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CONTEXT AND TERMS OF REFERENCE 
 
This report is one of eight produced as part of a consultancy for the Ministry for the 
Environment. The consultancy consists of a review and policy analysis of current land 
monitoring for national environmental indicators, and a prioritisation of land monitoring 
parameters and indicators which provides recommendations for a preliminary core set of land 
indicators. The consultancy is funded by the ‘Green Package’ National Environment Indicator 
Programme.  
 
The terms of reference for this report (Part 7) are to capture the main issues and 
recommendations from the other seven reports into a 10 page summary report to meet the 
Ministry’s requirements (summary report template and outline will be provided by the Ministry) 
for inclusion in the second NEIP discussion document. 
 
 
PROCESS TO DETERMINE A CONSOLIDATED SET OF LAND INDICATORS 
 
In order to determine a set of appropriate environmental indicators for land monitoring, a 
comparison of  indicators from the monitoring approaches of  the Taranaki and Otago Regional 
Councils, and those recommended in the National Environmental Indicator Programme (NEIP) 
Land report by Williams and Mulcock (1996) was undertaken. Land indicators from these three 
approaches were rated according to: the number of  Regional Councils and Unitary Authorities 
already using each indicator, or proposing to use them; research that underpins indicator 
validity; availability of techniques to obtain the information required; the significance of 
environmental issues that indicators relate to; correspondence  with indicator selection criteria 
(Ministry for the Environment 1996); and relevance to regional and national policies.  In 
addition, the indicators were discussed in a workshop attended by staff from the following 
agencies: MfE, MOF, DOC, MoRST, MAF Policy, Landcare Research, FRI, the Taranaki and 
Otago Regional Councils, Environment Waikato and two private consultants. The consolidated 
set of indicators, their ratings in relation to  indicator selection criteria, and their level of use by 
Regional Councils and Unitary Authorities is given in Table 1. 
 
 
RECOMMENDATIONS FROM THE LAND FOCUS GROUP WORKSHOPS 
 
In their NEIP Land report, Williams and Mulcock (1996) proposed three composite indicators 
for land: intactness, soil health and ecological integrity. 
 
The concept of intactness expresses whether soils are staying in place or not and the factors 
which may be contributing to soil movement. Any soil movement creates an  environmental 
pressure.  Such pressure contributes to the OECD pressure-state-response environmental 
indicator model underpinning the NEIP.  The term ‘intactness’ was proposed in preference to 
‘erosion’ because it was felt that ‘intactness’ could better incorporate indicators of soil 
characteristics which reduce loss.  An example of a direct state intactness indicator is soil slip 
erosion. 
 
Williams and Mulcock (ibid.) defined soil health as “the continued capacity of soil to function as 
a vital living system, within ecosystem and land system boundaries, to sustain biological 
productivity, promote the quality of air and water environments, and maintain plant, animal 
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and human health”. They also proposed that soil health indicators would need to be a mix of 
simple indicators (such as acidity) and more complex indices derived from modelling and 
calculations of nutrient budgets at the national level. 
 
Ecological integrity has not been considered in detail at this stage.  Further analysis will be 
postponed until the NEIP biodiversity focus group is convened. 
 
Williams and Mulcock (ibid.) recommended a number of indicators for  intactness and soil 
health: 
 
Intactness Indicators 
 
“Land use” is an important pressure indicator. As a status indicator it will be used particularly 
to track the intensification of land use. A general, nationally applicable land use classification is 
needed that is measurable and related to more detailed regional classifications. It should also 
include conservation and urban land uses. 
 
“Land use in relation to capability” indicates risk of adverse environmental impact of land use 
and has been successfully used in Taranaki. Its interpretation requires knowledge of the risk of 
specific land uses on land types, and it may also indicate the response of land use to policy. 
 
“Land cover” indicates pressure and status.  In many instances “land use” may be inferred from 
“land cover”, for example, exotic forestry and residential. 
 
