-FARM
also tracks a series of environmental factors including N and P leaching, GHG emissions, water yield,
and soil erosion. Simulating endogenous land management is an integral part of the model, which
can differentiate between ‘business as usual’ (BAU) farm practices and less-typical options that can
change levels of agricultural output, nutrient leaching, and GHG emissions, amongst other things.
Key land management options tracked in the model include changing fertilizer regimes and stocking
rates, adding an irrigation system or implementing mitigation technologies such as the installation of
a dairy feed pad or the application of nitrogen inhibitors (DCDs). Including a wide range of
management options allows us to assess what levels of regulation might be needed to bring new
technologies into general practice. Details on the specific land management, economic, and
environmental factors tracked in this paper are described in the data section.

The optimal distribution of soil type;_j, land use;_;, enterprise; x land management;_,, and
agricultural output;_,, in a particular region are simultaneously determined in a nested framework
that is calibrated based on the shares of current land use in the region. At the highest levels of the
nest, land use is distributed over the region based on the fixed area of various soil types. Land use is
then allocated between several enterprises such as arable crops (e.g., wheat or barley), livestock

(e.g., dairy or sheep and beef), or forestry plantations that will yield the maximum net return. A set



of land management options (e.g., stocking rate, fertilizer regime, etc.) are then imposed on an
enterprise which then determines the level of agricultural outputs produced in the final nest. Figure
2 shows the potential nest for an irrigated dairy farm that uses a feed pad and produces a series of
outputs from pasture grown on Balmoral soil.

The allocation of land to a specific soil type, land use, enterprise, land management, and
product output is represented with constant elasticity of transformation functions (CET). The
transformation function essentially specifies the rate at which regional land inputs, enterprises, and
outputs produced can be transformed across the array of available options. The CET functions are
calibrated using the share of total baseline area for each element of the nest and a parameter, o,
where i € {s,1, e, m,p} for the respective soil type, land use, enterprise, land management, and
product output. CET parameters can theoretically range from 0 to infinity, where 0 indicates that the
input is fixed, while infinity indicates that the inputs are perfect substitutes. The CET functions used
in NZ-FARM are parameterized based on the estimates from existing literature of regional economic
land use models (e.g., Johansson et al. 2007, Adams et al. 1996, Hendy et al. 2006). The elasticities in
the model ascend with each level of the nest between land use and land management, as there is
typically more flexibility to transform the enterprise mix compared to altering the share of land use
or to shift land use across soil types. The CET parameter for soil (os) is set be 0, as the amount of a
particular soil type in a region is fixed. In addition, the parameter for agricultural production (o) is
also assumed to be 0, implying that a given enterprise and management option produces a fixed set
of outputs.

The model is written and maintained in General Algebraic Modelling System (GAMS), and
the baseline calibration and scenario analysis are derived using the non-linear programming (NLP)

version of the COIN IPOPT solver (GAMS 2011).

Study Area and Data Sources

Data for the inputs used for the catchments in NZ-FARM were obtained from several
sources. A list of all the different sets for which data was obtained for the Hurunui and Waiau
catchment (enterprise, soils, etc.) is shown in Table 1'. Sources of these data are discussed in the
following subsections. In total, there are nearly 1200 combinations of enterprise, input, and land
management options modelled for the Hurunui/Waiau catchment and 800 combinations for the

Manawatu catchment.

! The list of enterprises presented in Table 1 differs slightly for the Manawatu catchment, but aggregated categories
discussed in this paper (e.g., Forest, Arable, Dairy, etc.) remain the same.



Geographic Area and Land Use

This paper focuses on the Hurunui/Waiau catchment in North Canterbury and the
Manawatu catchment in the North Island. A map of each catchment is shown in Figures 3a and 3b.
The catchment area is divided into sub-catchment zones based primarily on biophysical properties
derived based on LUC classes from New Zealand Land Resource Inventory (NZLRI) data and
availability of water for irrigation. These areas include the plains, foothills, and hills for
Hurunui/Waiau and flats and hills for Manawatu. The Manawatu is further disaggrated by the
Tararua ranges on the eastern side of the catchment. Each region contains by five distinct land

uses: forest, arable, pasture, scrub, and natural/Department of Conservation (DOC) land.

