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Key points 
This report reviews the evidence on the range, scale and value of broader benefits of 
the National Pest Management Plan (NPMP) activities on controlling bovine 
tuberculosis (bTb) vector species, and considers implications of the evidence for 
NPMP funding. Broader benefits are those external to the central purpose of 
lowering bTb disease levels and the associated effects on farm activities of sectors 
contributing to the NPMP. 

This report’s focus is on establishing the scientific evidence and sound methods for 
estimating unit values of broader benefits of NPMP. It does not estimate new values 
for such effects, which would be a major exercise. 

A previous (2009) cost benefit analysis covered relatively few categories of broader 
benefit. This study expands the focus to a broader set of effects. 

The NPMP and its Benefits 

The NPMP has both disease control and vector control components. As disease-
infected herds have dropped to target levels that secured access for New Zealand 
produce to international markets, the vector control component has grown in 
relative terms in recent years. Vector control lowers the sources of reinfection, but 
also has external benefits in reducing a range of pest impacts of Tb vector species. 

The NPMP operates by targeting vector control in Vector Risk Areas (VRAs) to lower 
vector density and convert them to Vector Free Areas (VFAs). Identifying the change 
in vector densities between VRAs and VFAs and the damage associated with varying 
levels of vector density provides a measure of the broader benefits of the NPMP. 

The NPMP is part of New Zealand’s biosecurity system. The costs of biosecurity are a 
combination of the defensive expenditures on plans and activities to reduce the 
threat of biosecurity risks, the damage and lost output caused by the residual of 
biosecurity risks that remain, and the less easy to quantify damage to the natural 
environment and biodiversity. 

Lost output can be estimated in market values, given firm grounding on the 
relationship between possum and other Tb vector density and available grazing and 
wood growth. Impacts on the environment and biodiversity may be estimated with 
non-market valuation techniques by identifying the effect of pest browsing on 
services provided by functioning ecosystems to human consumption and production. 

Despite long recognition of the damage caused by possums to New Zealand’s natural 
environment and regeneration, there is little quantitative evidence on specific 
linkages between animal densities, vegetative response and consequences such as 
competitive grazing, soil erosion or water quality. Other, fundamental factors such as 
geology and micro-climate can be more important than temporary factors such as 
vegetation or land use as influences on land cover integrity and resulting damage. 

The broader benefits of the NPMP consist largely of reduction in damage costs 
caused by Tb vector species as pests on a range of activities. Current evidence on 
such avoidable damage suggests: 

• Production losses for primary industries are possible but probably much 
smaller per area affected than some previous estimates  
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− Competitive grazing by possums of grassland may reduce pastoral 
production by around 0.1-1% 

− Growing timber is most susceptible to browsing damage in the first 3 
years of a tree’s life, but possum damage is indistinguishable from that 
of other ground-dwelling animals not subject to NPMP at that stage.  In 
older trees possums have little impact on the value of millable timber 

− Horticulture crops and tree canopies are potentially susceptible to 
possum damage, but this is minor compared to the serious damage 
done by birds and insect pests, and horticulture is not commonly close 
to the pastoral-forest margins where NPMP operations are focused  

− Possums also pose risks to trees planted for soil conservation 
purposes, although hard to isolate from effects of other browsing 
animals not subject to NPMP 

• Possums have significant impacts on native biodiversity, principally as 
omnivores that sometimes eat birds but also as competitors for birds’ food 
supply by selectively browsing on plants and flowers, fruit and leaves, 
creating particular risks for: 
− Survival of plant and animal species that are very restricted in 

distribution and highly palatable to possums 
− Changing composition of forest cover through selective browsing by 

possums of most palatable species. 
• Losses for recreation and tourism are possible through negative perceptions 

of severe possum damage and canopy collapse, but there are no instances 
recorded of such damage having significant economic effects on recreation 
and tourism activities 

• Environmental impacts are possible from ground cover damage contributing 
to enhanced run-off, water quality deterioration and increased erosion, but 
literature does not find this a significant effect of possums 
− Possums may have an adverse effect on carbon sequestration, but the 

volume effect is low, and the cost of carbon at present is also low 
− There is no measurable evidence that the presence of possums or 

possum control measures has any effect on New Zealand’s clean green 
image in the market place 

• Possums may contribute to transmission of human diseases, but evidence 
suggests this is unlikely to be a significant threat to human health with 
respect to giardia, cryptosporidium and e coli in waterways, and the risk of 
humans contracting bovine Tb is extremely small 

• There can be an offsetting benefit from possum control in the supply of pelts 
to the fur and textile trades, but this is limited by NPMP operations aiming 
for densities of possums too low for viable pelt recovery, and it depends on 
the economics of ground operations relative to aerial bait drops 

The extent of broader benefits of NPMP is outlined in the table below. It is important 
to note that current evidence is largely drawn from studies in which the population 
of possums is similar to the current level, so such values as there are represent 
change from the status quo. They may understate the impact of [very] large non-
marginal changes in populations of Tb vectors.  
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Extent and relevance of broader benefits of NPMP 
 

 
Source: NZIER, Covec, Blaschke & Rutherford 

Full effects of having bTb and response activities Effect of NPMP Main Beneficiaries

Tb herd surveillance & response Raised Primary Industry
Expected value of carcass disposal Lowered Primary Industry
Other disease management costs Lowered Primary Industry
bTb vector control Raised Public & Industry
Response capability ("standing army") Raised Public
Private pest management & control activities Lowered Landowners
Repair to pest-damaged buildings, gardens etc Lowered Landowners
DOC pest control less with NPMP Lowered DOC/Public

Losses due to competitive grazing Lowered
-Dairy Lowered Farmers
-Beef/Sheep Lowered Farmers
-Deer Lowered Farmers
Losses due to possum browsing
-Horticulture Lowered Growers
-Forestry regeneration, seedlings, young trees Lowered Growers
-Conservation/Protection plantings Lowered Landowners, RCs
Option value for landowners outside of NPMP Raised Landowners
Option value for owners of other resources Raised Resource holders
Access to premium markets and prices Secured Primary Industry

Pest degradation at recreation sites Reduced Recreationalists
Pest degradation of aesthetic amenity Reduced Public
Loss of educational and scientific interest Reduced Public
Loss of tourism appeal, visits and value Reduced Tourism Industry

Land cover and soil conservation damage Reduced Landowners
Run-off and water quality degradation Reduced Regional Councils
Loss of carbon sequestration in plants & soil Improved Public
Value of Clean Green Image Secured Tourism & Primary 

Industries

Ecological community composition changes Reduced Public
Survival probability of  component species Improved Public

Incidence of vector-transmitted disease Reduced Public
-Medical expenditures Reduced Public
-Lost productivity (sick days) Reduced Employers
-Loss of welfare (risk aversion) Reduced Public

Source of pelts for fur industry Reduced Industry
Suppression of other pests Raised Public
Diffusion of pest control technology Increased Industry
Opportunities in raw milk market Increased Farmers
Opportunities for live animal exports Increased Primary Industry

Defensive expenditures against Tb and vectors

Human health

Offsetting benefits of pests  & vector control

Environmental impacts

Biodiversity impacts

Output loss effects

Recreational and tourism effects
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The grey shaded rows are matters relating to disease control and farm activities by 
NPMP contributors and are not “broader benefits” for the purposes of this report. 

The materiality of broader benefits 

The materiality of the different broader benefits identified here, subject to the 
caveats of incomplete information and the necessity of qualitative rather than 
quantitative assessment, are outlined in the table below.  

Materiality is assessed principally in terms of unit value of potential damage caused 
by high Tb vector density, and the extent of activity exposed to risk of contact with 
infected vectors. Thus pastoral activities that face low unit value losses from 
competitive grazing but large areal exposure to risk of contact with pests are 
assessed to be probably material, whereas horticulture which has small areal extent 
and lower contact exposure is assessed as not material.  

Three areas that stand out as most probably material and warranting more 
investigation are:  

• output losses for pastoral agriculture from competitive grazing, which 
potentially applies to a large land area and for which evidence exists  

• recreation, tourism and amenity impacts, for which expressed preferences 
exist for less degraded surroundings 

• biodiversity, for which stated preference surveys suggest a positive 
willingness to pay for improved biodiversity.  

A fourth area that could be material and warrant further investigation is forestry, 
where NPMP could reduce private pest control and accelerate tree regeneration and 
carbon sequestration. Various other items are possibly material (e.g. damage to 
buildings and gardens, damage to soil conservation plants) but would need primary 
data gathering to establish their scale and extent. 

A primary step in further investigation would be to identify through GIS mapping the 
proximity of vector populations to the distribution of activities and land uses 
potentially susceptible to damage. Combined with the few unit values of damage 
identified in this report that would provide estimates of some of the broader benefits 
to be gained in areas adjacent to NPMP activities. A second step of filling out the 
range of unit values available would require primary data generation, in many cases 
involving surveys of the affected activities to identify the costs incurred from vector 
presence that could be avoided by reducing densities of vectors. 

With respect to recreation and biodiversity, the valuation of benefits relate to non-
market values. Non-market valuation techniques exist to measure such values, often 
through stated preference surveys of public willingness to pay for some change in 
recreational setting or biodiversity outcome. Various such studies to date indicate 
there is a non-zero value for improvements in such outcomes, although it is difficult 
to establish the validity of results against other observable measures of value. 

TB Free New Zealand has commissioned such non-market valuation studies of the 
public’s and farmers’ willingness to pay for further possum control and reduction of 
damage. At time of writing this report the results are in draft form.  
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Likely materiality of the broader benefits of Tb vector control 
 

 
Source: NZIER et al 

Funding Implications 

The Biosecurity Act requires that funding contributors to the NPMP are limited to 
groups expected to gain net benefits from the NPMP, or alternatively those who are 
demonstrably exacerbators of the vector or disease presence. Current funding 

Full effects of having bTb and response activities Evidence base Likely materiality of vector/pest impacts
Defensive expenditures against Tb and vectors
Tb herd surveillance & response
Expected value of carcass disposal
Other disease management costs
bTb vector control 
Response capability ("standing army") No evidence Positive but probably low materiality
Private pest management & control activities Little evidence Material, but attribution to Tb vectors unknown
Repair to pest-damaged buildings, gardens etc Little evidence Possibly material but could be investigated
DOC pest control less with NPMP Possibly material but could be investigated
Output loss effects
Losses due to competitive grazing
-Dairy
-Beef/Sheep
-Deer
Losses due to possum browsing
-Horticulture No evidence Not material, due to small land area and location
-Forestry regeneration, seedlings, young trees
-Conservation/Protection plantings
Option value for landowners outside of NPMP
Option value for owners of other resources
Access to premium markets and prices
Recreational and tourism effects
Pest degradation at recreation sites
Pest degradation of aesthetic amenity
Loss of educational and scientific interest
Loss of tourism appeal, visits and value
Environmental impacts
Land cover and soil conservation damage
Run-off and water quality degradation
Loss of carbon sequestration in plants & soil Little evidence Possibly material
Value of Clean Green Image Little evidence Probably not material  
Biodiversity impacts
Ecological community composition changes
Survival probability of  component species
Human health
Incidence of vector-transmitted disease
-Medical expenditures
-Lost productivity (sick days)
-Loss of welfare (risk aversion)
Offsetting benefits of pests  & vector control
Source of pelts for fur industry No evidence Probably not material but could be investigated
Suppression of other pests No evidence Possibly positive, but probably not material
Diffusion of pest control technology No evidence Positive, but materiality could be investigated
Opportunities in raw milk market No evidence Small niche activity; not material
Opportunities in live animal exports No evidence Possibly material, but Tb not only impediment

Transmission in 
principle, but no 
evidence of its 
occurrence

Probably not material

Little evidence 
of possum links

Possibly material in localised settings, but 
linkage to possums needs demonstration

Strong for some 
ecosystems

Probably material in localised settings; but 
insufficient evidence for total impact estimate

Evidence exists 
of smaller 
impacts than 

Pastoral is large land cover and often close to 
bush margins, so total impact could be material

Some evidence 
for young trees

Significant land area so could be material  costs 
avoidable in replanting and defensive spending

No evidence More likely due to land use impacts than Tb 
threat; probably not material

Strong on public 
preferences, 
weak on actual 
occurrence

Probably material, particularly in localised 
settings; public willingness to pay for improved 
environmental settings in general

NZIER report -The broader benefits of Tb vector control v 



 

reflects the beneficiary pays principle in the levying of directly affected industries, 
and the exacerbator pays principle in the contributions of the Crown as manager of 
areas that may harbour infected possums. 

If there were significant broader benefits from possum control, in principle there may 
be a case for identifying the beneficiaries and extending funding contributions to 
them, if it is efficient to do so.  

For many of the proposed broader benefits identified in this report, there is 
insufficient evidence to demonstrate a significant benefit for which other particular 
user groups would be willing to pay to contribute to the programme.  

New contributors would need to have value for money demonstrated for further 
funding to be acceptable. In most cases the scientific evidence for quantifying the link 
between possum density, physical impact and value effect is scant or non-existent, 
and more research is required to demonstrate a case for funding in most of the 
external benefits identified in this report.  

Conclusions 

The case for demonstrating value for money for new funding to potential new 
contributors depends on improving information on the links between Tb vector 
density and outcomes of interest to specific interest groups.  

It would be possible to improve information with some additional targeted research 
at the effect of reducing Tb vector density. Quantification and valuation of total 
benefits is not possible without firmer information on the difference in damage levels 
to different types of land use activity at different levels of vector density. Without 
such bio-physical information, reliable monetary valuation is not feasible. 

Despite the absence of information on effects, it is possible from an understanding of 
the problem to suggest that the benefits of the NPMP will be widely distributed 
across the community and that the cost burden for raising revenue should be widely 
spread also.  
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1. Introduction 
NZIER in conjunction with Covec and Blaschke & Rutherford Environmental 
Consultants has prepared this report on the broader benefits arising from control of 
animal vectors of bovine tuberculosis (bTb, caused by the bacterium Mycobacterium 
bovis). This is in response to a request from OSPRI for information on the scale of 
benefits beyond those relating to farm production, which could assist in prioritising 
activities and funding in the programme, and potentially also in assessing their 
effectiveness.  

The aims of this work set out in the request for proposal are to: 

a. Identify, quantify and value broader benefits arising from implementation of 
the National Pest Management Plan (NPMP) for controlling bovine Tb 
vectors, including but not limited to: 

− Protection and enhancement of New Zealand’s indigenous biodiversity 
− Broader environmental and ecosystem benefits including maintenance 

of water catchment quality  
− Contribution to sustainable primary production in general such as 

through reduced damage to pasture resources, horticulture, and 
plantation forests  

− Contribution to New Zealand’s “clean green” image and consequent 
marketability of New Zealand as a source of safe, high quality and 
environmentally sustainable primary products and as a visitor 
destination    

b. Consider and make recommendations to OSPRI NZ in respect of potential 
implications of the assessment under (a) for NPMP funding. 

Subsequent development of the proposal defined broader benefits as those external 
to the disease control, and recognised limits to quantification on current evidence. 

1.1. Background 
The National Pest Management Plan (NPMP) for bovine tuberculosis is the successor 
to earlier Pest Management Strategies that have been in place for many years. The 
last national strategy for bTb started in 2009 and terminated in June 2013. These 
strategies have previously had three main components: disease control, which is 
largely about monitoring herds for the existence of bTb and dealing with instances 
where it emerges; vector control, which is about keeping wild vector species at 
sufficiently low level to reduce the likelihood of infection of livestock herds; and 
common costs which cover the administration of the programmes. The balance of 
programme expenditures across these three components can change over time. 

Previous strategies had a primary focus on reducing the prevalence of infected herds 
to no more than 2 infected herds per 1000 uninfected herds, in line with tightening 
requirements in overseas markets. They have been successful in doing so, reversing a 
period of increasing prevalence in the 1990s. The purpose of the NPMS was primarily 
to protect the reputation and value of New Zealand’s dairy, beef and deer exports of 
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internationally recognised low-Tb status, and reduce the likelihood of human 
infection through contact with infected animals or raw livestock products. The 2009 
strategy shifted this objective to a secondary role behind a new emphasis on 
eradicating Tb from wildlife populations across a range of New Zealand terrains, in 
recognition that the focus on herd prevalence could lead to the persistence of 
infected vector populations which posed a continuing risk of reinfection of farm 
herds. That shift in focus has been informed by the experience in the UK where the 
principal bTb vector, the badger, is a protected indigenous animal whose culling 
raises strong public opposition, and where herd infection rates have grown in recent 
years to around 6%, a level which is beginning to show trade repercussions from 
consumer resistance to some valuable product markets.1 

Over the next 15 years, the NPMP aims to achieve the following primary objectives:  

• The eradication of Tb from wild animals over at least 2.5 million hectares of 
Vector Risk Area (VRA), including two extensive forest areas representing 
relatively difficult operational  terrain from which to eradicate the disease 

• Continued freedom from infection in wild animals (vectors) in existing Vector 
Free Areas (VFAs) and areas where eradication is considered to have been 
achieved 

• Maintenance of the number of infected cattle and deer herds to low levels. 

Given this change of emphasis and the fact that previous strategies have brought Tb 
prevalence down to the required target level and reduced disease control to a 
monitoring and maintenance activity, the focus of this report is on the broader 
benefits that are additional to the primary purpose of keeping infected herds low to 
secure trade access to valuable markets, particularly those that come from vector 
control. The primary purpose of the NPMP having been achieved through disease 
control, questions arise of what are the benefits to New Zealand from the NPMP’s 
vector control activity, and what is an appropriate level of vector control to be 
included in the NPMP. 

The principal vector species posing risks of Tb transmission to domesticated livestock 
are the brushtail possum and, to lesser extent, the ferret. Tb also infects populations 
of wild pigs, deer and goats and these can contribute to spreading the disease across 
populations of wildlife and broader areas, but they pose less risk of infecting livestock 
unless they are captured and forced to mingle with domesticated herds. 

Tb-infected possums continue to be a source of livestock infection across some 10 
million hectares of New Zealand’s Vector Restriction Areas. The NPMP sets out to 
address this underlying problem by aiming to eradicate bTb from possum 
populations in selected areas that make up 25 per cent, or 2.5 million hectares, of the 
total area of New Zealand known to contain infected wild animals. Achieving this 
objective will confirm that Tb can be eradicated from possums and other wild 
animals across large forest tracts where possum control is most challenging, and 
would also form a basis for extending the eradication approach to further large areas 
of New Zealand. 

While the possum is the principal target of vector control and the subject of much 
published research, it is not the only source of broader benefits of vector control. For 

1  Scientific evidence on the culpability of the badger and the effectiveness of vector control is also  mixed, for instance 
showing that some culling methods increase the movement of badgers and their rate of infection in treated areas 
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instance, methods applied to possum control (such as 1080 drops) can have by-kill of 
rodents which are also of benefit to biodiversity protection. The dynamics of 
recovery of different pest species complicates the assessment of these benefits. 
These considerations are discussed in this report where evidence allows. 