“Extent and frequency of slipping” is an important state indicator for New Zealand’s hill 
country. At least 26 per cent of New Zealand is predisposed to soil slipping (Eyles 1983). The 
extent and frequency of slipping can be readily quantified with information derived from aerial 
photography.  When slipping occurs, there are a number of environmental impacts: degradation 
in soil fertility, depressed levels of pasture production, off-site sedimentation and water quality 
degradation, and reduced net financial returns. Soil slip is only one type of erosion that occurs 
in hill country; however, it is the most easily monitored erosion type and is highly relevant to 
intactness in the North Island. Other soil erosion types affect large areas of New Zealand. 
Consequently, we have recommended the use of two erosion indicators (Hewitt and Stephens 
1977a): “extent and frequency of soil slip erosion” and “extent and frequency of  water and 
surface erosion”. The soil slip indicator includes earth slip erosion types.  About 27 per cent of 
New Zealand is affected by soil and earth slip erosion (Eyles ibid.).  About 39 per cent of New 
Zealand is affected by  water and surface erosion types,  including wind and sheet erosion 
(Eyles ibid.). Methods to measure water and surface erosion types are not well established 
because of the subtle nature of soil movement for these erosion types. However, the caesium-137 
technique (Basher et al. 1995) has been applied in New Zealand and should be  developed and 
tested as an operational indicator for flat and rolling land. 
 
 
Soil health indicators 
 
“Nutrient status for New Zealand as a whole and land uses within each ecosystem/land system” 
may be  derived from a nutrient balance calculated from knowledge of gains and losses to the 
soil-plant-animal system (White 1992) within agro-ecosystems. These can then be aggregated to 
a national level. This indicator is complex and relies on many sources of data and on many 
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assumptions. It has the potential of identifying unsustainable loss of major nutrients from 
primary production ecosystems; however, assumptions relating to animal losses to unproductive 
areas, and losses through fixation, immobilisation, leaching or gas evolution are difficult to 
validate on a national scale (White 1992). Much development will be needed before this 
indicator can be used with confidence. Progress has been made on nutrient balances at the farm 
scale (OVERSEER model, I. Boddy, AgResearch pers. comm), and a national indicator can 
possibly be developed by aggregation from a sample of farms. The OVERSEER model is 
currently valid for pastoral farming, but planned expansion will include horticulture, cropping 
and production forestry. 
 
“Acidity relative to land use” is a measure of the soil’s ability to be productive.  It can, however, 
be manipulated with the addition of lime which is commonly used in most intensive agricultural 
and horticultural land uses. We see “soil acidity” as applicable to some parts of New Zealand, 
and believe it should be included in the consolidated set of indicators (see Table 1). 
 
Williams and Mulcock’s (1996) statement regarding “Organic carbon/Total carbon” is unclear.  
Because New Zealand soils do not normally have non-organic sources of carbon in topsoils, New 
Zealand  researchers use total carbon confidently as a measure of organic carbon.  We believe 
that the indicator should be named “Organic carbon”. Organic carbon is relevant to the chemical, 
physical and biological functioning of the soil. It will provide a good measure of the quantity of 
soil organic matter in cropped soils and more generally in soils in regions with mean annual 
rainfalls of less than 1000 mm. In all regions organic carbon will contribute to calculations of  
the national carbon budget. This budget must meet national greenhouse gasses reporting (which 
New Zealand is committed to under the Framework Convention on Climate Change). Williams 
and Mulcock may have understood their indicator as the ratio of ‘microbial biomass carbon to 
total carbon’. If this were the case, their indicator “Organic carbon/Total carbon” indicates 
whether the soil biological system is degrading or recovering.   This indicator promises to be an 
efficient indicator of soil organic matter quality applicable to all ecosystems but it requires 
further research and development. 
 
“Pesticide and heavy metals” is an important composite pollution indicator. In order to establish 
this indicator, key chemicals and elements need to be chosen and suitable sampling strategies 
developed. National baselines have been established for the organochlorines by the Ministry of 
Environment, and the Ministry’s strategy may be applicable to other chemicals and elements.   
 
Williams and Mulcock’s recommended set of indicators does not provide for monitoring of: soil 
physical properties, water and surface erosion, native grassland condition, heavy metal 
concentration, fertilizer usage, pesticide and herbicide use and effluent disposal. 
 
