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1. Introduction 

The Healthy Rivers Plan for Change: Waiora He Rautaki Whakapaipai (HRWO) Project 

(www.waikatoregion.govt.nz/healthyrivers) will establish targets and limits for nutrients (N 

and P), sediment, and E. coli in water bodies across the Waikato/Waipa catchment. Different 

targets and limits regarding the level of these contaminants in waterways within this 

catchment will have diverse impacts on economic outcomes observed throughout the greater 

Waikato region. Accordingly, a central contribution of the Technical Leaders Group (TLG) to 

the HRWO project is the development and utilisation of an economic model that will 

integrate diverse information such that the size and distribution of abatement costs—across 

farm, catchment, regional, and national levels—associated with alternative limits and targets 

can be predicted. The primary objective of this document is to outline the reasons why certain 

key decisions have been made during the design and development of this HRWO economic 

model.  

The report is structured as follows. Section 2 describes the certain approach used to identify 

how land use, agricultural intensity, and point sources have to change their management in 

order to attain alternative limits and targets. This is the overall framework that integrates a 

broad amount of data from many information-gathering streams within the HRWO process. 

The way that this data is collected and why is explained subsequently, in Sections 3–4. A 

certain fraction of the output of the catchment-level model is subsequently entered into a 

regional-level model, to highlight the regional- and national-level impacts associated with 

alternative limits. This regional framework is described in Section 5. Section 6 concludes. 

2. Catchment-level modelling approach 

The economic-modelling approach utilised in the catchment-level analysis involves the 

employment of optimisation methods to identify how land use and land management within 

the catchment would have to change if a given set of limits was to be achieved at least cost. 

The forms of land use and land management described in the model are meant to be 

meaningful reflections of what is currently observed throughout the region. However, 

because of data limitations, this provides only a coarse description of the current state.  



 

DM#3615787                                                                                                               Page 4 of 42 

 

Land use and land management are described using diverse data that has been drawn from 

extensive data-collection processes; therefore, the insights provided by the model are solely 

conditional on the information contained therein. The methods utilised to collect this data are 

described in detail below, in a bid to improve clarity around the procedures that have been 

implemented. The development of such an economic model is an intensive undertaking 

subject to real resource constraints, especially those pertaining to time, funding, and relevant 

expertise. Accordingly, it is critical to recognise that while best efforts have been made to 

collect the most meaningful information for a model of this kind, there remain critical 

uncertainties given our limited capacity to address the complexity of the problem in its 

complete entirety.  

The method of optimisation utilised within the catchment-level model is known as non-linear 

programming (Bazaraa et al., 2006), which involves the use of a mathematical algorithm to 

identify how decision variables within a problem must change to achieve a certain goal at 

least cost. Any change in these decision variables from their current state is bound by a set of 

constraints, which define the feasibility of alternative choices available within the model. 

Within the catchment model employed here, the key decision variables represent land use and 

the degree of mitigation activity performed within each land use. Key constraints placed on 

the level of decision variables essentially define the logic that characterises the optimisation 

model. For example, these can involve placing an upper bound on the amount of dairy 

farming on peat soils that is carried out in a region, thus reflecting real biophysical 

constraints, and not allowing the use of a stand-off pad to reduce nitrogen leaching on 

horticultural land. The most important constraints within the HRWO model define that 

certain pollutant concentration targets are set at alternative locations within the catchment, 

and the model is tasked with determining how land use and land management will have to 

change within different parts of the catchment to meet these at least cost, given the set of 

input data being employed.  

This optimisation model defined at the catchment-level studies the characteristics of 

alternative equilibria (also known as steady-state or stationary-state outcomes); thus, the 

dynamics of transition across time, and other processes that are inherently temporal, are 

studied at a very-coarse level only. This approach is consistent with those methods used 

broadly for the economic assessment of alternative environmental goals (Baumol and Oates, 



 

DM#3615787                                                                                                               Page 5 of 42 

 

1988; Doole and Pannell, 2008a; Hanley et al., 2007), both in New Zealand (Daigneault et 

al., 2012; Doole and Pannell, 2012) and overseas (Kampas and White, 2004; Doole et al., 

2013). Dynamic mathematical programming models have been applied in the past to 

agricultural problems (e.g. Heady and Candler, 1958; Candler, 1960), but have received little 

application overall, especially for catchment-level analysis of this kind. The key reasons that 

dynamic models are frequently not employed are: 

1. It is difficult to identify how farmers will adapt across time to limits placed on 

contaminant loss from farmland. Indeed, there remains no work in New Zealand 

addressing how a population of producers can be expected to perform such 

adaptation. The development of such information, especially based on empirical data, 

therefore remains a critical research gap. 

2. No work has been done within New Zealand that estimates how the relationship 

between abatement and farm profit changes across time given variability in output and 

input prices, productivity, and innovation. Critical barriers to this work are cost, the 

specific nature of any output, and the extended time it would take to generate. 

3. It is generally difficult to work with dynamic models because such models quickly 

become too large to make sure they are not free of errors and solve in an appropriate 

amount of time. This is especially true if it is assumed that prices will vary across 

time in such a way that farmers cannot adequately predict them a priori. For this 

reason, it is notable that most optimisation models describing dynamic, stochastic 

systems (i.e. those that represent variability in model parameters) are defined across 

two periods only (Prekopa, 2010). 

4. It is challenging to identify how long transition paths (i.e. the time period studied 

within such a model) should be to incorporate within such a model. This is a crucial 

problem, because the model becomes increasingly difficult to solve as the length of 

the transition period that is represented within the model increases. 

5. Economic theory broadly postulates that people act according to a rule of perfect 

rationality: the alternative outcomes that they face are known with certainty and they 

select that action with the highest pay-off. In reality, humans have limited cognitive 

abilities (Kahnemann, 2003) and uncertainty complicates a decision maker’s 

assessment of relative options (Pindyck, 2007). This has a significant impact on the 

distribution of payoffs, both spatially and temporally, during a transition period. 
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However, there are no broadly-accepted ways of representing this process of sub-

optimisation within a catchment-level model, even if such data existed (see Point #1). 

Accordingly, the neoclassical assumption of perfect rationality is operationalised in 

the primary economic models of land-use optimisation employed throughout New 

Zealand (Anastasiadis et al., 2013), including that model utilised in the HRWO 

process.  

6. Output from dynamic models is heavily biased by the initial and terminal conditions 

defined during model formulation. Accordingly, a number of key conceptual studies 

(Throsby, 1967; Klein-Haneveld and Stegeman, 2005) have highlighted that 

equilibrium-optimisation models, rather than dynamic-optimisation models, focused 

on the identification of stationary solutions are the most-useful type. 

7. It is difficult to formulate consistent insight when analysing the output of dynamic 

models, given the large volume of results that is generated. Indeed, alternative 

equilibrium solutions are often superior because there are a limited number of them. 

The value of these isolated solutions is particularly promoted by the factor outlined in 

Point #6. 

For these reasons, the economic model developed for the HRWO process does not represent 

dynamic decision-making explicitly. Instead, it studies the impacts of alternative limits 

through representing how they affect equilibrium decision-making under different situations. 

The structure of the economic model is based on the Land Allocation and Management 

catchment framework (Doole, 2015). Its flexibility is evident in that it has now been broadly 

applied across both Australia and New Zealand, within contexts encompassing a diverse 

range of agricultural activities, biophysical resources, and hydrological situations (Doole and 

Paragahawewa, 2011; Doole, 2012; Roberts et al., 2012; Howard et al., 2013; Beverly et al., 

2013; Doole, 2013; Doole et al., 2013; Holland and Doole, 2014). Multiple benefits are 

associated with the use of the LAM framework: 

1. Its structure is basic enough to use within a participatory-modelling context. Indeed, 

the model has been applied several times in this context (e.g. Roberts et al., 2012; 

Beverly et al., 2013; Doole, 2013).  

2. The calibration of the model is straightforward, thereby improving the clarity and 

interpretation of model output. This contrasts calibration methods that employ 
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nonlinear calibration functions estimated using positive mathematical programming 

(Doole and Marsh, 2014a, b). 

3. Its structure is sufficiently flexible to promote its application in diverse circumstances 

(cf. Roberts et al., 2012; Holland and Doole, 2014). 

4. Different components of the model can be developed independently, before their 

integration in the catchment model. This is observable in the HRWO process, where 

output from multiple work streams has been integrated within the catchment-level 

model. 

5. Modern optimisation codes and computers are so well developed that any relevant 

number of land uses, mitigation options, and pollutants can be incorporated (Doole, 

2010). 

6. The LAM framework is sufficiently flexible that it can utilise information from a 

complex hydrological model in a clear and structured way (Doole, 2013, 2015). This 

is a key benefit since the utilisation of the economic model developed to inform the 

HRWO process has required the explicit consideration of attenuation, groundwater 

lags, and the linkages between sub-catchments present within the catchment network 

(Section 4).  

7. The model does not possess a complex structure. This improves the ability to 

communicate about what is required among different members of a modelling team. 

8. The model focuses on agricultural land uses, but point sources (e.g. urban areas) and 

natural sources (e.g. geothermal activity) are easily incorporated.  

9. The complexity of the model can be altered, depending on the quantity and quality of 

resources (e.g. time, budget, expertise) available. This is a key requirement of a 

modelling framework that is to be applied in multiple contexts (Doole and Pannell, 

2013). 

10. The model is efficiently coded and solved in spreadsheet (Roberts et al., 2012) or 

optimisation (Beverly et al., 2013; Doole, 2013) software. It is particularly 

straightforward to code in nonlinear optimisation software, such as the General 

Algebraic Modelling System (GAMS) (Brooke et al., 2014), that allows matrix 

generation (e.g. Doole, 2013; Doole et al., 2013). 

Nevertheless, alternative frameworks for catchment-level analysis could be employed in the 

HRWO process.  
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One alternative approach would involve the utilisation of a much-simpler framework. This 

commonly involves the simulation of a (usually small) number of pre-defined scenarios—

generated by technical experts and/or stakeholders—within a spreadsheet model containing a 

low number of equations (frequently less than 20) to highlight the potential costs of these 

alternative outcomes (Harris and Snelder, 2014). Effective participatory modelling seeks to 

balance the benefits of a streamlined modelling framework with its ability to provide a 

powerful description of the problem at hand. In the HRWO process, in line with previous 

applications in the New Zealand context (Daigneault et al., 2012), the goal of the modelling 

exercise is to provide a detailed description of the problem at hand. This supported by the 

inherent size and intricacy of the water-quality challenges facing the Waikato and Waipa 

River catchments. Indeed, this large catchment contains: (a) significant heterogeneity in 

terms of farm systems, (b) numerous point sources, (c) broad-scale diversity in attenuation, 

(d) non-trivial surface water linkages, (e) complex groundwater legacies (Doole, 2013; Elliott 

et al., 2014), and (f) a large number of industries that wish that a meaningful description is 

provided of their sector. Moreover, when seeking to evaluate alternative limits and targets 

using scenario generation, it is difficult to decide between what effects that different policies 

will have on land use and agricultural management within the catchment of interest. Indeed, 

the evaluation of a given set of limits will be constrained to the assumed land-use and land-

management combination that is defined to achieve these goals. Accordingly, the relative 

value of different outcomes is strongly biased by the assumptions made regarding what is the 

perceived outcome of these instruments (Doole and Pannell, 2008b).  