1.2. Previous cost benefit analysis of pest 
management strategies 

The 2009 NPMS outlined results of a cost benefit analysis (CBA) which identified the 
benefits of the strategy. The benefits arose from protection of primary industries 
from lost livestock production and value that would occur with higher density of 
infected possums across the country. Additional benefits arose from maintaining the 
quality image of beef, dairy and deer products to enable continued access to demand 
and higher prices in some of New Zealand’s main export markets. The strategy also 
recognised some broader societal benefits, in particular for biodiversity protection 
from the intensive control of possums in areas that overlap areas of environmental 
significance.2  

The CBA compared the incremental costs and benefits of a Preferred Option for the 
plan, against a counterfactual described as an “Ad hoc response” option, which spent 
fewer resources on preventing spread of bTb infection but required greater 
resources for dealing with periodic outbreaks and spread. The costs of the preferred 
option amounted to about $53 million a year, annualised over 30 years at 8% 
discount rate. The benefits comprised: 

• savings in the cost of disposing of carcasses of infected animals (about $19 
million per year) 

• savings in production losses caused by having healthier herds (about $1.5 
million per year) 

• other minor savings in disease management costs due to reduced testing and 
management control (about $0.5 million per year) 

• benefit to conservation and biodiversity ($11 million per year), based on a 
Department of Conservation (DOC) estimate of the costs it would incur to 
provide protection to vulnerable indigenous forests in areas treated and 
managed by the NPMP.3  

These quantifiable benefits amounted to about $33 million per year, $20 million less 
than the costs. But the 2009 analysis also estimated the costs of a potential trade 
shock from loss of Tb status to be $3.2 billion, with an expected value of $225 million 
(potential impact multiplied by probability of its occurring). Annualised at the same 
basis as other costs (i.e. at 8% over 20 years) it amounts to about $20 million a year 
and would be sufficient for the preferred option to provide net benefit over the 
counter-factual. 

The 2009 CBA and business plan for the NPMS identified a number of other potential 
benefits from control of bTb vectors, which it could not quantify or value for lack of 
data and scientific evidence. These included: 

2  Animal Health Board “Future Bovine Tb Strategy – Business Case” July 2009 
3  Department of Conservation “Review of Bovine Tb NPMS - Evaluation of possible biodiversity benefits”, February 2009 
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• Avoided cost of re-establishing a national strategy in recovery after an 
adverse trade impact 

• Avoided financial impacts for farmers whose herds are infected, not 
modelled because of high variability across different farm types 

• Benefits for carbon sequestration and credits from reduced possum density 
and browsing, but not modelled for lack of scientific data 

• Avoided cost of damage to forestry plantations, not modelled for lack of 
evidence of significant effect attributable to possum browsing 

• Human health benefits from reduced risk of Tb transmission to humans, not 
modelled on the assumption that the incidence of transmission is very low. 

If these or other sources of benefit to New Zealand exist external to NPMP’s focus on 
protection of farm production and reputation in valuable export markets, the CBA 
could appear much more robust than it did in 2009. It might also mean that there are 
other groups of beneficiaries that could be persuaded to contribute to the NPMP and 
widen its funding base. 

1.3. Outline of report 
This report addresses the relevance, scale and significance of these broader benefits 
of bTb vector control for New Zealand’s economic and social activities. It also 
considers whether there are other categories of broader benefits than those 
identified above or in bullets in the introduction to this chapter. It does not 
undertake to provide a model of the extent and location of such benefits, which is 
beyond the scope of the current project. Its focus is on establishing the scientific 
evidence and sound methods for estimating unit values to use in such spatial 
modelling. 

Much of the research literature prepared to date is based on the premise that vector 
species populations are at similar levels to their current size. Consequently the status 
quo is the baseline used in this report when considering changes in the level of pest 
management activity. Some impacts of vectors and their control could be markedly 
different under alternative counter-factual substantially different from today. 

This report proceeds by: 

• Establishing a framework of non-target and third party effects of reducing 
the density of Tb-infected vectors in areas subject to NPMP (identification) 

• Reviewing available sources and distilling evidence on the size of these non-
target effects (quantification) 

• Translating these size implications into effects on ecosystem services of value 
to people, to the extent feasibly possible 

• Assessing the potential economic value of these effects by a variety of 
methods, including avoided costs, deprival values, and potentially non-
market value methods through benefit transfer, should reliable estimates 
relevant to New Zealand be available 

• Considering the implications of external benefits for funding of the NPMP. 
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2. Framing up external benefits 
In considering the broader benefits of bTb vector control, it is useful to consider the 
NPMP as part of New Zealand’s broader biosecurity protection. Biosecurity is 
important as a way of managing threats to human well-being from biological sources, 
and determining an appropriate level of response. A measure of “appropriate” in an 
economic sense is an efficient level of protection against the damage posed by the 
threat. This is achieved by providing protection to the point where the marginal cost 
of additional protection just equals the marginal benefit of damage avoided. This is 
equivalent to the point where the combined cost of protection plus damage is 
minimised. From the perspective of the nation or society, the calculation should 
include all the damages and protection costs throughout the economy. It should also 
ensure that indirect effects are included, such as effects beyond just the parties 
undertaking protection or incurring the damage of the pests. 

2.1. Frameworks for considering the economic 
value of benefits 

Our consideration of broader benefits of bTb vector control is informed by three 
framing approaches used for inferring the value of natural environments for human 
activities. One is the economic concept of “externalities”, or effects of individual 
decisions that fall on unwitting third parties. Externalities can be negative (like one 
person’s smoke soiling their neighbours’ washing) or positive (such as the beneficial 
effect on house prices from neighbours keeping their properties in good order). The 
presence of negative externalities imposes costs on third parties and may be a 
justification for collectively imposed regulation or control, if it is more effective at 
reducing overall costs than relying on individuals to take action themselves. Positive 
externalities are less often a policy concern as they are a beneficial by-product of 
what is being done anyway, although sometimes governments intervene to 
encourage private production of positive externalities that are deemed to be public 
goods. The co-benefits of bTb vector control are mostly positive externalities. 

The second framework is the “Ecosystem Services” approach, which attempts to infer 
economic value of environmental effects (such as a reduction in bTb-vector densities) 
in terms of the services the environment provides to human activities. Such 
ecosystem services include “Provisioning services”, such as the production of food or 
provision of freshwater; “Regulating services” such as the moderation of water flows 
caused by healthy land cover; “Cultural services” such as creation of landscape 
settings for recreation, tourism and general amenity; and “Supporting services” such 
as the provision of biodiversity that pollinates plants and sustains the ecosystems in 
which human activities take place. Such a framework can be useful in identifying how 
natural environments have value for human activities outside the market place, in 
the sense of providing services which people would be willing to pay for if not 
available from the natural ecosystems. It has recently been adapted by the 
Government in its Natural Resources Framework, intended to ensure a more 
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integrated approach to natural resource matters by government agencies with 
diverse interests.4 

The other organising framework is that of Total Economic Value, which postulates 
that natural resources provide a mix of current use, future use and non-use values, 
the scale of which can be inferred by using different types of economic valuation 
technique. Non-use values in particular often require recourse to survey-based 
stated preference non-market valuation techniques, but these are time consuming 
and primary studies are not feasible given the resources and compressed time-period 
for this work. Existing secondary sources of data can be used in the “benefit transfer” 
approach of using non-market values from one location in comparable settings 
elsewhere, if appropriate values for use in New Zealand are available. 

In the context of ecosystem services, the most direct negative impact mitigated by 
management of bTb vectors is a decline in land cover, biodiversity and associated 
disruption in species populations, ecological functioning and genetic diversity. This 
has led to a presumption that controlling invasive species should benefit biodiversity 
and ecosystem functioning, but the underpinning research often lags behind 
management or policy needs. Recent findings also point to the impacts of non-native 
pest species being idiosyncratic, varying with such factors as the receiving 
environment and their duration of establishment. Although the effects of pest 
organisms are expected to affect ecosystem services, evidence to demonstrate this is 
patchy and weak, both in New Zealand and internationally.5 

2.2. The total economic costs of vector species 
One approach to identifying an optimal level of protection is to calculate the total 
annual economic costs of pests, from which to identify how marginal changes in 
protection affect the total value of damage. Three main types of cost information are 
required to calculate such annual economic costs of pests:6 

• Defensive expenditures: these are expenditures incurred to protect against 
the pest impacts, both precautionary measures and response and 
remediation measures 

• Lost output for production, recreation and other sources of well-being 
(including opportunity costs of activities forgone because of the pest) 

• Impacts on the natural environment and biodiversity (and by extension on 
the ecosystem services of value to human activities). 

Figure 1 below adapts this framework to the costs of bTb vectors, such as the 
brushtail possum. It also makes a preliminary assessment of the differences between 
costs and benefits with and without the NPMP: specifically whether an item is likely 
to move up or down with the NPMP relative to the situation without it. It also 
identifies who are the main beneficiaries or groups in the community likely to be 
affected by pests and their control in the first instance. 

4   See http://nrs.mfe.govt.nz/content/natural-resources-framework 
5  Pelzer DA (2013) “An ecosystems view of links between pest species and services”, Chapter 2.10 in in Dymond J (Ed.) 

Ecosystem Services in New Zealand: conditions and trends, Manaaki Whenua Press, Lincoln, New Zealand 2013 
http://www.nationwidebooks.co.nz/product/Ecosystem-Services-in-New-Zealand-9780478347364 

6  Nimmo-Bell 2009 “Economic costs of pests to New Zealand”; MAF Biosecurity NZ Technical Paper 2009/31 
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Figure 1 Components of economic costs of possums in New Zealand 

  
Source: NZIER et al 

Full effects of having bTb and response activities Effect of NPMP Main Beneficiaries

Tb herd surveillance & response Raised Primary Industry
Expected value of carcass disposal Lowered Primary Industry
Other disease management costs Lowered Primary Industry
bTb vector control Raised Public & Industry
Response capability ("standing army") Raised Public
Private pest management & control activities Lowered Landowners
Repair to pest-damaged buildings, gardens etc Lowered Landowners
DOC pest control less with NPMP Lowered DOC/Public

Losses due to competitive grazing Lowered
-Dairy Lowered Farmers
-Beef/Sheep Lowered Farmers
-Deer Lowered Farmers
Losses due to possum browsing
-Horticulture Lowered Growers
-Forestry regeneration, seedlings, young trees Lowered Growers
-Conservation/Protection plantings Lowered Landowners, RCs
Option value for landowners outside of NPMP Raised Landowners
Option value for owners of other resources Raised Resource holders
Access to premium markets and prices Secured Primary Industry

Pest degradation at recreation sites Reduced Recreationalists
Pest degradation of aesthetic amenity Reduced Public
Loss of educational and scientific interest Reduced Public
Loss of tourism appeal, visits and value Reduced Tourism Industry

Land cover and soil conservation damage Reduced Landowners
Run-off and water quality degradation Reduced Regional Councils
Loss of carbon sequestration in plants & soil Improved Public
Value of Clean Green Image Secured Tourism & Primary 

Industries

Ecological community composition changes Reduced Public
Survival probability of  component species Improved Public

Incidence of vector-transmitted disease Reduced Public
-Medical expenditures Reduced Public
-Lost productivity (sick days) Reduced Employers
-Loss of welfare (risk aversion) Reduced Public

Source of pelts for fur industry Reduced Industry
Suppression of other pests Raised Public
Diffusion of pest control technology Increased Industry
Opportunities in raw milk market Increased Farmers
Opportunities for live animal exports Increased Primary Industry

Defensive expenditures against Tb and vectors

Human health

Offsetting benefits of pests  & vector control

Environmental impacts

Biodiversity impacts

Output loss effects

Recreational and tourism effects
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As defensive expenditures, it is assumed that the NPMP causes Tb herd surveillance 
and bTb vector control to increase relative to the situation without NPMP, but there 
is a benefit from carcass disposal and other management costs going down. Pest 
control by private entities and DOC is likely to be lower than without NPMP vector 
control, at least in areas closest to where NPMP activities are taking place. The figure 
does not indicate relative scale across the items identified. 

Relevant cost categories are: 

• Defensive expenditures: activities by different agencies for precautionary 
purposes: border control is not relevant for established Tb vector species 

• Output losses, various sectors, from both lower realised production volumes 
(quantity) and prices (quality), and from both gains in current use value and 
future use (option) value 

• Recreation and amenity losses, from both lower volume and lower values 
• Environmental impacts, such as effects of ground cover condition on water 

regulation, soil conservation, carbon sequestration, and the “Clean green 
image” that may affect access to valuable markets for produce and tourists 

• Biodiversity impacts, such as risks to species survival from predation or egg-
raiding, and changes in ecological community composition and functioning 

• Human health impacts, such as medical expenditures, lost productive days 
and loss of well-being (aversion to being sick) from pest-related sickness  

• Offsetting benefits of pest presence, such as pelt recovery for fur production, 
suppression of other pests by control activities, and the value of selling 
expertise developed in NPMP in other markets. 

Different valuation approaches are needed to put monetary value on these various 
components of pest impacts and control, the range of which is illustrated in Appendix 
B of this report. A critical distinction is that whereas some things can be adequately 
valued with respect to prices and values observed in markets (e.g. lost production, 
others cannot be (e.g. the losses to unpriced recreation and amenity condition). 
However, these non-market losses are not of zero value, and for these categories it is 
necessary to estimate the loss of economic welfare or well-being, including those 
components of Total Economic Value like option and existence values that are 
unrelated to current observed use of the environmental resources.  

The fundamental question that needs to be answered in assessing broader benefits 
of vector control is, “If vector control were not occurring at its current level, how 
much would each of these impact categories change?” The incremental change, or 
“marginal effect”, is the critical factor for assessing whether costs of possum control 
are justified by the benefits obtained.  

Reduced vector control would lower defensive expenditures, although pest 
management by DOC and private parties would continue for purposes other than bTb 
control. There could be losses to productive output due to vectors competing with 
livestock for food sources and damage to trees and crops, and possibly loss of 
recreational and amenity value if damage to tree canopies in parks and reserves 
reduces their aesthetic quality as settings for recreation and tourism. Damage to 
vegetative land cover also potentially affects soil conservation, run-off and water 
quality, and carbon sequestration across the landscape, and there could be 
heightened predation on indigenous species and risk to biodiversity. Increased 
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prevalence of infected vectors also raises the likelihood of disease in the human 
population, both Tb (through consumption of infected raw milk) and other diseases 
including leptospirosis, giardiasis and cryptosporidiosis. Reduced vector control could 
also reduce the availability of recoverable pelts as inputs into the fur and textile 
industries.  

This framework suggests that the 2009 NPMS CBA covered relatively few categories 
of effect. It focused mostly on defensive expenditures, biodiversity impact, some 
production losses and an assumption about market access and price losses from a 
trade shock, the size, probability and timing of which is uncertain. Benefits in the 
other categories may exist, but how significant they are and what value to place on 
them needs to be verified with reference to the applied scientific literature. 

2.3. What counts in valuing these effects? 

2.3.1. Measuring marginal changes 
The NPMP for bTb works by targeting intensive pest control on Vector Risk Areas 
(VRAs), with the aim of reducing vectors to sufficiently low levels to enable these 
areas to be declared Vector Free Areas (VFAs). Over time the extent of VRAs declines 
as that of VFAs increases, and the expenditure mix shifts from intensive pest 
reduction in VFAs to periodic re-treatments of VFAs to keep vector numbers down. 

Valuing these changes requires an understanding of the impacts of marginal or 
incremental increases or decreases in vector control effort. It may also be useful to 
estimate the particular alternative of having no vector control programme at all.  
However, such an extreme scenario is unrealistic; even if a co-ordinated vector 
control programme ceased to exist, private efforts by other parties to reduce the 
damage of pests on their activities would make up for some of that programme 
withdrawal, although probably less effectively because of the trans-boundary nature 
of possum damage and the likelihood that some owners would free-ride on the 
efforts of others. It may take 5-10 years for VFAs to revert to VRAs in the absence of 
a co-ordinated programme, which may lull private parties into delaying their stepping 
up of pest control activities. 

2.3.2. Economic surplus calculation 
The economic cost (or value) of pest damage and control activities is measured in 
terms of effects on economic surpluses of the affected activities. The actions of pests 
lower the productivity of input resources and raises the cost of production of a given 
volume of output. Conversely, reducing pest numbers lowers the costs of output and 
lowers the supply cost curve of products; the difference between the with-pest and 
without-pest supply curves is an economic surplus or additional profit for suppliers.  

• For products that are sent to export markets where New Zealand is a price 
taker, price remains unchanged and the economic surplus from pest removal 
wholly accrues to the producers.  

• For products entering the domestic market, the increase in supply relative to 
demand may lower domestic price and increase the volume consumed. 
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Existing consumption that would have happened anyway enjoys an economic 
surplus from the lowering of price, but this is a straight transfer from 
producers who lose some surplus from the lowering of price. The only 
additional total surplus arises at the margin where new consumption occurs 
that was previously precluded by the former higher price. That consumer 
surplus is usually relatively small compared to the surplus transferred 
between consumers and producers, and is also small compared to the 
surplus producers earn from the lowering of the supply curve.7 

With output losses and other damage caused by vector species (e.g. to soil 
conservation plantings) it is appropriate to measure benefits of reducing vectors as 
the avoidance of costs of vector presence. However, for non-market benefits, such as 
those from biodiversity and un-priced recreation, the value of control is an increased 
consumer surplus. Such value can be estimated as the willingness to pay for certain 
outcomes, but this entails non-market valuation procedures that are non-trivial and 
which to date have been relied on infrequently to inform practical decision making. 
Avoided cost may provide an indicator of what an agency would have spent to 
achieve the same result in the absence of NPMP, a lower bound value in the sense 
that it must value the outcome at least as much as what it spends to obtain it, but it 
is not a full measure of willingness to pay or the economic surplus derived from the 
outcome.  

2.4. Reconciliation with other work being 
undertaken for OSPRI 

Coinciding with this broader benefits report being prepared, another group within 
OSPRI, the SSG, has been conducting a wider review of the bTb NPMP. That group 
has been looking at the overall costs and benefits of the NPMP compared to a 
counter-factual described as the Ad Hoc alternative, in which in the absence of a 
national plan the different industries undertake their own monitoring and response 
programmes. In essence it is looking at whether the costs of co-ordinating and 
implementing the national programme are justified by reductions in costs and losses 
expected under a less co-ordinated approach which has some heightened risk of 
lower detection and slower response to disease escalation 

Reconciliation of the broader benefits covered in this report is presented in Figure 2. 
The SSG list of items is longer than that in Figure 1, largely because of more detailed 
break-down of disease control and farm management effects identified in the 
Defensive expenditures part of the table. Conversely this report identifies more 
distinctions in effects in areas such as biodiversity, recreation & tourism and output 
losses from competitive grazing.  

This report does not examine the detailed distinctions in farm management and 
disease control activities between the NPMP and Ad hoc alternatives for the affected 
industries. As the primary purpose of the NPMP is to maintain the prevalence of herd 
infection at 0.2% or less of herds to maintain access to premium markets, disease 
control such as monitoring, testing, quarantining and disposing of infected animals 

7  Where produce destined for the export market predominates the local market price is based on the international market 
price, i.e. the opportunity cost of produce sent to export (allowing for transport cost differences). But produce unsuited for 
export (e.g. lower grade produce) can only be marketed locally, creating changes in price and economic surpluses. 
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will be done anyway in a national plan or any ad hoc alternative pursuing the same 
purpose, the difference being a matter of degree depending on the definition of the 
alternatives. Further, primary industry sectors (that are already contributing to the 
NPMP) have a strong incentive to fund pest control because of the private costs 
avoided. Because these controls are unlikely to be stopped under any feasible 
scenario, this report does not examine in detail matters of disease control or farm 
management implications, other than to note their existence.  