“Soil compaction” can be based on a simple measurement and provides a measure of soil 
structure status. Compaction, or loss of soil structure is caused by animal treading, over-
cultivation or loss of soil organic matter in droughty soils. Pressure on soil structure may be 
inferred from land use in relation to capability, but a status indicator is also needed.  
 
“Native grassland condition” has been included in the consolidated set of indicators because of 
its application in the tussock grasslands and, in particular, its use by the Otago Regional Council. 
This indicator is used to infer the sustainable use of tussock grasslands for grazing, and could 
possibly be incorporated into the land cover indicator. 
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“Fertilizer use”, “pesticide and herbicide use” and “effluent disposal” were included because of 
the intention to use them in Otago and because of their general policy relevance. They are 
important pressure indicators that will identify the risks of  heavy metal, pesticide and herbicide 
pollution. “Effluent disposal” must include the type, location and quantities of effluent. It will 
target soils possibly at risk from heavy metal pollution and sources of water pollution. “Heavy 
metal concentration”, and “pesticide and herbicide concentration” are status indicators, which 
complement their associated pressure indicators. 
 
 
ANALYSIS OF LAND INDICATORS 
 
A sustainable land use monitoring project has been undertaken in the Taranaki hill country. This 
project was partly funded by the Sustainable Management Fund of the Ministry for the 
Environment. The objective of this project was to: 
 
• develop an indicator of sustainable land use in the North Island hill country which 

provided relevant, viable environmental information which could be used to assess the 
state of resources in the region and which would help the Taranaki Regional Council 
formulate environmental policies and evaluate the effectiveness of these; and 

• develop a standardised state of the environment indicator and monitoring technique 
which could be adopted by other local authorities and integrated into a national state of 
the environment monitoring and reporting framework. 

 
The indicator used to measure sustainability in the Taranaki approach was land use relative to the 
New Zealand Land Resource Inventory (NZLRI) land use capability ( LUC) unit, or land use 
relative to its capability for the use.  The rule-set for LUC unit definition was refined on the basis 
of slope angle.  The more detailed rule-set for LUC units was needed to align the current study 
with results from underpinning research. This approach provide a pragmatic and cost-effective 
way to assess pressure indicators of intactness for large areas of land,  allowing land-use changes 
to be recorded in relation to their physical sustainability. Areas of risk will contain one or more 
of the following : soil slip erosion; degradation in soil fertility; depressed levels of pasture 
production; reduced net financial returns; increased levels of fertiliser, pesticide and herbicide 
use; inappropriate form of land use; presence of weeds or scrub; and changes in vegetation cover. 
 
In the Otago region, an environmental monitoring approach has been proposed that stratifies the 
regional diversity of land use, climate, landscapes, soils and vegetation types into land 
management units which are combinations of land use and land type, in order to target those 
combinations that are most at risk. Monitoring would involve the following categories of 
information: land use types, land types, (based on combinations of soil, climate and landform),  
land management units (for example, semi-intensive mixed cropping on seasonally  dry coastal 
downlands), and land management functions (management activities that have an impact such as 
farm stocking rate and fertilizer application).  Land management functions will be used as 
pressure indicators to identify the land areas at risk. State indicators will then be directly 
measured in a sample of these at-risk areas (see Figure 1).   
 
Most of the Taranaki and Otago indicators rate highly against the selection criteria (Hewitt and 
Stephens 1997a). This is not surprising since there was a fair degree of indicator scrutiny and 
selection prior to rating.  Those which do not rate highly are either not simple indicators, will 
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probably not be easily understood, are not likely to be robust or lack established analytical 
validity. 
 
 
RISK ASSESSMENT AND POLICY RELEVANCE  
 
The Taranaki and Otago approaches, and the approach recommended in the NEIP Land report, 
all rely on a spatial framework  based on “land type” classification. The three approaches provide 
a risk assessment framework by identifying areas with the highest probability of adverse effects 
from land use. This is a pragmatic approach, and from a resource management perspective, direct 
targeting of risk areas represents an efficient use of resources. 
 
A risk assessment framework should allow identification of important regional issues which can 
then be specifically addressed, using the same spatial framework and the same generic set of 
indicators. This would allow appropriate feedback to the policy loop at a regional level but 
would also allow  information to be aggregated up to the national level for feedback to national 
policy.  
 
