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Abstract
In future, North Island pastoral hill country farmland will become an increasingly diverse mosaic of land uses and vegetation types reflecting the needs of farmers, communities and ecosystems. Achieving this mosaic requires detailed information on plant suitability to a wide range of environments and purposes. With AgResearch and HortResearch, Landcare Research is building a PC-based decision support system, named the Soil Conservation Planner, to help land management advisers and farmers select plant species, choose spacings and establishment methods, evaluate costs, and determine consequences for pasture production and land stability. The Soil Conservation Planner will encourage more complete evaluation of the range of vegetation options for individual sites, and help to define land use options for evaluation at farm and catchment scales. The system will also allow the user to build an indexed set of local case studies which can then become the basis for further recommendations and lead to information sharing and networking among farmers. The plant database includes exotic trees, shrubs, grasses and legumes, and a wide range of native species used in restoration projects. The Soil Conservation Planner is being developed in conjunction with an advisory group of regional council land management staff and farming / resource management consultants. Funding has been secured for three years, leading to release in June 2000. The system will be a technology transfer vehicle and will assist with prioritisation of ongoing research. 

Introduction
The rate of progress towards more sustainable land use systems in erodible North Island hill country continues to be a major concern among local resource management agencies, conservation organisations, central government, and a production sector aware of the fragility of New Zealand's clean green image (Ministry for the Environment, 1996).  Pastoral land use has become entrenched in hill country, and in some areas thin profit margins restrict opportunity for investment in land uses or farm improvements with deferred, small or uncertain financial returns. Thus environmental improvements in hill country are likely to come from a combination of both changes in land use and incremental changes in land management within the context of a pastoral farm operation, leading to a diverse mosaic of land uses and vegetation types reflecting the needs of farmers, communities and ecosystems.  

Managing vegetation cover is the key to reducing erosion risks in hill country. While there are a variety of vegetation management options available to farmers, the knowledge base for these is fragmented. Consequently resource management consultants in local government and the private sector encounter difficulties in providing comprehensive advice, with the result that recommendations may be biased towards limited local experience or those species for which quantitative data are available. Besides frustrating attempts by more innovative farmers at more creative solutions to land management problems, this fragmentation of the knowledge-base also inhibits understanding of what is known about vegetation management options in hill country, and leads to uncertainty about research needs.

In response to these issues Landcare Research, AgResearch and HortResearch are constructing the Soil Conservation Planner decision support system (DSS), in conjunction with an advisory group of eventual end-users. In this paper we outline the user needs, the design of the DSS, and how we are addressing key issues such as evaluation of impacts on pasture production and land stability. The tool is due for release in June 2000.

User needs
Forty six potential users of the Soil Conservation Planner were surveyed to determine needs. Needs identified included better information on site conditions, the range of species likely to be suitable, the short and long term financial implications of the change in vegetative cover, and the direct and indirect effects at a range of scales. While some of these needs relate to clarifying the requirement for erosion control, we chose at an early stage to target the DSS at farmers who have decided that a change in land management is necessary and desirable, and are in dialogue with resource management advisers or consultants to determine how best to proceed.  These advisers and consultants are the presumed owners and operators of the DSS.  Our focus is therefore on helping innovative farmers to succeed, rather than educating farmers of erosion prone land that a change in management is necessary. 

We chose to focus primarily on needs at the site or paddock level, where farmers address questions such as what species to use (recognising the range of motivations for the change in land management), establishment and maintenance requirements ( including the costs involved), and the impacts on pasture production and on land stability. Decision support needs at the farm scale will be met by other decision support systems such as AgResearch's StockPol Environment and Forestry Research’s AEM (Agroforestry Estate Model; Anon, 1991). The former DSS takes information about the farm and predicts the pasture and animal responses to different policies, while AEM provides financial analysis for tree crop species for which product price and production data are available. 

Design
We determined a need for a strong experiential and empirical component to the knowledge of the DSS, reflecting conservative decision behaviour of even innovative farmers. We wanted the DSS to be viewed as a source of knowledge, rather than as an analysis tool which required not only significant data to use, but also acceptance that the form of analysis was the most appropriate. Within the Soil Conservation Planner, predictive models are employed either as a backup for other sources of advice or to help construct rules in the knowledge-base. The DSS is structured primarily as a database tool with embedded model components (Figure 1). 