Enterprises, Inputs, Outputs and Prices

The model tracks all the major land uses and enterprises in each catchment. Key enterprises
include dairy, sheep, beef, deer, timber, maize, wheat, and fruit. NZ-FARM tracks 18 enterprises for
the Hurunui/Waiau catchment and 16 for the Manawatu catchment. Every catchment zone has a
subset of these practices that can be undertaken though, which is restricted by the enterprises
undertaken in the baseline scenario. These sets are determined by bio-geographical characteristics
like slope, soil type, access to water, etc., as well as the enterprises shown in most recent land use
maps. The spatial distribution of the baseline enterprise mix for the each catchment is shown in
Figures 4a and 4b.

Each enterprise requires a series of inputs to maximize production yields. The high cost of
given inputs coupled with water and input constraints can limit the level of output from a given
enterprise. Outputs and prices are primarily based on data provided by Lincoln University (Lincoln
University, 2010), Ministry of Agriculture and Forestry (MAF) farm monitoring report (MAF, 2010a),
and the 2010 Situation and outlook for New Zealand Agriculture and Forestry (MAF, 2010 b), and
are listed in 2009 New Zealand dollars (NZD). Stocking rates for pastoral enterprises were
established to match figures included in the FARMAX model (Bryant et al., 2010). The physical levels
of fertilizer applied were constructed from a survey of farmers in each catchment.

Specific enterprises also face a large set of fixed and variable costs ranging from stock
replacement costs to deprecation that were obtained from personal communication with farm
consultants, the MAF farm monitoring report (MAF, 2010a) and Lincoln University (Lincoln
University, 2010). The cost series was developed for each enterprise and varied across all regions for
both catchments. Altering the cost of inputs or price of outputs as well as the list of enterprises
available for a given region will change the distribution of regional enterprise area, but the total area

is constrained to remain the same across all model scenarios.



Environmental Outputs

Data on environmental output coefficients were obtained from several sources including,
but not limited to, output from the OVERSEER and SPASMO models and findings from the literature.
N and P leaching rates for all pastoral enterprises in Hurunui/Waiau were taken from OVERSEER
(2010), while N and P leaching rates for grains and horticulture were constructed using SPASMO
(Clothier et al., 2008). All livestock N and P leaching estimates for Manawatu pastoral and arable
crops were derived using OVERSEER?. Values for N leaching from pine plantations and native
vegetation for both catchments were taken as an average from the literature (e.g., Parfitt et al 1997,
Menneer et al 2004). We assumed that no P leaches from plantations or native forest lands.

GHG emissions for most enterprises were derived using the same methodology as the New
Zealand GHG Inventory (NZI), which follows the IPCC’s Good Practice Guidance (2000). Pastoral
emissions were calculated using the same emissions factors as the NZI, but applied to per hectare
stocking rates specific to the catchment. Forest carbon sequestration rates were derived from
regional lookup tables (Paul et al., 2008). All emission outputs are listed in tons per CO, equivalent.
To be consistent with the inventory (MfE, 2011), we convert all emissions CO2e using the same 100

year global warming potentials of 21 for CH, and 310 for N,0.

ENVIRONMETNAL POLICY SCENARIOS

The current ETS in New Zealand covers all major sectors of the economy, with the exception
of agriculture that is due to be regulated in 2015. Besides forestry, most emissions are covered
through an upstream point of obligation on fossil fuels. For this analysis, we impose a climate policy
on agriculture through a unit price per tonne of GHG emissions ($/tCO.e) for all farm inputs (e.g.,
fertilizer), livestock activity (e.g., beef and sheep grazing), and energy used in primary production
(e.g., fuel for tractors and electricity for irrigation). All activities conducted outside the farm gate,
such as the production of fertilizer or transportation of output to the processing plant, are not
covered in this analysis. The maximum price of a New Zealand Unit® (NZU) in 2011 was capped at
$25, and many sectors were only obligated to trade in one NZU for each two units of emissions. For
this analysis, we restrict the climate policy scenarios to the same GHG price level of $25/tCO,e. For
the baseline calibration, we assume that there is no price imposed on emissions from agricultural
production, but landowners do face increased costs of electricity and fuel used as farm inputs.
Additionally, forestry activities are allowed to receive credits for carbon sequestration in all

scenarios.