In the context of the preceding discussion, broader benefits are defined as those 
benefits of bTb vector control that are (a) external to disease control and farm 
management activities that affect existing contributors; and (b) would occur to 
differing extent between NPMP control or its alternatives. Broader benefits 
principally include (Figure 2): 

• effects of possums and other vector species in engaging in competitive 
grazing and browsing of plants that can affect activities that do not directly 
contribute to the NPMP; 

• consequential effects on environmental impacts and biodiversity: 
• effects on recreation, tourism, human health and other activities primarily 

undertaken by parties beyond the current contributors. 
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Figure 2 Reconciliation of broader benefits with SSG list 
 

 
Source: NZIER et al 

 

Full effects of having bTb and response activities SSG assessment of NPMP compared to Ad hoc alernative scenario
Defensive expenditures against Tb and vectors
Tb herd surveillance & response B2 Ad Hoc test costs avoided 

B3 Carcass value loss avoided - detected in Tb reactors
B4 Carcass value loss avoided - detected in routine slaughter
B13 Reduced cost of clinical disposal of infected carcasses
B5 Ad hoc clinical diagnosis costs

B6,B7,B8 Reduced production losses caused by infected animals
B14 Reduced costs of segregating infected animals and products 
B15 Reduced costs of herd management against infection
B29 Improved livestock gene pool from fewer infected animals

B31,B32 Reduced costs in negotiating responses and dispute resolution
B36 Reduce risks of vector management liability under Biosecurity Act

bTb vector control B1 Ad hoc vector control costs avoided
Response capability ("standing army") B30 Reduced cost of biosecurity activities from having standing army 
Private pest management & control activities 
Repair to pest-damaged buildings, gardens etc
DOC pest control less with NPMP
Output loss effects
Losses due to competitive grazing
-Dairy
-Beef/Sheep
-Deer
Losses due to possum browsing
-Horticulture B24 Reduced pest damage to other activites, gardens, buildings etc
-Forestry regeneration, seedlings, young trees B22 Forestry production impacts and costs
-Conservation/Protection plantings B24 Reduced pest damage to other activites, gardens, buildings etc
Option value for landowners outside of NPMP B26, B27 Increased option value for rural and urban land
Option value for owners of other resources B28 Increased option value for other resources: water, minerals etc
Access to premium markets and prices B10,B11 Avoided costs (direct & indirect) of adverse trade impact

B12 Avoided cost of re-instating PMP after trade impact
Recreational and tourism effects
Pest degradation at recreation sites
Pest degradation of aesthetic amenity
Loss of educational and scientific interest
Loss of tourism appeal, visits and value
Environmental impacts
Land cover and soil conservation damage B19 Ground cover degradation effects avoided
Run-off and water quality degradation B19 Ground cover degradation effects avoided
Loss of carbon sequestration in plants & soil B18 Carbon credit losses from fewer possums browsing woody growth
Value of Clean Green Image B20,B21 Enhanced perception of Clean Green Image and Animal Welfare

Biodiversity impacts
Ecological community composition changes
Survival probability of  component species
Human health

B16 Reduced risk to human physical health from disease transmission
B17 Reduced risk to human mental stress from disease reduction

-Medical expenditures
-Lost productivity (sick days)
-Loss of welfare (risk aversion)
Offsetting benefits of pests  & vector control
Source of pelts for fur industry C6 Reduced production & increased costs for pelt procurement
Suppression of other pests
Diffusion of pest control technology B33 Increased benefit from future science & technology development
Opportunities in raw milk market B34 Increased opportunities for provision of raw milk
Opportunities in live animal exports B35 Increased opportunities for export of live animals

Incidence of vector-transmitted disease

B25 Losses for recreation and tourism less than under Ad Hoc scenario

B9 Biodiversity benefits on NPMP

B24 Reduced pest damage to other activites, gardens, buildings etc

B23 Pasture grazing impacts of possums

Expected value of carcass disposal

Other disease management costs

NZIER report  -The broader benefits of Tb vector control 12 



 

2.5. Non-market valuation 
Some of the additional benefits of pest control fall into the economic category of 
‘non-market values.’ Non-market values are those that generally are not expressed in 
monetary terms or associated with commercial activities from which monetary 
values can be derived. They are components of total economic value (TEV), the 
concept which is used to summarise the set of things from which people derive well-
being. This includes:  

• active use values such as commercial forestry, agriculture and recreation, 
which may be further divided between 
− extractive activities like fishing which deplete a stock; and 
− non-extractive activities like sightseeing or picnicking 

• passive use values that pertain more to the fact of existence of a habitat or 
species. 

Although there are very wide differences in the nature of these values, all contribute 
to total well-being. They are all things that, all other things equal, people would want 
more of or would not want less of, and the measure of their economic value is 
people’s willingness to pay for them. A number of techniques are used to measure 
these values including a mix of revealed and stated preference techniques.  

• Revealed preference techniques (also known as surrogate market methods) 
observe how people behave in one market and use the results to infer 
relative preferences in a related market. For example, the amount of money 
and time spent travelling can be used to measure the relative values of 
recreational sites. Alternatively, the value of changes in amenity value due to 
biodiversity improvements might be inferred from statistical analysis of 
house prices, controlling for differences in house attributes (e.g. size or room 
numbers). Such house price studies are data-hungry and few have been 
undertaken to value environmental characteristics, and it is highly unlikely 
that house price variation would reflect differences in local biodiversity8. 

• Stated preference techniques (also known as simulated market methods) rely 
on surveys in which people are asked to state their relative preferences, 
often in terms of willingness to pay. The more sophisticated approaches use 
choice experiments in which choices between alternatives are explicitly 
described in terms of attributes and levels these take, rather than choosing 
between two levels of a composite environmental good as in the longer 
practised contingent valuation approach. 

Of potential relevance to reductions in pest damage, these valuation techniques have 
been used to measure:9  

• The value of fishing trips and recreational days to rivers or lakes, and how the 
value changes with changes in water clarity. This is relevant because of the 
potential impact of possums on erosion and related water sediment inflow. 
These values have been derived from choice experiments 

8 Peer review of draft Broader Benefits report by Professor Nick Hanley 
9  See summaries in Covec (2011) Gap Analysis of Freshwater Economic Valuation Information. Report to Ministry for the 

Environment; and Covec (2013) Non-Market Water Values in Southland. Report to Ministry for the Environment  
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• The value of trips for swimming, boating and kayaking have been valued 
using a mixture of contingent valuation (willingness to pay surveys) and 
choice experiments. These might be useful because of the potential impact of 
possums on water quality as their faeces can be a source of e coli, giardia and 
cryptosporidium, all of which affect human health; their presence, if 
detected, would be expected to reduce levels of recreational activity. 

2.5.1. Tangata Whenua values 
The Māori perspective on environmental values is somewhat different, and taking 
this into account is part of understanding the full effects on the community. It is 
perhaps best understood through the idea of connection. A group (iwi/hapū) has a 
relationship of belonging to a river, water body or other component of the local 
environment. This relationship may be expressed via stories, including creation 
stories, but the underlying sense is one of interdependence in which people rely on 
the environment and, as such, must look after it. This is achieved via reciprocity in 
which anything taken (food or other resources) is balanced by giving, ie restoration to 
ensure the ongoing functioning and wholeness of the environment and for the 
benefit of current group members and for future generations.  

Some of this perspective and approach is maintained within Māori society through 
the concept of mana. The failure to look after the local environment is a source of 
shame for the tribe, regardless of the extent to which the local environment is 
modified from human activity, including by non-Māori, or by introduced pest species. 
Reductions in environmental quality result in an expectation of mitigation, and this 
has implications both for environmental outcomes (they should improve) and 
process (Māori involvement in resource management decisions). 

The approach is different from but not completely alien to the pakeha view of the 
world. The nature of obligations is often expressed through policy and legislation, ie 
standards for water quality that define the obligations for mitigation and restoration. 
Obligations arise as a result of trade-offs between values, recognising that reduced 
environmental quality reduces the extent to which the environment can provide a 
range of values. Where things differ is with respect to the equilibrium position. 
Whereas for pakeha an equilibrium might be reached in which the costs to 
environmental quality might be offset by gains in some other value derived from the 
resource (or avoided costs of pest control), for Māori although such costs and 
benefits still apply, the benefits on one side of the ledger cannot be fully used to 
offset the other.  
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3. The likely scale of external 
effects 

This chapter examines the scientific evidence and previous estimates that might be 
used to establish the scale of the different components of external effects of the bTb 
NPMP. It focuses on the physical effects that can be attributable to bTb vectors, as a 
prelude to examining the monetary value of such effects in Chapter 4. 

3.1. Defensive expenditures 

3.1.1. Public sector-related activities 
As possums, ferrets and other bTb vector species are already established in New 
Zealand, defensive activities exclude biosecurity border control. The extent of cost 
incurred because of these vectors is outlined in the tables below. Table 1 shows the 
recent annual funding collected for bTb control across the different contributor 
bases. Table 2 shows how those funds were used, with $53 million (65%) directed at 
vector control activity. 

Table 1 Annual Health Board industry and governmental funding 
2012/13 

Funding source (000’s)  % shares 

Dairy sector (cattle slaughter levy and milksolids levy) $24,586  30 

Beef sector (cattle slaughter levy)  $18,583  23 

Deer Industry New Zealand $1,336     2 

Crown expense  - Bovine Tb National Pest Management Plan $30,397  37 

Regional and district council $5,242    7 

Otago levy $808     1 

Total $80,952 100 

Source: Animal Health Board Report 2012/13 p. 45 

Table 2 Animal health board expenditure 
2012/13 

Expenditure $000’s 

Total disease control 18,888 

Direct vector control 53,487 

Total administration 8,945 

Total expenditure 81,320 

Source: Source: Animal Health Board Report 2012/13 p. 35 
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Table 3 shows recent expenditures identified by the Department of Conservation as 
being directed at possum and deer control. Possums are the predominant species 
identified in this break-down, accounting for $10.6m of the almost $12m combined 
total in 2013. Deer control is included because deer are Tb vectors with a role in 
spreading the disease in wild areas. This shows that while natural heritage spending 
remained much the same in recent years, both possum control and total pest control 
declined slightly. Hectares covered by possum control also declined from 2.26 million 
hectares in 2012 to 2.19 million hectares in 2013, and within those totals the areas 
receiving intensive treatment have declined more than those being sustained. Total 
control of possums by DOC is significantly larger than that identified here, however, 
because much of DOC’s pest control targets multiple predator species, of which 
possums are only one. In 2013 DOC’s total animal pest control expenditure 
amounted to about $29m (and weed control about $16 million). 

Table 3 Department of Conservation expenditure 
Years ending June 2012 and 2013 

Years Ending June  
Possum and deer 
control 

All pest control 
All Natural Heritage 
Protection Activity 

 $m $m $m 

2012 15.017 51.319 154.775 

2013 11.988 45.756 154.354 

Source: Department of Conservation Annual Report June 2013 

Of the major government Tb vector species control programmes, the NPMP accounts 
for about 80% and DOC for most of the rest. In addition to contributing to the NPMP, 
local authority pest control includes that funded by both regional councils with 
respect to protecting river banks, soil conservation plantings and natural heritage 
values, and territorial authorities with respect to maintaining their parks and 
streetscape plantings, some of which includes possum control.10 These pest control 
activities are commonly recorded under broader environmental maintenance 
headings and no compilation of figures for this activity relevant to Tb vector species 
has been sighted by this review. 

3.1.2. Private sector related activities 
There will also be pest control commissioned for private landowners and local 
authorities, but the total amount of this and the proportion attributable to possum 
and bTb vector control are indeterminate. Previous estimates have estimated the 
private sector pest and weed control activity at around $440m (Bertram & Hackwell 
1999) and $407m or $352m excluding AHB Tb vector control (Nimmo-Bell 2009), with 
between 50% and 70% ascribed to animal control. The highest private sector control 
was incurred by the horticulture industry which accounted for 31% of farm sector 
defensive expenditures. Nimmo-Bell (2009) estimated households contributed $28 

10  The Parliamentary Commissioner for the Environment’s 2011 report states that about 2m ha managed for rabbits and 
possums by regional councils of which only a proportion will receive control in any one year. 
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per year on average on identifiable pest and week control, amounting to $42 million 
or nearly 10% of the private sector cost. Indirectly they also contributed to $36 
million in regional council pest management activity in addition to the private sector 
total above. The estimates were compiled from farm monitoring report data and 
provide little guidance on costs specific to Tb vector species, or the incremental 
change in costs with change in pest presence. 

Vector species also have a wider nuisance value across the community, the effect of 
which is to increase damage repair and maintenance costs across various activities, 
including domestic gardens and buildings. These repair costs are a form of defensive 
expenditure, as their intention is to maintain assets in a constant condition against 
the pests and avoid future output loss. Such nuisance value is readily apparent in the 
overhead wires infrastructure of electricity distribution and telephone companies, 
which add sections of smooth metal sheathing to their poles to prevent possums 
from climbing up and shorting the wires. Similarly, residential and commercial 
building owners in both rural and urban areas adjacent to possum habitat often face 
damage from possums marauding through gardens, sheds, garages and roof spaces. 
Defensive expenditures on protection against, and restoration of, such damage are 
not readily identified from general maintenance and operation records of the entities 
concerned. To the extent that NPMP activity lowers the density of such pests and the 
probability of such damage there is a broader public benefit in the neighbourhood of 
vector control operations. Some of this may already be covered by regional council 
contributions to NPMP. 

Also, to the extent that pest control activities funded by local authorities, DOC and 
private entities lower the possum densities in or around Tb Vector Control Areas, 
there can be some reduction in probability of spread to Tb infected vector species. 
This is an external benefit to the NPMP. Much private activity will have little effect 
beyond the property boundary, but pest control on large farm or forestry properties 
or in public open spaces could interrupt vector pathways. There is no evidence to 
quantify this effect, which could be very small, zero or negative. For instance, some 
evidence from the UK’s badger culling suggests it may have accelerated spread of 
infection in some areas, by killing uninfected animals and vacating territory which is 
filled by infected animals moving in.11  

3.2. Output losses 
The vectors of the bTb are competitive grazers of pastures and browsers of woody 
biomass, and hence can diminish the economic potential of New Zealand’s primary 
production activities. Tb and possums have been implicated in contributing to lost 
productivity in pastoral agriculture, and forestry. 

3.2.1. Pastoral agriculture 
The economic cost of Tb in pastoral agricultural has three key components:  

• defensive expenditure which could be spent on other activities 

11 Pers comm Professor Martin Lodge, LSE, following a presentation in Wellington in February 2014 
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• lost production directly associated with Tb or the slaughter of infected 
animals (covered by disease control within NPMP) 

• reduced carrying capacity due to possum browsing on pasture. 

Defensive expenditure 
Defensive expenditures are indicated by the monies collected to fund collective 
programmes to control bTb. Table 4 shows contributions by the pastoral industries to 
funding for collective bTb controls, distinguishing the producer contribution from 
those by the Crown and local government. These figures closely resemble those in 
Table 1, although with an additional category of other income for the programme. As 
funding figures they are only indicative of spending on the activity, and are more 
informative about who pays than how it is being spent. For instance, the $44.7 
million revenues cover both industry contributions to bTb vector control and 
collective services of disease control, but the precise application of funds is not 
apparent from the table.  

Table 4 Defensive expenditure funded directly by pastoral industries 
$000’s 

 Cattle 
slaughter levy  

Milk solids 
levy  

Industry 
funding 

Other 
income1 Total 

Dairy 9,759 14,827  123 24,709 

Beef (cattle 
slaughter levy) 18,583   94 18,677 

Deer   1,336 18 1,354 

TOTAL 28,342 14,827 1,336 235 44,740 

Source: Animal Health Board Annual Report 2012/13 

Lost dairy production  
Infected animals lose condition and as a consequence their milk production 
decreases compared to uninfected cows. The lost production is estimated to range 
from 4% to 17%, (Hermandez et al 1998, Boland et al 2010 and Rahman et al 2008). 
This implies that an infected dairy cow will produce 14-59 kgs less milk-solids 
annually, which is worth $86-$346. This is based on the average output of cows in 
and the price of milk-solids per kg in New Zealand published by Dairy NZ.  If an entire 
herd of 400 cows becomes infected the economic loss is potentially worth between 
$34,000 and $146,000 per herd annually.  

New Zealand has a well-established bTb testing regime, which is designed to reduce 
the risk of infection and to remove infection when it is discovered.  The standard 
approach to controlling Bovine Tb is surveillance, quarantine and cull. Surveillance 
and quarantine are associated with added costs for farmers who must monitor the 
health of a herd and control movements in a restricted fashion. For example 
quarantine could require some farmers to purchase additional feed instead of using 
planned pasture rotation. 
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Culling means an immediate loss of production and cow replacement costs.  Once a 
positive test is confirmed reactors are slaughtered. New Zealand pays compensation 
at a rate of 65% of market value for most cattle but up to 100% for some dairy cattle. 
The loss is equivalent to the lost milk production, the replacement cost and lost 
breeding potential. 

The direct cost of bTb on dairy production can be derived from the lost production on 
the number of infected cattle. In 2012/13, 291 cows tested positive for Tb. Assuming 
the economic cost of Tb is equivalent to the lost production from these cows then 
291 cows could produce 100,686 kgs of milk-solids worth $622,239. 

The 291 positive reactors were associated with 58 herds, which on current national 
average production volumes and prices would have combined output of $49.9 
million. This would be the value of production loss if the milk from these herds was 
excluded from sale or the cows were sent to slaughter in their entirety. 

Deer 

Deer are also vulnerable to bTb. In 2012/13, five deer herds were infected with bTb 
which is 0.18% of the industry.  Deer farmers carry their own cost, and the deer 
industry’s contribution to AHB is appropriately adjusted.  

Beef  

In 2012/13, 29 beef herds were infected with bTb. Overall, 0.09% dairy and beef 
cattle combined were infected in 2012/13.    

Reduced carrying capacity 

The economic cost of possum browsing depends on the number of possums per 
hectare; the quantity of grass consumed by possum; and the carrying capacity of the 
pasture. Cowan (2007) points out that the quantity of pasture consumed by possums 
has been overestimated in a number of studies on the economic cost of possum 
browsing such as Butcher (2000) and Greer (2006). Cowan (2007) estimated that 
possum density of 1 possum per hectare will reduce the carrying capacity of pastoral 
land on average by around 1% of stock unit, less than the 7.2% which estimated by 
Greer (2006). However Cowan based this calculation on a cow consuming 550 kgs of 
dry pasture annually, which is considerably less than 17.5 kgs per day used by Dairy 
NZ. So the output loss due to possum browsing on pasture is likely to be significantly 
less than previously estimated. 

3.2.2. Forestry 

The forestry sector  
The forestry sector contributes 3.3% of New Zealand’s GDP, with  the total value of 
forestry product exports  of $4.5 billion in 2012/13 and about a further $2 billion in 
domestic output (Forestry Owners Association et al. 2013). 
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Table 5 Standing area of plantation forestry  
At March 31 2012 

Species Area planted (ha) % total  

Radiata pine 1,543,000 89.7% 

Douglas fir 108,000 6.3% 

Cypress species 10,000 0.6% 

Other exotic softwoods 24,000 1.4% 

Eucalyptus species 23,000 1.3% 

Other exotic hardwoods 13,000 0.8% 

Source: Forest Owners Association and Ministry of Primary Industries (2013) 

Tb vectors and forestry 
Plantation forestry is most at risk of economically significant browsing damage during 
the first three years of tree growth. During this period deer, possums, rabbits, hare 
and goats browse on young shoots and directly affect the economic performance of a 
plantation (Butcher 2000, Jacometti et al. 1997, Jacometti et al. 2007).  

The damage by species other than possums becomes less significant once the trees 
exceed three years of age and get taller. As it is difficult to attribute browsing 
damage on younger trees between possums and ground dwelling non-vector species, 
studies of the economic significance of possum damage to plantation forests focus 
on trees greater than three years old. 