A key component of the DSS is a site database.  Here are stored the records of previous consultations with the DSS, which can be indexed by a range of parameters. Site characterisation data include principal erosion form, current pasture production, land characteristics (area, slope, aspect, soil type, land use capability) and climate parameters 
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(wind exposure, frost risk, annual rainfall, and soil moisture).  As a user continues to use the DSS and builds this database of cases, it will become a progressively more important source of knowledge, providing the opportunity to effectively short-circuit an analysis for a site, by searching for a similar case for which recommendations have previously been developed and then customising that case according to the farmer’s specific needs. This approach is especially useful when monitoring data are available. In the absence of such data it can facilitate information sharing among farmers. 

Two separate DSS components provide for selection of individual plant species, and choosing an establishment-maintenance regime whose costs can then be evaluated.  The plant selection component will be based on Landcare Research’s PlantFinder decision support system, which focuses on exotic trees and shrubs, and a range of indigenous species used for restoration projects (Luckman et al., in press). It will also include a new element to assist users choose herbaceous forage species for hill country pasture. These will be selected on the basis of factors such as rate of establishment, palatability, insect tolerance, disease tolerance, mixture compatibility, drought tolerance, and fertiliser requirements. The establishment and maintenance component will enable the user to select a species-establishment method pair, and develop a schedule of costs for a fixed maintenance period. Opportunities for income will be flagged but not quantified, primarily because revenue-earning potential remains to be established for most “alternative” species, which are not widely used in New Zealand for production forestry. 

A benefits / impacts module will initially determine the likely effects of introducing tree or shrub plant species on pasture production and slope stability. If the Soil Conservation Planner becomes a more general device for evaluating effects of alternative vegetation management strategies, this component could be expanded to other effects including sediment generation, nutrient discharges to streams, and water supply. The DSS will include provision for “notes” and “photographs” to allow the user to annotate sites, and incorporate monitoring data, such as tree growth and survival rates. 

Plant species selection 
The PlantFinder system will provide the basis for this component. This DSS helps users who have some biological, resource management or horticultural expertise to construct a list of plant species that meet user-specified criteria. Currently it addresses needs wider than soil conservation through separate modules for exotic and indigenous species. The plant list is generated interactively by adding or deleting selection criteria. The user specifies conditions in order of importance, progressively eliminating unsuitable species. Other attributes of the selected plants are then browsed to determine their suitability for the application. While the user must specify requirements in terms of these attributes, future links to geographic information systems may allow some of this information to be extracted automatically, using on-screen graphics and maps. 

PlantFinder provides two approaches to plant selection. The first is physiologically- and functionally-based, and is especially suited to exotic species, but can also be used with indigenous species. Plants are selected if they can grow satisfactorily in given site conditions,  can serve particular purposes, and perhaps also meet certain morphological requirements. The second approach, appropriate only for indigenous plants, aims to determine the naturally occurring plant species of a site by specifying the location, in terms of the New Zealand Department of Conservation’s Ecological Regions (McEwen, 1987), and the local soil. As New Zealand’s plant communities and soils have evolved together, the soil encapsulates many of the environmental factors that have also determined the composition of the indigenous plant communities. PlantFinder includes textual help files providing attribute definitions, descriptions of soils, Ecological Regions and Districts, and an embedded expert system to aid soil identification. Soils are characterised in terms of the Soil Order (Hewitt, 1992), which is inferred from landform, parent rock type, soil texture, annual rainfall and a small additional set of diagnostic characteristics. 

Tolerances and suitabilities of 197 introduced plant species have been obtained primarily from Van Kraayenoord & Hathaway (1986). This information base has been supplemented by data on recent plant releases, and some plants have been deleted as their weed potential has become recognised. For indigenous plants, an initial database comprising 80 plant species, including trees, shrubs, grasses and herbs (Pollock, 1986), has been expanded to cover 320 species of practical value in restoration projects. Species distributions in relation to Ecological Regions and Soil Orders have been obtained by analysis of data held in Landcare  Research’s national databases and through expert plant ecological knowledge. Improving understandings of the environmental factors governing indigenous plant species distribution (Leathwick et al., 1996) should allow refinement of distributions for tree species. 

Pasture production
The Soil Conservation Planner will determine the impact on pasture production of choosing a particular tree (or shrub) species‑spacing combination. In most environments, pasture production will be reduced under a tree/shrub canopy, principally due to the effect of shading, but also as a result of the effect of litter and competition for water and nutrients. While the loss of pasture production resulting from shading may in the longer term be less than the loss of productivity from erosion events or continued instability, the shading effect is of considerable interest to farmers and is the initial focus of the approach taken within the DSS. 