The sole exception for Manawatu is potatoes, which used SPASMO estimates
*One NzU is equivalent to one tonne CO2e of GHG emissions



BASELINE AND SCENARIO ANALYSIS
Baseline

The Hurunui/Waiau catchment comprises nearly 582,000 ha, of which about 22,000 ha are
irrigated. Almost all of the catchment’s irrigation occurs in the plains region, as that is typically the
area with the highest productivity and revenue potential. Total catchment income derived from
baseline figures for input costs, output prices, and current enterprise productivity is estimated at
$250 million NZD. The aggregate area for major enterprise types for each region is listed in Table 2,
while regional output is shown in Table 3. Dryland sheep and beef farming dominate the region,
especially in the hills and foothills. A majority of the dairy production currently takes place in the
plains region, as it is heavily reliant on access to water. With exception of some forest plantations in
the foothills, nearly all of the non-sheep and beef production in the catchment occurs on the plains
region that has greater access to irrigation and overall better growing conditions.

The Manawatu catchment comprises nearly 576,000 ha, of which only 6,000 ha are irrigated
for dairy production. Total catchment income is estimated at $308 million. Pastoral enterprises
dominate the region, especially dryland sheep and beef farming. As with Hurunui/Waiau most of
the dairy production takes place in the more productive flats region. Unlike the other catchment in
this paper, Manawatu constitutes very little area of forest, scrub, or natural/DOC land (aggregate of
23%). Additionally, about 6,500 ha (1%) are used to produce arable crops such as maize, barley,

wheat, and potatoes.

The total and net GHG emissions for the two catchments are listed in Table 4 and are
estimated to be about 1,531,000 tCO,e for Hurunui/Waiau and 3,156,000 tCO,e for Manawatu. The
bulk of emissions come from non-CO, gases in the livestock sector, which is typical for most
agriculture-intensive catchments in New Zealand. The GHG emissions for Manawatu are much
larger than Hurunui/Waiau because a higher proportion of land is designated as pasture (77%v.
46%). As in the latest national GHG Inventory (MfE 2011), CH, from enteric fermentation is the
largest source of emissions, followed by N,O from grazing land. Annual carbon sequestration from
native vegetation on scrub and DOC land reduces net emissions” in the Hurunui/Waiau catchment by
about 40% and emissions in the Manawatu by 32%. Total leaching levels are estimated at 3040 tons
N and 45 tons P for Hurunui/Waiau and 5770 tons N and 370 tons P for Manawatu. These equate to
about 5.2 kgN/ha and 0.1 kgP/ha for Hurunui/Waiau and 10.0 kgN/ha and 0.6 kgP/ha for Manawatu.
Figures differ greatly across the two catchments, as well as in the regions within each catchment due

to the different distributions in soil type, land use classification, and enterprise mix.

* Note that in the baseline of this static model, we assume that all plantations immediately replant the area that is
harvested, and thus the baseline amount of forest carbon sequestration for pine is zero.
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Policy Scenarios

The following sections discuss the findings from the policy scenarios for the Hurunui/Waiau
and Manawatu Catchments with two sets of GHG emissions prices on land-based production. The
initial scenario is a stand-alone climate policy (AgETS) that imposes a GHG price of $25 per tCO,e on
GHG emissions for all stages of production at the farm level. For forest plantations, landowners
receive a credit for carbon sequestered beyond the baseline from changes in forest management or
adding new plantations, but must submit a payment for felling trees and converting to another land
use. The second scenario illustrates a nutrient reduction and water quality improvement policy
(Nutrient) by imposing a comprehensive cap on N leaching and P loss for the catchment at 20%
below the baseline levels. Because the cap on nutrient leaching is set at the catchment level, it
allows landowners to trade nutrient leaching loads across enterprises and farm management
practices to meet a comprehensive target for the region. This is more flexible and cost effective than
all landowners meet individual targets, and is consistent with both existing and proposed nutrient
trading programmes in New Zealand (Environment Waikato 2009). The third scenario is a dual
environmental policy (AgETS_NUT) that places both a price of $25/tCO2e on agricultural GHG
emissions and a catchment-level cap of nutrient loads at 20% below the baseline levels. The change
in key outputs tracked by NZFARM such as net revenue, GHG emissions, and nutrients relative to the
baseline are listed in Table 5, while the percentage change in enterprise area for each policy is
shown in Figure 5. Finally, the breakout of GHG emissions from the catchment for each scenario is