Jacometti et al. (1997) investigated the damage from possums in a 9000 hectare 
pinus radiata plantation in the Coromandel Region. The study was funded by Carter 
Holt Harvey Ltd. (a major producer of products derived from timber). The study 
considered damage to pinus radiata trees aged between three and twenty years.  

Jacometti estimated overall 3.6% of the forest plantation was damaged by possum. 
However some areas of the forest had damage levels up to 30% which is likely to be 
due to lack of localised dietary alternatives. 

Notably, Jacometti concluded possum damage was unlikely to be substantial enough 
in trees older than 3 years to cause defects in the final milling. Thus, based on this 
research, plantation forestry appears to only benefit from possum control in young 
forests.  

3.2.3. Horticulture impacts 
Horticultural production is exposed to browsing losses from animals such as 
possums, rats, feral pigs, wild deer and rabbits. The extent of the damage from such 
species and the economic impact is not well documented at the national level. There 
are a few localised studies that provide a sense of the kind of horticultural damage 
that can occur. For example, Butcher (2000) noted one incident where possum 
damaged between one and two hectares of carrots over three nights in Pukekohe. In 
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a small scale controlled study Spurr and Jolly (1981) found that possum damage 
reduced the production of chou moellier12 and swedes by 26 percent.  

The horticulture industry will benefit indirectly from bTb vector control but the 
degree to which it will benefit is difficult to quantify without new primary research. 
The situation is complicated because the range of species that could cause 
horticultural damage is broader than those targeted in bTb vector control, so non-
vector species populations could grow into the gap created by a decrease in vector 
species and the benefits of vector control could be short-term. Although possums eat 
fruit and may damage orchard tree canopies, birds and insects are more prominent 
horticultural pests.13 Horticultural producers invest in protection strategies against 
these pests and rodents in any case, diminishing the benefit of vector control for 
them, and horticulture tends to cluster in areas not close to pasture-bush margins 
where NPMP is focused.  

The honey industry is also vulnerable to economic impacts from bTb vectors which 
eat flowers, The honey industry is also vulnerable to economic impacts from bTb 
vectors which eat flowers, as is the considerable economic value of pollination as an 
ecosystem service.14 However a decrease in the population of vector species may be 
followed by an increase in bird life which competes with the honey industry for 
flower nectar. Mowbray (2002) reports honey production on Rangitoto and 
Motutapu islands rose from 7-8kg per hive in 1989-1990 to 81kg per hive in 1998-
1999, following the eradication of possums and wallabies in the early nineties.  

3.3. Recreational and amenity losses 
The category of recreational and amenity losses is predicated on the view that 
changes in the possum density will have a negative impact on the condition of 
natural areas and their cultural services for recreation and landscape appreciation. In 
particular it is possible that possum infested sites with signs of possum damage will: 

• Reduce recreation values at infested sites, with the result that people  
undertake less recreation in such settings or use alternative sites elsewhere, 
possibly incurring greater cost 

• Reduce the aesthetic appreciation people obtain from these sites 
• Reduce the scientific and educational value of sites, because of site damage, 

change in species composition and biodiversity loss 
• Reduce the appeal for tourists to visit those areas, with implications for the 

commercial services supporting such visits (accommodation, transport etc). 

There are current uses of these landscapes, dependent on the extent of physical 
damage to the areas and the effect on the perceptions of people who use them. If 
the change in possum densities produces little change in landscape condition, the 
impact on recreation and amenity losses will also be negligible. 

Apart from a non-market valuation study of willingness to pay towards possum 
control (see section 4.5 below) no other studies on the effect of possums and possum 

12 Chou moellier is a group of hardy leafy brassicas such as kale that are sometimes grown as forge in pastoral agriculture. 
13  Barry O’Neil, pers comm. 
14 Patterson & Cole in Dymond (J) (2013) estimate the value of insect pollination in New Zealand to be $1,074 million. 
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damage on recreation and tourism have been identified. There are several studies 
demonstrating that New Zealand’s natural environment is important for recreation 
and tourism, but while significant damage to that environment is posited to have 
negative impacts on at least some sectors of recreation and the tourism industry, 
there are no comprehensive studies of how the sort of damage created by possums 
can be translated to changes in volume or value of recreation and tourism activities.  

3.4. Environmental impacts 
Although the primary interest is in marginal effects, we start with estimates of the 
total number of possums as this allows us to estimate total damage associated with 
possums to place in the context of national vegetation production quantities. 
Detailed explanation and references to sources are given in Appendix D. 

Widely cited studies from the 1980s estimated the total national population of 
possums to be 60-70 million. More recently Warburton et al (2009) have estimated a 
lower figure of approximately 30 million and a current control rate of 36%, based on 
estimates of carrying capacity. Other estimates place the average density of possums 
per hectare to between 0.4-1.7 on grassland and scrub to 3.3-16.0 on podocarp 
broadleaved forest, with rather lower ranges on beech forest (2.0-5.6) and pine 
forest (1.7-2.5). These figures depend on average daily intake of vegetative matter by 
possums, about which there is some variation in the literature, so there is a limit to 
the precision of all such estimates. 

Although it is widely agreed that possums are a major source of damage and threat 
to both indigenous and exotic plantings, effects vary with different types of forest 
and different species. In diverse communities with a mix of palatable and unpalatable 
species, the main effect is likely to be a gradual depletion of some components of 
forest, changing the forest composition as species favoured by possums are depleted 
and replaced by other species. Possums are known to inhibit the regeneration of a 
wide range of young trees, although their impacts are not easily distinguished from 
those of deer and goats. There is also a risk, albeit low, that browsing of the tree 
canopies may be so severe as to cause catastrophic dieback of forest, although 
recorded instances to date appear to be localised and confined to small areas of the 
species favoured by browsing possums. 

It has been suggested that possum impacts may be disproportionately high on young 
poplar and willow trees planted for erosion control (Spurr and Jolly, 1981). About 
21% of respondents to a Hawkes Bay postal survey of landowners involved in a 
Possum Control Area programme were aware of losses of or significant damage to 
such plantings (Greer 2006).  Economic costs of such damage or benefits of control 
for protection of erosion control plantings are not quantified. 

Given these effects on vegetative ground cover, it might be expected that possums 
may increase the risk of soil instability and erosion and associated effects of 
increasing run-off and sedimentation of waterways and contamination by matter 
that can be harmful to human and animal health. Soil erosion generally removes 
disproportionate amounts of topsoil which contain most soil organic matter, 
including the micro-organisms that transform soil carbon and nitrogen in the soil 
(Aislabie and Deslippe 2013). Severe possum impacts that increase the risk of soil 
erosion may plausibly reduce the ability of these soils’ micro-organisms to transform 
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greenhouse gases such as carbon dioxide, methane and nitrous oxide (see also 
section 3.6).15  Possums and other bTb vectors like ferrets are also opportunistic 
predators of young birds, reptiles and invertebrates, and hence pose a risk to 
biodiversity in areas where they are common (see section 3.5).  

Although there have been many studies of erosion and its consequences, there is 
little evidence of a significant contribution attributable to possums (see Appendix D). 
The dominant factors affecting rates of erosion are generally geological or climatic 
conditions, and it would require major changes in the condition of canopy and 
understorey to have a significant effect on this (Blaschke et al 2008). Although there 
are estimates of the economic impacts of erosion and sedimentation (Krause 2001, 
Jones et al 2008, Barry et al 2012), the potential impacts of reduced erosion as a 
result of changes in possum density due to the NPMP would be a very small fraction 
of these estimates. 

Possums have been found to be a carrier capable of spreading not just bTb but also 
giardia, cryptosporidium, leptrospirosis and E coli through the aquatic environment. 
Existing data provide no basis for any strong conclusions on the impacts of possums 
on the levels of these contaminants in New Zealand freshwater bodies (see section 
3.7 below).  

3.5. Biodiversity impacts 

3.5.1. Ecosystems 
Although forests are the major habitat for possums they live in a diverse range of 
habitats.  Impacts on vegetation and forest ecosystems are also covered in Annex D. 
Forest/pasture margins often support very dense populations and in these areas and 
regenerating grassland/scrub/shrubland (in total a significant land area in New 
Zealand), possums can slow the regeneration of these vegetation groups back to 
forest (Cowan, 2005).  In forests, sustained possum control is effective in reducing 
possum browse on preferred tree species, leading to increased foliage cover and 
decreased probability of tree mortality (Gormley et al., 2012).  Conversely, in the 
absence of sustained control, foliage cover decreases, leading to higher mortality 
rates.  Impacts on ecosystems and responses to controls/lack of controls both vary 
significantly, depending on forest ecosystem composition and the density of 
possums. 

An important factor complicating our understanding of the broader benefits of 
possum control is that, increasingly, biodiversity outcomes are being targeted by 
control of multiple pests, not just possums, at a given management site. All major 
predators of bird chicks and small animals such as reptiles and invertebrates must be 
controlled; these predators typically include rats and mustelid species (at least 
stoats) as well as possums (Basse et al 2003, Innes et al 2004, Fairburn et al 2004, 
Sinclair et al 2006). 

15  Note however that the value of carbon sinks in soils and non-woody vegetation depends on an international regulatory 
structure like the Kyoto Protocol recognising the existence of such sinks and the accuracy of measuring changes in them so 
that carbon credits can be issued and honoured. At present there is no such regulation conferring value on soil carbon sinks. 
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Aerial application of 1080 can be particularly effective in controlling multiple pests 
(Brown and Urlich 2005) and provides a cost effective tool for biodiversity protection, 
sometimes augmented by ground operations. Its use in the NPMP can produce by-kill 
in other pest species like rodents and mustelids that scavenge on poisoned carcasses. 
DOC and many nature conservation stakeholders consider that bTb vector control 
operations make a contribution to biodiversity protection nationally, and advocate 
that DOC and Tb control operations should be integrated as much as possible, with 
conservation management strategies in place to maintain biodiversity protection if or 
when Tb operations decrease or cease (Brown & Urlich 2005).  Such arguments do 
not specifically address the magnitude of the conservation co-benefits, their relative 
costs and benefits, and what degree of integration would optimise the joint benefits 
for Tb control and biodiversity. The objectives of biodiversity conservation and Tb 
vector control are not perfectly aligned, to the extent that they target different areas, 
species and the density that is acceptable for their different purposes. 

3.5.2. Species 
Possum impacts on native species have been well-documented, especially for forest-
dwelling birds (Cowan 2005; Innes et al. 2010; O’Donnell et al. 2012).  Innes et al. 
(2010) describe possums as a key predator species of New Zealand indigenous forest 
birds.  Their effects are especially significant because possums are omnivorous – they 
eat birds as a relatively minor diet component but they also reduce food supply and 
inhibit reproduction through eating leaves, flowers and fruit.  They comment that 
“without predator management, the number of native birds is predicted to continue 
to decline.”  Control of possums as predators needs to be undertaken more 
frequently than control of possums as herbivores, because of the need to allow 
regular bird breeding. 

Possum browsing of vegetation does not generally kill whole populations, or species, 
but some plant species are very restricted in distribution and also highly palatable to 
possums, so that possum control to low densities is essential to the continued 
survival of the species in the wild.  Probably the most extreme example is the 
myrtaceous tree species Bartlett’s rata, Metrosideros bartlettii (from the same genus 
as pohutukawa and northern rata).  Bartlett’s rata is naturally very rare, but more so 
now and considered at severe risk because it has been depleted by browsing animals, 
principally possums.  Only 25 adult plants are now known in the wild, in three small 
sites near North Cape16.  Some mistletoe species17 are also very susceptible to possum 
browsing.  However, although it is widely believed that possum browsing is one of 
the main causes of a decline in the distribution and abundance of mistletoe species in 
New Zealand, the specific relationships between levels of possum impacts and some 
mistletoe populations are still not clear.  For example, Courtney (p49 in de Lange and 
Norton 1997) comments that, “Despite good documentation … of possums 
contributing to mistletoe decline, it appears that there is no correlation between 
duration of possum occupation and persistence of mistletoes. This indicates that 
other factors are important in determining present mistletoe distribution and 
numbers”.  A threatened species recovery plan for loranthaceous mistletoes has 

16  http://www.nzpcn.org.nz/flora_details.aspx?ID=24 
17  Especially a group of mistletoes known as loranthaceous mistletoes, including  IIleostylus. Peraxilla colensoi, P. 

tetrapetala and Tupeia Antarctica 
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been approved and is being implemented by the Department of Conservation but is 
not yet published. 

Possums also eat invertebrates and land snails (Cowan 2005) and may affect 
populations of lizards either through predation or reducing habitat quality through 
grazing18.  Drawing on international research, it is possible that the parasites and 
diseases of possums also play a role in the decline of native forest bird species (Innes 
et al. 2011).  However, data on any such role in New Zealand is very scarce, 
seemingly confined to observations of avian malaria.  Although tuberculosis strains, 
including bTb, have been reported in bird species, including parrots, (Montali et al. 
2001; Tell et al. 2001), occurrence seems to be principally confined to captive birds 
and has not been reported in New Zealand. 

Conservation managers have some ability to relate levels of possum control to 
species conservation outcomes, (e.g. improved breeding success and chick survival 
rates).  This work is most advanced for a number of “iconic” bird species, particularly 
for kokako (see next section). Because possum control costs are reasonably 
predictable, this work means that DOC’s possum control costs can now be related, to 
some extent, to conservation outcomes.  However, as discussed in the next section, 
many of DOC’s possum control operations target rats and mustelids19 as well as 
possums and therefore DOC control costs for this group of species are combined, i.e. 
it is often not possible to specifically identify the amount of money spent by DOC on 
possum control. 

DOC manages about 270 of the more than 2700 New Zealand species recognised as 
being at risk of extinction (PCE 2011).  Control of pest mammals is a very important 
component of the protection and management of these threatened species.  Active 
management of possums, rats and stoats occurred on about 1.3 million hectares, 
about 10% of the total area of the public conservation estate (PCE 2011).  These 
figures give some idea of the probable gap between DOC’s expenditure on pest 
control and what could potentially be spent on species and habitat protection. 

In summary, possums have significant adverse effects on native biodiversity, as 
predators, inhibitors of regeneration, and competitors with many native species for 
food. Overall they still rank as a significant introduced animal pest in New Zealand, 
despite the amount of control being undertaken.  Increasingly, possum control costs 
(but also including rat and mustelid control costs) can be related to specific 
conservation outcomes. However, putting any monetary value on biodiversity 
conservation outcomes is dependent on establishing the passive and largely non-
monetary values of native species and native biodiversity held by the public.  

3.6. Carbon sequestration 
Possums are among a group of introduced grazing mammals that reduce carbon 
stocks accumulating in healthy vegetation.  Apart from possums, the principal species 
implicated in these impacts are deer (especially red deer), goats, and pigs. Recent 
work on potential environmental gains from herbivore control suggest that such 

18  Direct possum predation on lizards does not appear to have been documented in published science literature although it 
was implicated in habitat decline for the jeweled gecko Naultinus gemmeus in Otago (Knox 2010). 

19  Mustelids are a group of carnivorous mammals. The mustelid species wild in New Zealand are stoats, weasels and ferrets.  
The most significant of these as conservation pests are stoats. 
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control could lead to measurable carbon gains when aggregated across a large area 
of conservation or other land (Carswell et al. 2009; Holdaway et al 2012). The effect 
of forest regeneration being repeatedly knocked back by possum browsing 
accumulates over the long term. This work does not distinguish between effects of 
the different herbivores mentioned, and assesses the effects of integrated control of 
all herbivores at particular sites.  

The authors emphasise the significant amount of uncertainty regarding the potential 
effects of herbivore control on carbon stocks, as well as the practicalities of 
successfully implementing such projects.  They note that effect sizes are likely to be 
small in magnitude relative to total carbon stocks, variable in direction, and to occur 
primarily through complex indirect mechanisms. They consider that the largest 
positive effects of herbivore control (with carbon sequestration rates in the order of 
of 1–2 tonnes C /ha/yr) are likely to occur in localised areas of highly palatable early-
successional vegetation and high herbivore densities where control initiates rapid 
development of woody vegetation; and that project location is therefore critical in 
determining the potential for carbon gain in herbivore control projects.   Apart from 
the environmental gains of sequestered carbon through mitigation of human-
induced climate change (shared with all other nations), the value to New Zealand of 
carbon sequestered obviously depends on the market value of any tradable emission 
units at a given time – currently in New Zealand less than $5/tonne of CO2-
equivalent20 but plausibly at a much higher level in the future.21 

3.7. Human health impacts 
A range of predators, parasites and diseases of possums have been documented 
(summarised by Cowan 2005 and Cooke 1998).  Of the disease agents noted, bTb 
cryptosporidiosis, leptosprirosis22 and giardia may be the principal diseases for which 
possums are a potential source of human health impacts.  It has not been confirmed 
if Giardia spp carried by possums pose risk to humans or other animals.   

BTb is a serious, infectious human disease and is fatal if untreated. It is expensive to 
treat and is a notifiable disease in New Zealand. A comprehensive pathological study 
of bTb in possums indicated that the possum is highly susceptible to infection with 
M. bovis, and suggested that only an extremely small number of tubercle bacilli may 
be required to initiate the disease (Cooke 2000). 

The 2012 Tb notification rate was 6.6 per 100,000 population (Lin and Heffernan 
2013). The vast majority of Tb notifications were for new cases, consistent with the 
fact that the disease is over-represented in ethnic groups common among recent 
male immigrants. A high proportion of Tb cases were confirmed as Mycobacterium 
tuberculosis complex (predominantly M. tuberculosis).  Fewer than 10 cases of M. 
bovis have been reported each year between 2008 and 2012.  This is consistent with 
an earlier investigation (over the period 1995–2002) that established that M. bovis 
accounted for 2·7% of laboratory-confirmed human tuberculosis cases (Baker et al 
2006). The contribution of bTb to overall Tb rates is thus very small. 

20 https://commtrade.co.nz/ 
21 Covec (2010) Carbon Price Forecasts. Report to Parliamentary Commissioner for the Environment 
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It is known to be transmitted from cows to humans, principally through drinking 
unpasteurised milk (Baker et al 2006), but also through other pathways such as 
human infection from livestock or human-to-human aerosol spread (Ashford et al 
2001).  BTb is less prevalent than other forms of Tb (principally those linked to 
Mycobacterium tubuculosis) but treatment costs and details of tuberculosis are not 
separated by source, so costs attributable to bTb are not available. Baker et al (2006) 
concluded that there was a low level of ongoing M. bovis transmission from animal 
reservoirs to humans in New Zealand. 

Of the other diseases, Leptospirosis symptoms have not been reported although 
serological evidence of infection has been reported widely from some New Zealand 
regions.  The balcanica serovar most prevalent in possums is apparently not 
transmitted to humans, even to high-risk groups such as possum trappers (Cowan 
2005).  

Giardia intestinalis is widespread among possums in New Zealand (Cooke 1998).  Its 
transmission is maintained by possum-to-possum contact. This species appears to be 
host-specific and so is unlikely to infect people or other animals via faecal-
contaminated water.  An epidemiological study of giardiasis showed that notified 
occurrences were not correlated with animal density (Snell et al. 2009).  

Cryptosporidium parvum has often been responsible for outbreaks of diarrhea and 
clinical disease in captive colonies of possums, but is not generally regarded as being 
pathogenic.  A recent Australian study also concludes that possum-transmitted 
Cryptosporidium is unlikely to present a threat to public health safety (Hill et al. 
2008). 