A core difficulty here is the lack of a precise objective that acts as a standard that can be used 

to compare different scenarios while they are being generated. Indeed, it is common practice 

to set scenarios in an informal way characterised by trial-and-error and the perceptions of the 

stakeholder group. In contrast, an optimisation model provides a more-formal assessment, 

drawing together relevant economic and biophysical data, and then utilising a measure of 

relative cost-effectiveness to compare alternative outcomes during a search for a solution that 

achieves a goal at least cost. This can provide a more-structured means of providing concrete 

insight into what direction land-use and agricultural management should take, if water quality 

is to be improved. It is particularly relevant when the catchment is large and contains a 

significant number of stakeholders, as the model provides an appropriate vehicle to describe 

this rich context, relative to a smaller, more-streamlined framework. 
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In contrast, an alternative approach is to utilise the NZFARM (New Zealand Forestry and 

Agriculture Regional Model) (Daigneault et al., 2012, 2014) framework. The structure of this 

model is very similar to that utilised within the LAM model, with one critical difference. In 

contrast to the LAM framework, the NZFARM model employs a series of nonlinear 

functions—within a broad approach known as positive mathematical programming (PMP) 

(Howitt, 1995)—that direct a model to return an observed baseline land-use allocation, by 

manipulating the relative profitability of each individual land use (Daigneault et al., 2012). 

LAM model is developed according to the philosophy that appropriate calibration functions 

are non-trivial to develop, while they also introduce inherent bias in scenarios away from the 

reported baseline (de Frahan et al., 2007; Doole and Marsh, 2014a, b). Thus, the economic 

model used within the HRWO process takes a different approach, to provide a rich 

assessment of how land use may be expected to change under different scenarios. First, the 

division of each sub-catchment into separate partitions—each containing individual 

representative farming systems—dampens the susceptibility of the model to wide divergences 

from the baseline land allocation and provides structure on which to base any such deviation. 

Second, appropriate transition costs are defined, such that the model must consider the cost of 

land-use change when there are departures to the baseline land allocation. Third, land-use 

change is constrained according to historical land-use patterns (see next paragraph for more 

information), to reflect that land-use change is relatively inflexible in the short-term and 

governed by biophysical factors that vary spatially (Kerr et al., 2012). Last, both constrained 

and unconstrained land-use change scenarios are explored, to reflect how model output 

changes when constraints on land-use change are omitted.  

The economic model used within the HRWO process utilises historical land-use patterns to 

constrain land-use changes to realistic levels. This approach was deemed appropriate in this 

application because it is straightforward to code, much easier to formulate and less prone to 

error than forcing calibration through the use of arbitrary calibration functions (Doole and 

Marsh, 2014a, b), draws on regionally-specific data, and is the only land-use calibration 

method that has a rich theoretical justification (Onal and McCarl, 1991; Chen and Onal, 

2012). Historic land-use patterns observed for a distinct region (i.e. sub-catchment) provide 

specific insight into the type of land-use change that can occur there. Indeed, these patterns 

provide spatial information regarding the implicit aggregate and biophysical factors that 

guide land-use change within this area. Using this historical information within the catchment 
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model applied here allows the specification of a well-behaved aggregate model, despite 

lacking data for individual farms (Onal and McCarl, 1991; Chen and Onal, 2012). To use this 

approach, historic land use for each sub-catchment across 1972–2012 was drawn from the 

work of Hudson et al. (2015). The optimisation procedure then identified the best weighted 

average of these land-use patterns that attained the environmental limits set out by each 

scenario at least cost.  

Another alternative catchment-level modelling framework that could be applied within the 

HRWO process involves the representation of individual producers and explicit behavioural 

rules guiding their decisions and interaction with one another. These frameworks come under 

the general title of “agent-based models” and have been extensively applied throughout New 

Zealand, such as in Canterbury (Daigneault and Morgan, 2012), Hawkes Bay (Schilling et al., 

2012), Southland (NZIER, 2014), Taupo (Anastasiadis et al., 2013), and Waikato (Doole, 

2010; Doole et al., 2011; Doole and Pannell, 2012; Doole et al., 2012). Such frameworks 

provide a very rich description of individual agents, with diversity represented in risk 

aversion, personal networks, management objectives, and production-system intensity, 

among other factors. An agent-based framework is not utilised here because of a lack of 

suitable empirical data that can be used to generate a realistic description of the personal 

characteristics of diverse individual producers within a given catchment and/or allow a 

validation of model predictions outside of the baseline situation. These are common 

constraints accruing to the application of agent-based models (Windrum et al., 2007), but are 

particularly relevant in New Zealand because of privacy restrictions, integral data being held 

across diverse organisations (Doole et al., 2011), and the significant cost and time associated 

with collecting suitable data from producer populations to inform model development. 

An additional model that could be utilised within the HRWO process is the Waikato 

Integrated Scenario Explorer (WISE) framework (Hart et al., 2013). This is an integrated 

model that deals with a broad range of factors relevant to the Waikato Regional Council, 

including biodiversity, climate, demography, economics, hydrology, and land use. The land-

use model within WISE determines how transition between alternative enterprises occurs 

under different circumstances. The supply of land is dependent on land suitability, proximity 

of other enterprises, and zoning restrictions, while the demand for land is driven by economic 

forces. The WISE framework has been developed to inform long-run planning for the 
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Waikato Regional Council. However, its broad focus over a wide range of issues of interest 

to the Waikato Regional Council reduces its particular value in the context of estimating 

farm-level costs arising from limit setting. Evaluating the potential implications of alternative 

limits within the HRWO process requires a rich description of many complex relationships, 

both economic and biophysical, which are not presently defined within the WISE model and, 

based on preliminary discussions with the people involved in the development of WISE, 

would be expensive and time-consuming to incorporate. As outlined above, improving water 

quality within the Waikato and Waipa River catchments is a large and complex problem, 

containing a lot of land, significant heterogeneity in terms of farm systems, numerous point 

sources, broad-scale diversity in attenuation, nontrivial surface water linkages, and complex 

groundwater legacies. These complexities are more likely to be easily integrated within a 

land-use optimisation model, such as the LAM framework, which is specifically designed for 

this purpose rather than a system-dynamics model primarily built to study other issues. 

Furthermore, the WISE model focuses on dynamic decision-making. The equilibrium 

approach utilised within the LAM model is favoured relative to this approach, given the 

limitations to dynamic modelling identified above, particularly those related to a scarcity of 

pertinent data relating to how important economic and biophysical parameters change across 

time. 

A key motivation to employ the LAM model is also based on one of general cost-

effectiveness. The HRWO process has been allowed access to a comprehensive land-use 

optimisation model, consistent with the LAM approach, developed by the Waikato Economic 

Impact Joint Venture process (Romera et al., 2014). This model received significant 

investment from partners within the Economic Impact Joint Venture, particularly related to 

the accurate depiction of the relationship between farm profit and nutrient mitigation on dairy 

farms and sheep and beef enterprises. The development of this model framework represented 

a significant investment from partners within the Economic Impact Joint Venture, in terms of 

expertise, resources, and time. Accordingly, it is a better use of resources to extend this 

current model than seek to build an alternative framework, a decision that is reinforced when 

the insufficiency of alternative approaches is considered. 
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3. Estimation of abatement-cost relationships for nitrogen 

There is an inherent relationship between farm-system management and nitrogen loss within 

the agricultural enterprises in the Waikato region (Doole, 2013). Therefore, a key data input 

into the LAM framework utilised in the HRWO process is the relationship between farm 

profit and nitrogen mitigation (i.e. abatement cost curves, Hanley et al., 2007) for 

representative farms on dairy, dairy support, sheep and beef, horticulture, and cropping land. 

The primary data collection to derive these abatement-cost curves occurred during Stage 2 of 

the Economic Impact Joint Venture process in the Waikato region (Romera et al., 2014). 

Various key decisions were made during this process to ensure that the quality of the data 

was adequate. The following paragraphs discuss these factors and justify the key decisions 

that were made. 

The goal of collecting farm-level data for a catchment-level model is to provide an adequate 

description of the average or expected cost of abating a given level of contaminant(s) arising 

from a farm population in a given spatial zone. These spatial zones are usually defined in 

terms of rainfall, soil type, and slope. Thus, in contrast to the analysis of individual farms 

where exceptional results may occur (e.g. Doole and Romera, 2014), the focus is placed on 

the identification of general relationships that are expected to hold true across an entire 

population (Roberts et al., 2012; Doole et al., 2013), and not just for individual landholders 

(Doole, 2010). The precision with which individual farms are represented within a catchment 

model varies most importantly according to the resources, time, and quality of data available. 

Catchment models typically vary across a continuum, from those that incorporate: 

1. Individual farms (Doole, 2010, 2012). 

2. Representative farms where average, individual enterprises are each used to represent 

a broad part of the catchment (Ramilan et al., 2011; Daigneault et al., 2012; Doole, 

2013). 

3. A single farm that is scaled up and used to depict an entire catchment (Doole and 

Pannell, 2011).  

Most catchment models utilise approach #2, as employed in the HRWO model, because it 

allows for: (a) key differences arising from spatial and sectoral diversity, (b) the depiction of 

heterogeneity in abatement-cost relationships, (c) the number of representative farms 
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considered to be altered depending on the availability of information and resources, and (d) it 

does not introduce substantial error through relying on data of a poor quality to generate 

models that purport to provide a rich description of the behaviour of diverse, individual 

producers (a key problem with approach #1 listed above).  

There were different streams of work that sought to identify these abatement-cost 

relationships for dairy, dairy support, sheep and beef, horticulture, and cropping enterprises 

within the HRWO process. Work streams involved representative sampling or case-study 

analysis of farming activities to identify and represent different systems of each land-use 

type. The dairy farm work stream identified 26 representative dairy-farming systems, with up 

to 18 relevant mitigation scenarios modelled for each one, and ten dairy-support systems 

across the region (DairyNZ Economics Group, 2014). For drystock farming, five 

representative systems were described, over which five levels of mitigation were modelled 

(see details in Olubode et al., 2014). Horticulture was represented by three representative 

rotations and seven mitigation options (see details in AgriBusiness Group, 2014).  

DairyNZ Economics Group (2014) described the method used to generate the abatement-cost 

curves for the dairy enterprises. The subsequent discussion of how this data is generated is 

loosely based on this material. 

Biophysical and financial data were collected for 500 dairy farms for the 2012/13 season and 

OVERSEER files were created for each farm using a DairyNZ protocol. From this large 

sample, 26 farms from the Waikato and Waipa River catchments were selected, based on the 

range of farm types present within this broad geographical area. These 26 farms were chosen 

because they covered a range of locations with different bio-physical characteristics and they 

also represented a range of systems. Accordingly, the representative farms possessed 

heterogeneous levels of financial performance and nitrogen loss per ha. More specifically, 

this range of farm types included diversity in farm production system (as determined by 

external feed input), level of nitrogen fertiliser application, milk production per hectare, 

infrastructure, soil types, rainfall levels, and nitrogen leaching per hectare.  