shown in Figure 6.

Hurunui/Waiau Estimates

With the AgETS policy, net revenue for the catchments is reduced by $33.2 million (-13%)
while GHGs are reduced by 406,000 tCO,e (-26%). Land use shifts from dairy and sheep and beef to
lower emitting enterprises such as arable, scrubland and forests. A co-benefit of the GHG policy is
that N and P are reduced by about 11% and 6%, respectively.

For the nutrient policy net revenue is estimated to decline by 5% from baseline levels while
GHGs are reduced by 22%. Total N and P are both reduced to precisely the cap level of 20%.
Enterprise change for the stand-alone nutrient policy is similar to the AgETS policy such that
landowners are expected to shift from intensive pasture to forest, arable, and scrubland. Some
sheep and beef and dairy land is also expected become fallow, as indicated by the increase in ‘other
pasture’.

The dual environmental policy scenario (AgETS_NUT) would result in slightly higher revenue

impacts as the AgETS case (-15%), but with greater impact on the environmental indicators. GHG
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emissions could be reduced by as much as 34% compared to the baseline level while simultaneously
reducing total N and P levels in the catchment by 20%. These findings suggest that if the agricultural
climate policy were to be carried out as planned, going forth with a nutrient reduction policy in the
Hurunui/Waiau region at the same time could result in additional environmental benefits without
dramatically larger economic impacts. This is because when farmers are forced to consider their
GHG emissions and nutrient levels at the same time, they can choose the land use and land
management option that increases an array of environmental benefits at the least cost to their

financial returns.

Manawatu Estimates

Net revenue for the Manawatu catchment is estimated to be reduced by $60.8 million (-
20%) for the AgETS scenario, while GHGs are reduced by 1.3 million tCO,e (-40%). As with
Hurunui/Waiau, land use shifts from dairy and sheep and beef to arable, forests, scrub, and fallow
land, but about twice as much land in the Manawatu is expected to change. The increase in forests
and scrubland leads to an increase in carbon sequestration, reducing total net GHGs to just 0.3
million tCO,e. Unlike the Hurunui/Waiau catchment, this change in land use does not necessarily
lead to a reduction in the levels of nutrients in the region. Estimates show that P loss could be
reduced by about 38% because of the reduction in the number of animals grazing on the land, but N
leaching levels are expected to increase by more than 3150 tons (55%), primarily because of the
expansion of N-intensive arable cropping like maize.

Estimates for the nutrient scenario found that net revenue in Manawatu declines by just 1%
from baseline levels while GHG emissions are reduced by 16%. Total N and P leaching are both
reduced to the cap level of 20% below baseline levels. Landowners are still expected to shift from
pasture to forest, arable, and scrubland, but at levels much lower than seen in the AgETS scenario
and more in line with the expected land use change in the Hurunui. This suggests while a stand-
alone nutrient policy in the Manawatu does not produce the same level of reductions in GHG
emissions as the AgETS policy, the fact that it provides multiple environmental benefits at a
relatively low cost to the landowner could make it a more viable option to pursue in the region.

The dual environmental policy scenario (AgETS_NUT) would result in similar revenue impacts
as the AgETS case (-21%), but without the large increase in N leaching from the expansion of arable
crops. GHG emissions could be reduced by as much as 32% compared to the baseline level while
simultaneously reducing total N leaching by 20% and P loss by 29%. The enterprise mix is estimated
to shift predominantly to fallow land, forest and scrubland, with just a slight increase in arable crops.