Given the very high numbers of possums in a wide range of habitats (including urban 
as well as rural habitats), and the known presence of a number of infectious disease 
agents in possums, possums are likely to have some role in the transmission of at 
least some of those diseases, especially bTb.  However, except for a limited number 
of people, direct human/possum interactions are relatively infrequent and therefore 
human exposure to infectious disease agents present in possums is also relatively 
low. Most studies of possum parasites and diseases have concluded that bTb is the 
only disease carried by possums that is of current economic significance (Cooke 1998; 
Cowan 2005). Cowan’s review does not mention transmission of bTb to humans, 
suggesting that the disease’s economic significance is through its effect and potential 
effect on cattle, not on humans.  This is confirmed by the relatively low number of 
confirmed bTb cases in humans over the last few years. The human health impact of 
possum diseases and parasites, according to the literature, appear to be relatively 
small. Furthermore, because of the relatively low exposure of humans to infectious 
disease agents present in possums, and the fact that bTb control only covers about 
30% of New Zealand, the “insurance value” of vector control in terms of human 
disease exposure is also low. 

Apart from the implications of physical infection with disease, the potential threat of 
herd infection from a population of vectors may cause mental stress and anxiety in 
some people (mainly farmers) which would be alleviated by a lower density of 
vectors across the country or in a specific district. 

The presence of Tb vector pest species in the country suggests there are possible 
host species which could also spread other diseases (if in future they develop 
capability of transmission to humans as has occurred with avian and swine flus). If 
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vector control contributes to reducing these hosts, that could be a source of broader 
benefit. However, there is no evidence on this at present, and given the low 
transmission of known diseases, and a low probability of new diseases emerging with 
potential possum to human transmission, the combined probability and expected 
value of this occurring would be very low.  

3.8. Offsetting benefits of pests and their 
control 

The presence of pests and pest control activities may have some positive spin-offs to 
partially offset against the costs they cause. These are described as “offsetting 
benefits” because they arise directly from the presence of the pest species, and 
because all other costs in the Figure 1 framework are consequent on the presence of 
Tb vector species, and possums in particular. These offsetting benefits are: 

• Possum pelt recovery for use in the textile industry23 
• Wider use of and export of pest control technology 
• Opportunities for sale and use of untreated produce with less risk of infection 

arising from the NPMP activities 
• Opportunities for live animal exports from NPMP activities. 

Possum control by ground operations of trapping and poisoning offers the 
opportunity to recover pelts for use in the fur, leather and textile industries. The New 
Zealand Fur Industry Council claims that about 2 million possum pelts per year are 
recovered at present, having a sales value in excess of $100 million a year and 
employing around 1200-1500 people in New Zealand. Much of this comes through 
the production and sale of high end possum-merino garments to tourists in New 
Zealand, and to lesser extent from the export of fibres. Much of the value added is 
from the processing of pelts into yarn and fibre, with relatively limited value accruing 
to possum trappers24, who not only face low return but also long periods working in 
the bush, sleeping under tents and so on.25  

Although the NPMP accounts for about 80% of public spending on possum control, 
and its activities tend to be on the fringes of cultivated areas where ground 
operations and recovery of pelts are feasible, the NPMP aims to reduce possum 
densities to the level where pelt recovery is not viable. To the extent this is so, the 
NPMP is a constraint on the pelt industry and only offers limited benefit in the initial 
stages of operations. DOC’s operations tend to be in more remote areas and use 
aerial baiting, where pelt recovery is impractical, as DOC’s figures indicate that 
ground control operations cost around 50-100% more per hectare treated than aerial 
baiting with 1080. There is a clear gain in production value from recovering possum 
pelts, but extending the recovery of pelts is at odds with the purpose of the NPMP, 
and also conflicts with conservation objectives to the extent that it requires 
expanding the use of ground operations which, given current funding, would reduce 

23 There is also a small amount of possum meat used in the pet food industry, from possums captured without poison.  
24  The market value of possum fur is around $130 per kg. According to Landcare Research (2008) 15-23 possums are required 

to obtain 1 kg of fur. 
25  Working in the bush may be an appeal of the job for some people, particularly the young, but it is also physically demanding, 

isolated work with risk of injury which would not make it a long term career option for many.  
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the coverage of aerial baiting in remoter areas of interest for conservation. 
Specialists in the pest control activity suggest there is little benefit to pelt recovery 
from the NPMP. 

An offshoot from the NPMP is the trade and personal income received through the 
export of possum control technology and overseas control contracts, principally for 
conservation purposes.  New Zealand has a well-recognised international reputation 
in the technologies and operations for control of vertebrate pest animals 
(Courchamp et al. 2003). 

Recently law changes raised the amount of milk that farmers could legally sell in a 
raw unpasteurised state as gate sales. As people may contract Tb from milk from an 
infected herd, the operations of the NPMP in improving the detection of infection in 
herds and in reducing the overall incidence of herd infection could be argued to have 
created the opportunity to sell more raw milk at reduced risk to the consumers. The 
submissions received for the law change indicated that raw milk sales were more 
widespread than previously realised, and press reports have since indicated a 
growing niche market among consumers who prefer the taste or qualities of 
unpasteurised milk. This could be argued to be a co-benefit of the NPMP. 

The volume and value of raw milk sales is unknown.26 However, these gate sales are 
exclusively directed at the domestic market in New Zealand, and by definition have 
no value added from further processing. If consumers are willing to pay more for raw 
milk than for the processed alternative, they may be getting additional value from 
exercising their first choice. This is a gain in economic welfare for consumers, but the 
overall effect on the measured economy is very small as any additional money they 
pay for raw milk to the suppliers detracts from consumers’ ability to satisfy their 
other consumption. In this context there is likely to be minimal value added from raw 
milk sales. If volumes of raw milk sales become very large it is conceivable there may 
be some cost savings from reduced milk processing, but this is unlikely to be 
significant in the foreseeable future. As long as raw milk sales remain a niche market 
product, the offsetting benefit they provide will be insignificant. 

Another potential offsetting benefit of vector control is the export of live animals. 
The current low Tb status has resulted in a limited range of live animal exports with 
high concentration in a few markets. In 2012 over 43,000 live cattle worth $112 
million were exported, almost all to China which is rapidly building up its domestic 
dairy herd to meet growing demands for milk products from its population. That was 
an exceptionally high year for cattle exports, and combined with the dominance of a 
single destination it is unclear how sustainable recent growth is. There were no 
exports of deer that year, and only a relative handful of sheep for breeding purposes. 
Historically the main live animal export has been racehorses, which in 2012 achieved 
a similar level of export value as cattle from about 5% of the number of animals, and 
spread over a wider range of destinations.  

While there is potential for further live animal exports, live trade faces a number of 
hurdles to overcome, including testing for a range of diseases other than bTb and 
objections in some quarters on animal welfare grounds. We have found no evidence 

26  Official New Zealand statistics for domestic liquid milk consumption have not been published since 1996. From Statistics 
New Zealand household expenditure surveys and price data it can be inferred that domestic consumption of liquid milk in 
2010 was about 335 million litres, implying a per capita consumption of about 77 litres per year – one of the lowest per 
capita consumption in the OECD member countries. 
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on how export quantities or values would change with a change in New Zealand’s Tb 
free status, or in vector control activity.  

Both additional raw milk sales and livestock exports enabled by Tb vector control 
produce an economic surplus that largely accrues to primary production sectors that 
already contribute to the NPMP, and could be considered an internalised benefit of 
that contribution. The raw milk sales also result in an economic welfare gain for 
consumers, albeit small in relation to the domestic milk products market. 
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4. The value of broader 
external effects 

This section summarises what the reviewed literature has found about the economic 
value of possum damage and the benefit (avoided cost) of possum control. The 
evidence on value per possum or possum-affected hectare is highly variable across 
categories of effect. 

The economic measure of value is people’s willingness to pay for something. This is 
either observable through market transactions or needs to be inferred in other ways 
for externalities or other dimensions of value that are not traded in markets. There 
are various ways in which broader external effects of NPMP could be valued: 

• Current expenditures on similar activities aimed at avoiding, remedying or 
mitigating the threat of pests, for instance private landowners’ spending on 
pest control, or central and local government spending on environmental 
protection with a pest control component. While high level figures can be 
compiled from Statistics New Zealand and various government department 
and local authority annual reports and planning documents, these are not 
generally detailed enough to give consistent estimates of expenditures and 
are incomplete indicators of public willingness to pay for the benefits of pests 
controlled by NPMP, e.g. a value per possum removed or per hectare treated 
(see section 2.3 above) 

• Market value approaches to the physical effect of the broader benefit, which 
derive value from such measures as the change in productivity achieved, the 
replacement cost of damage caused, or relocation costs if activities need to 
reconfigure in face of pest threats 

• “Surrogate market” approaches which infer value from the costs and benefits 
observed in related markets, for instance the amenity premium on properties 
that enjoy high quality pest-free surroundings, or the travel costs incurred in 
participating in recreation at particular locations 

• “Simulated market” approaches that infer value from the responses to 
hypothetical questioning about how people would behave faced with 
particular choices, or their preferences for one outcome over others. 

This report concentrates on estimates of value relevant to NPMP that have already 
been prepared or that can be readily adapted to the broader benefits of NPMP. It 
does not attempt to generate new estimates of value under the 4 approaches above, 
all of which would be non-trivial exercises beyond the scope of this report. 

We are aware that TbFree New Zealand has commissioned from the AERU at Lincoln 
University some further primary research that could address some of the gaps in 
current valuation, including surveys of the value placed on possum control by 
farmers and by the general public. The results from this work are not yet finalised. 
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4.1. Defensive expenditures 
Defensive expenditures are costs and not part of the broader benefits of bTb vector 
control. The level of these costs is not considered further here. 

One consequence of defensive expenditures is the building of capability to respond 
to biosecurity threats such as bTb. As is illustrated in Figure 1, some capability to 
respond to threats exists without the NPMP, but this is likely to be greater with the 
NPMP. This has been referred to as the “standing army” argument, and has already 
been reflected in the formation of an inter-agency Biosecurity Capability Network. 

The broader benefit of maintaining a standing army derives from its role in providing 
insurance cover against potential threats that may have major consequences but the 
probability of which is relatively low. Choosing the optimal level of insurance or 
security against those threats is complicated by the fact that the nature and scale of 
the threat is unknown, and potential threats are heterogeneous and not necessarily 
suited to the same type of response. For instance, a major risk to New Zealand’s 
economic interests is an outbreak of foot and mouth disease, but while disease 
control specialists may have some cross-over skills to apply to such an outbreak, it is 
not obvious that vector-control specialists would have much comparative advantage 
in responding to such an outbreak. 

There are various options for anticipating such large and unknowable threats, but 
self-insurance by providing a domestic response capability may not be the least cost 
means of doing so. Alternatives might be to buy capability off the international 
market as and when required, training a pool of volunteer reserves in the general 
workforce (similar to what currently occurs in the Fire Service, Civil Defence and 
Territorial Army) to raise their preparedness, or relying on local contractors who have 
developed their skills by exporting their services in the international market. National 
insurance and international reinsurance markets may be used to cover for financial 
losses (as in the case of EQC). An optimal response is likely to be a combination of 
these, relying on some local professional capability backed up by local reserves and 
skilled expertise brought in from offshore as the need arises. 

The NPMP will make a positive contribution to this standing army insurance cover, 
but it is difficult to value this benefit. In principle society would be better off 
investing in insurance up to the expected value of losses (their probability times the 
costs incurred should the threats materialise), but this provides little practical 
guidance in the face of multi-faceted threats and “unknown unknowns”. The size of a 
general purpose standing army cover against mixed threats is unlikely to coincide 
with the size of NPMP capability, and only a portion of NPMP is likely to contribute, 
because of the mismatch of heterogeneous threats faced and the specificity of 
capabilities built up under NPMP. Different agencies in New Zealand deal with 
matters of high potential impact but low probability in the fields of biosecurity, 
seismic risk and other natural hazards, or public health and pandemic threats, and 
there is no common or ready means of attributing value to the positive contribution 
provided by NPMP.  
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4.2. Output losses 

4.2.1. Reduced carrying capacity 
The economic cost of possum browsing depends on the number of possums per 
hectare; the quantity of grass consumed by possum; and the carrying capacity of 
pasture. Uncertainty and geographic variation in these factors leads to uncertainty in 
estimates the economic cost.  

Greer (2006) investigated the economic cost of production loss from possum 
browsing on farmland in the Hawke’s Bay region. Greer estimated that possum 
browsing on pasture reduced the carrying capacity by 5% of a standard stock unit,27 
estimating possum density of 0.68 per hectare based on the results of an initial 
knockdown of the possum population in the region.  The amount of pasture 
consumed per possum was based on Harvie (1973).  

Cowan (2007) suggests that the Harvie’s estimate of pasture consumed by possums 
daily (0.11 kg) was a wet pasture weight rather than a dry matter weight (which is 
the metric used for a stock unit comparison). As a result Greer (2006) and Butcher 
(2000) over-estimated the economic impact. Cowan recalculates Greer’s estimate 
using a dry matter weight of possum consumption quantum of 0.0144 kg per day. He 
estimates that a possum density of 1 possum per hectare reduces the carrying 
capacity by 1% of stock units.  A single dairy cow can be between 8-12 stock units 
based on feed requirement tables published by Dairy NZ. This implies that a possum 
density of 1 per hectare will reduce dairy output by around 0.1%.  

The economic cost of a 0.1% reduction in dairy output per cow is 0.35 kgs of milk-
solids annually28 which has a market value of $2.16 at a pay-out of $6.18 per kg. 

4.2.2. Option value for landowners outside NPMP 
The existence of the NPMP may produce an external benefit for landowners outside 
the pool of contributors to the NPMP in the form of an option (or future use) value 
for their land. For instance, if the NPMP reduces the presence of vectors and their 
external damages, the options available for use of that land in future will be broader 
than would otherwise be the case, and that may increase the value of the property.29 
In principle landowners would be better off paying to secure that additional option 
value, up to its expected value (i.e. the value of the option times the probability of its 
being realised in the future, after due allowance for risk and uncertainty). 

4.3. Recreational and amenity losses 
There is some information indicating that the naturalness of indigenous ecosystems 
enhances the recreational fishing experience and associated tourism. Some famous 

27 A stock unit is a standardised livestock unit which allows comparison of the carrying capacity across a range of species and 
breeds of livestock such as sheep, deer, beef cattle and dairy cows. A stock unit is measured in terms of pasture 
consumption. Greer assumes that a standard stock unit consumes 550 kg of dry matter annually which is 1.5 kg per day. 

28 The national average output per cow in 2012/13 was 346 kgs of milksolids according to Dairy NZ (2013) 
29 Option values will increase property value where there is uncertainty regarding whether the current optimal use of the land 

will continue to be optimal in the future. 
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high-quality trout-fishing rivers, are widely used in imagery for New Zealand tourism 
promotion. International anglers accounted for 7.6% of the season licences and 
25.8% of the 24 hour fishing licences (Department of Conservation and Fish and 
Game New Zealand 2011), and these anglers show a marked preference for 
backcountry and headwater river fisheries that accounted for 41.0% of international 
anglers’ total effort, compared with 9.4% for their New Zealand counterparts. This 
demonstrates the importance of rivers located in unmodified landscapes in attracting 
international angler tourists. A 1991 study estimated the value of domestic and 
international freshwater sports fishing at $145-231 million per year (Walrond 2012). 

The available data does not make it possible to draw the causative links between 
possum density, vegetation damage and attraction for recreation. Therefore there is 
no basis on which to place a monetary value on the marginal impact of changes in 
possum density. A group of New Zealand studies has used Q-sort methodology to 
analyse perceptions of quality in landscapes and waterscapes (e.g. Fairweather and 
Swaffield, 2002; Swaffield and McMillan, 2013) and this methodology could 
conceivably be adapted in future to assess the marginal impact of loss of landscape 
quality from the impact of pests. 

If such links could be drawn there are a number of indicative estimates that could be 
used to value these impacts. In a meta-analysis of non-market valuation studies of 
recreation benefits, Kaval and Yao (2007) found the average value per person day 
was $71.27, but with considerable variations across locations and activities. They 
reported South Island values on average of $131 per visitor day, considerably higher 
than North Island values ($28 per visitor day) and surmised there may be location 
bias due to South Island studies covering more sites with national or international 
attraction (e.g. Milford Track, Mount Cook) and North Island studies included more 
sites of local or regional significance. They distinguished tramping (on Great Walks) 
and climbing as high value activities worth more than $100 per visitor day, fishing as 
a moderate value activity and camping and picnicking as low value activities worth 
less than $35 per visitor day.  Some of this variation in value may result from the 
averaging of estimates from diverse non-market valuation studies without controlling 
for different techniques and different contexts.  

More recently, Dhakal et al (2012) used travel cost analysis to estimate a value of $34 
per day for walkers and $48 per day for mountain bikers visiting the mainly exotic 
forests of Whakarewarewa at Rotorua. Further analysis found that visitors would 
gain higher recreational satisfaction from an increase in diversity of forest features, 
and also that such satisfaction was higher among local residents and the elderly. 
From this it can be inferred that that there would likely be positive value from the 
diversity conferred from pest control in such settings, but the actual value depends 
on characteristics of local settings that are difficult to extrapolate to infer national 
benefit. 

While these results provide some indicative values, they could be improved upon by 
more consistent approach to determining the relative values of different activities in 
different settings (e.g. landscape types) and contexts (e.g. distance or proximity of 
substitute sites) than has hitherto been employed in the non-market valuation 
studies to date. The value per visitor day lost also presumes that the recreation 
experience is lost in its entirety, whereas the response to possum damage of 
recreation sites could also be detraction of enjoyment (value) from degraded 
surroundings, or substitution to an alternative site of lower value because it is not 
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first choice and may involve higher costs of use (e.g. travel). Identifying the marginal 
value for recreation of changes in site condition could also be a subject for further 
refinement of estimates. 

4.4. Environmental impacts 
The environmental effects considered in this report have been limited to the impacts 
on soil erosion and on water quality; biodiversity effects are addressed separately. In 
both cases there is insufficient evidence to establish any relationship between 
possums and these environmental effects. 

4.4.1. Erosion 
Soil erosion may be caused by damage to forests and the loss of tree cover. The 
research that has been undertaken on erosion is limited to examining the impacts of 
broad changes in vegetation: forest to no forest, as opposed to reductions in forest 
density. Estimating the costs of possums from erosion would require the following 
research results, most of which is currently missing: 

• The marginal impacts of possums on tree density in a forest, including 
complete dieback over some areas, ie the impacts per additional possum; 

• The extent to which this differs with the current state of the forest, ie are 
there greater benefits from controlling possums in relatively pristine forests 
or those already subject to damage; 

• The relationship between erosion rates and tree density; 
• The impacts of erosion loss on forest ecosystems (native and exotic), eg on 

regeneration rates. 

The results of such a cascade of effects could then be combined with the commercial 
value of exotic forests and/or the expressed values of native forests. 

4.4.2. Water Quality 
Potential water quality impacts of possums include those associated with 
sedimentation (from erosion) and contaminants in possum faeces. 
 
There are studies that have identified the impacts of changes in water clarity on the 
value of water bodies for fishing and some other  recreational activities. However, to 
use these requires the results of research on: 

• The impacts of possums on erosion, as discussed above;  
• The impacts of erosion on water clarity – this would tend to be highly 

localised reflecting the dynamics of the particular catchment (also taking 
account of extreme events, eg large rainfall events that are significant in 
sediment movements); 

• Effects of water clarity on perceived recreational values 
• Levels of activity on the particular rivers. 
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This kind of research would either need to be built up from a series of catchment-
specific studies or use models of stylised river systems based on national averages.  
Some research has been done on the last aspect (Kerr and Swaffield, 2012). 