Analysis has shown a good correlation between the information  provided by the indictors and 
the Environment 2010 land goal, the Sustainable Land Management Strategy and their associated 
issues, objectives, policies and environmental outcomes (Cleaver 1997). Correlation is strongest 
in the more traditional areas of soil conservation/erosion control where there has been a strong 
science /policy link for a long  time. We believe that in these areas the determination of land use 
relevant to capability is useful and relevant and will provide information that can be used to 
monitor and guide policy at a broad level, providing there is a policy /science relationship strong 
enough to maintain credibility. 
 
The policy areas not addressed by the indicators considered fall within the range of other “land” 
related issues identified in the Regional Policy Statements. Although in a strict sense these other 
issues fall outside of the Environment 2010 goal, some are relevant to the Sustainable Land 
Management Strategy; others  are not covered by either of these national policy documents, but 
have  nevertheless been identified.  Of particular note are issues such as natural heritage, the 
relationship of Iwi with the land and impacts of urbanisation 
 
In order to provide an approach and a set of indicators which can be implemented with the 
science and technology available now, which are policy relevant at a regional level, which 
provide national policy feedback, and which meet the indicator selection criteria is a substantial 
undertaking. However, on the basis of our evaluations of the Taranaki, Otago and NEIP Land 
report indicators, we believe the framework and the initial building blocks for a set of  indicators 
can be established. We recommend the use of  the concept of land use to capability within a 
“land type” framework as the risk assessment tool. This approach would provide  information for 
broad policy analysis and would allow the development of subsets of indicators aimed at specific 
regional issues and policies. Providing the data collection is undertaken within a consistent 
spatial framework, it will allow an aggregation at national level. It will also allow for the 
research needed to underpin new indicator approaches and ensure the necessary scientific 
robustness. 
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One potential problem with this approach is that it may not provide a complete national picture, 
as it will tend to focus on the “hot spots” and may consequently emphasise problem areas. 
However, it should be possible to provide a spatial representation of the “hot spot” areas in 
relation to the rest of New Zealand to provide a more balanced view. 
 
Regardless of which indicators are finally chosen, it seems obvious that we need a land type 
framework which is applied consistently throughout the country. The framework needs to be 
more extensive than the LUC units from the NZLRI and should be based more soundly on 
ecosystem principles. This would allow easier integration of the broad set of indicators into a 
common framework and would emphasise the interconnections and relationships between the 
various indicator sets currently being developed. 
 
Although a framework based on ecosystems has been suggested, the NZLRI classes may provide 
a basis for the detailed level of the land type classification hierarchy. The NZLRI should not be 
discarded, as it provides a substantial amount of nationally relevant data that can be built on to 
provide the indicator framework; the NZLRI should be seen as the starting point for a new 
framework. 
 
 
CONSOLIDATED SET OF INDICATORS FOR ENVIRONMENTAL MONITORING 
 
Following our consideration of the indicators from the Taranaki monitoring approach (Stephens 
1997), from the proposed Otago monitoring method (Hewitt 1997), and from the NEIP Land 
report (Williams and Mulcock 1996), and our assessment of how these rated against the criteria 
for indicator selection (Hewitt and Stephens 1997a, 1997b; and Cleaver 1997), we recommend a 
consolidated set of 15 land indicators. A large proportion of Regional Councils and Unitary 
Authorities are already using, or proposing to use, the consolidated set of indicators, promising 
widespread acceptance and use of this indicator set. Recommended land indicators are: extent 
and frequency of soil slip erosion, extent and frequency of water and surface erosion, land use, 
land cover, native grassland condition, land use to land capability, soil acidity, organic carbon, 
soil compaction, heavy metal concentration, pesticide and herbicide concentration, soil nutrient 
balance, fertiliser use, pesticide and herbicide use, and effluent disposal (see Table 1). 
 