This suggests that an additional policy or restriction might have to be put in place to ensure that
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water quality standards in the catchment are at least maintained. As with the Hurunui/Waiau, we
find that if a national level agricultural climate policy were to be carried out as planned, going forth
with a nutrient reduction policy in the Manawatu region at the same time could result in additional —
perhaps substantial — environmental benefits without dramatically larger economic impacts on

landowners in the area.

CONCLUSION

This paper uses an economic catchment model, NZ-FARM, to assess changes in land use,
agricultural output, and environmental factors from a series of environmental policies on the
Hurunui/Waiau and Manawatu catchments in New Zealand. We investigate the potential impacts of
imposing a GHG price on farm-level activities, placing a nutrient loading cap at the catchment-level,
or implementing both a climate change mitigation and nutrient reduction policy on landowners at
the same time.

Our estimates suggest that there are potentially large trade-offs between economic returns
for the agricultural sector and environmental benefits in the catchments when various
environmental policies are considered, but the level of reduction in returns can vary across policy
and catchment. We also found that directional changes in land use were relatively consistent
regardless of the environmental policy or catchment. The added cost of GHG- or nutrient-intensive
agricultural production induced shifts from pastoral enterprises to arable land and forests, but not
all enterprises are expected to change by the same relative magnitude across all catchments and
policies. Some of these changes in land use could result in negative outcomes for environmental
metrics outside the scope of the policy. This was particularly the case in the Manawatu when
imposing a stand-alone AgETS policy was estimated to increase N leaching levels by more than 50%
over the baseline, primarily because of the expansion of N-intensive arable cropping. This suggests
that an additional policy or restriction might have to be put in place to ensure that water quality
standards in the catchment are at least maintained.

Finally, this paper found that adding a nutrient reduction policy on top of a price on
agricultural GHG emissions could result in greater environmental benefits with relatively small
additional economic costs. This is because when farmers are forced to consider their GHG emissions
and nutrient levels at the same time, they can choose the land use and land management option
that increases an array of environmental benefits at the least cost to their financial returns. This
suggests that policymakers should continue with their plan to impose water quality improvement
measures at the regional level, even if a national agricultural GHG emissions reduction policy is

expected to come online in 2015. Further research needs to be conducted to determine if the
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findings for the Hurunui/Waiau and Manawatu catchments investigated in this study are consistent
for other major farming regions of New Zealand and the potential impacts of adding or removing
different mitigation practices from the suite of options included in this modelling exercise. Further
work should also be conducted on the impact of imposing different nutrient reduction caps, GHG

emissions prices, or nutrient permit allocation schemes on the two catchments.
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Appendix A. Mathematical Representation of NZFARM

Variables

NR net returns to agriculture and forestry production (million $)
X activity (ha)

L available land (ha)

Q land use change (ha)

Y product output (kg, m?)

w irrigation water consumption (m?)

E environmental output (kg CO.e, N, P)
Parameters

P price ($/kg, $/m”°)

T environmental tax (S/kg)

o’ processing coefficient (kg/ha, m?/ha)

live

w livestock input cost ($/ha)

w" variable input cost ($/ha)

W fixed input cost, annualised over 20 years (S/ha)
w"“  land use conversion cost

ye environmental output coefficient (kg/ha)
y" irrigation water input (m>®/ha)

L initial land area (ha)

X™  initial activity area (ha)

Indices

r region

s soil

/ land use

e enterprise

m land management

Objective Function

pyr,s,l,e,m
live vc fc env
Max NR = Zr,s,l,e,m — Xrsiem [wr,s,l,e,m + Wrstemt Orgrom t T)/r,s.l,&m] (A1)
land
—Wrs Qr,s,l
Subject to:
Product Balance
proc

YVistem = Xg)omXrsiem (A2)
Land Use Balance
Ze,m Xr,s,l,e,m < Lr,s,l (A3)

init
Lr,s,l < Lr,s,l + Qr,s,l (A4)

init

Qr,s = Zl,e,m(Xr,s.l,e,m - Xr,s,l,e,m) (A5)