A baseline FARMAX file was created utilising the physical and financial data collected for 

each farm. OVERSEER (Version 6.1.2) and FARMAX were used simultaneously, as 

FARMAX allows the user to ensure that energy requirements are met for cows and the 
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impact of mitigation options on farm financial records is clear, while OVERSEER allows the 

impact of mitigation options on nitrogen loss to be modelled. Mitigation options were 

generated through consultation among DairyNZ staff and farmers and a generalised 

mitigation protocol was developed and documented. This mitigation protocol described what, 

when, and to what degree different mitigation options were enacted on each farm, so that all 

farms generally followed the same overall process. Nonetheless, there were subtle differences 

in mitigation use between farms, due to differences in their individual characteristics. 

Mitigations were applied to two farm scenarios for each of the 26 farms. These can be 

broadly described as management changes within the current farm system first (Scenario 1), 

followed by an infrastructure change (Scenario 2). Scenario 1 involved the baseline farm 

scenario, where cows were wintered on a support block. Scenario 2 involved the 

incorporation of a stand-off pad. 

The adoption of diverse mitigation options within the mitigation protocol followed a 

standardised sequence: 

1. If the farm has an existing feed pad or standoff pad, this is utilised. 

2. Autumn nitrogen fertiliser applications are reduced and then removed.  

3. Spring nitrogen fertiliser applications are reduced and then removed. 

4. Imported supplement use is reduced (up to a 20% reduction from the base). 

If the farm has an existing standoff pad, the time that cows spend on the pad is increased up 

to 3 months per year (for up to 12 hours per day) to augment the proportion of nitrogen 

excretion that can be captured. The extent of utilisation of this mitigation option depends on 

the characteristics of the existing facilities. Where nitrogen-fertiliser application is reduced, 

autumn applications are targeted first, followed by spring-fertiliser applications. This is done 

in steps of 25% or the removal of whole dressings. Up to here, the use of purchased feed is 

kept constant as a proportion of the total DM intake, though feeds with a high-nitrogen 

content are replaced by low-nitrogen content alternatives. The proportion of purchased feed 

in the diet is then reduced, by up to 20% relative to the baseline situation. If a farm has a 

large crop area used to winter cows, crops with a lower nitrogen-leaching risk are also used 

as an initial mitigation option. This was applied to some case-study farms.  
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Each of these steps reduces feed supply further and further, and is therefore accompanied by 

a reduction in feed demand to achieve appropriate pasture cover throughout the year. This is 

done either by reducing stocking rate or the amount of feed eaten per cow. The process stops 

when stocking rate, milk per cow, and supplement use as a proportion of total feed offered 

reach 80% of their original level. Further reductions are not considered because drastic 

changes in either of these variables are unlikely to be desirable to the farmer, for a given level 

of management ability and a farm’s biophysical assets. The relationship between the level of 

nitrogen leaching, measured using OVERSEER, and the level of financial performance, 

measured utilising FARMAX, are then related through abatement-cost relationships for each 

enterprise. 

The relationship between nitrogen leaching and profit for all enterprises is a critical 

component of the economic model used within the HRWO process. The protocol generated 

and applied by DairyNZ Economics Group (2014) results in abatement-cost curves that are 

directly upward-sloping; that is, mitigation cost increases as the amount of abatement 

performed increases. This is in line with existing theory from environmental economics that 

stipulates that abatement effort usually imposes an explicit cost on individual enterprises 

(Hanley et al., 2007). Nonetheless, this finding contrasts a number of New Zealand case 

studies, in which profit is increased and contaminant loss is reduced simultaneously on NZ 

pastoral farms (AgFirst, 2009; Doole, 2012; Doole and Kingwell, 2014; Ridler et al., 2014). 

(Such outcomes are commonly referred to colloquially as “win-win” options.) Doole and 

Kingwell (2014) outline how such outcomes can arise in the context of grazed dairy systems 

within New Zealand. Their chief insight relates to an inherent need for producers to improve 

the efficiency with which feed (pasture and/or supplement) is utilised, such that more profit is 

earned for a fixed level of nitrogen input, especially that related to the use of nitrogen 

fertiliser and imported supplement. Jiang (2011) highlights that there is substantial scope for 

New Zealand dairy farmers to increase their efficiency. However, Doole and Kingwell (2014) 

suggest that win-win solutions are the exception, rather than the rule, for grazed dairy farms 

within New Zealand. This is consistent with empirical data presented within Doole (2012), 

whom identified that a 10% reduction in nitrogen across a population of 410 actual dairy 

farms allowed a number of them to experience win-win outcomes. However, profits 

unequivocally fell for all farms when greater reductions in nitrogen-leaching were required. 

Accordingly, this author, “highlights the absence of significant win-win abatement 
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technologies for nitrogen in New Zealand dairy systems” (Doole, 2012, p. 17). These results 

are in line with observations made during the Upper Waikato Sustainable Milk Project, an 

intensive farm-planning exercise that involved over 700 farms in the Upper Waikato 

catchment. In this project, it was observed that profit would generally increase or stay the 

same when 10–15% reductions in nitrogen leaching were needed, given the scope for 

improving efficiency of nutrient use, but it was also found that profit was likely to fall when 

greater decreases in nutrient loss were required (Mike Scarsbrook, DairyNZ, pers. comm.). 

The input data utilised in the catchment-level model for the HRWO process generally 

represents abatement-cost curves in which mitigation cost generally increases as nitrogen 

leaching falls within a given farming system. There are several reasons that this is most 

judicious: 

1. There is both anecdotal (AgFirst, 2009; Ridler et al., 2014) and empirical evidence 

(Doole, 2012; Doole and Kingwell, 2014) that win-win outcomes can be achieved in 

grazed dairy systems in New Zealand. However, there remains a pertinent lack of data 

relating to whether these can be achieved across an entire population and, if so, to 

what degree. A key example is that farmlet research (Glassey, 2013) and modelling 

work (Vogeler et al., 2014) has shown that dairy systems in the Waikato can increase 

production, increase profit, and markedly reduce leaching, even at a low stocking rate. 

Nevertheless, the extent to which this set of mitigation practices is able to effectively 

diffuse through a population of farmers of different management skill remains 

unknown, particularly as it requires a high degree of knowledge such that feed 

demand and supply is cost-effectively balanced throughout the year. 

2. It is costly to identify win-win outcomes for individual farms (Doole and Kingwell, 

2014), particularly because these will be different across a farm population within a 

given catchment due to broad diversity in management skill, current organisation, and 

biophysical resources (Doole, 2012). 

3. Even if win-win outcomes are identified for individual farms, the extent of their 

actual adoption by producers remains unclear due to barriers to uptake that are not 

considered during standard financial evaluations. Indeed, it is clear that while profit is 

important to farmers, it is not the only objective of concern (Bewsell and Brown, 

2011). Such barriers can be related to risk, uncertainty, adjustment costs, system 
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impacts, incompatibility with lifestyle and values, and complexity (Pannell et al., 

2006, 2014). Additionally, some managers are unwilling to deviate from established 

management plans, given a strong drive to repeat learned actions, even in the presence 

of new opportunities or constraints (Gonzalez and Dutt, 2011). This is identified in 

the case of water-quality improvement in New Zealand by AgFirst (2010), who found 

that the adoption of win-win solutions identified in AgFirst (2009) was marred in 

several circumstances because of risk aversion and perceived limitations in the 

economic assessment of these practices (AgFirst, 2010). 

4. Win-win solutions are likely to exacerbate pollution through the Jevons paradox, 

which states that improvements in efficiency are likely to stimulate further 

intensification, as these improvements open up new opportunities (Alcott, 2005; 

Doole and Kingwell, 2014). 

5. Broad evidence of win-win solutions in grazed dairy systems arises from linear-

programming models of these enterprises (e.g. Doole, 2010; Ridler et al., 2014). 

These linear-programming models provide a very coarse and restrictive description of 

grazed dairy systems due to their high level of linearity. For example, the linear-

programming frameworks utilised by these authors assume fixed pasture growth and 

quality, constant cow intake, and represent no endogenous feedback between stocking 

rate, herbage allowance, and pasture utilisation. These simplified assumptions greatly 

reduce the complexity of the model, allowing it to be developed and solved much 

more easily. Nevertheless, linear-programming frameworks of grazed dairy systems 

have been shown to provide inaccurate predictions of how these systems behave in 

reality, given these simplifying assumptions (Doole and Romera, 2013; Doole et al., 

2013).  

6. Substantial transformations have been observed in some nations, due to the broad 

adoption of win-win solutions. For example, erosion rates on cultivated land have 

been greatly reduced throughout Australia and South America, due to the wide-scale 

diffusion of reduced-cultivation practices that stimulate crop yield through water 

conservation (Berger et al., 2010; McRoberts and Rickard, 2010). These examples are 

indicative of disruptive technologies that can revolutionise an industry through 

offering extensive private benefits above those accruing to standard practice, such as 

the tractor replacing draught power in the North American cotton industry in the early 

1900s (Day, 1967). There is extensive evidence that such disruptive technologies do 
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not exist in the context of nitrogen loss from New Zealand farming systems, as 

current mitigations do not achieve substantial private benefits with high certainty, 

relative to current management options (Doole and Romera, 2014; Doole, 2015; 

Doole and Kingwell, 2015). Accordingly, an upward-sloping abatement-cost curve is 

deemed to be the most-applicable representation of mitigation costs facing an average 

producer. Additionally, even if such practices were beneficial to the environment, 

their rate of use across space and time may vary markedly in response to changes in 

the physical and economic environment (Pannell et al., 2014)—especially in response 

to fluctuations in price and seasonal climate (Llewellyn et al., 2012)—thus reducing 

their general value for achieving conservation outcomes.  

7. The introduction of limits for nitrogen leaching in a given region could provide an 

evolutionary force that will lead to the exit of producers that are inefficient from a 

nutrient-loss perspective, and their replacement with producers that are efficient users 

of nutrients. While this is possible, it is likely that if it indeed occurred, it would take 

an extended time period for it to take place, probably constituting decades. This 

reduces the possibility that evolutionary forces introduced by limits will be the source 

of win-win outcomes at the population level, especially once discount rates are 

applied that act to greatly reduce the scale of benefits experienced over periods 

constituting decades. The application of a standard discounting procedure augments 

the relative value of benefits and costs incurred closest to the present time. Industry 

transformation in the near term will impose a cost as less-efficient farmers withdraw. 

These costs will be significant, relative to the potential gains, because discounting has 

much less effect on net benefits arising in the near future, relative to prospective 

benefits arising decades from now.  