PRIORITISATION OF INDICATORS  
 
Most indicators in our consolidated set rate highly against the indicator selection criteria (see 
Table 1). Many of them show potential but will not be of use in the short term.  High priority 
indicators are those rated five and above when compared to the selection criteria and are also 
ticked under “fitness for use now” (Hewitt and Stephens 1997b). The high priority indicators are: 
extent and location of soil slip; land use; land cover; land use to land capability; soil acidity; 
organic carbon; soil compaction; heavy metal concentration; pesticide and herbicide 
concentration; effluent disposal; fertilizer use; and pesticide and herbicide use.  
 
These indicators have been divided into two groups. The first group comprises risk (or pressure) 
indicators that could be used nationally to identify land at risk. The second group consists of 
“toolkit” (or state) indicators targeted primarily at the identified areas of risk. The latter are also 
used to measure status across risk gradients to validate the risk analysis and provide a balanced 
picture of good and bad areas. The high priority risk indicators are: land use, land cover, land use 
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to land capability, fertilizer use, pesticide and herbicide use and effluent disposal.  High priority 
“toolkit” indicators are extent and frequency of soil slip erosion, soil acidity; organic carbon; soil 
compaction; heavy metal concentration and pesticide and herbicide concentration. 
 
 
AN IDEAL MONITORING SYSTEM 
 
The Taranaki and Otago monitoring approaches are similar, and an amalgam of the two (see 
Figure 1) provides a suitable monitoring system for the NEIP. Both approaches rely on the 
assessment of degradation risk. Assessments are made by matching the nature of the land use 
impact with the inherent characteristics of the land and the likely response of the soil (to the 
impact). The major difference between the Taranaki and Otago approaches is the level of detail 
used in categorising land use. The Taranaki approach uses broad land use classes; land 
management functions were considered as part of the underpinning research. In the Otago 
approach, however, the land management functions are explicit. 
 
In Figure 1, the terms “resistance” and “resilience” have been used (Hewitt et al. 1997) as they 
describe the dynamic character of  the response of soil properties to land use impacts more 
precisely than the term “capability” used by Williams and Mulcock (1996).  Soil resistance is 
defined as the ability of a soil to withstand modification under applied (management) stress, and 
resilience is the ability of the soil to recover from modification 
 
The following elements of an ideal environmental monitoring system for land were considered to 
be important by Hewitt et al. (1997): policy relevance, sector involvement, spatial framework, 
general approach, integration, indicators, and reporting.  
 
The monitoring system must be policy relevant, that is, a high correlation exists between change 
in the value of indicators and environmental outcomes which indicate progress towards policy 
goals. The system must also meet  multiple objectives by providing for national and local 
authority reporting, and has to be relevant to other agencies wishing to monitor progress against 
strategic policies (for example, DOC and  MAF). 
 
The system must allow other sectors to build on the monitoring framework and should allow 
them to also meet their reporting requirements (for example, forestry and the Montreal 
Process).This implies acceptance by national agencies, local government and sector interests. 
 
The system needs to be based on an agreed spatial framework which should be land/ecosystem 
focused, allowing integration of all indicators from other NEIP media (air and water) and from 
other issues (for example, biodiversity). The framework should be based on defined rules (rule-
based) to ensure consistency across the country. 
 
The general approach should be risk assessment. Areas at risk of environmental degradation 
should be identified, allowing targeting of resources to reduce the probability of further adverse 
impacts of inappropriate land use and/or management. This framework should provide for all 
land uses including conservation, production, and urban development. 
 
A strong integration between other NEIP media and issues is needed. For example, when the 
land use risk assessment is completed, it may identify risks that relate to water quality or 
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biodiversity issues which can be reduced by modified land management practices. 
 
As well as risk assessment (or pressure) indicators, we recommend a “toolkit” of more issue-
specific state indicators that can be applied to high risk areas. State indicators from the “toolkit” 
will  need to be sampled across a risk gradient to not only provide analytical validity but to also 
assist in presenting the “whole picture” by providing information on land not at risk. Further, the 
indicators in the “toolkit” must fulfil the criteria for indicator selection (Ministry for the 
Environment 1996). 
 
The reporting module of the ideal monitoring system must enable all stakeholders to extract 
accurate, timely and useful environmental information. It must allow easy data access to 
stakeholders based anywhere in New Zealand, and independent of their computer platforms.  All 
aspects of the indicator programme will be subject to quality assurance to ensure defensibility of 
outputs. 
 
