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Identifying Ideal Winegrowing Areas in New Zealand
Using Spatial Data Modelling Techniques

Predictive Modelling Approach

The aim of this project was to generate a predictive model to identify areas that are ideal for
growing good wine producing grapes using existing vineyards as a guide. These models were
generated using spatial data modelling techniques. Spatial data modelling is a rapidly
developing technique that is increasingly being used in environmental science, geology, and
other spatially based sciences such as archaeology and by government organisations such as
New Zealand Crown Minerals, United States Geological Survey and the Canadian Geological
Survey for resource assessment. Government agencies use spatial data modelling to make
land-use decisions in relation to competing land-uses. These modelling techniques could be
used to prioritise the potential locations for the establishment of new vineyards in New Zealand
or to prioritise grape varieties to specific sites. Other industries could also benefit from the
techniques such as fruit growers (e.g. apples, cherries, kiwifruit), or even more exotic species
(tea, coffee, spices).

A variety of new tools are available for use with Geographic Information Systems (GIS) for
evaluating the distribution of spatial data in a statistical framework. The creation of derivative
maps that can be used by the modelling software from soil characteristics, rainfall, temperature
and location related data is the key to creating successful suitability maps. These derivative
datasets must be reclassified in a way that matches the crops being modelled. For example
the reclassification of a growing degree days based on the minimum number required for
grapes. GIS techniques such as buffering, density grid interpolation, grid extrapolation, grid
interpolation, and the use of expert-assigned attributes of genetic significance are also used to
create predictive maps. These predictive maps can then be used to calculate spatial
correlation statistics between the data themes and a training data set selected from existing
vineyard locations.

The weights of evidence technique has been used in our studies to integrate and interpret the
available data for the New Zealand and then the Hawke’s Bay Region to identify optimum
places to grow grapes for the production of wine. Weights of evidence is a Bayesian statistical
approach that allows the analysis and combination of data to predict the occurrence of events
and was initially developed as a diagnostic tool in medicine. Weights of evidence modelling
uses statistical analysis of the map layers being used with a training data set (existing
vineyards) to make less subjective decisions on how the map layers in any model are weighted
and combined to produce a single suitability map. This map can then be used to identify the
most viable grape growing areas. This method of spatial modelling has been highly effective in
mineral exploration and geo-hazard identification and is used by many geological surveys and
regional councils throughout the world. Its application to other industries such as
environmental management and horticulture is also becoming useful as more and more
information is available to organisations in a digital format.
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The New Zealand Wine Model

Introduction

The New Zealand winegrowing industry is spread over several regions throughout the country.
Over 40 percent of the national grapevine areas are in the Marlborough region, with 24 per cent
in the Hawke's Bay and 14 per cent in the Gisborne region. Other grape production areas,
including the Wairarapa, Nelson, Canterbury and Otago regions, together represent 13 per cent
of the areas in New Zealand where vines are grown. The New Zealand winegrowing industry
has changed significantly over the past decade. Both the total grapevine area and the vine
producing area have increased dramatically and the Wine Institute expects the total grapevine
area to expand by around 1000 hectares per annum over the next five years and has predicted
a significant rise in wine production. We have developed a first-pass scoping study to identify
potential new sites growing grapes and test to the suitability of our data for modelling at the NZ-
wide scale.

Data

The NZ wine model is a weights of evidence model for which 27 training points (existing
vineyards) have been selected. The selection of these particular vineyards out of 266 award-
winning wine producing vineyards has been based on 6 principal factors: that the
corresponding award-winning wine is produced only by the grapes grown at the selected
vineyard; the ability to map the real position of the selected vineyard in order to create an
extremely accurate map of training points (coordinates have been determined using wine
maker web site information, cadastral data, and Google Earth imagery); the NZ region of
production; the variety of grape; the wine maker; and the number and type of awards won by
the wine.

Using the knowledge gained from the Hawke’s Wine Model and an internet research, a number
of features important for grape growth have been indentified and tested in this project.
Properties defined as having a probable impact on the success of a vineyard included:

e Climatic factors: sunshine hours, rainfall distribution, frost risk, wind stress,
humidity, solar radiation and temperature

e Soil properties: soil acidity, content of key nutrients including nitrogen, phosphorus,
potassium, calcium and magnesium, soil texture, soil type, drainage capability,
compactness of soil, water holding capacity and propensity to erosion

o Location features: altitude, aspect, slope and hydrology

e Social factors: access to main roads, current land use and DOC land

Thirty-one different predictive maps were tested for the NZ wine model. The data, sourced
from Landcare Research, NIWA, GNS Science, LINZ and Terralink was managed in a GIS and
manipulated using techniques such as buffering, grid extrapolation, grid interpolation, theme
classification and neighbourhood statistics. The use of expert-assigned attributes and gridding
techniques have been used by the data proprietors and Kenex to create predictive maps
suitable for the spatial modelling process.