Abatement-cost relationships were also determined for drystock farms. Based on a recent 

WRC survey of 450 drystock farms in the region (Kaine, 2013), 20 farms were selected for 

case-study analysis, to provide an adequate representation of farm system and spatial 

diversity within the catchment. Biophysical and financial information were collected for each 

farm during the case-study survey. These data were extrapolated to different spatial regions 

within the catchment also, using regional climate and financial data, for the purpose of 

generalisation. Utilising this information, FARMAX and OVERSEER were employed to 

identify the relationship between nitrogen leaching and farm profit for different scenarios on 
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five representative farms. The farm-level data were validated through comparison with 

previous research and review by farmers, industry representatives, rural consultants, and 

scientists. This work revealed the presence of one “win-win” set of outcomes, associated with 

increasing the sheep: cattle ratio on hill country with pasture-based dairy support. Here, farm 

profit increases by 91% and nitrogen leaching falls by around 20% when the largest reduction 

in N is achieved. A subsequent review of this work identified that these gains are possible, 

but rely on existing price relativities and a willingness for producers to expand sheep 

operations, which is converse to the preference of some drystock farmers (Olubode et al., 

2014). It is also inconsistent with recent rises in the beef price received by New Zealand 

graziers. Accordingly, this outcome was reviewed and other data derived for sheep and beef 

farms, upon the request of the Collaborative Stakeholder Group within the HRWO process. 

Three horticulture farm types were represented in the model. On behalf of the Ministry of 

Primary Industries and Horticulture NZ, the AgriBusiness Group (2014) collected physical, 

financial, and environmental data from horticulture farms throughout the Pukekohe region. 

This was used to establish three representative types of horticultural system, each 

characterised by a different rotation of vegetables, for the Lower Waikato region. Three 

mitigation techniques were also generated based on information from industry experts, prior 

research, and growers. The rotation options were an extensive rotation, intensive rotation, and 

traditional market-garden arrangement. The mitigations were limiting nitrogen fertiliser 

application, reducing nitrogen fertiliser application, and improved water management through 

altering standard irrigation practices. OVERSEER was used to estimate the nitrogen losses 

associated with these enterprises, while gross-margin analysis was used to assess the financial 

implications of adopting these alternative mitigation practices across the different farm 

systems. 

The profitability of alternative pastoral management systems was evaluated utilising 

FARMAX software throughout the generation of farm data for the economic-modelling effort 

in the HRWO process (Bryant et al., 2010; White et al., 2010). FARMAX is the leading 

software product in New Zealand utilised for evaluating alternative management systems in 

pastoral farming. It has been extensively applied and validated under New Zealand conditions 

(e.g. Bryant et al., 2010), and is broadly-used for extension (e.g. AgFirst, 2009; PAC, 2014) 

and research (e.g. Li et al., 2012) purposes. FARMAX provides a consistent benchmark for 
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estimating profitability across the dairy, dairy support, and drystock enterprises represented 

in the HRWO economic model. As a simulation model, it does not endogenously identify the 

management system that maximises profit within a given scenario, such as one involving a 

certain level of use of a given mitigation or requiring a given level of reduction in leaching to 

be achieved (Doole, 2015). Accordingly, the personal preferences and experience of the user 

are likely to have a significant impact on the quality of model output (Doole and Pannell, 

2008b). For this reason, the FARMAX simulations that were undertaken across all enterprises 

were guided by the application of mitigation protocols, developed before the modelling took 

place through discussion among producers, extension officers, and scientists. This was 

deemed to be a more rigourous process than employing optimisation models to identify these 

relationships, despite the capacity of optimisation models to more efficiently identify those 

management plans that maximise farm profit in a given set of circumstances (Doole, 2014, 

2015). This decision is appropriate because the protocols can be used to ensure that the 

simulated producer response is in line with expectations regarding the response of real 

farmers to the imposition of limits. This is in contrast to optimisation models, in which 

management plans can change drastically and be inconsistent with expected responses given 

the primacy of managing a farm to minimise the cost of limits when the problem is defined in 

this way. Moreover, it is consistent with significant doubts raised with the ability of 

commercial linear-programming models to adequately describe New Zealand grazing 

systems (Doole et al., 2013b) and their much lower use in industry, compared with 

FARMAX. In comparison, the financial implications of alternative management systems 

within the horticulture industry were determined using standard farm-budgeting techniques, 

outside of a commercial package. This approach is justified given that it is less pertinent to 

evaluate system-level effects for a pre-determined crop rotation on a horticultural farm 

typical of the Lower Waikato, given the explicit lack of integration with other parts of the 

farming system in such a context.  

The OVERSEER model was employed to estimate the nitrogen-leaching loads associated 

with different enterprises. It is the leading software used to identify the implications of 

alternative management strategies for nitrate-leaching loads in New Zealand farming systems 

(Doole and Paragahawewa, 2011). Hence, it is extensively used for this purpose. In 

particular, it is widely applied for extension (AgFirst, 2009; PAC, 2014), research (Ledgard 

et al., 1999; Doole and Pannell, 2011), nutrient management (Monaghan et al., 2007), and 
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limit-setting (WRC, 2011). Cichota and Snow (2009, p. 243) highlight that, “it is well suited 

for handling management practices and environmental conditions particular to New 

Zealand”. Extensive validation of OVERSEER has occurred (Wheeler et al., 2006, 2010; 

Shepherd and Wheeler, 2012). For example, Wheeler et al. (2006) reported that OVERSEER 

had a 99 percent accuracy rate when predicting N leaching loads. Doubts have been raised 

about variability in OVERSEER estimates, especially as versions of the software change 

(Howard et al., 2013; AgriBusiness Group, 2014). Nevertheless, Shepherd et al. (2013, p. 7) 

stated that, “Precision in the context of OVERSEER is about precision of inputs. Better precision 

and reduction of uncertainty could be attained by developing comprehensive guidelines for 

entering input data into the model.” Accordingly, it is ensured that the same practitioner is used to 

perform the OVERSEER analysis for each farming system in the data-collection process. 

Precision is also aided through the utilisation of a mitigation protocol in each enterprise. 

There are available substitutes for OVERSEER, though their relative quality is highly 

variable. The Soil Plant Atmosphere System Model (SPASMO) (Rosen et al., 2004) has been 

shown to provide closely-equivalent output to that generated by OVERSEER (Green et al., 

2004; McKay et al., 2012). However, it was not utilised here given that the farm-systems 

experts who generated the leaching estimates were experienced with OVERSEER; SPASMO 

has received most use in horticulture (Cichota and Snow, 2009); SPASMO assumes a 

uniform return of excreta to the soil, reducing its relevance to pastoral systems (Cichota and 

Snow, 2009); OVERSEER is freely available and widely used; and the use of SPASMO 

would have added little given their close equivalence (see McKay et al. (2012) and citations 

therein). The Nitrogen Leaching Estimator (NLE) (Di and Cameron, 2000) provides an 

estimate of nitrogen leaching based on an empirical relationship between the amount of 

nitrogen available for leaching and that which is typically lost under a given land use. The 

NLE procedure has not been calibrated for areas outside of Canterbury and overall does not 

deal with diversity in leaching risk across the year according to differences in drainage and 

plant uptake across months/seasons. ECOMOD (Johnson et al., 2008) and the Agricultural 

Production Systems sIMulator (APSIM) (Keating et al., 2003) also provide some ability to 

estimate nitrogen leaching, but should mainly be considered research tools given that a large 

amount of input data and specialist knowledge is required to apply them (Cichota and Snow, 

2009). In this process, it was determined that the richer output provided by this set of process-

oriented models was not justified. Rather, there was an explicit need for different industry 
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experts to be able to interact with the framework and represent a high number of scenarios 

across a broadly-disparate set of farm operations and systems. To this end, the broad 

application of OVERSEER in previous projects, its applicability to New Zealand conditions, 

and its user-friendly interface were key drivers of its selection to use in the HRWO process. 

4. Hydrological modelling 

The HRWO process focuses on four contaminants arising from non-point and point sources 

in the Waikato River catchment. OVERSEER is used to estimate the nitrogen-leaching loads 

from agricultural land (Section 3). This section describes the estimation of the baseline loads 

of the remaining contaminants (phosphorus, sediment, and E. coli), how they are distributed 

through the flow network, attenuation rates, and links to attribute levels at each monitoring 

site. It also outlines why the adopted means of formulating these estimates are appropriate, in 

comparison to available alternatives. 

The HRWO economic model incorporates diverse hydrological models that relate 

contaminant losses within and across sub-catchments to pollutant concentrations at the 

various monitoring sites represented within the catchment. These models concern E. coli 

(Semadeni-Davies et al., 2015a), sediment (Yalden and Elliott, 2015), nitrogen (Semadeni-

Davies et al., 2015b), and phosphorus (Semadeni-Davies et al., 2015b). These models are 

broadly based on the Catchment Land Use for Environmental Sustainability (CLUES) model 

(Semadini-Davies et al., 2007), which has been broadly applied throughout New Zealand to 

represent the flows of a broad range of contaminants through a catchment network, both 

within environmental (e.g. Monaghan et al., 2010; Palliser and Elliott, 2013; Elliott et al., 

2014) and economic (e.g. Doole, 2013) studies. Key reasons for using this unifying 

framework are that it is flexible enough to deal with variation in data quality, quantity, and 

form among diverse contaminants (cf. Yalden and Elliott (2015) and Semadini-Davies et al. 

(2015b)); it has been broadly applied across New Zealand in a variety of contexts; its 

modular structure is amenable to reconstruction within an optimisation model of a typical 

form (Doole, 2013); and it has been applied successfully on previous occasions in the 

Waikato context (e.g. Semadini-Davies and Elliott, 2012; Elliott et al., 2014). The integration 

of these models into the economic model allows the depiction of an explicit relationship 

between land management, point-source management, and concentrations of chlorophyll a, 
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Total Nitrogen, Total Phosphorus, nitrate, E. coli, and black disc measurements at different 

sites across the catchment.  

A key feature of these hydrological models are estimated fate-transport matrices, which 

specify the flow and attenuation of contaminants between linked sites in the monitoring 

network. Various limits are evaluated in the scenarios through specifying the attribute 

concentrations that meet the scenario’s desired band for median concentrations of 

chlorophyll-a, maximum concentrations of chlorophyll-a, Total Nitrogen concentration, Total 

Phosphorus concentration, median nitrate concentration, 95th percentile nitrate concentration, 

median E. coli concentration, 95th percentile E. coli concentration, and water clarity. More 

detail about the models utilised for each contaminant are outlined in the associated reports 

listed above, with an overview provided below. 

It is possible to develop very comprehensive models of watersheds, based on existing 

frameworks and associated methods of parameterisation (Beven and Binley, 1992; Beverly et 

al., 2005; Abbaspour et al., 2007). However, these require a rich data sets if they are to be 

adequately applied (Craig Beverly, personal communication, 22/1/2015), and therefore are 

not appropriate to apply in this instance. Indeed, good modelling practice requires that the 

complexity of a modelling framework matches the quantity and quality of available data 

(Doole and Pannell, 2013). In line with this principle, a generalised high-level framework 

broadly based on the structure of the routing framework in CLUES (PCE, 2013; Elliott et al., 

2014) is employed in this analysis. This follows the successful application of a similar 

hydrological-network model in the Upper Waikato in Doole (2013). 

