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Introduction 

Many landowners are in the process of identifying and implementing mitigations to reduce 

diffuse contaminant loss to waterbodies, under regional limit-setting processes required by 

New Zealand’s National Policy Statement for Freshwater Management (NPS-FM). 

Constructed wetlands (CWs) and riparian buffers (RBs) are at the forefront of mitigation 

options available to meet limits.  However, there are gaps in our understanding of how they 

perform in different landscape settings and how to optimise their performance. Consequently, 

further research is needed to better quantify their environmental performance and benefits with 

a national scale perspective. This is needed so that landowners can claim expected contaminant 

load reductions through farm contaminant budgets and regulators can have confidence that 

specific riparian or wetland mitigations will deliver the reductions to on-farm contaminant 

budgets, required to meet catchment load objectives. To improve the levels of certainty around 

environmental outcomes, and to accelerate the uptake and acceptance of these tools by farmers 

and in regulation, we need a markedly increased local case-study dataset that covers all 

representative New Zealand landscape settings. This project will provide robust performance 

criteria for diffuse contaminant attenuation and scientifically-based optimised practical 

guidance, to accelerate the wide-scale implementation of constructed wetlands and critical 

source targeted riparian buffers in NZ as effective tools for managing farm and catchment 

contaminant loads.   

 

Background 

Constructed wetlands 

Natural wetlands store, assimilate, and transform contaminants lost from the land, before they 

reach waterways. Constructed wetlands attempt to mimic these natural systems to treat through 

flowing waters (Tanner et al., 2010).   Typically, in constructed wetlands intercepting farm 

run-off and drainage, water flows through shallow (<0.5 m) flooded beds of emergent aquatic 

plants such as native sedges (Carex, Schoenoplectus, Eleocharis, Macherina species), rushes 

(Juncus species) and raupo (Typha orientalis).  

Constructed wetlands are generally designed to remove, absorb, and store nutrient and 

sediment loads. They can be designed to treat surface runoff or sub-surface drainage waters.  
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Inflowing water is dispersed and slowed down to promote settling and deposition of suspended 

particles and phosphorus bound to sediment (Tanner et al., 2005; McDowell and Nash, 2012). 

This is especially important for the treatment of surface runoff which is typically enriched with 

sediment and phosphorus. Wetlands are also highly productive environments for plants and 

beneficial microbes that promote nitrate-nitrogen removal via two main mechanisms: 

denitrification, in which nitrate is converted to nitrogen gas by bacteria in organically enriched, 

waterlogged, anaerobic wetland soils; and direct biological uptake by plants and microbes 

growing within the wetland whereby nitrate is assimilated into plant tissues or detrital organic 

pool (Rutherford et al., 2017). Nitrogen taken up into plants can be later released when plants 

senesce and decompose, returning dissolved and particulate organic nitrogen back into the 

water. Nitrate removal is particularly important in the treatment of sub-surface drainage waters. 

CWs are one of the most promising tools available for managing farm contaminant loads. For 

example, guidelines for the treatment of sub-surface tile/mole drainage through CWs have 

estimated that on average, between 22 and 53% (+/- 15%) of total annual catchment nitrate 

removal is possible from wetlands that cover 1% and 5% of total catchment area, respectively 

(Tanner et al., 2010). Despite this, encouragement of CW implementation through regulation 

is often limited by uncertainty in treatment performance and water quality outcomes. Many 

councils currently rely on the OVERSEERTM nutrient model to quantify benefits of nitrogen 

mitigations, but nutrient loss reductions possible using CW are currently poorly represented in 

this model. Widespread uptake of CWs by landowners is unlikely to occur unless councils give 

credit for the nutrient reductions they provide. Although the use of CWs is well understood in 

principle, they still lack specific practical guidance and certainty on optimal design and 

performance.  

Existing research has quantified wetland performance at a limited number of NZ CW case 

study locations for subsurface-flow tile drainage  (Tanner et al., 2010; Sukias and Tanner, 

2011), but performance for surface drainage containing a higher proportion of particulate 

contaminants, and variability in efficacy due to differences in design or environmental, climatic 

and farming conditions has not been addressed, especially between regions. Expected CW 

removal under New Zealand pastoral farming conditions has been estimated (McKergow et al., 

2007), and some catchment-scale assessments of wetland nutrient attenuation made (Hamill et 

al., 2010; Tanner, 2012; Hughes et al., 2013; Tanner et al., 2015). However, until a wider range 

of case studies are established and evaluated, including catchment-scale assessments, the 

uncertainties will remain and their wide-scale uptake by landowners and incorporation of 

wetland tools in the regulatory framework will continue to be limited. 

Riparian buffers 

Riparian buffers are arguably the most widely used “edge-of-field” mitigation tool for reducing 

the impacts of landuse on waterways. A riparian zone is described scientifically, as the zone of 

direct interaction between land and water (Gregory et al., 1991). New Zealand has a long 

history of using riparian buffers to reduce impacts on aquatic values with the first riparian 

catchment schemes dating back to the 1970s (McKergow et al., 2016).  