Steps required to reach the ideal environmental monitoring situation over time 
 
The following steps are needed to develop an ideal national monitoring indicator system as 
described above (Hewitt et al. 1997). Periods of major activity along a five stage timeline are 
shown in Table 2..    
 
1. Reach agreement on the spatial classification of land and on how the classes should be 
recognised and mapped. 
 
2. Reach agreement on the classification of land use and land management functions and on how 
these should be recognised and mapped. 
 
3. Ensure wide stakeholder participation and consultation to encourage cooperation and 
ownership of the monitoring system. 
 
4. Choose an initial set of indicators on the understanding that these indicators will evolve and 
others will be developed. 
 
5. Test the proposed system in two pilot areas of contrasting terrain, one in the North Island and 
one in the South Island. 
 
6. Review the results of the pilot studies and investigate the feasibility of applying the methods 
used for the whole of New Zealand. Particular attention needs to be given to national information 
requirements, and the possible economies of scale and representativeness of the regional 
monitoring effort. 
 
7. Integrate the evolving system with the systems being developed for other NEIP media and 
issues. 
 
8. Identify research gaps and establish research funding arrangements. 
9. Establish information systems, including quality assurance and reporting procedures. 
 
10. Develop a monitoring “toolkit” of state indicators that will ensure maintenance of national 
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standards and protocols.  
 
 
RESEARCH RELATIONSHIPS AND INFORMATION REQUIREMENTS 
 
Soil health, indicators need to be trialed which will help develop operational methods of 
sampling, analysing and interpretation.  Intactness indicators need to be developed to monitor 
water and surface erosion. 
 
International links in indicator research and development need to be developed and maintained.  
This would include recognising the distinctive character of New Zealand soils. 
 
National spatial databases need to be created for erosion, vegetation, land type, land use class, 
and soil resistance and resilience. We envisage that data could be contributed from a number of 
existing databases including AGRIBASE, Land Cover Database (LCDB), National Soils 
Database (NSD) and the NZLRI. 
 
The NSD needs improvement. A gap analysis is required so that sampling and analysis efforts 
can be directed at making the NSD more robust. Further, the database needs to be made more 
accessible. 
 
To improve risk assessment, relationships between land management pressure and soil status 
need to be understood for intactness and soil health.  This needs to be undertaken across a range 
of  land management functions and soil types. 
  
Information management of, and access to, regional and national databases need to be improved 
and standardised.  Access would include use of the World Wide Web.  Development of 
techniques to present information in acceptable and easily understood formats is also required. 
 
Better links need to be established between science funding agencies and policy agencies. 
 
A commitment to establish and maintain long-term monitored benchmark sites which represent 
major land/ecosystems are needed to detect natural change. 
  
Relationships between soils and other NEIP media and issues need to be explored with priority 
to water and biodiversity. Links to social and economic goals of sustainability need to be 
strengthened. 
 
 
THE NEW ZEALAND LAND RESOURCE INVENTORY 
 
The NZLRI is a nationally significant database of physical land resource information. The data is 
managed in a geographic information system (GIS). The NZLRI covers New Zealand in 12 
regions. Each region has a separate LUC classification which was primarily agriculturally based. 
The first edition NZLRI was mapped between 1973 and 1979 at a scale of 1:63360. Second 
edition, 1:50000 scale NZLRI mapping has now been completed for 20 per cent of the country 
(Stephens et al. 1997). 
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The NZLRI comprises two sets of information - an inventory of five physical factors and a LUC 
assessment. The NZLRI contains mapped areas (or polygons) called ‘inventory map units’. The 
five physical factors (rock, soil, slope, erosion, and vegetative cover) are land attributes that are 
important for sustainable land use planning, and are used to define each multifactor inventory 
map unit. There are approximately 100000 inventory map units delineated in the NZLRI. Each 
inventory map unit also has a LUC assessment, established on the basis of the five physical 
factors, climate, and the effects of past land use. LUC assessments appear in a three-part 
hierarchy. Each level increases in detail, from LUC class, to LUC subclass, and finally to LUC 
unit. 
 