Baseline estimates of nitrogen and phosphorus losses formulated for different enterprises in 

the Waikato River Independent Scoping Study (WRISS) approach (NIWA, 2010) did not 

account for slope and rainfall. Accordingly, nitrogen losses for each representative farm were 

estimated utilising OVERSEER in the HRWO process (Section 3). Additionally, phosphorus 

losses were estimated with this software, during Stage 2 of the Economic Impact Joint 

Venture. The movement of these nutrients throughout the catchment within the flow network, 

attenuation rates across space, and the link to concentrations observed at each monitoring site 

are estimated using CLUES (Semadini-Davies et al., 2015b). 
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There are available substitutes for OVERSEER for estimating phosphorus losses; for 

example, APSIM and SPASMO are both suited to this purpose. However, OVERSEER is 

applied here for estimating phosphorus loads, based on the reasons outlined in the last 

paragraph of Section 3, which pertain to why this framework was also preferred for 

estimating nitrogen loss. These are mainly related to the suitability of OVERSEER for 

studying nutrient loss in New Zealand conditions, the experience of industry experts with this 

framework, and to maintain consistency with the way that nitrogen-loss estimates were 

formulated. This is in line with typical industry practice. Indeed, in a recent analysis of 

nitrogen and phosphorous loss in Southland, OVERSEER was the preferred tool for 

estimating the leaching levels of both nutrients (Journeaux and Wilson, 2014).  

However, a workshop that brought together contaminant-loss experts from across New 

Zealand to review the catchment-level framework developed by the Economic Impact Joint 

Venture highlighted that some important sources of phosphorus loss are not dealt with well in 

OVERSEER software (Ross Monaghan, personal communication, 22/9/2014). Also, this 

model assumes good management practice, so will not capture improvements in farm 

management. Accordingly, the OVERSEER estimates formulated by contractors to the 

Economic Impact Joint Venture were reviewed twice by a team of experts (Ross Monaghan 

and Richard McDowell at AgResearch). Additionally, the level of phosphorus loss associated 

with sediment loss from agricultural land and stream banks is considered. This is identified 

through determining the amount of erosion that is occurring (see below) and using this to 

compute the total level of phosphorus present in this material, which subsequently enters 

waterways within the catchment. The phosphorus content of sediment was estimated through 

calibration of this parameter within the catchment model built to estimate phosphorus 

attenuation across the Waikato and Waipa River catchments. The phosphorus content of 

sediment was constrained to lie within a lower and upper bound, drawn from the literature, 

and the value of this parameter was then identified such that the difference between observed 

and predicted TP levels at each monitoring site was minimised, after dissolved phosphorus 

loads (estimated through OVERSEER) were accounted for. 

The baseline levels of sediment loss across the catchment are estimated using the New 

Zealand Empirical Erosion Model (NZEEM) (Palmer et al., 2013; Dymond, 2014). NZEEM 

is an empirical model that estimates the erosion rate present on a given piece of land, as 



 

DM#3615787                                                                                                               Page 25 of 42 

 

determined by rainfall, slope, parent material, and vegetation cover (Dymond et al., 2010). 

NZEEM is calibrated to about 200 sediment-yield data sets from across New Zealand; thus, it 

represents an appropriate tool for the identification of loss rates in this catchment. The most 

appropriate frameworks that could be utilised to represent the routing of sediment throughout 

the catchment are SedNetNZ and the Catchment Land Use for Environmental Sustainability 

(CLUES) model (Semadini-Davies et al., 2007). SedNetNZ is a spatially-distributed model that 

routes sediment through a stream and river network, accounting for losses in water bodies and 

deposition (Dymond, 2014). In comparison, CLUES has been broadly applied throughout New 

Zealand to represent the flows of a broad range of contaminants through a catchment 

network, both within environmental (e.g. Monaghan et al., 2010; Elliott et al., 2014) and 

economic (e.g. Doole, 2013) studies. The CLUES model is utilised in this study to account 

for the attenuation and flow of sediments across the Waikato and Waipa River catchments. 

This is justified by the utilisation of CLUES to estimate the attenuation and flow of the other 

contaminants (nitrogen, phosphorus, and E. coli) studied in the HRWO process and 

reservations around the estimates of streambank erosion arising from the SedNet model 

(Hughes, 2015). 

The baseline median loads of the microbial indicator E. coli arising from agricultural land 

and point sources in each part of the catchment were estimated using the CLUES model 

(Semadeni-Davies et al., 2015a). The estimation of microbial loads utilising the CLUES 

model relies mainly on an estimation procedure based on that employed within the SPAtially 

Referenced Regressions on Watershed attributes (SPARROW) model (Smith et al., 1997). 

The estimation performed within this part of the project predicts the annual average loadings 

of E. coli arising from agricultural land, while accounting for attenuation, drainage, 

monitoring samples observed at given measurement sites, rainfall, routing, and storage 

(Semadeni-Davies et al., 2015a). The SPARROW model within CLUES has been broadly 

applied throughout New Zealand (Elliott et al., 2005), particularly for E. coli estimation 

(Palliser and Elliott, 2013; Elliott et al., 2014), and its development involved extensive 

communication with the developers of the original estimation procedure in the U. S. A. 

(Elliott et al., 2014). The suitability of this approach for estimating baseline microbial loads 

and its previous application, both in the study region and throughout New Zealand, are key 

reasons why this method has been selected. Another key justification for using the CLUES 

model is that there appears to be no alternative estimation procedures that are readily 
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available for predicting E. coli concentrations at the catchment scale in the New Zealand 

water-management context. In addition, alternative means of estimating E. coli loads—such 

as generating mean loads per land use type and then aggregating these up to the catchment 

level utilising data regarding the amount of area present in each land use (NIWA, 2010)—are 

less structured and hence are necessarily more heuristic. They also create the potential for 

values observed on-farm that are inconsistent with those concentrations observed at 

monitoring stations throughout the catchment.  

The Economic Impact Joint Venture project also provided an estimate of the costs of 

reducing critical point-source loads within the Waikato River catchment. These are outlined 

in the report provided by Opus International Consultants (2013), but have also been updated 

based on consultation between the Waikato Regional Council and each individual point 

source. 

5. Regional-level economic modelling 

The regional- and national-level impacts of alternative water-quality targets are important to 

assess, given that changes at the catchment level often have flow-on effects associated with 

changes in spending behaviour by producers and the amount of product flowing from farms 

along subsequent steps in the value chain. A number of alternative strategies are available. 

This section provides an overall justification of why an input-output model has been utilised 

for this purpose within the HRWO project. The following draws from the comprehensive 

advice provided to Regional Councils regarding the advantages and disadvantages of 

alternative means of assessing the regional economic impacts of alternative water-quality 

improvement mechanisms in McDonald (2014).  

There are three general forms of models typically employed within New Zealand to estimate 

the regional economic impacts of alternative water-quality policies. These are input-output 

models, computable general equilibrium models, and spatial decision support systems. 

Economic-multiplier methods are also available and broadly applied (Daley, 1997), but 

receive no attention here given that they are closely related to input-output models and 

because their quality is typically too low to justify their use for ascertaining the regional 

impacts of environmental policy (McDonald, 2014). 
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Input-output models are the most widely-applied method for estimating the regional impacts 

of environmental policy, both in New Zealand and overseas (McDonald, 2014). Moreover, 

they are the one of the most popular economic methods applied globally (Miller and Blair, 

2009), based on their clarity and descriptive capacity. These models study the flow of 

products, inputs, and sales between households and industries. Their primary advantage is 

that they describe the complex interdependency between different sectors within an economy, 

allowing the consideration of numerous flow-on relationships arising from a change in 

current economic activity. Accordingly, input-output models provide a means to estimate the 

regional impacts of a given policy mechanism, based on the idea that an initial change in net 

revenue entering into a regional economy—for example, in response to a change in milk 

production arising from reduced dairy production intensity—will lead to new, subsequent 

spending in other industries within this economy, but the effect of these contributions will 

dissipate over time due to the leakage of funds from the local economy (e.g. through 

expenditure outside of the region or through saving) (Mills, 1993). Such models have many 

benefits; namely, their ability to capture interrelationships between different sectors, low cost, 

and apparent simplicity, which helps to promote the clarity of their output and the capacity to 

communicate key assumptions to stakeholders. Moreover, the equilibrium structure of input-

output models is consistent with the steady-state approach employed in the catchment-level 

model utilised in the HRWO process (Section 2). The input-output model applied in the 

HRWO process allows the impacts of different limits to be assessed across 106 different 

industries across a variety of spatial scales (including the individual Freshwater Management 

Units identified by the CSG), a detailed degree of insight that would be missing if alternative 

procedures (e.g. a computable general-equilibrium model) were utilised (Bess and Ambargis, 

2013). 

Nevertheless, these frameworks have some limitations, particularly associated with the 

inclusion of price impacts, budget constraints, and technical change. The application of input-

output models is based on an explicit assumption that prices remain fixed; consequently, 

increased competition for scarce factors of production does not flow through to affect prices 

(Hughes, 2003). Additionally, it is assumed that the additional output provided by marginal 

changes in individual input use remains fixed across simulations (i.e. there are constant 

returns to scale) (Miller and Blair, 2009). These assumptions are highly stylised, but are 

justified in applied work based on their clarity, ease to deal with during computation, the 
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inherent focus of these models on regional markets, and the complications associated with 

utilising more-detailed frameworks that do consider price feedbacks and varying returns to 

scale (see discussion below). Indeed, in relation to the last point, it is common that seeking to 

include price impacts through extending a model to become a computable general 

equilibrium framework or spatial decision support system will often lead to a downgrade in 

the amount of industry-level information that is included (Bess and Ambargis, 2013). The 

decision to utilise an input-output analysis within the HRWO process is also partially 

justified by the existence of the Waikato Region Multi-Regional Input-Output Table, which 

was initially developed for the Waikato Regional Council Economic Futures Model. The 

extension of a previous framework is more cost-effective than developing a framework from 

nothing, especially given that the existing framework has been applied previously and 

extension can take into account practices and principles that were learnt during its prior 

employment. This decision is also consistent with the time and budget constraints that face 

many limit-setting processes for water quality improvement in New Zealand, including the 

HRWO process. The use of an input-output model also allows the linkage of the regional 

economic model with the farm- and catchment-level models, such that the farm-, catchment-, 

regional-, and national-level implications of alternative limits are able to be ascertained in an 

integrated way.  

An alternative approach involves the application of computable general equilibrium models. 

The key reason that this type of model is not utilised is that the goal of the economic analysis 

in the HRWO process is to utilise a multi-scale approach—constituting farm-level, 

catchment-level, regional-level, and national-level modelling—and it is extremely 

challenging to meaningfully link computable general equilibrium models with those defined 

at the farm- and catchment-scales (Garry McDonald, personal communication, 22/01/2015). 

Additionally, there is a distinct lack of up-to-date regional computable general equilibrium 

models in New Zealand, including for the Waikato region. This is a primary constraint given 

that the development of such models is typically expensive (McDonald, 2014). Indeed, for 

the same amount of money expended on the application of the input-output model described 

above, it would only be possible to construct a very coarse general-equilibrium framework 

for the Waikato region (Garry McDonald, personal communication, 22/01/2015). 