Buffer widths on permanently flowing streams in agricultural catchments are generally a 

compromise between maintaining productive farming land and delivering water quality and 

ecosystem benefits. In New Zealand buffers of 2-5m wide are commonly employed to exclude 

livestock and intercept contaminants. Where planting is undertaken, buffer widths are typically 

wider (5 m), and generally comprise a relatively low diversity of species (Renouf and Harding, 

2015).  
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Riparian management can help reduce the load of nutrient, sediment and faecal microbes (E. 

coli) entering the water by intercepting, transforming and/or storing contaminants (Parkyn, 

2004; Dosskey et al., 2010; Vidon et al., 2010; McKergow et al., 2016). For instance, livestock 

exclusion on Southland dairy farms has been linked to a 20 percent reduction in E. coli 

contamination of adjacent waterways and a 40 percent reduction in phosphorus loss (Goldsmith 

et al., 2013). An international review found that grass filters of five meters can reduce nitrogen, 

phosphorus and sediment losses by 54-74 percent (Dillaha et al., 1989), while a study in the 

Bay of Plenty reported grass filters of three metres can reduce nitrogen, phosphorus and 

sediment loads by 35-87 percent (McKergow et al., 2008). Riparian vegetation has also been 

demonstrated to create more habitat diversity, temperature regulation, habitat to support 

invertebrate and fish life-cycle stages, food web stability and diversity and refuge from 

predators and floods (Quinn et al., 1997; Parkyn and Collier, 2004; Greenwood et al., 2012; 

Olsen et al., 2012; McKergow et al., 2016). 

Despite much riparian research, there are still many uncertainties around how riparian buffers 

are best designed and implemented. For example, there has been limited validation and national 

guidance on buffer performance under environmental and farming settings. This has created a 

mix of policy provisions for minimum buffer width that vary regionally. It is critical that this 

knowledge gap is addressed as significant national-scale investment is, and will be made in 

riparian restoration projects over the next 5-10 years. Without more robust riparian buffer 

performance information and guidance, it remains uncertain what the quantifiable catchment-

scale benefits are or what riparian set-backs are required to meet farm or catchment objectives. 

We also risk missing a key opportunity to generate most benefit by targeting riparian buffers 

at runoff “hot-spots” (i.e., to maximize flow and contaminant attenuation where beneficial 

effects are disproportionate) thereby enabling a better return on this substantial investment, as 

well as greater certainty around outcomes. 

 

Project aims 

This project aims to provide robust, scientifically-based practical guidance to accelerate the 

wide-scale implementation of constructed wetlands and targeted riparian buffers in NZ as tools 

for managing farm and catchment contaminant loads. Specifically, we plan to provide 

sufficient guidance and certainty of expected contaminant reductions to enable farmers and 

regulatory agencies to account for riparian and wetland effects within farm nutrient 

management plans and regional planning responses to the NPS-FM. 

This project will: 

1. Develop a set of provisional performance and design guidelines for immediate use by 

councils 

2. Design, establish and monitor a range of CW and riparian buffer systems across NZ to 

quantify and compare performance in different landscape and climate settings, and use 

this to refine and validate provisional performance and design guidance 

3. Aim to encourage and incentivise wide-scale implementation of appropriate wetland 

and optimised riparian buffers as contaminant management tools 

 

Methods 

For step 1 we will gather existing information from local and international sources and then 

work with a wider industry and government group to agree on a set of preliminary guidelines 

for councils to use in the short-term.  
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For step 2, in each of the main dairying regions in NZ (Northland, Waikato, Taranaki, 

Canterbury, Southland) we will establish whole-of-catchment riparian fencing & planting 

project treatments to establish optimal design. At each site we will identify a suitable paired 

catchment to implement and compare the performance of a standard fixed width buffer (e.g., 1 

m width as signalled by recent policy) with that of a variable width buffer which is made wider 

in locations along the riparian margin where runoff is more strongly focused. Conceptually, 

targeting these runoff hotspots with a wider buffer should improve flow and contaminant 

attenuation and thus enhance overall buffer performance at catchment scale. However, that 

principle lacks empirical evidence and has not been tested at the catchment scale.  

Across these regions, we will also establish and monitor five new and five existing CWs. 

Controlling the wetland and riparian design will enable robust scientific testing (“before-after-

control-impact”) to separate direct effects of project design and management (e.g., fixed width 

vs targeted (i.e., variable & critical source area focused) width buffers) from confounding 

environmental effects. Such an experiment has not been undertaken in NZ or internationally.  

 

Outcomes 

This project delivers science to guide on-land activity to meet water quality limits. The 

outcomes are principally focussed on reduction of the primary water quality contaminants 

(sediment, nitrogen, phosphorus and faecal microbes) through optimal CW and RB design and 

implementation. Ancillary benefits include flow buffering, biodiversity & habitat 

enhancement, and climate change mitigation for water quality (e.g., stream shading & water 

temperature). The programme also supports robust reporting for the NPS-FM by regulatory 

agencies on managing to freshwater objectives in regional plan policy responses and provides 

certainty of performance to catchment decision makers, industry, rural advisors and land-

owners. Collectively, these components are intended to make on-farm change more cost-

effective and better manage stakeholder expectations, as well as ensure that these wide-spread 

edge-of-field solutions are scaled to work optimally in the landscape setting that they are 

implemented. 
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