The impacts of possum faeces have been identified in theory , ie possums faeces can 
contain E coli, giardia and cryptosporidium, but there is little evidence of any actual 
impact. Contaminants in water bodies have not been traced to possums. And even 
when E coli has been identified in water tanks with water collected from rainfall, 
there has been no evidence of health effects. Exploring these effects awaits 
additional research on exposure pathways that would demonstrate such links 
between possum presence, waterborne contaminants and human illness.  

4.4.3. Impact on the value of New Zealand’s clean 
green image 

It is common to hear argument within New Zealand that the uncontrolled infestation 
of pests, (or conversely the use of toxic pesticides to control them), could negatively 
affect the country’s clean green image and the volume and value of trade that 
depends on that image. Keeping possum densities low and reducing the risk of 
canopy die back might therefore produce a benefit for tourism and product 
marketing, offset to the extent that some potential consumers might also regard pest 
control using aerial 1080 drops as detracting from that image.  

Considering the high economic value that is often implied for this clean green image 
there has been little detailed study of how much it adds to the value of New 
Zealand’s tourism and land-based produce. There was a general study on valuing 
New Zealand’s clean green image commissioned by the Ministry for the Environment 
(PA Consultants 2001); estimates of the potential impacts on the value of the clean 
green image caused by introduction of Genetically Modified Organisms into New 
Zealand for the Ministry for the Environment and the Treasury, (BERL and AERU 
2003) and another larger study on GMO impacts by Knight (2011). 

These reports do not address directly the effect of possum density or possum control 
activity on the value of New Zealand’s clean green image, and inferences to be drawn 
from them are limited by such things as small sample sizes and a focus on existing 
consumers/tourists who have already committed to “buying New Zealand”, omitting 
the “latent” consumers who might buy but currently do not perhaps because of some 
adverse perception.  

The studies do suggest that most international consumers’ and visitors’ purchase 
decisions are not particularly sensitive to the presence of contentious technologies or 
practices in the local economy and environment, and changes in the density of 
possums or use of 1080 controls are similarly likely to have little effect on those 
decisions. Nothing in the literature to date suggests that the presence of pest species 
like possums or control methods like 1080 have a significant effect on the perception 
of clean green image or the appeal of New Zealand produce or holiday destinations. 
In the final analysis there is no reliable research on whether possum damage affects 
New Zealand’s clean green image sufficiently to have significant effect on consumer 
behaviour with economic consequences. 
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4.5. The value of biodiversity impacts 
The economic value of biodiversity depends on the services it provides to human 
activities and well-being. Such value is derived from biodiversity’s contribution to: 

• Functioning ecosystems that have current use value through provision of 
supporting and regulating services to human activities 

• Retention of genetic variety in species that have option value in future uses 
as yet unknown 

• Enjoyment of the presence of diverse species and ecosystems, providing both 
current use value for amenity and recreation, and non-use value in the 
continued existence of species. 

Biodiversity also provides cultural services in providing iconic species and natural 
settings that people identify with. However, people’s preferences for protecting 
species may differ from what is required in a biophysical sense to avoid the loss of 
diversity and individual species (e.g. preferring sporting species over those with a less 
visible ecological function). Biodiversity depends on what communities are prepared 
to forego to maintain its existence, through tax funded activities, regulation or 
voluntary restraint, and ultimately on public willingness to pay for it expressed 
through the market or political processes.  Many studies to date, however, focus on 
costs of pest damage and control programmes rather than on willingness to pay. 

As discussed in section 3.7, possums have clearly demonstrated and significant 
adverse impacts on native biodiversity as predators and competitors with many 
native species.  Increasingly, possum control costs can be related to specific 
conservation outcomes, although to directly assist the allocation of benefits and 
costs under the NPMP this work would need to give closer attention to separating 
the costs of possum control from spending on other predators such as rats and 
mustelid species. Given an increasing preference for multi-species control operations 
in priority areas for biodiversity conservation, such separation of costs is superfluous 
for conservation purposes although relevant for vector control.  

More fundamentally, putting any monetary value on biodiversity conservation 
outcomes is dependent on establishing the passive and largely non-monetary values 
of native species and native biodiversity.  A very recent Royal Society of New Zealand 
summary of challenges for pest management also comments that the long-term costs 
of loss of native biodiversity from pests have not been estimated, even while making 
a case for significant investment to be made to protect native environments and 
primary production from pest impacts (Royal Society of New Zealand 2014). Two 
previous studies of the costs of biosecurity threats and incursions provide broad 
estimates of total costs of pests and weeds, but little basis for inferring the 
incremental  value of changes in density or distribution of particular pest species 
(Bertram & Hackwell 1999, Nimmo-Bell 2009). 

The 2009 NPMS CBA valued biodiversity benefits of bTb pest control activities at $11 
million per year, based on a Department of Conservation estimate of the costs it 
would incur to provide protection to vulnerable indigenous forests in areas of public 
land treated and managed by the NPMP.30 Such an avoided cost estimate is an 

30   DOC’s estimate is that in 2010 the value at risk from cessation of NPMS work on ecologically vulnerable forests was up to 
$8.2m a year, varying between options and over time, The 2009 NPMS business case uprated this to $11.2 million per 
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incomplete measure of value (see section 2.3 above)and depends on the areas 
covered by the NPMP being aligned with DOC’s priorities, but the PCE’s 2011 report 
(p 26-27) suggests there is currently little overlap between the DOC control areas and 
those of other agencies. If DOC had an extra $11 million to spend per year 
(approximately doubling its current allocation to possum control) it might rather 
spend it on other things, such as vulnerable forests of higher priority than those 
currently covered by the NPMS. It cannot be presumed that if NPMP activity 
contracted DOC would expand to cover the same areas, as it would get greater value 
by spending on its own priorities. As an indication of value this estimate needs to 
treated with some caution, as any contraction of NPMP activity would not be made 
up by DOC in the same areas. Fairburn et al. (2004) and Sinclair et al. (2006) reported 
on costs and effectiveness of multiple species (ship rats as well as possums) pest 
control for kokako. Fairburn et al. (2004) studied the cost-effectiveness of pest 
control for kokako conservation at different sites, with the effectiveness for 
biodiversity conservation measured in number of breeding pairs.  Cost effectiveness 
varied between sites.  The average cost per additional pair of ranged from $42,976 
(amortised to $53,799 in 2013 values) to $63,094 (amortised to $78,984 in 2013 
values). This group’s work also showed that cost-effectiveness for kokako 
conservation was better measured in a species outcome such as breeding success, 
rather than on a cost-per-hectare basis: the site with lowest cost per hectare was 
also the least cost effective in protecting pairs.  Sinclair et al. (2006) examined the 
effectiveness of initial and on-going control to enhance and then maintain the 
security of a threatened population, noting that both rats and possums need to be 
controlled to low densities in order to increase the population of an endangered 
species.   At low predator densities kokako numbers can increase rapidly. However, 
as noted by Sinclair et al. (2006): “the per-predator cost of removing the last few 
predators will be considerably greater than that for the first few. The cost of 
management is likely to be an optimisation function of per capita cost of predator 
removal, the density of the endangered species, the risk of extinction” (as well as the 
frequency of stochastic events in the environment).The total value of terrestrial 
biodiversity and ecosystem services to New Zealand has been recently estimated to 
have been $57 billion in 2012 (Patterson & Cole 2013). This is equivalent to 27% of 
GDP in the year of calculation, but it is a net figure which is additional to the values of 
primary production that are recorded in the system of national accounts from which 
GDP is derived.31 That estimate includes $15 billion of value from regulatory services, 
$30 billion from provisioning and cultural services, and $12 billion from passive use 
value derived from non-market valuation study results. 

If that is a realistic estimate of the value of natural ecosystem services, even a small 
incremental change in condition caused by possum damage could have a sizable 
impact. However, this estimate relies heavily on use of overseas results of the value 
of, for example, national parks which may not coincide with how New Zealanders 
value such natural areas. For example, basing the non-market passive use value of 
native biodiversity on the contingent valuation of national parks risks confounding 
non-market values with use values, which are known to be substantial. Furthermore 

annum in the early stages of vector control to cover more difficult to quantify benefits and forested land outside the 
Conservation Estate, but the basis for this uprating is not explained.  

31   This is arguably a narrow definition of ecosystem services as it excludes items that do appear in the national accounts e.g. 
primary production includes an economic rent accruing to land, water and other natural resources, but which the accounts 
attribute to the operating surplus which represents a return to business owners. 
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as a total value it gives no basis for assessing the value of incremental changes in 
condition.  Beyond indicating that non-market values are non-zero and may be 
substantial if they follow the patterns observed overseas, this figure does not provide 
much practical guidance on the value of biodiversity benefits from bTb vector control 
activity.  

In a paper on public preferences and efficient allocation of a possum-control budget 
for Paparoa National Park,32 Kerr and Cullen (1995) used contingent valuation 
methodology to investigate whether public willingness to pay would indicate a 
different prioritisation of possum control activities to that used by the Department of 
Conservation based on species rarity and vulnerability scores. Controlling for the 
relative weighting people place on such issues as ease of access to the area, rarity of 
species, scenic attractiveness, species vulnerability, recreation opportunities and 
distance from farmland, it sought stated willingness to pay for improved forest 
condition in terms of a forest quality ladder defined by levels of visible possum 
damage. Apart from indicating that current use values for recreation may dominate 
willingness to pay for possum control over future use and non-use values, the 
authors suggest that some responses were statements of what is seen to be socially 
acceptable rather than expressions of respondent beliefs. 

Kerr and Cullen (1995) report mean respondent willingness to pay ranging from $299 
to $435 depending on model used, but they note these figures should be regarded as 
more indicative than accurate, and that a 19% useable response to their postal 
questionnaire creates potential for selection bias in the results. Whatever the “true” 
value might be, given that these results are for a national park and reveal 
recreational use to be a major determinant of willingness to pay, the value of possum 
control in forests adjacent to farmland with less recreational access is likely to be 
lower. Such differences in value of possum control in different types of 
environmental setting could be examined through choice modelling of greater 
elaboration than has been applied to the issue to date. 

Other non-market valuation estimates of biodiversity in New Zealand have been 
made of willingness to pay for local improvements of indigenous habitats, but these 
too provide little basis for inferring the value of possum damage per possum or per 
affected hectare (Yao & Kaval 2008). Yao et al (2014) found the willingness to pay for 
a biodiversity programme in plantation forests was higher for increasing abundance 
of native bird than non-bird species, and also that the value varied with respondent 
characteristics such as distance from such forests. This indicates that such context-
specific studies are difficult to translate to generalisable values for assessing the 
benefit of vector control for biodiversity in New Zealand at large. Non-market 
valuation has uses in demonstrating a value and relative preferences across different 
non-market attributes of environmental condition, but such studies are not generally 
ground-truthed against actual behaviour, raising questions about the level of values 
obtained and their market validity.33 

32  Kerr, G.; Cullen, R. 1995. Public preferences and efficient allocation of a possum-control budget. Journal of Environmental 
Management, 43(1), 1-15 

33See for instance “Realistic valuations of our clean green assets”; NZIER Insight 19/2010 October 2010 
http://nzier.org.nz/sites/nzier.live.egressive.com/files/NZIER%20insight%2019%20-
%20Realistic%20valuations%20of%20our%20clean%20green%20assets.pdf 
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Concurrently with preparation of this report, AERU and Landcare Research have 
conducted two choice modelling studies of farmers’ and the general public’s 
willingness to pay for additional biodiversity benefits from NPMP activities Tait et al 
2013, Tait et al 2014). Numerical results are still in draft and subject to change at 
time of writing, but they suggest both farmers and the public express a positive 
willingness to pay for more biodiversity protection. The farmer study indicated that 
those in VRAs had more exposure to possums and higher willingness to pay towards 
their control than those in the VFAs, but the latter group were still willing to pay 
towards extra programme activity that would primarily benefit those in the VRAs. 
The public survey showed respondents were willing to pay more towards protection 
for forest canopies than towards protecting birds, invertebrates and other plants. 
Both studies present estimates of willingness to pay for small incremental 
improvements in vector control that were extrapolated across the country as a 
national estimate of value additional to current levels of activity in the NPMP, but 
questions remain about the aggregation process and just what is the biodiversity gain 
that respondants think they would be getting for their money. 

4.6. Human health impacts 
Possums have potentially non-trivial adverse effects on human health, principally 
from bTb but also from other infectious diseases such as cryptosporidiosis, 
leptospirosis and giardia, and potentially stresses to mental well-being arising from a 
threat of herd infection from a vector population. Information on the total burden of 
disease or societal costs for all the above diseases, does not appear to be available.  
Recent Ministry of Health reports (MOH, 2009, MOH, 2013) review a range of 
estimates of burden of disease and long-term cost-of-illness studies, but do not 
specifically isolate Tb as an identifiable condition. There are no cost estimates 
provided in these studies, only DALYs and Years of Life Lost. These indicators could be 
converted to dollar values if required.  

Before reliable estimates of the human health costs of possums could be made, 
considerably more work on the pathways of possum transmission of all infectious 
diseases would be required34, in addition to work on establishing costs of illness and 
burden of diseases for these infections. There are established techniques for 
establishing costs of illness and burden of disease, etc, but in view of the relatively 
low likely contribution of these diseases to New Zealand’s total burden of disease, 
there appears to be little justification to undertake the significant amount of research 
required, specifically for establishing full costs of bTb control.   

4.7. Offsetting benefits of pests 
Current estimates from the New Zealand Fur Council suggest recovery of around 2 
million pelts per year generates between $100 million and $150 million of sales 
output per year, both hides and fibre for export and hides and garments for sale in 
the domestic economy. The value per possum varies from year to year according to 
fur prices achieved. Taking a mid-point of that output range and dividing by the 
number of possums implies an average value per possum recovered of $62.50.  

34   Other than for bTb, on which  a reasonable amount of research has been undertaken, summarised in Cowan (2005). 
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This is a gross output figure. The industry uses inputs, such as capital, labour and 
goods from other industries, to create the garments and yarns for sale on the 
market. The GDP impact is only the value-added component of sales. From the 
national input output tables for textile industry subsector, the share of output 
comprising GDP is about 46%. Using that ratio the output value would be split 
between GDP contribution of $28.80 and intermediate consumption of other 
resources $33.70. As indicated in section 3.8 above, only a small proportion of this 
trade is attributable to the vector control under the NPMP, and there is little scope 
for expanding that without compromising other benefits sought from the NPMP. 

Income received through the export of possum control technology and overseas 
control contracts is too small to discern in the aggregate national production 
statistics. But such income should be able to be reliably estimated from survey 
techniques as the number of organisations involved is small and probably reasonably 
well-known to public control agencies. Anecdotal information suggests that income 
from such operations, although still small (in the order of a few million $ annually), 
has been growing strongly in the last two decades, undetectable in aggregate 
national industry statistics. 
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5. Implications for funding of 
NPMP 

This review has shown remarkably little information on the damage caused by bTb 
vectors such as possums. The scientific and economic literature has not quantified 
impacts in ways that can be used to define the marginal physical changes that result 
from vector control. Without a firm basis for predicting change in the physical 
relationship between possum density and damage it is also difficult to assess the 
economic value to any such change and hence the appropriate allocation of costs 
between joint contributors. 

5.1. Funding of current activities 
In its 2002 guidelines on charging in the public sector, the Treasury outlined three 
choices for determining who should pay for public services: those who benefit from 
the services (beneficiary pays), those whose use adds cost to the service (exacerbator 
pays), and general taxation from a community who benefits when either of the first 
two options is infeasible.35 It also provides useful guidance on how to distinguish 
private goods, club goods and public goods according to the degree or excludability 
and rivalry in consumption, and to use these characteristics to determine the 
feasibility of direct charging, tax funding or combinations of the two in providing 
services to communities.  

The Biosecurity Act (1993) requires ministers and councils to consider the benefits 
and costs of implementing pest management strategies (s62(3) and s71(e)). Other 
sections explicitly state that where the funding proposals for pest management 
require persons to meet the costs of implementation, the benefits that accrue to 
those persons as a group should outweigh the costs (s62(f)(i), s71(f)(i)), or else those 
persons are clearly identifiable as contributing to the creation, continuance or 
exacerbation of the problems addressed by the proposed strategy  (s62(f)(ii), 
s71(f)(ii)). The legislation therefore sees an explicit role for the beneficiary pays 
principle and exacerbator pays principle in funding pest management activities.  

This is reflected in the current funding of the NPMP, which Table 1 shows to be 58% 
funded by levies on the dairy, beef and deer industries. The justification for this is 
that market access and reputation benefits of low bTb status for New Zealand accrue 
primarily to the producers and industries whose goods are most directly affected. But 
37% of the funding comes from the Crown, which is justified more on the basis of the 
exacerbator pays principle: Crown land, it has been argued, is “a major source of 
vector-borne Tb, and the Crown recognises obligations to control possums on its land 
as a ’good neighbour’. The Crown also contributes as a beneficiary in light of the 
environmental benefits of vector control, and the broader (non-industry) economic 
benefits of Tb control (from protection of export revenues)”(MAF BNZ 2010).36  

35  The Treasury (2002) “Guidelines for setting charges in the public sector” Wellington, 
http://www.treasury.govt.nz/publications/guidance/planning/charges/charges-dec02.pdf 

36  See Appendix in MAF Biosecurity New Zealand (2010) “Review of the National Pest Management Strategy for Bovine Tb – 
Regulatory Impact Statement”; Ministry of Agriculture and Forestry, Wellington, 
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An implication of this funding is that the Crown is already paying for environmental 
benefits of possum control activities under the NPMP. Its contribution is almost three 
times the value that DOC has estimated for possum control on vulnerable indigenous 
forests under the bTb vector control operations. If that biodiversity estimate is 
accurate, the Crown will be receiving that value as a return on its funding, plus 
further unquantified value from other environmental benefits and protecting 
enhanced export revenues.  

While the Crown (and others) may be charged a share of costs as exacerbators, this 
would not be efficient if the amount thus charged exceeded the benefit to New 
Zealand at large from that Crown payment If the public benefits of NPMP could be 
demonstrated to be much larger than the current contribution there might be 
justification for increasing the Crown’s funding to the point where its marginal cost 
were matched by the marginal public benefits generated by further possum control. 

5.2. Principles of joint funding 
The presence (or absence) of wildlife populations (including introduced pests) has 
characteristics of a public good. The benefit (cost) of wildlife (pest) is diffuse and 
indivisible between those affected, which economics describes as “non-rival in 
consumption” – whatever level of wildlife (pests) is available to one is available to all. 
It is also practically non-excludable in consumption – once wildlife (pests) are 
provided at a particular level it is difficult to exclude non-contributors from also 
sharing that provision without incurring excessive transaction costs in collecting 
contributions. These are characteristics of a public good, which are most efficiently 
provided collectively by taxing the community that benefits. 

There are exceptions with respect to local public goods, which are excludable by 
virtue of distance. These are “club goods” – non-rival consumption but excludable at 
reasonable cost – which can be paid for by levying the local community that benefits. 
This is the justification for collecting contributions from regional councils, in 
recognition that there may be some benefits that accrue within the region, and also 
because regions may also be local exacerbators insofar as they manage waterways 
and riparian corridors that may provide reservoirs or pathways for vectors. 