_ rinit
Ly spoc = Lrspoc (A6)
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Irrigation Constraint
water

Zs,l,f,m Yrsiem&Xrslem = Wr (A7)

Environmental Constraint
env
Zs,l,f,m YrsLem&rsLem = Er (A8)

Non-negativity Constraint
Y,X,Q,L,LW,E >0 (A9)
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TABLES

Table 1. Key Components of NZ-FARM, Hurunui Catchment, Canterbury, New Zealand

Region | Soil Type | Land Tvoe | Enterorise Irrigation | Fertilizer | Mitigation | Variable Fixed Cost Product | Environmental Product
J yp yp P Scheme Regime Option Cost Output Indicators Inputs
Plains Lismore Pasture Dairy - 3 Irrigated 100% rec. Forest Carbon | Beef stock Property Milk N leached (kg N) Dairy calves
Foothills | Balmorals Cropland Cows per ha, | Land all Sequestration | replacement | taxes solids P lost (kg P) purchased
Hills Hatfield Horticulture wintered on | Dry Land nutrients DCDs costs Insurance Dairy Methane from Lambs
Templeton | Forest farm 80% rec. N, | Feed Pads Sheep Stock Land prep calves animals (kg CO2e) | purchased
HEYI o,
Serub Dairy - 3 100% rec. Replacement Tree planting Lambs N20 emissions — Rams
Cows per ha, all other cost Mutton direct excreta and | Purchased
Dept of wintered off nutrients Deer Stock Forest
Conservation | eer >toc harvest Wool effluent (kg CO2e) | Ewes
arm 60% rec. N, replacement L N20 emissions — purchased
Dairy - 3.5 100% rec cost Cultivation Cull cows
= . 0 . . .
c o  oth . Forest Heifers indirect excreta Cows
c_)vis pt’;jr a a to' etr Dairy Stock management | Steers and effluent (kg purchased
wintered on nutrients
farm o replacement fee Bulls CO2e) Heifers
v o3 Sggl/rec' N, C?St Herbicide . CO2 emissions - N | purchased
Dairy - 3.5 100% rec. Pig stock - Deer: fertiliser (kg CO2e)
C h Il oth application . g Steers
Ows perna, all other replacement hinds CO2 emissions — urchased
wintered off nutrients cost Fungicide Deer: Lime (kg CO2e) P
farm No N, 100% Wages - application stags N,O emissions — BE:’IcShased
Dairy - 4 rec. all permanent Pruning Deer: - indi P
C ha other Thinni direct and indirect | pjgs purchased
ows per ha, Wages - Inning velvet N from fertiliser
i don nutrients . Dry matter
wintere casual Harvest costs | pigs (kg CO2e)
farm 0 . Electricity used
. O.A) rec.oo‘y Animal Harvest Berryfruit | CO2 emissions — - Y
Dairy - 4 Lime, 100% Health preparation fuel (ke CO2 Fertiliser used -
Cows per ha, rec. all ) DCD Grapes uel (kg e e) Urea
wintered off other Dairy shed . Wheat CO2 emissions - o
; breedin Application electricity use (k Fertiliser used -
farm nutrients g Foed oad Barley Y g Super
T eed pa
Deer No Electricity pac, Logs for CO2e) Fertili d-
o construction A IF tC ertiliser use
Pigs fertilizer Cartage pulp and nhual Fores (k Lime
- ; o Sequestration (kg
Mix of applied Fertiliser paper CO2e) Fertiliser used -
Sheep and Fertiliser Logs for other
Beef Grazing application Timber Nutrients used
100% Sheep Fuel Ot.her N
Grazing Shearing Misc.
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Regi Soil T Land T E . Irrigation | Fertilizer | Mitigation | Variable Fixed C Product | Environmental Product
egton onl Type and Type nterprise Scheme Regime Option Cost Ixed Cost Output Indicators Inputs

100% Cattle Seeds Nutrients used

Grazing Imported -P,K,S

Grapes Feed costs - Nutrients used

Berry Fruit hay & silage -Lime

Wheat Imported Nutrients used

Barley feed costs - -Other

Pine Radiata crops Fuel used -

Plantations Imported Petrol
feed costs - Fuel used -
grazing Diesel
Imported Irrigation rate
feed costs - Irrigation type
other L