Additionally, the creation of a multi-regional CGE model that reports down to the level of 

Freshwater Management Units would necessitate the construction of a Social Accounting 
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Matrix (SAM) for each of these local areas. There is a lack of information pertaining to inter-

regional investment flows, particular for transfers between economic agents (e.g. from 

government to households), that prevented the successful completion of this task within the 

time frames of the project. In comparison with input-output models, computable general 

equilibrium frameworks provide an adequate representation of price impacts and budget 

constraints (Crockett, 2013), although criticism has been broadly targeted at the way in which 

prices are typically assumed to adjust in these models (Kirman, 1989). A primary limitation 

here is that prices that change at the market level must also feed into the abatement-cost 

relationships defined for each farm. This necessitates detailed farm-level modelling that 

derives abatement-cost relationships for a broad array of market prices for a broad range of 

different farm inputs and outputs. This extensive exercise has yet to be performed for any 

analysis within New Zealand that concerns water-quality policy and the application of a CGE 

model. Furthermore, as with input-output models, it remains difficult to describe technical 

change within computable general equilibrium models, especially given concerns related to 

how dynamic processes are typically represented within these frameworks (Solow, 2008; 

McDonald, 2010). Nevertheless, the application of any economic analysis is challenged by a 

need to incorporate innovation, especially over the time scales of interest, given that it is non-

trivial to predict how technology will evolve, diffuse, and impact any particular sector 

(Verspagen, 2009). This further complicates the estimation of abatement-cost curves, since 

not only do these need to be extended to deal with broad variation in input and output prices 

in a CGE context, but also in dynamic CGE models there is an explicit need to incorporate 

adaptation and technical change, which are difficult to predict. 

The main alternative available for input-output and computable general equilibrium models is 

a spatial decision-support system. This provides a comprehensive, holistic description of 

multiple elements of a regional economy, incorporating a dynamic integration of 

sophisticated models, often describing climate, demographic, economic, and hydrological 

processes. These models also typically provide for the description of output utilising 

Geographic Information Systems (GIS) and attempt to provide a fully-integrated description 

of the important processes that drive the regional economic outcomes associated with 

different policy instruments, including those for water quality.  
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The Waikato Integrated Scenario Explorer (WISE) framework is a spatial decision-support 

model that has received substantial investment from the Waikato Regional Council and other 

partners (Hart et al., 2013). It is a possible substitute for an input-output approach, being 

comprehensive, allowing for the study of dynamic land use, and its reception of much 

previous investment. Nevertheless, several factors make its integration with the catchment-

level economic model (Section 3) less appropriate than the employment of an input-output 

framework. First, it is conceptually inappropriate to try to integrate the catchment-level 

model and the WISE model, given the major differences evident in their structure. The 

catchment-level economic model is a steady-state framework that, in contrast to the WISE 

model, ignores dynamic processes. This assumption sounds limiting, but is consistent with 

the majority of prior research in this area (e.g. Daigneault et al., 2012; Doole, 2013) and a 

number of key conceptual issues facing the development of dynamic economic models for 

policy evaluation (Section 3). Second, the size and complexity of the WISE model 

complicate its use within a participatory process, such as that involving the Collaborative 

Stakeholder Group (CSG) in the HRWO process. Indeed, large models pose significant 

challenges in terms of trying to interpret what drives model output (causality) (Doole and 

Pannell, 2013), necessitating in some instances the use of econometric techniques to describe 

relationships within the results of any given simulation (Doole and Pannell, 2012). Third, 

despite spatial decision support systems providing a comprehensive description of 

intertemporal processes, there is often an explicit lack of validation regarding the rules that 

drive these transitions and also whether they predict sensible behaviour (Parker et al., 2003). 

Fourth, the structure of the model requires specialist computer programming that is outside of 

the direct experience of the modelling team, which complicates the team: (a) understanding 

how the regional model is working, (b) identifying why certain results are being observed, 

and (c) running the model under tight time frames during an iterative process of evaluating 

alternative limits within a participatory process involving the CSG. Last, the cost of 

extending such models to fit this particular context is prohibitive, especially as it involves 

having to update other parts of the framework that have not received recent revision. 

6. Conclusions 

The development of an economic model to predict the farm-, catchment-, regional-, and 

national-level economic outcomes associated with alternative environmental limits is a broad-



 

DM#3615787                                                                                                               Page 31 of 42 

 

ranging task. In the context of the HRWO process, it has sought to integrate diverse 

information into a consistent framework so that it can be considered altogether during 

evaluation. The primary objective of this document is to outline the reasons why certain key 

decisions have been made during the design and development of the HRWO economic model 

designed for this purpose.  

The development of such a framework requires the balancing of the provision of meaningful 

insight with the availability of scarce resources (mainly time, expertise, and funding). 

Accordingly, while there are often alternate, more-comprehensive means to study a given 

aspect of the water-quality problems studied within the HRWO process, these are not 

necessarily superior to those utilised here, given that they are not justified by the available 

data, can be more difficult to understand for stakeholders (which is important within the 

participatory context of the HRWO process), and inconsistent with the resources available to 

conduct the economic evaluation. Indeed, while detailed simulation models have been built to 

represent many varying aspects of water quality, concern remains over whether their 

development is justified based on the quality and quantity of available data (Scheffer, 2004). 

  



 

DM#3615787                                                                                                               Page 32 of 42 

 

References 

Abbaspour, K.C., Yang, J., Maximov, I., Siber, R., Bogner, K., Mieleitner, J., Zobrist, J., and 

Srinivasan, R. (2007), ‘Modelling hydrology and water quality in the pre-alpine/alpine 

Thur watershed using SWAT’, Journal of Hydrology 333, pp. 413–430. 

AgFirst (2009), Upper Waikato nutrient efficiency study, AgFirst Waikato, Hamilton. 

AgFirst (2010), Upper Waikato nutrient efficiency study farmer follow-up, AgFirst Waikato, 

Hamilton. 

Agribusiness Group (2014), Nutrient performance and financial analysis of Lower Waikato 

horticulture growers, Agribusiness Group, Christchurch. 

Alcott, B. (2005), ‘Jevon’s paradox’, Ecological Economics 54, pp. 9–21. 

Anastasiadis, S., Kerr, S., Daigneault, A., Doole, G.J., Greenhalgh, S., Montes de Oca 

Munguia, O., Rutledge, D., and Turner, J. (2013), Understanding the practice of land 

use modelling, Motu Report, Wellington. URL: 

http://www.pce.parliament.nz/assets/Uploads/The-Practice-of-Land-Use-

Modelling.pdf. 

Baumol, W.J., and Oates, W.E. (1988), The theory of environmental policy, Cambridge 

University Press, Cambridge. 

Bazaraa, M.S., Sherali, H.D., and Shetty, C.M. (2006), Nonlinear programming; theory and 

application, Wiley, New York. 

Berger, A., Friedrich, T., and Kienzle, J. (2010), ‘Conservation agriculture’, in: 

Encyclopaedia of Life Support Sciences, UNESCO, Paris, pp. 271–298. 

Bess, R., and Ambargis, Z.O. (2013), Input-output models for impact analysis, U. S. 

Department of Commerce, Washington D. C. 

Beven, K., and Binley, A. (1992), ‘The future of distributed models—model calibration and 

uncertainty prediction’, Hydrological Processes 6, pp. 279–298. 

Beverly, C., Bari, M., Christy, B., Hocking, M., and Smettem, K. (2005), ‘Predicting salinity 

impacts from land use change: comparison between rapid assessment approaches and a 

detailed modelling framework’, Australian Journal of Experimental Agriculture 45, pp. 

1453–1469. 

Beverly, C., Roberts, A.M., Stott, K., Vigiak, O.V., and Doole, G.J. (2013), ‘Optimising 

economic and environmental outcomes: water quality challenges in Corner Inlet, 



 

DM#3615787                                                                                                               Page 33 of 42 

 

Victoria’, Proceedings of the 20th International Congress on Modelling and 

Simulation, Adelaide, Australia, 1–6 December 2013, pp. 2117–2123. 

Bewsell, D., and Brown, M. (2011), ‘Involvement: a novel approach for understanding 

responses to nutrient budgeting’, New Zealand Journal of Agricultural Research 54, pp. 

45–52. 

Brooke, A., Kendrick, D., Meeraus, A., and Raman, R. (2014), GAMS—A user’s guide, 

GAMS Development Corporation, Washington D. C. 

Bryant, J.R., Ogle, G., Marshall, P.R., Glassey, C.B., Lancaster, J.A.S., Garcia, S.C., and 

Holmes, C.W. (2010), ‘Description and evaluation of the Farmax Dairy Pro decision 

support model’, New Zealand Journal of Agricultural Research 53, pp. 13–28. 

Chen, X., and Onal, H. (2012), ‘Modelling agricultural supply response using mathematical 

programming and crop mixes’, American Journal of Agricultural Economics 94, pp. 

674–686. 

Cichota, R., and Snow, V.O. (2009), ‘Estimating nutrient loss to waterways—An overview of 

models of relevance to New Zealand pastoral farms’, New Zealand Journal of 

Agricultural Research 52, pp. 239–260. 

Crockett, S. (2013), ‘Price dynamics in general equilibrium experiments’, Journal of 

Economic Surveys 27, pp. 421–438. 

Daigneault, A., and Morgan, F. (2012), ‘Estimating impacts of climate change policy on land 

use: an agent-based approach’, American Agricultural and Applied Economics 

Association 2012 Annual Meeting, Seattle. 

Daigneault, A., McDonald, H., Elliott, S., Howard-Williams, C., Greenhalgh, S., Guysev, M., 

Kerr, S., Lennox, J., Lilburne, L., Morgenstern, U., Norton, N., Quinn, J., Rutherford, 

K., Snelder, T., and Wilcock, B. (2012), Evaluation of the impact of different policy 

options for managing to water quality limits, MPI Technical Paper No 2012/46, 

Wellington. Available at: http://www.motu.org.nz/files/docs/2012-46-LC979-Eval-

policy-options-water-quality-MainReport.pdf. 

Daigneault, A., Greenhalgh, S., and Samarasinghe, O. (2014), ‘Using mathematical 

programming approaches to evaluate policies to reduce nitrate leaching in New 

Zealand’, Australian Journal of Agricultural and Resource Economics 58, pp. 281–290. 

DairyNZ Economics Group (2014), Waikato dairy farm mitigation impacts, DairyNZ, 

Hamilton. 



 

DM#3615787                                                                                                               Page 34 of 42 

 

Daley, W.M. (1997), Regional multipliers, U. S. Department of Commerce, Washington D. 

C. 

Day, R.H. (1967), ‘The economics of technological change and the demise of the 

sharecropper’, American Economic Review 57, pp. 427–449. 

Di, H.J., and Cameron, K.C. (2000), ‘Calculating nitrogen leaching losses and critical 

nitrogen application rates in dairy pasture systems using a semi-empirical model’, New 

Zealand Journal of Agricultural Research 43, pp. 139–147. 