Eight LUC classes express the total degree of limitation to sustainable use. The LUC subclass 
expresses the major kind of limitation, either erosion (e), wetness (w), soil (s), or climate (c). The 
LUC unit is defined by its assemblage of physical attributes: rock, soil, landform, slope, erosion, 
and climate (although other factors such as vegetative cover, land use and productivity indices 
are also taken into account). A LUC unit groups inventory map units together which respond 
similarly to the same management and which are adapted to the same kinds of crops, pasture or 
forest species; and which require similar land management practices. There are over 700 
different LUC units in the NZLRI.  
 
Each of the 12 NZLRI regions has a unique set of LUC units. LUC units from the first edition 
mapping of the North Island have been correlated (Page 1975). In this correlation, LUC units 
which are essentially the same, but which belong to different regions, are grouped together to 
help users working across regional boundaries and at the national scale. For example, the 
correlated LUC units (from five NZLRI regions) for the Environment Bay of Plenty region have 
been aggregated to create a land management classification which will form the framework of 
their monitoring system (Harmsworth and Page 1993).  
 
The NZLRI could be a useful nation-wide GIS database for the Ministry for the Environment’s 
National Environmental Indicator Programme, at both regional and national scales. The NZLRI 
is directly applicable to national environmental monitoring (Stephens et al. 1997) because it is 
able to: 
 
• contribute to the classification of land type, required when a land/ecosystem 

classification is developed for New Zealand; 
• extrapolate soil properties from the NSD to GIS-produced maps of soil type and specific 

soil characteristics; 
• assist in the development of a rating for all land types which will indicate the propensity 

to erode.  Propensity to erode is a fundamental land characteristic when the location and 
type of land-use risks are being established; 

• provide a consistent LUC assessment for all land types.  This will be useful when the risk 
of unsuitable land use is being determined through the pressure indicator “land use in 
relation to its capability for that use”;and 
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• show past vegetation types, so that when used in combination with more up-to-date 

vegetation databases (for example, the LCDB, or the second edition NZLRI), the location 
and extent of land cover changes (and in many cases, land use changes) can be 
determined. [The LCDB comprises  1:50000 scale vegetation information mapped from 
satellite imagery.  It only has 10 vegetation classes, compared to the NZLRI’s 50 
vegetation classes (Stephens et al. 1997).  The LCDB is currently being compiled and 
should be completed by mid-1998 (S. Thompson, MOF, pers. comm).] 

 
Nearly all Regional Councils and Unitary Authorities have a copy of the NZLRI for their region, 
in map form or as a GIS database. About half of these local authorities have used NZLRI data for 
environmental monitoring (Hewitt and Stephens 1997a, Beanland 1997). The NZLRI has been 
used by local authorities to classify land types to help them design  monitoring programmes and 
develop a land suitability spatial framework in order to determine where land uses are 
unsustainable.  
 
 
DATA ISSUES FOR THE NEIP 
 
The spatial framework for the NEIP needs to be nationally consistent, hierarchial to 
accommodate different levels of detail, and constructed or derived from existing databases (for 
example, NZLRI, NSD, Statistics New Zealand databases) or from spatial information  derived 
from other projects (for example, MAF Quality Management’s AGRIBASE project, the LCDB 
mapping programme, the MfE’s Indigenous Forest and Soil Carbon project and Landcare 
Research’s Ecosystem Depiction programme). 
 
Given that existing datasets probably already exist for the construction of the land 
system/ecosystem spatial framework, a significant aspect of creating a national monitoring 
system will be the development of standards and protocols to ensure that the environmental 
indicator data collected are of acceptable and uniform quality. To enable the production of valid 
state of the environment reports, the following issues need to be resolved (Newsome and 
Stephens 1995): data quality and management standards; data transfer protocols; sampling and 
analysis protocols (which could be different for each indicator); intellectual property and data 
ownership; responsibility for costs; rules of exchange; data access; archiving and security of 
data; the valid translation of spatial data (layer and indicator trends) into information via 
defensible interpretation and data aggregation; and central versus distributed network structure of 
the information system. 
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Figure 1. Risk assessment approach to environmental monitoring (from Hewitt et al. 