Irrigation-

Water number of days
charges- . Seed used
Depreqatlon Supplementary
on capital feed bought -
Roads for hay & silage
forest Supplementary
plantations

feed bought -
crops

Grazing

Supplementary
feed bought -
other

Harvest length
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Table 2. Baseline Enterprise Area for Hurunui/Waiau and Manawatu Catchments (k ha)

Hurunui/Waiau

Enterprise Hur.unui Hurt.mui Hurur!ui Wa.iau Wa'iau Waia.u Total
Hills Plains Foothills Hills Plains Foothills
Arable 0.0 53 0.0 0.0 4.8 0.0 10.2
Forest 0.0 12.2 5.9 0.1 9.0 0.4 27.7
Dairy 0.0 19.7 1.7 0.0 2.5 0.1 24.0
Sheep and Beef 28.7 35.3 56.1 24.0 42.6 56.8 243.6
Other Pasture 0.0 1.1 0.0 0.0 0.1 0.0 1.2
Scrubland 6.1 2.3 0.4 9.1 0.2 9.8 27.8
DOC/Natural 76.7 0.3 7.5 149.4 0.6 13.3 247.8
Total 111.6 76.1 71.6 182.6 60.0 80.4 582.2
Manawatu
Enterprise Manawatu Man?watu Tararua Tar:‘;lrua Total
Flats Hills Flats Hills

Arable 5.4 0.2 1.0 0.1 6.5
Forest 6.0 7.7 3.8 4.8 22.3
Dairy 58.2 6.6 49.4 53 119.5
Sheep and Beef 68.7 75.0 38.4 132.5 314.6
Other Pasture 2.9 2.6 0.0 0.4 5.9
Scrubland 1.1 47.1 0.1 14.1 62.4
DOC/Natural 1.4 35.9 1.5 5.4 44.3
Total 143.6 175.1 94.3 162.6 575.5
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Table 3. Baseline regional production output for Hurunui/Waiau and Manawatu Catchments (tons

or k m?)*

Hurunui/Waiau

Output Hur'unui Hurl'mui Hurur!ui Wa'iau Wa'iau Waia.u Total
Hills Plains Foothills Hills Plains  Footbhills
Milk Solids 0.0 23596.0 1620.9 0.0 2877.0 128.6 28222.4
Dairy Calves 0.0 1543.1 122.0 0.0 179.7 104 1855.1
Lambs 711.6 31394 3493.8 595.0 3605.9 3511.9 15057.6
Mutton 100.6 354.9 493.9 84.1 390.2 496.6 1920.3
Wool 107.8 644.7 529.2 90.1 723.6 532.1 2627.6
Cows 201.3 33755 735.2 168.3 393.1 499.5 5372.8
Heifers 1841.9 964.4 4362.8 1540.1 112.3 4370.0 131915
Steers 2048.5 7716.7 4769.5 17129 10158.8 4853.1 31259.4
Bulls 0.0 1.2 0.1 0.0 0.2 0.0 1.5
Deer Hinds 0.0 228.3 04 0.0 38.2 0.3 267.3
Deer Stags 0.0 151.0 04 0.0 25.3 0.3 177.1
Velvet 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Pigs 0.0 2484.9 16.9 0.0 2.3 28.5 2532.6
Berryfruit 0.0 215 0.0 0.0 8.4 0.0 29.9
Grapes 0.0 19.1 34.0 0.0 2.2 53.4 108.8
Wheat 0.0 35799.1 0.0 0.0 364124 0.0 722114
Barley 0.0 8336.0 0.0 0.0 41416 0.0 12477.6
Pulp Logs 0.0 53.6 27.0 0.4 44.8 1.6 127.5
Timber 0.1 214.3 108.2 1.6 179.4 6.5 510.1
Manawatu
Output Manawatu Man?watu Tararua Tar'arua Total
Flats Hills Flats Hills