Spatial Correlation

The study area for the model covered the entire country, but excluded Department of
Conservation land and large water areas such as lakes that are not suitable for vineyards. The
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best predictive maps used in the model were selected based on their spatial correlation and of
the thirty-one themes tested only eight were used in the model namely:

e Annual wind speed

e Mean summer temperature

o Growing degree days

e Soil induration

e Soil pH

e Monthly water balance ratio

o October vapour pressure deficit
e Mean summer rainfall

Model Review

A suitability map, using weights of evidence techniques, was developed that included the eight
layers listed above in the New Zealand Wine Model. These themes were chosen as having the
best regional coverage and a good spatial correlation with the known award-winning vineyards.

The suitability map (Figure 1) clearly highlights the most favourable wine growing areas in NZ,
the highly suitable areas for grape growing are shown in red. Importantly, other existing
vineyards that weren’t included in the training point dataset have been found as highly suitable
supporting the validity of this model as a predictor of ideal locations to grow grapes.
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Figure 1: Suitability map showing the best locations to grow grapes in New Zealand.
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The Hawkes Bay Wine Model

Introduction

The aim of the Hawkes Bay Wine Model was to generate a predictive model that identified
optimum areas to grow grapes for the production of wine in one of the ideal regions which were
identified in the New Zealand Model.

The Hawke’s Bay Wine Model was a pilot study which used very coarse scale data that was
available at a reasonable cost from public and government organisations e.g. LINZ, Landcare
Research, and NIWA. Fifty-four different predictive maps were tested in the Hawke’s Bay Wine
Model.

Data

A number of features important to grape growth that have an impact on the success of a
vineyard were identified before the modelling began. These included:

o Climatic factors - sunshine hours, rainfall distribution, frost risk, wind stress,
humidity and solar radiation.

e Soil properties - soil acidity, content of key nutrients e.g. nitrogen, phosphorus,
potassium, calcium and magnesium, soil texture, soil type, drainage capability,
compactness of soil, water holding capacity and propensity to erosion.

o Location features ¢ Altitude, aspect and slope.

Some variables which affect growth conditions are still not available as digital datasets.
Therefore the resulting models should be used as positive identifiers only.

Spatial Correlation

The weights of evidence modelling method requires a set of training data to test the correlation
between the existing vineyards and the predictive map being tested. A selection of vineyards
already established in the Hawke’s Bay region were used as training points. The study area for
the model covered central Hawke’s Bay, Hastings and Napier City; a large area that contains
both excellent and poor grape growing areas.

The predictive maps used in the model were selected based on their spatial correlation with the
training data. Of the fifty-four maps tested only nine were used in the model and these maps
were chosen as having the best regional coverage and a good spatial correlation with the
known vineyards. These maps are for:

e Growing degree days

e Water balance ratio

e Vapour pressure deficit
e Soil pH

e Exchangeable calcium
e Soil phosphorus

e Soil Induration

e Wind speed

o Slope and aspect
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Model Review

A suitability map which combined the nine layers listed above was developed using the weights
of evidence technique. The model grid output contains the entire range of probabilities from
least probable to most probable and can be reclassified to show the most favourable areas.

The reclassified suitability map (Figure 2) below clearly highlights the most favourable wine
growing areas in the region; the highly suitable areas for grape growing are shown in red. The
model was successful at the scale of the data used and clearly highlights regions of high
potential for good grape growth. The model was also validated by its ability to locate other
existing vineyards that were excluded from the training point dataset to test the model.

This study has shown that spatial data modelling can be used to locate favourable areas for
horticultural development. With more advanced digital data packages becoming available from
Government agencies and regional councils in New Zealand this type of modelling and
resource assessment will be invaluable to our industries. We hope to undertake higher
resolution modelling with this newly available data as it becomes available for key wine
producing districts and for other crops such as kiwifruit and olives.
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Figure 2: Suitability map showing the best locations to grow grapes in the Hawke’s Bay region.
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