Data on the effect of tree canopies on pasture production have been acquired through research into agroforestry systems, predominantly for radiata pine (Hawke 1991, McElwee & Knowles 1998). However relatively little data is available for wide‑spaced plants in a soil conservation context (Wall et al., 1997). The few studies that have been conducted have focused more on single sites over short time periods (Gilchrist et al. 1993, Guevara‑Escobar 1997, Thorrold et al., 1997). While development of the pasture production module for the Soil Conservation Planner has exposed these gaps, some are being addressed by concurrent research. 

The structure of the Soil Conservation Planner will differentiate between species for which data are presently available and those where it is not. For the species for which empirical relationships are available, the user will be able to specify a species, stocking rate, and open‑ground pasture production level. From this information the DSS will predict canopy development and the consequent degree of shading as a function of tree age and stocking rate. Variation in site quality for the growth of trees will be initially be accommodated using a qualitative scale. The DSS will then calculate relative pasture production, based on empirical relationships for each tree species, and use the information on open ground pasture productivity to scale up to expected pasture production in terms of actual pasture dry matter. The open ground productivity used for scaling will be that for stable or unstable land, depending on the associated land stability appraisal. The output from the DSS will show expected annual pasture production through the life of the stand, the results being displayed graphically to provide a multiyear view of the time‑varying productivity impacts of the selected stocking rate. Future versions will also allow predictions of seasonal effects on pasture production.  

For those species where data are not available, the Soil Conservation Planner will substitute the empirical curves for incident light beneath trees with the output from a geometric tree‑shading model. This model calculates an upper bound (conservative) effect of tree presence on light levels, assuming trees provide "black" shade (no filtered light). The model

uses information on slope, aspect, latitude, three tree shape parameters, and stocking rate, as supplied by the user. Tree species will be characterised by maximum tree height and growth functions, which allows the effects on incident light to be calculated through time. The DSS  will then calculate actual pasture production as before, but in this case in terms of incident light levels, based on an empirical data from shading experiments. It is likely that this simplified approach will be refined in future years.

Land stability
North Island hill country includes a wide range of eroding environments with diverse rainfall characteristics, geology, soil cover, and erosion forms (Eyles, 1983; Luckman et al., 1999). Data are available which demonstrate reductions in the proportion of eroded ground (shallow landslides) for steepland catchments under space-planted poplar and radiata pine at commercial forestry spacings, for different tree ages (Marden et al., 1991; Dymond & Hawley, 1991). However there is no dataset from which to compute, even for shallow landsliding, the change in the proportion of eroded ground as a function of tree spacing and tree age, for any tree species. Data are available, particularly for radiata pine, on a range of parameters relevant to slope stabilisation, including canopy closure times, rainfall interception, changes to soil moisture levels,  and  “site occupancy” by roots ( Watson et al. 1994, 1998 ; Marden & Rowan in press). Mechanistic models are available for computing slope stability taking some of these factors into account (Ekanayake & Phillips, in press; Ekanayake et al. 1999), but there is no simple method for estimating the parameters for these models, and the measures of stability obtained remain difficult for users to understand. 

Few farmers are interested in soil loss or sediment generation as the principal reason for changing land management. Most tend to align other goals (financial, restoration, production) with the goal of erosion control. Under these circumstances farmers are more interested in the erosion-related risk to an investment in tree planting and consequently in the length of time before a site becomes stabilised. 

In the Soil Conservation Planner therefore, the approach taken is to include a rule-based system which provides a critique of a user-supplied species-spacing proposal, in light of the dominant erosion form, other erosion forms present, slope, aspect, lithology, and land use capability. This result will be an assessment of the likelihood of stabilisation (to a level comparable with that under indigenous forest), being achieved in less than 10 yr, 10-20 yr, more than 20 yr, or not at all. This approach is compatible with approaches to assessing stability of forested hillslopes which focus on comparing the time to 100% site occupancy, when root systems of adjacent trees meet, with the return period of erosion-producing rainfall. The user will be presented with a slope stability “report” providing reasons for the assessment. Changing any of the site parameters or the species-spacing combination may lead to revision of the report. The rule-base for preparing these reports can be expanded or revised as new data becomes available.

Conclusion
Decision support systems such as the Soil Conservation Planner have the potential to assist resource management consultants in local government and the private sector in advising hill country farmers on vegetation management options which lead to reduced soil erosion. The process of developing the DSS has brought together scientists from three Crown Research Institutes, and led to a common view on the role of decision support in addressing hill country land management problems.  Numerous information gaps have been identified in the design of the DSS, which is structured so that new information can easily be incorporated to provide improved advice. Given its obvious potential for extensions to include a range of other effects, the DSS could become a significant technology transfer vehicle for much research into ecology and productivity of tree-shrub-pasture systems involving both exotic and indigenous species. 
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