1997) 

 
Part 7.  Summary  16



Table 1. Consolidated set of indicators, criteria for indicator selection, fitness for immediate use, selection rating  and use by 
Regional Council and Unitary Authorities 
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Indicators 

 
Simple 

 
Robust 

 
Policy 
relevant 

 
Easily 
understood 

 
Cost 
effective 

 
Analytically 
 valid 

 
Fitness for 
use now 

 
Number of 
criteria met 
(out of 7) 

 
Number of authorities 
using them, or 
proposing to use them 
(out of 16) 

 
Intactness - state 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
Extent & frequency of soil 
slip erosion 

 
x 

 
  

 
 

 
  

 
  

 
 

 
 

 
6 

 
13 

 
Extent & frequency of water 
and surface erosion 

 
x 

 
  

 
 

 
  

 
x  

 
( ) 

 
x 

 
3 

 
12 

 
Intactness - pressure 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
Land use 

 
  

 
  

 
 

 
  

 
 

 
( ) 

 
 

 
6 

 
6 

 
Land cover 

 
  

 
  

 
 

 
  

 
 

 
( ) 

 
 

 
6 

 
9 

 
Native grassland condition 

 
x 

 
  

 
 

 
  

 
 

 
 

 
x 

 
5 

 
3 

 
Land use to land capability 

 
  

 
( )  

 
 

 
x 

 
 

 
 

 
 

 
5 

 
8 

 
Soil health - state 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
Soil acidity  

 
 

 
  

 
 

 
x 

 
 

 
 

 
 

 
6 

 
5 

 
Organic carbon 

 
  

 
  

 
 

 
x 

 
 

 
 

 
 

 
6 

 
5 

 
Soil compaction 

 
  

 
  

 
 

 
  

 
 

 
 

 
 

 
7 

 
6 

          



Heavy metal concentration x    x    5  4
 
Pesticide & herbicide  
concentration 

 
x 

 
 

 
 

 
  

 
 

 
 

 
 

 
6 

 
- 

 
Soil nutrient balance 

 
x 

 
( )  

 
 

 
x 

 
 

 
( ) 

 
x 

 
2 

 
6 

 
Soil health - pressure 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
Fertiliser use 

 
  

 
 

 
 

 
  

 
 

 
 

 
 

 
7 

 
2 

 
Pesticide & herbicide use 

 
  

 
  

 
 

 
  

 
 

 
 

 
 

 
7 

 
5 

 
Effluent disposal 

 
  

 
  

 
 

 
  

 
 

 
 

 
 

 
7 

 
2 

 
Where 

    indicates yes 
( ) indicates probably yes 
x     indicates no  
 
Notes 
1.  “Native grassland condition” is also a soil health pressure. 
2.  “Land use to land capability” is also a soil health pressure. 
3.  The set of land management function indicators proposed by the Otago Regional Council are not yet defined, but are likely to include 
fertiliser   usage, pesticide and herbicide use and effluent disposal.   
4.  Regional Council and Unitary Authority use, and proposed use, of indicators is still in a draft state, and will need to be updated. 
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Table 2. Showing periods of major activity for each step required to reach an ideal 

environmental monitoring system 
 
 
 

 
Steps 

 
Five Stage TimeLine 
  

 
1. Land classification 

 
 

 
 

 
 

 
 

 
2. Land use/ management functions 

 
 

 
 

 
 

 
 

 
3. Stakeholder participation 

 
 

 
4. Initial set of indicators 

 
 

 
 

 
5. Pilot test proposed system 

 
 

 
 

 
 

 
 

 
 

 
6. Review pilot, extend for NZ 

 
 

 
 

 
 

 
 

 
 

 
7. Merge NEIP media and issues 

 
 

 
 

 
 

 
 

 
 

 
8. Research gaps and funding 

 
 

 
 

 
 

 
9. Information systems, QA 

 
 

 
 

 
10.Develop “toolkit” indicators 

 
 

 
 

 
 

 
 

 

 
Part 7.  Summary  19


	Technical Paper
	No. 12�Land