Economics provides hints rather than precise guidance as to how shared costs of a 
collective system or service supply should be allocated to different types of user 
when accurate attribution is not possible, and also for dealing with a mix of costs, 
some of which may be variable with the level of use, and some of which are fixed 
irrespective of use. In principle each user or user group should pay what they are 
willing pay for the benefits they receive, but the potential for free riding gives each 
strong incentive not to reveal their willingness to pay. Failing that, at the least each 
user or user group should pay the marginal cost of their use, i.e. the additional costs 
their use imposes on the system. At most each user could pay up to what it would 
cost them to obtain the same outputs on a stand-alone basis. Cross-subsidy and 
inefficient incentives occur when any one user group is required by a funding 
mechanism to pay more for a service than necessary under a stand-alone alternative.  

These principles set the boundaries within which individual contributions can 
efficiently be set, but in practice it can be difficult to identify the relevant marginal 
costs or stand-alone service equivalent. Where attributable variable costs can be 
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identified and used as proxies for marginal cost, there are various methods available 
for allocating the remainder. There are full cost distribution formulae that allocate 
joint costs to users in proportion to some measure of their share of attributable 
activity: a practical but inefficient method as it may load costs disproportionately 
onto groups least able to bear them.  

An alternative is to apply Ramsey pricing principles which allocate costs in inverse 
proportion to users’ price sensitivity. This is efficient in that it minimises the 
disincentive on use of the service, but generally impractical in that it requires 
knowledge of respective price sensitivity of different groups which is difficult to come 
by. Joint costs for services with public good characteristics are likely to be allocated 
according to political assessment of what are “fair” shares: this is not necessarily 
equal shares as these are not always the most efficient or equitable from an 
economic perspective.  

A prime efficiency requirement of cost allocation is not to unintentionally create 
disincentives for alleviating the problem being addressed. Providing incentive to 
minimise risk is usually served by placing responsibility close to those whose actions 
are able to affect the risk. Conversely, shielding people from some the costs and risks 
in their actions may encourage them to increase the risk exposure of their activities, 
or fail to adopt lower cost abatement options. Vector control is not treated as a pure 
public good, as many of the benefits from it accrue to those who directly benefit 
from the protection of New Zealand’s reputation and access to markets. Farmers, 
who are both direct beneficiaries and agents with some control over the risks of 
infection, contribute over half of the cost. 

Where these principles lead in relation to bTb vector control is that many of the 
external benefits of NPMP activities have non-rival non-excludable characteristics 
that lend themselves to collective funding, either through a broad base of taxpayers 
or a narrower targeted base of ratepayers or levy-payers. Even when the benefit is 
clearly captured by a particular group it is not necessarily feasible to collect a 
contribution from them: for instance, tourists and recreation users of country areas 
are difficult to monitor and collect contributions from, given the relatively low use 
and extensive areas covered.  

5.3. Current knowledge of broader benefits 
Figure 3 summarises this report’s review of information on the existence, extent and 
value of broader benefits from the bTb NPMP. To provide some guidance on future 
directions in examining broader benefits, it categorises the items in this report’s 
Figure 1 according to their relevance and, on the basis of the information in this 
review, their ability to be quantified and valued. 

The relevance of the items is categorised as one of the following: 

• Primary: this relates to the principal purpose of NPMP in maintaining Tb 
prevalence at low levels, and hence not an additional broader benefit 

• High: these items are highly relevant to generation of broader benefits and 
legitimate as a currently unpriced externality of NPMP activities 

• Medium: these items are relevant but not highly so, because they are 
contingent on other things (e.g. option value) or already partly covered 
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• Low: these items have low relevance 

The categorisation of items in the Quantified column is between Not Applicable, No 
quantification, Yes quantification or Yes (Low) where the Low indicates the evidence 
suggests the value is not high.  The categorisation of items in the Valued column is 
between Not Applicable, No valuation, Yes valuation or Partial valuation where the 
valuation is for specific sites or locations that cannot be extrapolated to national 
estimates.  

Defensive expenditures are costs, not benefits. But this report refers to DOC and 
private pest management which could be used to infer a benefit value for 
biodiversity/recreation and private output protection respectively. Also a small 
proportion of the NPMP could be justified by the insurance provided by the standing 
army function of capabilities honed by the NPMP. 

Output losses are clearly relevant as part of the avoidable damage caused by vectors, 
although few studies provide quantification and those that do suggest the value 
impact would be low. NPMP has relevance to recreation and tourism but there is no 
evidence of how changes in pest density affect the quantity of these activities. There 
are non-market valuation studies of local sites and preferences, but insufficient 
information on how to standardise these to costs per hectare or possum averted for 
extrapolation across national impacts.  

Environmental impacts on soil and water are relevant, but again the evidence linking 
pest density to these effects and impacts on human activities is weak or non-existent. 
Valuations exist at national level but cannot be attributed to NPMP vector species. 
Similarly for biodiversity, NPMP is relevant in affecting selective browsing and 
predation, ecosystem compositional changes and reduced survival probability for 
some species, but there is no quantification linked to NPMP vector species. There are 
non-market valuation studies showing public value of localised improvements, but 
these cannot be standardised to value per hectare or per pest density change. 

NPMP is relevant to human health through both the primary impact on Tb incidence 
and the role of vectors in spreading other diseases, but although there is some 
quantification of infection sources, there is none of health outcomes than can be 
valued. Reducing the presence of infected vectors in the country can also reduce 
mental anxiety and improve peace of mind for those who perceive their activities and 
properties to be at risk of bTb infection. The offsetting benefits have variable 
relevance, and no quantification that could be used to value the benefits of the 
NPMP operations. 
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Figure 3 Extent and relevance of broader benefits of NPMP 

 

 
Source: NZIER 

In most cases, lack of firm data on quantification of the link between pest presence 
and bio-physical damage prevents the estimation of marginal values of the benefits 
of NPMP activities. This is particularly apparent in the categories of recreational and 

Broader Benefits of having NPMP Relevance Quantified Valued Main Beneficiaries

Tb herd surveillance & response Primary NA NA Primary Industry
Expected value of carcass disposal Primary NA NA Primary Industry
Other disease management costs Primary NA NA Primary Industry
bTb vector control High No Public & Industry
Response capability ("standing army") Medium No Public
Private pest management & control activities Low No Landowners
Repair to pest-damaged buildings, gardens etc Medium No Landowners
DOC pest control less with NPMP Medium Yes Yes DOC/Public

Losses due to competitive grazing High
-Dairy High Yes(Low) Farmers
-Beef/Sheep High Farmers
-Deer High Farmers
Losses due to possum browsing High
-Horticulture High No Growers
-Forestry regeneration, seedlings, young trees High No Growers
-Conservation/Protection plantings High No Landowners, RCs
Option value for landowners outside of NPMP Medium No Landowners
Option value for owners of other resources Resource holders
Access to premium markets and prices Primary NA NA Primary Industry

Reduced pest degradation at recreation sites High No Partial Recreationalists
Reduced degradation of aesthetic amenity High No Partial Public
Reduced loss of educational and scientific interest Medium No Public
Reduced loss of tourism appeal, visits and value Medium No Tourism Industry

Reduced land cover and soil conservation damage High No Partial Landowners
Reduced run-off and water quality degradation High No Partial Regional Councils
Reduced carbon sequestration in plants & soil High No Public
Secure value of Clean Green Image Low No Partial Tourism & Primary 

Industries

Reduction in community composition changes High No Partial Public
Improved survival probability of  species High No Partial Public

Reduced incidence of vector-transmitted disease High Yes(Low) No Public
-Medical expenditures No Public
-Lost productivity (sick days) No Employers
-Loss of welfare (risk aversion) No Public

Source of pelts for fur industry Low No Partial Industry
Suppression of other pests High No Partial Public
Increased diffusion of pest control technology Medium No Industry
Opportunities in livestock exports & raw milk markMedium No Farmers

Offsetting benefits of pests 

Defensive expenditures

Output losses

Recreational and tourism effects

Environmental impacts

Biodiversity impacts

Human health
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biodiversity effects, where a number of non-market valuation studies have been 
done but the studies do not allow the results to be expressed as value gain per 
hectare treated. These studies also show the importance of localised influences on 
the values obtained, which would need to be normalised to enable these values to be 
used as indicative of generalised values for recreational and biodiversity gains. Such 
generalised values are of limited use without a firmer understanding of the link 
between pest density and the condition of the natural environment. 

5.4. The materiality of broader benefits 
Despite the paucity of evidence of externality effects that can be attributed to Tb 
vectors like possums or their removal by activities of the NPMP, it is useful to draw 
some conclusions about the likely materiality of the different benefits identified here, 
subject to the caveats of incomplete information and the necessity of qualitative 
rather than quantitative assessment. 

The two principal weaknesses in the information are: 

• Scarcity of hard evidence on the impact of pests on activities relative to what 
is experienced in areas without them. There are very few items for which unit 
values of impact can be clearly ascribed to the presence of possums and 
other Tb vectors, so an impact per hectare with and without the pest cannot 
be made based on reliable evidence 

• Absence of knowledge of the extent of land susceptible to vector impacts, 
which is some function of the areas of vectors at different densities and the 
areas of land cover and activities of different susceptibilities to vector 
impacts. This can be resolved by using GIS overlays of land use and vector 
density, which would identify areas of specific impacts to which unit values 
could be applied. 

Figure 4 summarises in qualitative terms the evidence base and likely materiality of 
the vector/pest impacts, the reduction of which forms the broader benefits of Tb 
vector control. Three areas stand out as most probably material:  

• output losses for pastoral agriculture from competitive grazing, which 
potentially applies to a large land area and for which evidence exists  

• recreation, tourism and amenity impacts, for which expressed preferences 
exist for less degraded surroundings 

• biodiversity, for which stated preference surveys suggest a positive 
willingness to pay for improved biodiversity, although there is some 
ambiguity about what the public understand by biodiversity improvement.  

A fourth area that is probably material and warrants further investigation is forestry, 
covering both plantation forestry and conservation plantings, where the reduction of 
pests is likely to reduce private defensive expenditures, speed up the regeneration of 
young trees and accelerate accumulation of sequestered carbon. Various other items 
are possibly material (e.g. damage to buildings and gardens, damage to soil 
conservation plants) but there is no existing evidence on these matters and would 
need primary data gathering for further investigation. 
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Figure 4 Likely materiality of the broader benefits of Tb vector 
control 
 

 
Source: NZIER et al 

The output losses could be estimated directly from the existing evidence combined 
with appropriate GIS selection of land uses. To the extent that these affect cattle and 
deer farms these could be argued to be internal to existing NPMP contributors, but 
they could also apply to activities that do not directly contribute (e.g. sheep fattening 

Full effects of having bTb and response activities Evidence base Likely materiality of vector/pest impacts
Defensive expenditures against Tb and vectors
Tb herd surveillance & response
Expected value of carcass disposal
Other disease management costs
bTb vector control 
Response capability ("standing army") No evidence Positive but probably low materiality
Private pest management & control activities Little evidence Material, but attribution to Tb vectors unknown
Repair to pest-damaged buildings, gardens etc Little evidence Possibly material but could be investigated
DOC pest control less with NPMP Possibly material but could be investigated
Output loss effects
Losses due to competitive grazing
-Dairy
-Beef/Sheep
-Deer
Losses due to possum browsing
-Horticulture No evidence Not material, due to small land area and location
-Forestry regeneration, seedlings, young trees
-Conservation/Protection plantings
Option value for landowners outside of NPMP
Option value for owners of other resources
Access to premium markets and prices
Recreational and tourism effects
Pest degradation at recreation sites
Pest degradation of aesthetic amenity
Loss of educational and scientific interest
Loss of tourism appeal, visits and value
Environmental impacts
Land cover and soil conservation damage
Run-off and water quality degradation
Loss of carbon sequestration in plants & soil Little evidence Possibly material
Value of Clean Green Image Little evidence Probably not material  
Biodiversity impacts
Ecological community composition changes
Survival probability of  component species
Human health
Incidence of vector-transmitted disease
-Medical expenditures
-Lost productivity (sick days)
-Loss of welfare (risk aversion)
Offsetting benefits of pests  & vector control
Source of pelts for fur industry No evidence Probably not material but could be investigated
Suppression of other pests No evidence Possibly positive, but probably not material
Diffusion of pest control technology No evidence Positive, but materiality could be investigated
Opportunities in raw milk market No evidence Small niche activity; not material
Opportunities in live animal exports No evidence Possibly material, but Tb not only impediment

Transmission in 
principle, but no 
evidence of its 
occurrence

Probably not material

Little evidence 
of possum links

Possibly material in localised settings, but 
linkage to possums needs demonstration

Strong for some 
ecosystems

Probably material in localised settings; but 
insufficient evidence for total impact estimate

Evidence exists 
of smaller 
impacts than 

Pastoral is large land cover and often close to 
bush margins, so total impact could be material

Some evidence 
for young trees

Significant land area so could be material  costs 
avoidable in replanting and defensive spending

No evidence More likely due to land use impacts than Tb 
threat; probably not material

Strong on public 
preferences, 
weak on actual 
occurrence

Probably material, particularly in localised 
settings; public willingness to pay for improved 
environmental settings in general
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units, equestrian operations), the impacts on which could be identified through GIS 
mapping. 

Other items would require more investigation, involving some primary data 
collection from those closely connected to the relevant activities. 

5.5. Implications for funding 
Using the principles outlined above in section 5.2, the feasibility of charging for 
different external benefits is summarised in Figure 5. This suggests that most of the 
external benefits have public good characteristics, but there are exceptions that 
might be feasible if the biophysical data can be harnessed to demonstrate the 
potential benefits to those being asked to contribute. 

Figure 5 The feasibility of charging for different external benefits 

 

Source: NZIER 

One possible exception is recreation and tourism where there may be localised 
conditions in which possum control has appreciable benefits for reducing risks to 
water supply or degradation of landscape and amenity and it might be justifiable to 
collect contribution through a mechanism like a targeted charge on facilities used by 
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Primary producers
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to tailor to individual 
producers

Recreational and tourism effects

Recreational and tourist 
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vegetation

Benefit is non-rival so the 
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is zero

Benefit is non-excludable, as 
it is not often feasible to 
observe who benefits, what 
benefit they get, or collect a 
charge; but could be local 
exceptions

Environmental impacts - soil 
conservation

Landowners, neighbours and 
wider public from less 
damage and disruption to 
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Benefit to wider public is non-
rival, and is difficult to assign 
to landowners and 
neighbours in advance of 
erosion

Benefit to wider public is non-
excludable, but might be 
associated with residents of 
a catchment

Environmental impacts - water 
quality

Wider public amenity and 
health risk reduction; other 
water users (extraction)

Benefit to wider public is non-
rival and available to local 
residents and visitors alike

Benefits hard to monitor or 
quantify so practically non-
excludable

Environmental impacts - water 
loading

Wider public in catchment 
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Benefit to wider public is non-
rival across the catchment

Benefit is non-excludable 
and not suitable for charging 
individuals

Biodiversity impacts Wider public in reducing 
probability of biodiversity 
loss, both regional and 
national

Benefit to wider public is non-
rival to both regional and 
national perspective

Benefit is non-excludable 
and suited to collective tax 
funding at regional and 
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Human health Workers in close proximity to 
infected animals; wider 
public from reduced risk of 
picking up infection

Benefits generally non-rival; 
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exacerbate the risk 

Benefit is non-excludable

Offsetting benefits of pests & control
Trappers & Industry may 
benefit from additional pelt 
recovery; but there may be 
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renewable

Benefit is excludable and 
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visitors in the locality. Impacts on flood risk might also be a localised benefit that 
could be of particular interest for those within a contour band around existing 
waterways but it is not clear from material reviewed that there is a significant 
connection between NPMP vector species and flood risk.  

In principle there may be positive externalities for some production activities that are 
not currently contributing to the NPMP funding, but the evidence base for this is 
currently weak. Such potential benefits, as with recreation and tourism, are location-
specific and occur in proximity to the NPMP affected areas, and are more suited to 
localised charging mechanisms than industry-wide levies.  

Environmental impacts around soil erosion and water quality may face a new policy 
framework in future, if proposed changes to the National Policy Statement on 
Freshwater Management take effect. These would introduce a National Objectives 
Framework setting bottom line standards for water quality, and provide for local and 
regional processes for determining where and at what rate these standards are met. 
Possum control could then be one of the instruments used to influence the 
attainment of those standards, introducing a rationale for regional funding of some 
additional vector control activity. 

5.6. Funding broader benefits of vector control 
If there were significant broader benefits from possum control, in principle there may 
be a case for identifying the beneficiaries and extending funding contributions to 
them. This would only be efficient if: 

• The cost of identifying contributors and collecting contributions were less 
than the contribution sought 

• The value of the contribution sought was less than the value of the benefit 
provided to the beneficiaries 

• The evidential basis for relating benefit to possum control gives confidence to 
the beneficiaries that they will get the benefit claimed. 

A fundamental question behind a change to funding is what are the factual and 
counter-factual situations being faced. This report has treated the current state of 
NPMP vector control activity as the counter-factual (without change) situation. The 
factual change situation could then be an expansion, contraction or redirection of 
that NPMP vector control. The value of benefits from small marginal changes is likely 
to be much the same for expansion or contraction of activity, but as a change gets 
bigger and non-marginal the value is more likely to differ between expansion and 
contraction. To value external benefits therefore first requires clarification of the 
factual and counter-factual situations, and the nature of the proposed changes for 
which the funding contributions are sought. 

For many of the supposed co-benefits identified in this report there is insufficient 
evidence to demonstrate a significant benefit for which other particular user groups 
would be willing to pay to contribute to the programme. Those that have been 
identified are summarised below. 
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Output effects 
There is likely to be some lost output due to competitive grazing of pasture by 
possums, although the extent of such damage is likely to be less than has been 
estimated in the past. The effect of one possum per hectare could have an economic 
cost of a 0.1% reduction in dairy output with a market value of $2.16 at current 
prices. Lost output from other livestock production will be somewhat less than this.  

Dairy, beef and deer farmers already contribute to NPMP funding and it is arguable 
that this is an internalised effect, implicitly taken into account in the decision of these 
industries to contribute to the NPMP. given uncertainty about such factors as the 
number of possums per hectare on the fringes of their property and the availability 
of other browsing forage for the possums. If such output effects are important to 
farmers they have incentive to do their own trapping/baiting to keep possum 
numbers down on their properties. 

Recreation and tourism 
Recreational and tourist visitors to bush areas may be an identifiable group who 
could be targeted for contributions towards possum control, given the apparent 
potential of possums in soiling roof-collected water supplies and creating the visible 
damage to forest canopy. In general charging for country recreation and tourism is 
difficult when people have open access to wide tracts of territory, but there may be 
localised situations where it might be feasible to target visitors, through a mechanism 
such as a targeted rate or charge per property in a valley. However, the impacts and 
potential benefits would need to be well quantified and demonstrated in the locality 
to meet the Biosecurity Act’s benefits exceeding costs requirement. 

Biodiversity impacts 
An obvious potential contender is the Department of Conservation for the value it 
receives for its biodiversity objectives. But DOC’s priorities are not necessarily in the 
same areas as those treated by NPMP, and the current contributions from the Crown 
and regional councils to the NPMP funding already cover the environmental 
protection/conservation interest in natural habitat close to current farmland.  

5.7. The Role of Economics 
The potential role of economics in pest control strategy includes: (1) problem 
definition, (2) identifying optimum levels of control effort and (3) design of efficient 
instruments or response strategies. In the absence of data that enables the impacts 
of marginal changes in pest control effort to be quantified, it is limited currently to 
(2) and (3). It is not possible currently to analyse optimal levels of pest control, either 
in terms of effort or location. We explore these issues in more detail in Appendix B. 

The pest control problem can be described as a market failure that results from a 
combination of:  

• externalities – spill-over effects on adjacent properties; 
• public goods and bads – pests damage parks, reserves and other land that 

functions as a public good; and 
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• imperfect information – an absence of data on the marginal impacts of pests. 