Doole, G.J., and Pannell, D.J. (2008a), ‘On the economic analysis of crop rotations’, in 

Berklian, Y.U. (ed.), Crop rotation: economics, impact, and management, Nova 

Science Publishers, Hauppauge, pp. 71–106.  

Doole, G.J., and Pannell, D.J. (2008b), ‘Optimisation of a large, constrained simulation 

model using compressed annealing’, Journal of Agricultural Economics 59, pp. 188–

206. 

Doole, G.J. (2010), ‘Indirect instruments for nonpoint pollution control with multiple, 

dissimilar agents’, Journal of Agricultural Economics 61, pp. 680–696.  

Doole, G.J., and Parangahawewa, U. (2011), ‘Profitability of nitrification inhibitors for 

abatement of nitrate leaching on a representative dairy farm in the Waikato region of 

New Zealand’, Water 3, pp. 1031–1049.  

Doole, G.J., and Pannell, D.J. (2011), ‘Evaluating environmental policies under uncertainty 

through application of robust nonlinear programming’, Australian Journal of 

Agricultural and Resource Economics 55, pp. 469–486. 

Doole, G.J., Ramilan, T., and Pannell, D.J. (2011), ‘Framework for evaluating management 

interventions for water quality improvement across multiple agents’, Environmental 

Modelling and Software 26, pp. 860–872.  

Doole, G.J. (2012), ‘Cost-effective policies for improving water quality by reducing nitrate 

emissions from diverse dairy farms: an abatement-cost perspective’, Agricultural Water 

Management 104, pp. 10–20. 

Doole, G.J., and Pannell, D.J. (2012), ‘Empirical evaluation of nonpoint pollution policies 

under agent heterogeneity’, Australian Journal of Agricultural and Resource 

Economics 56, pp. 82–101.  

Doole, G.J., Marsh, D.K., and Ramilan, T. (2012), ‘Evaluation of agri-environmental policies 

for reducing nitrate pollution from New Zealand dairy farms accounting for firm 

heterogeneity’, Land Use Policy 30, pp. 57–66. 



 

DM#3615787                                                                                                               Page 35 of 42 

 

Doole, G.J. (2013), Evaluation of policies for water quality improvement in the Upper 

Waikato catchment, University of Waikato client report, Hamilton. URL: 

http://www.mfe.govt.nz/issues/water/freshwater/supportingpapers/evaluation-water-

quality-upper-waikato.pdf. 

Doole, G.J., and Pannell, D.J. (2013), ‘A process for the development and application of 

simulation models in applied economics’, Australian Journal of Agricultural and 

Resource Economics 57, pp. 79–103. 

Doole, G.J., and Romera, A.J. (2013), ‘Detailed description of grazing systems using 

nonlinear optimisation methods: A model of a pasture-based New Zealand dairy farm’, 

Agricultural Systems 122, pp. 33–41.  

Doole, G.J., Vigiak, O.V., Pannell, D.J., and Roberts, A.M. (2013a), ‘Cost-effective 

strategies to mitigate multiple pollutants in an agricultural catchment in North-Central 

Victoria, Australia’, Australian Journal of Agricultural and Resource Economics 57, 

pp. 441–460. 

Doole, G.J., Romera, A.J., and Adler, A.A. (2013b), ‘A mathematical optimisation model of 

a New Zealand dairy farm’, Journal of Dairy Science 96, pp. 2147–2160. 

Doole, G.J. (2014), ‘Least cost greenhouse gas mitigation on New Zealand dairy farms’, 

Nutrient Cycling in Agroecosystems 98, pp. 235–251. 

Doole, G.J., and Marsh, D.K. (2014a), ‘Methodological limitations in the evaluation of 

policies to reduce nitrate leaching from New Zealand agriculture’, Australian Journal 

of Agricultural and Resource Economics 58, pp. 78–89. 

Doole, G.J., and Marsh, D.K. (2014b), ‘Use of positive mathematical programming 

invalidates the application of the NZFARM model’, Australian Journal of Agricultural 

and Resource Economics 58, pp. 291–294. 

Doole, G.J., and Kingwell, R.S. (2014), ‘Efficient economic and environmental management 

of pastoral systems: theory and application’, Agricultural Systems 133, pp. 73–84.  

Doole, G.J., and Romera, A.J. (2014), ‘Implications of a nitrogen leaching efficiency metric 

for pasture-based dairy farms’, Agricultural Water Management 142, pp. 10–18. 

Doole, G.J. (2015), ‘Efficient mitigation of nitrogen leaching in pasture-based dairy systems’, 

Nutrient Cycling in Agroecosystems 101, pp. 193–209. 

Doole, G.J. (2015), ‘A flexible framework for environmental policy assessment at the 

catchment level’, Computers and Electronics in Agriculture 114, pp. 221–230. 



 

DM#3615787                                                                                                               Page 36 of 42 

 

Dymond, J.R., Betts, H., and Schierlitz, C.S. (2010), ‘An erosion model for evaluating 

regional land-use scenarios in New Zealand’, Environmental Modelling and Software 

25, pp. 289–298. 

Dymond, J. (2014), Using SedNetNZ to assess the impact of the Sustainable Land Use 

Initiative in the Manawatu-Wanganui region on river sediment loads, Landcare 

Research Technical Report 2014/ET/1367, Palmerston North. 

Elliott, S., Semadini-Davies, A., Harper, S., and Depree, C. (2014), Catchment models for 

nutrients and microbial indicators, NIWA Client Report HAM2014-103, Hamilton. 

Glassey, C. (2013), Pastoral 21 Waikato next generation dairy systems, Presentation at P21 

AgFirst Farmer Update Symposium, Hamilton. URL: 

http://www.agfirst.co.nz/images/uploads/P21_Update_AgFirst_Feb2013.pdf. 

Gonzalez, C., and Dutt, V. (2011), ‘Instance-based learning: integrating sampling and 

repeated decisions from experience’, Psychological Review 118, pp. 523–551. 

Green, S.R., van den Dijssel, C., and Clothier, B.E. (2004), Monitoring of nitrates within the 

Hawke’s Bay: A case study of Ingleton Farm near Tikokino, HortResearch Client 

Report S/320132/01, Palmerston North. 

Hanley, N., Shogren, J., and White, B. (2007), Environmental economics: in theory and 

practice, Palgrave Macmillan, Basingstoke. 

Harris, S., and Doole, G.J. (2015), The economics of water quality at the farm and catchment 

scale, University of Waikato Discussion Paper 2015/1, Hamilton. 

Harris, S., and Snelder, T. (2014), ‘The role of scenarios in limit setting’, Presentation at the 

Water Directorate Water Economics Workshop (27 August 2014), Nelson. 

Hart, G., Rutledge, D., Vare, M., and Huser, B. (2013), An evaluation and prioritisation of 

ecosystem services models for inclusion into the Waikato Integrated Scenario Explorer 

(WISE), Waikato Regional Council Technical Report 2013/28, Hamilton. 

Hicks, D.M., and Hill, R.B. (2010), ‘Sediment regime: sources, transport and changes in the 

riverbed’, In: Collier, K.J., Hamilton, D.P., Vant, W.N., and Howard-Williams, C. 

(Eds.), The waters of the Waikato: Ecology of New Zealand’s longest river, 

Environment Waikato and the Centre for Biodiversity and Ecology Research 

(University of Waikato), Hamilton, pp. 71–91.  

Holland, L.M., and Doole, G.J. (2014), ‘Implications of fairness for the design of nitrate 

leaching policy for heterogeneous New Zealand dairy farms’, Agricultural Water 

Management 132, pp. 79–88. 



 

DM#3615787                                                                                                               Page 37 of 42 

 

Howard, S., Romera, A.J., and Doole, G.J. (2013), Selwyn-Waihora nitrogen loss reductions 

and allocation systems, DairyNZ, Hamilton. 

Hudson, N., Elliott, S., and Robinson, B. (2015), Review of historical land use and nitrogen 

leaching, NIWA Client Report HAM2015-082, Hamilton. In review. 

Hughes, D.W. (2003), ‘Policy uses of economic multiplier and impact analysis’, Choices 2, 

pp. 25–30.  

Hughes, A. (2015), Waikato River suspended sediment: loads, sources, and sinks, NIWA 

client report, Hamilton. 

Jiang, N. (2011), Efficiency analysis of New Zealand dairy farming and the issue of climate 

change policy, University of Auckland PhD thesis, Auckland. 

Johnson, I.R., Chapman, D.F., Snow, V.O., Eckard, R.J., Parsons, A.J., Lambert, M.G., and 

Cullen, B.R. (2008), ‘DairyMod and EcoMod: biophysical pastoral simulation models 

for Australia and New Zealand’, Australian Journal of Experimental Agriculture 48, 

pp. 621–631.  

Journeaux, P., and Wilson, K. (2014), Economic analysis of the impact on farming of limiting 

the loss of nitrogen and phosphorus, MPI Technical Paper 2014/20, Wellington. 

Kahneman, D. (2003), ‘Maps of bounded rationality: psychology for behavioural economics’, 

American Economic Review 93, pp. 1449–1475. 

Kaine, G. (2013), Winter farming systems in the Waikato drystock industries, Waikato 

Regional Council, Hamilton. 

Kampas, A., and White, B. (2004), ‘Administrative costs and instrument choice for stochastic 

nonpoint source pollutants’, Environmental and Resource Economics 27, pp. 109–133. 

Keating, B.A., Carberry, P.S., Hammer, G.L., Probert, M.E., Robertson, M.J., Holzworth, D., 

Huth, N.I., Hargreaves, J.N.G., Meinke, H., Hochman, Z., McLean, G., Verburg, K., 

Snow, V., Dimes, J.P., Silburn, M., Wang, E., Brown, S., Bristow, K.L., Asseng, S., 

Chapman, S., McCown, R.L., Freebairn, D.M., and Smith, C.J., (2003), ‘An overview 

of APSIM, a model designed for farming systems simulation’, European Journal of 

Agronomy 18, pp. 267–288.  

Kerr, S., Anastasiadis, S., Olssen, A., Power, W., Timar, L., and Zhang, W. (2012), ‘Spatial 

and temporal responses to an emissions trading scheme covering agriculture and 

forestry: simulation results from New Zealand’, Forests 3, pp. 1133–1156. 

Kirman, A. (1989), ‘The intrinsic limits of modern economic theory: the emperor has no 

clothes’, The Economic Journal 99, pp. 126–139. 



 

DM#3615787                                                                                                               Page 38 of 42 

 

Klein-Haneveld, W.K., and Stegeman, A.W. (2005), ‘Crop succession requirements in 

agricultural production planning’, European Journal of Operational Research 166, pp. 

406–429.  

Ledgard, S.F., Edgecombe, G.A., and Roberts, A.H.C. (1999), ‘Application of the nutrient 

budgeting model OVERSEER to assess management options and Regional Council 

consent requirements on a Hawkes Bay dairy farm’, Proceedings of the New Zealand 

Grassland Association 61, pp. 227–231.  