Milk Solids 58963.2 6747.7 46792.4 5003.2 117506.4

Dairy Calves 3097.1 355.8 2635.7 283.6 6372.1

Lambs 26736.2 6771.1 16730.5 11917.6 62155.3

Mutton 4132.3 2250.0 2620.5 3960.5 12963.2

Wool 2259.5 2742.2 1211.6 4826.7 11040.0

Cows 7406.1 1473.1 6302.7 1773.7 16955.7

Heifers 0.0 859.6 0.0 1513.0 23725

Steers 14450.7 2074.4 8211.4 3650.5 28387.0

Deer Hinds 284.8 267.3 35 38.3 593.9

Deer Stags 379.8 356.4 4.7 51.0 791.9

Velvet 8.4 7.9 0.1 1.1 17.6

Wheat 4887.8 0.0 638.2 0.0 5526.0

Barley 8713.5 298.5 3696.5 0.0 12708.5

Maize - Silage 24612.7 958.2 1073.4 925.3 27569.7

Maize - Grain 12070.1 476.8 80.9 463.1 13090.9
Potatoes 64632.1 1575.8 14463.7 0.0 80671.6

Pulp Logs 39.0 61.5 26.9 335 160.9

Timber 118.8 185.3 82.7 101.5 488.3

*Agriculture products in tonnes, while forest products are in thousand m?
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Table 4. Baseline GHG Emissions for Hurunui/Waiau and Manawatu Catchments (tCO.e)

Hurunui/Waiau

Hurunui  Hurunui  Hurunui Waiau Waiau Waiau Total
GHG Category Hills Plains Foothills Hills Plains Foothills
CH4 Enteric Fermentation 40988 335471 206945 34285 304502 203008 1125199
CH4 Manure Management 187 7886 2704 157 3927 2423 17284
N20 Animal Waste Mgmt 0 323 11 0 16 1 351
N20 Grazing 12325 102104 62338 10371 88656 61358 337152
N20 Fertilizer 0 22019 1035 0 6888 63 30005
CO2 Fuel 153 8321 1066 128 5571 826 16064
CO2 Electricity 24 3763 334 20 1103 180 5422
Forest C Sequestration -177757 -9596 -16662  -335094 -2202 -65682  -606993
Total Emissions 53676 479887 274433 44960 410663 267860 1531478
Net Emissions -124081 470291 257771 -290134 408461 202177 924485
Manawatu
GHG Category Ma:I:\t/zatu Ma:?l\ll:atu Tararua Flats Tararua Hills Total
CH4 Enteric Fermentation 751797 403834 486188 653592 2295411
CH4 Manure Management 16844 5478 12610 8163 43094
N20 Animal Waste Mgmt 442 50 374 40 906
N20 Grazing 203148 123876 127880 200230 655135
N20 Fertilizer 50751 7963 38965 9393 107072
CO2 Fuel 15994 3236 12248 3755 35232
CO2 Electricity 9085 1371 7205 1429 19090
Forest C Sequestration -197921 -483189 -137088 -199937 -1018135
Total Emissions 1048059 545808 685470 876602 3155940
Net Emissions 850138 62620 548383 676665 2137805
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Table 5. Change in Key Outputs from Baseline for Environmental Policy Scenarios

Policy . Net Revenue TOt?I FHG N Leaching P Leaching
Scenario Emissions
Hurunui/Waiau
AgETS -13% -26% -11% -6%
Nutrient -5% -22% -20% -20%
AgETS_NUT -15% -34% -20% -20%
Manawatu

AgETS -20% -40% 55% -38%
Nutrient -1% -16% -20% -20%
AgETS_NUT -21% -32% -20% -29%
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Figure 1. Structure of inputs and outputs in NZ-FARM
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Figure 2. Structure of CET Function Nest in NZ-FARM
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Figure 3a. Hurunui and Waiau Catchments, South Island, New Zealand
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Figure 4a. Baseline Enterprises for Hurunui/Waiau Catchment
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Figure 4b. Baseline Enterprises for Manawatu Catchment
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Figure 5. Aggregate Percentage Change in Enterprise Area for Policy Scenarios
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Figure 6. Detailed GHG Emissions for Baseline and Policy Scenarios
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