Li, F.Y., Vibart, R., Dynes, R.A., Vogeler, I., and Brown, M. (2012), ‘Effects of weather 

variability on sheep and beef farming in northern Southland, New Zealand: A 

modelling analysis’, Proceedings of the New Zealand Grasslands Association 74, pp. 

77–84. 

Llewellyn, R.S., D’Emden, F., and Kuehne, G. (2012), ‘Extensive use of no-tillage in grain 

growing regions of Australia’, Field Crops Research 132, pp. 204–212. 

McDonald, G. (2010), Waikato River Independent Scoping Study, Appendix 31: Economic 

modelling, NIWA, Hamilton. 

McDonald, G. (2014), ‘Regional economic impacts’, Presentation at the Water Directorate 

Water Economics Workshop (27 August 2014), Nelson. 

McKay, A., Power, I., Green, S.R., and Clothier, B.E. (2012), Comparison of the nutrient 

outputs from the SPASMO and OVERSEER models, AgResearch Client Report, 

Palmerston North. 

McRoberts, J., and Rickards, L. (2010), ‘Social research: insights into farmers’ conversion to 

no-tillage farming systems’, Journal of Extensive Farming Systems 6, pp. 43–52. 

Mercer, G., Ledgard, S.F., and Power, I. (2011), Literature survey of nitrogen and 

phosphorus loss from land to water in the Waikato, Waikato Regional Council 

Technical Report 2011/9, Hamilton. 

Miller, R.E., and Blair, P.D. (2009), Input-output analysis: foundations and extensions, 

Cambridge University Press, New York. 

Mills, E.C. (1993), ‘The misuse of regional economic models’, Cato Journal 13, pp. 29–39. 

Monaghan, R.M., Hedley, M.J., Di, H.J., McDowell, R.W., Cameron, K.C., and Ledgard, 

S.F. (2007), ‘Nutrient management in New Zealand pastures—recent developments and 

future issues’, New Zealand Journal of Agricultural Research 50, pp. 181–201. 



 

DM#3615787                                                                                                               Page 39 of 42 

 

Monaghan, R.M., Semadeni-Davies, A., Muirhead, R.W., Elliott, S., and Shankar, U. (2010), 

Land use and land management risks to water quality in Southland. Report prepared 

for Environment Southland, AgResearch, Dunedin. 

New Zealand Institute of Economic Research (NZIER) (2014), Potential impacts of water-

related policies in Southland, NZIER, Wellington. 

National Institute of Water and Atmospheric Research (NIWA) (2010), Waikato River 

Independent Scoping Study, NIWA, Hamilton. 

Olubode, F., Palmer, J., Webby, R., and Jamieson, I. (2014), ‘Improving water quality in the 

Waikato-Waipa catchment: options for drystock and dairy support farms’, New Zealand 

Agricultural and Resource Economics 2014 Annual Conference, Nelson. 

Onal, H., and McCarl, B.A. (1991), ‘Exact aggregation in mathematical programming sector 

models’, Canadian Journal of Agricultural Economics 39, pp. 319–334. 

Opus International Consultants (2013), Municipal and industrial water values in the Waikato 

River catchment. A report on investments in wastewater and stormwater infrastructure 

and contaminant loadings prevented from entering the catchment, Opus International 

Consultants, Auckland.  

Palliser, C., and Elliott, A.H. (2013), Water quality modelling for the Southland region, 

NIWA Client Report 2013-021, Hamilton. 

Palmer, D., Dymond, J., and Basher, L. (2013), Assessing erosion in the Waipa catchment 

using the New Zealand Empirical Erosion Model (NZeem®), Highly Erodible Land 

(HEL), and SedNetNZ models, Waikato Regional Council Technical Report 2013/54, 

Hamilton. 

Pannell, D.J., Marshall, G.R., Barr, N., Curtis, A., Vanclay, F., and Wilkinson, R. (2006), 

‘Understanding and promoting adoption of conservation practices by rural landholders’, 

Australian Journal of Experimental Agriculture 46, pp. 1407–1424. 

Parker, D.C., Manson, S.M., Janssen, M.A., Hoffmann, M., and Deadman, P. (2003), ‘Multi-

agent systems for the simulation of land-use and land-cover change: A review’, Annals 

of the Association of American Geographers 93, pp. 314–337. 

Pannell, D.J., Llewellyn, R.S., and Corbeels, M. (2014), ‘The farm-level economics of 

conservation agriculture for resource-poor farmers’, Agriculture, Ecosystems, and 

Environment 187, pp. 52–64. 

Parliamentary Commissioner for the Environment (PCE) (2013), Water quality in New 

Zealand: Land use and nutrient pollution, PCE, Wellington. 



 

DM#3615787                                                                                                               Page 40 of 42 

 

Perrin Agricultural Consultants (PAC) (2014), Rotorua Nitrogen Discharge Allowance 

(NDA) impact analysis, Perrin Ag Consultants, Rotorua. 

Pindyck, R.S. (2007), ‘Uncertainty in environmental economics’, Review of Environmental 

Economics and Policy 1, pp. 45–65. 

Prekopa, A. (2010), Stochastic programming: mathematics and its applications, Kluwer, 

New York. 

Ramilan, T., Scrimgeour, F., and Marsh, D. (2011), ‘Analysis of environmental and 

economic efficiency using a farm population micro-simulation model’, Mathematics 

and Computers in Simulation 81, pp. 1344–1352. 

Ridler, B.J., Anderson, W.J., and McCallum, R. (2014), ‘Winning the farm environment 

versus profit conundrum’, Proceedings of the 5th Australasian Dairy Science 

Symposium, pp. 59–61. 

Roberts, A.M., Pannell, D.J., Doole, G.J., and Vigiak, O.V. (2012), ‘Agricultural land 

management strategies to reduce phosphorus loads in the Gippsland Lakes, Australia’, 

Agricultural Systems 106, pp. 11–22. 

Romera, A.J., Keenan, B., Austin, D., Olubode, F., Doole, G.J., and Newman, M. (2014), 

Economic Studies Joint Venture project—Waikato Land Allocation Model, Unpublished 

Ministry of Primary Industries report, Wellington. 

Rosen, M. R., Reeves, R.R., Green, S., Clothier, B.E., and Ironside, N. (2004), ‘Prediction of 

groundwater nitrate contamination after closure of an unlined sheep feedlot’, Vadose 

Zone Journal 3, pp. 990–1006. 

Scheffer, M. (2004), The ecology of shallow lakes, Kluwer, Dordrect. 

Schilling, C., Kaye-Blake, W., Post, E., and Rains, S. (2012), ‘The importance of farmer 

behaviour: an application of desktop MAS, a Multi-Agent System model for rural New 

Zealand communities’, New Zealand Agricultural and Resource Economics Society 

2012 Annual Conference, Nelson. 

Semadini-Davies, A., Shankar, U., and Elliott, S. (2007), Tutorial manual for CLUES 1.4, 

NIWA Client Report HAM2007-170, Hamilton. 

Semadini-Davies, A., and Elliott, S. (2012), Preliminary study of the potential for farm 

mitigation practices to improve river water quality: Application of CLUES to the 

Waikato region, National Institute for Water and Atmospheric Research External 

Report AKL2012-034, Auckland. 



 

DM#3615787                                                                                                               Page 41 of 42 

 

Semadeni-Davies, A., Elliott, S., and Yalden, S. (2015a), Modelling E. coli in the Waikato 

and Waipa River catchments, NIWA Client Report AKL2015-017, Auckland. In 

review. 

Semadeni-Davies, A., Elliott, S., and Yalden, S. (2015b), Modelling nutrient loads in the 

Waikato and Waipa River catchments, NIWA Client Report HAM2015-089, Hamilton. 

In review. 

Shaffer, R., Deller, S., and Marcouiller, D. (2004), Community economics: linking theory and 

practice, Blackwell, Ames. 

Shepherd, M., and Wheeler, D. (2012), Changes to the pastoral nitrogen model in 

OVERSEER, Agresearch OVERSEER Technical Note No. 5, Hamilton. URL: 

http://www.overseer.org.nz/Portals/0/Technical%20notes/Overseer%20Technical%20N

ote%205%20August%202012.pdf. 

Shepherd, M., Wheeler, D., Selbie, D., Buckthought L., and Freeman, M. (2013), 

‘OVERSEER: accuracy, precision, error, and uncertainty’, In Currie, L.D., and 

Christensen, C.L., Accurate and efficient use of nutrients on farms, Massey University, 

Palmerston North, pp. 1–8. URL: 

http://www.overseer.org.nz/Portals/0/References/FLRC_Shepherd_2_2013.pdf.  

Smith, R.A., Schwarz, G.E., and Alexander, R.B. (1997), ‘Regional interpretation of water-

quality monitoring data’, Water Resources Research 33, pp. 2781-2798. 

Solow, R. (2008), ‘The state of macroeconomics’, Journal of Economic Perspectives 22, pp. 

243–246. 

Throsby, C.D. (1967), ‘Stationary-state solutions in multiperiod linear programming 

problems’, Australian Journal of Agricultural and Resource Economics 11, pp. 192–

198.  

Verspagen, B. (2009), ‘The use of modeling tools for policy in evolutionary environments’, 

Technological Forecasting and Social Change 76, pp. 453–461. 

Vogeler, I., Beukes, P., and Burggraaf, V. (2013), ‘Evaluation of mitigation strategies for 

nitrate leaching on pasture-based dairy systems’, Agricultural Systems 115, pp. 21–28.  

Waikato Regional Council (WRC) (2011), Nitrogen management in the Lake Taupo 

catchment, WRC, Hamilton. 

Wheeler, D.M., Ledgard, S.F., Monaghan, R.M., McDowell, R.W., and de Klein, C.A.M. 

(2006), ‘OVERSEER nutrient budget model—What it is, what it does’, In Currie, L.D., 



 

DM#3615787                                                                                                               Page 42 of 42 

 

and Hanly, J.A. (eds.), Implementing sustainable nutrient management strategies in 

agriculture; Massey University, Palmerston North, pp. 231–236. 

Wheeler, D.M., van der Weerden, T., and Shepherd, M.A. (2010), ‘Description of a cut and 

carry model within OVERSEER nutrient budgets’, In Currie, L.D., and Lindsay, C.L. 

(eds.), Farming’s future—minimising footprints and maximising margins, Massey 

University, Palmerston North, pp. 203–211. 

White, T.A., Snow, V.O., and King, W. (2010), ‘Intensification of New Zealand beef farming 

systems’, Agricultural Systems 103, pp. 21–35. 

Windrum, P., Fagiolo, G., and Alessio, M. (2007), ‘Empirical validation of agent-based 

models: alternatives and prospects', Journal of Artificial Societies and Social 

Simulation 10, URL: http://jasss.soc.surrey.ac.uk/10/2/8.html. 

Yalden, S., and Elliott, S. (2015), Chlorophyll and visual clarity modelling of the Waikato 

and Waipa Rivers, NIWA Client Report HAM2015-093, Hamilton.  

 

 

http://jasss.soc.surrey.ac.uk/10/2/8.html