This provides a rationale and focus for the development of any pest control strategy. 

The other potential role of economics in the development of the pest management 
strategy is in the design of revenue raising instruments or policy instruments that 
provide incentives for targeted outcomes. The understanding of the problem, 
particularly externalities, suggests that any strategy to control possums and other 
related pests will have widespread benefits across the community. This would 
suggest, in turn, that: 

• All landowners should contribute towards the costs of control in proportion 
to their land-holding (where more specific data cannot be identified); and 

• For public land, revenue should be raised as broadly as possible across the 
community, eg via general taxation. 

5.8. Recommendations 
The case for demonstrating value for money for new funding to potential new 
contributors depends on improving information on the links between possum density 
and outcomes of interest to specific interest groups. In most cases the scientific 
evidence for quantifying the link between possum density, physical impact and value 
effect is scant or non-existent.  

It may be possible to improve information with some additional research targeted at 
the effect of reducing possum density. Section 5.4 on the materiality of broader 
benefits provides some leads on where the most significant matters for further 
investigation lie. Understanding of the value to the public and other affected parties 
of further possum control could also be improved. 

This report has reviewed some non-market valuation studies that touch on the value 
of changes in possum control programmes and biodiversity for recreation and 
general public well-being. The use of such valuation results is limited by the lack of 
biophysical change data to relate the values to, the site-specificity of many studies 
that means results reflect localised influences, and more general questions about the 
market validity of stated preference results in relation to actual behaviour. Such 
studies could be designed to give answers more relevant to the broader benefit of 
NPMP operations, addressing each of these current weaknesses above to give more 
credible results that are informative of the marginal value of changes in the NPMP 
operations in different locations and environmental context. 

Tb Free New Zealand has already initiated such work by commissioning non-market 
valuation surveys of farmers’ and the public’s willingness to pay for reduction in 
possum damage.  

Some research issues go beyond the interests of OSPRI alone, and could be usefully 
addressed by multi-agency research to yield generic values of broader general use. 
For instance, the effects on recreation value of changes in canopy condition and 
other effects of possums is a matter of interest for OSPRI, DOC, local authorities and 
tourism agencies, and multi-party funded research of sufficient size to identify value 
effects in a range of settings and conditions could be more effective than one agency 
seeking solutions on its own.  

NZIER report  -The broader benefits of Tb vector control 52 



 

Appendix A References 
Aislabie J, Deslippe JR 2013. Soil microbes and their contribution soil services. 

Chapter 1.12  in Dymond J (Ed.) Ecosystem Services in New Zealand: conditions 
and trends, Manaaki Whenua Press, Lincoln, New Zealand 2013 

Animal Health Board (2009) “Future Bovine Tb Strategy – Business Case” Wellington 

Ashford DA, Whitney E, Raghunanthan P, Cosovi O (2001). Epidemiology of selected 
mycobacteria that infect human and other animals.  Revue scientifique et 
technique (International Office of Epizootics) 20 (1): 325-327. 

Baker MG, Lopez LD, Cannon MC, De Lisle WG, Collins DM. 2006. Continuing 
Mycobacterium bovis transmission from animals to humans in New Zealand. 
Epidemiology and Infection 134: 1068-1073. 

Basse B  Flux I, Innes J 2003. Recovery and maintenance of North Island kokako 
(Callaeas cinerea wilsoni)  populations through pulsed pest control. Biological 
Conservation 109: 259-270. 

Batstone, C.; Sinner, J. 2010. Techniques for evaluating community preferences for 
managing coastal ecosystems. Auckland region stormwater case study, 
discrete choice model estimation (2010/012): Prepared by Cawthron Instititue 
for Auckland Regional Council. 

BERL & AERU (2003) “Economic risks and opportunities from the release of 
genetically modified organisms in New Zealand”; Report to the Ministry for the 
Environment and the Treasury, Wellington  
https://www.mfe.govt.nz/publications/organisms/economic-impact-
apr03/economic-risks-apr03.pdf 

Bertram G & Hackwell K (1999) The economic cost of pests and weeds to New 
Zealand; New Zealand Conservation Authority 

Blaschke P, Hicks D, Meister A. 2008. Quantification of the flood and erosion 
reduction benefits, and costs, of climate change mitigation measures in New 
Zealand. Report prepared by Blaschke and Rutherford Environmental 
Consultants for MfE. Wellington: Ministry for the EnvironmentBrown PK and 
Urlich SC 2005 2005.  Aerial 1080 operations to maximise biodiversity 
Protection. DOC RESEARCH & DEVELOPMENT SERIES 216 

Butcher S 2000. Impact of possums on primary production. In: Montaque T. ed. The 
bushtail possum: biology, impact and management of an introduced marsupial. 
Lincoln, Manaaki Whenua Press. Pp. 105-110. 

Butcher S 2000. Impact of possums on primary production. In: Montaque T. ed. The 
bushtail possum: biology, impact and management of an introduced marsupial. 
Lincoln, Manaaki Whenua Press. Pp. 105-110. 

Carswell FE, Burrows LE, Mason NWH 2009. Aboveground carbon sequestration by 
early-successional woody vegetation: a preliminary analysis. Science for 
Conservation 297. Wellington, Department of Conservation. 20 p. 

NZIER report  -The broader benefits of Tb vector control 53 

http://journals.cambridge.org/action/displayJournal?jid=HYG
https://www.mfe.govt.nz/publications/organisms/economic-impact-apr03/economic-risks-apr03.pdf
https://www.mfe.govt.nz/publications/organisms/economic-impact-apr03/economic-risks-apr03.pdf


 

Covec (2010) Carbon Price Forecasts. Report to Parliamentary Commissioner for the 
Environment 

Covec (2011) Gap Analysis of Freshwater Economic Valuation Information. Report to 
Ministry for the Environment 

Covec (2013) Non-Market Water Values in Southland. Report to Ministry for the 
Environment 

Cowan PE 2005 Brushtail possum. Pp 56-80 in King CM (1990). (Editor). The handbook 
of New Zealand mammals (2nd edition). Auckland, Oxford University Press. 

Cowan P., 2007. How many possums make a cow? New Zealand Journal of Ecology. 
31(2) pp. 261-262. 

Cooke MM (2000). Pathogenesis of tuberculosis in the brushtail possum Trichosurus 
vulpecula.  Unpubl. PhD thesis, Massey University. 

http://muir.massey.ac.nz/handle/10179/2468  

Corchamp F, Chapius JL, Pascal M 2003. Mammal invaders on islands: impact, control 
and control impact.  Biological Reviews 78: 347-383. 

Dairy NZ and LIC 2013. New Zealand Dairy Statistics 2012-13 

de Lange PJ, Norton DA (eds) 1997. New Zealand’s loranthaceous mistletoes. 
Proceedings of a workshop hosted by Threatened Species Unit, Department of 
Conservation, Cass, 17 -–20 July 1995. 

Denne T (1988) Economics of nassella tussock (Nussella trichotoma) control in New 
Zealand. Agric. Ecosystems and Environ. 20: 259-278 

Dhakal B, Yao RT, Turner JA & Barnard T (2012) Recreational users’ willingness to pay 
and preferences for changes in planted forest features; Forest Policy and 
Economics 17, 34-44 

Department of Conservation (DOC 2009) “Review of Bovine Tb NPMS - Evaluation of 
possible biodiversity benefits”, Wellington 

Department of Conservation and Fish and Game New Zealand (DOC 2011) 

Fairburn GA. Hughey KFD, Cullen R 2004. Cost effectiveness of endangered species 
management: the kokako (Callaeas cinerea) in New Zealand. New Zealand 
Journal of Ecology (2004) 28(1): 83-91 

Fairweather J. R. and Swaffield, S. R. (2003), “Public perception of natural character 
and implications for the forest sector”. New Zealand Journal of Forestry 
47(4):24-30 

Fitzgerald A. E., 1977. Letters to the editor. Proceedings of the New Zealand 
Ecological Society 24:139.  

Gormley, A. M., Penelope Holland, E., Pech, R. P., Thomson, C., Reddiex, B. (2012), 
Impacts of an invasive herbivore on indigenous forests. Journal of Applied 
Ecology, 49: 1296–1305. doi: 10.1111/j.1365-2664.2012.02219 

Green W, Rohan M 2012. Opposition to aerial 1080 poisoning for control of invasive 
mammals in New Zealand: risk perceptions and agency responses. Journal of 
the Royal Society of New Zealand  42 (3).  

NZIER report  -The broader benefits of Tb vector control 54 

http://muir.massey.ac.nz/handle/10179/2468
http://www.tandfonline.com/doi/abs/10.1080/03036758.2011.556130
http://www.tandfonline.com/doi/abs/10.1080/03036758.2011.556130


 

Greer G., 2006. The economic benefits of the possums control area programme. 
Report for Hawke’s Bay Regional Council. Lincoln, AERU, Lincoln University.  

Harris Consulting (2012): Review of regional funding of the Tb National Pest 
Management Strategy; Report to Regional Council’s CEO Committee  

Harvie A. E., 1973, Diet of the opossum (Trichosurus vulpecula Kerr) on farmland 
northeast of Waverly New Zealand. Proceedings of the New Zealand Ecological 
Society 20:48-52. 

Holdaway RJ, Burrows LE, Carswell FE, Marburg AE. 2012. Potential for invasive 
mammalian herbivore control to result in measurable carbon gains. New 
Zealand Journal of Ecology 36(2): 252-264 

Innes J, Nugent G, Prime K. Spurr EB 2004. Responses of kukupa (Hemiphaga 
novaeseelandiae) and other birds to mammal pest control at Motatau, 
Northland New Zealand Journal of Ecology (2004) 28(1): 73-81. 

Innes J, Kelly D, Overton JM, Gillies C 2010. Predation and other factors currently 
limiting New Zealand forest birds. New Zealand Journal of Ecology 34(1): 86-
114 

Jacometti M. A. A., Frampton C., Hickling G. J., 1997. Bushtail possum damage and 
abundance in a New Zealand pinus radiata plantation. New Zealand Journal of 
Forestry Science 27(3) pp. 313-323. 

Jones H, P. Clough, B. Höck, and C. Phillips (2008) Economic costs of hill country 
erosion and benefits of mitigation in New Zealand: Review and 
recommendation of approach. Scion Contract No: 74701. Ministry of 
Agriculture and Forestry. 

Kaval P & Yao R (2007) “New Zealand outdoor recreation benefits”; Working Paper in 
Economics 07/14, University of Waikato 
http://ideas.repec.org/p/wai/econwp/07-14.html 

Kerr, G.; Cullen, R. 1995. Public preferences and efficient allocation of a possum-
control budget. Journal of Environmental Management, 43(1), 1-15 

Knight, JG (2011) “New Zealand’s Clean green imageClean green imageClean green 
image: Will GM Plants Damage It?” University of Otago Marketing Department, 
Dunedin  
http://www.hastingsdc.govt.nz/files/all/documents/genetic-
modification/clean-green-book.pdf 

Knox CD (2013).  Habitat requirements of the jewelled gecko (Naultinus gemmeus): 
Krausse, M., Eastwood, C., and Alexander, R.R., (2001) “Muddied waters: 
Estimating the national economic cost of soil erosion and sedimentation in 
New Zealand” Lincoln, Landcare Research;  In: H. Jones, P. Clough, B. Höck, and 
C. Phillips (2008) Economic costs of hill country erosion and benefits of 
mitigation in New Zealand: Review and recommendation of approach. Scion 
Contract No: 74701. Ministry of Agriculture and Forestry 

Montali RJ, Mikota SK, Cheng LI 2001. Mycobacterium tuberculosis in zoo and wildlife 
species. Rev Sci Tech. 2001 Apr;20(1):291-303. 

Mowbray, S.C. (2002). Eradication of introduced Australian marsupials (brushtail 
possum and brushtailed rock wallaby) from Rangitoto and Motutapu Islands, 

NZIER report  -The broader benefits of Tb vector control 55 

http://ideas.repec.org/p/wai/econwp/07-14.html
http://www.hastingsdc.govt.nz/files/all/documents/genetic-modification/clean-green-book.pdf
http://www.hastingsdc.govt.nz/files/all/documents/genetic-modification/clean-green-book.pdf
http://www.ncbi.nlm.nih.gov/pubmed?term=Montali%20RJ%5BAuthor%5D&cauthor=true&cauthor_uid=11288517
http://www.ncbi.nlm.nih.gov/pubmed?term=Mikota%20SK%5BAuthor%5D&cauthor=true&cauthor_uid=11288517
http://www.ncbi.nlm.nih.gov/pubmed?term=Cheng%20LI%5BAuthor%5D&cauthor=true&cauthor_uid=11288517
http://www.ncbi.nlm.nih.gov/pubmed/11288517%23%23


 

New Zealand. In Veitch, C.R. and Clout, M.N. eds. Turning the tide: the 
eradication of invasive species. IUCN SSC Invasive Species Specialist Group, 
IUCN. Switzerland and Cambridge UK. 

Nimmo-Bell (2009) “Economic costs of pests to New Zealand”; MAF Biosecurity NZ 
Technical Paper 2009/31, Wellington 

NZIER (2010) Realistic valuations of our clean green assets”; NZIER Insight 19/2010 
October 
2010 http://nzier.org.nz/sites/nzier.live.egressive.com/files/NZIER%20insight%
2019%20-
%20Realistic%20valuations%20of%20our%20clean%20green%20assets.pdfO’D
onnell CFJ, Hoare JM 2012. Quantifying the benefits of long-term integrated 
pest control for forest bird populations in a New Zealand temperate rainforest.  
New Zealand Journal of Ecology 36: 131-140. 

PA Consultants (2001) “Valuing New Zealand’s Clean green image”; Report to 
Ministry for the Environment, Wellington 
http://www.mfe.govt.nz/publications/sus-dev/clean-green-image-value-
aug01/ 

Parliamentary Commissioner for the Environment (2011) “Evaluating the use of 1080: 
Predators, poisons and silent forests”  
http://www.pce.parliament.nz/assets/Uploads/PCE-1080.pdf 

Patterson MG & Cole AO (2013) “’Total economic value’ of New Zealand’s land-based 
ecosystems and their services”, Chapter 3.2 in Dymond J (Ed.) Ecosystem 
Services in New Zealand: conditions and trends, Manaaki Whenua Press, 
Lincoln, New Zealand 2013 

Pelzer DA (2013) “An ecosystems view of links between pest species and services”, 
Chapter 2.10 in Dymond J (Ed.) Ecosystem Services in New Zealand: conditions 
and trends, Manaaki Whenua Press, Lincoln, New Zealand 2013  

Royal Society of New Zealand (2014) Challenges for pest management in New 
Zealand. RSNZ Information Papers.  
http://www.royalsociety.org.nz/expert-advice/information- 
papers/yr2014/pestmanagement 

Seaton R (2007)The ecological requirements of the New Zealand falcon in plantation 
forestry; PhD thesis in Zoology, Massey University, Palmerston North  

Sinclair ARE, Innes J, and Bradfield P 2006. Making endangered species safe: the case 
of the kokako of North Island, New Zealand. New Zealand Journal of Ecology 
30(1): 121-130 

Spurr, E.B. and Jolly, J.N. (1981). Damage by possums Trichosurus vulpecula to farm 
crops and pasture. In Bell, B. D. ed. Proceedings of the first symposium on 
marsupials in New Zealand. Zoology Publications from the Victoria University 
of Wellington No 74:197-202. 

Swaffield SR,  McWilliam WJ (2013). Landscape aesthetic experience and ecosystem 
services. Chapter 2.6 in Dymond J (Ed.) Ecosystem Services in New Zealand: 
conditions and trends, Manaaki Whenua Press, Lincoln, New Zealand 2013 

NZIER report  -The broader benefits of Tb vector control 56 

http://nzier.org.nz/sites/nzier.live.egressive.com/files/NZIER%20insight%2019%20-%20Realistic%20valuations%20of%20our%20clean%20green%20assets.pdf
http://nzier.org.nz/sites/nzier.live.egressive.com/files/NZIER%20insight%2019%20-%20Realistic%20valuations%20of%20our%20clean%20green%20assets.pdf
http://nzier.org.nz/sites/nzier.live.egressive.com/files/NZIER%20insight%2019%20-%20Realistic%20valuations%20of%20our%20clean%20green%20assets.pdf
http://www.mfe.govt.nz/publications/sus-dev/clean-green-image-value-aug01/
http://www.mfe.govt.nz/publications/sus-dev/clean-green-image-value-aug01/
http://www.pce.parliament.nz/assets/Uploads/PCE-1080.pdf
http://www.royalsociety.org.nz/expert-advice/information-


 

Tait P, Saunders C, Nugent G & Rutherford P (2013) “Management of bovine 
tuberculosis (TB): Investigation of the non-market benefits to farmers of Tb 
possum control” Draft report to OSPRI, AERU & Landcare Research 

Tait P, Saunders C, Nugent G & Rutherford P (2014) “Management of bovine 
tuberculosis (TB): Investigation of the non-market biodiversity benefits to New 
Zealand residents of Tb possum control” Draft report to OSPRI, AERU & 
Landcare Research 

Tell LA, Woods L, Cromie RL (2001).  Mycobacteriosis in birds. Rev. sci. tech. Off. int. 
Epiz., 2001,20 (1), 180-203. 

Walrond C 2012. Freshwater fishing - Management and culture. 
http://www.teara.govt.nz/en/freshwater-fishing/page-4 

Yao R and Kaval P (2007) Non-market valuation in New Zealand: 1974 through 2005; 
Working Paper in Economics 07/17, University of Waikato 

Yao R and Kaval P (2008) Valuing biodiversity enhancement in New Zealand; Working 
Paper in Economics 08/07, University of Waikato 

Yao RT, Scarpa R, Turner JA, Barnard TD, Rose JM, Palma JHN, Harrison DR (2014) 
Valuing biodiversity enhancement in New Zealand’s planted forests: socio-
economic and spatial determinants of willingness-to-pay; Ecological Economics 
98, 90-101 

 

NZIER report  -The broader benefits of Tb vector control 57 

http://www.teara.govt.nz/en/freshwater-fishing/page-4


 

Appendix B Economics of pest 
control 
B.1 Role of Economics 
Economics and economic analysis has the potential to play a number of roles in the 
development of pest control strategies. This includes: 

• Problem definition – helping to define the problem in terms of market failure 
and to isolate winners and losers; 

• Identifying optimal levels of control; 
• Designing solutions, including incentive instruments or revenue raising tools. 

We explore these roles below, particularly given the absence of data as identified in 
the work to date. 

B.2 Problem Definition 
Economists tend to use market failure as the test for whether a policy problem exists. 
This is to ensure that any intervention occurs only when markets operating alone 
would not be expected to deliver optimal solutions, reflecting the preferences of 
people that transact with each other. Market failures can be present where there are 
externalities or public goods and if there is imperfect competition or imperfect 
information. We discuss these in turn below. 

Externalities 
Externalities are the effects on people that are not taken into account by market 
participants. When possums are present on a property the direct damage they cause 
to vegetation would be expected to be taken into account by the landowner in 
making decisions about control. However, if there are livestock on adjacent 
properties, they can become infected with Tb by feeding on pasture or hay 
contaminated by infected possums or by direct contact with dead (and infected) 
possums; these impacts on other property owners may not be taken into account.  

In this report we have examined whether there are additional external costs beyond 
the Tb issue. Pests on private property can have additional external effects because: 

• Breeding can result in a source of pests for other properties resulting in direct 
damage (vegetation damage) and further indirect costs; and 

• Faeces can be contaminated with E coli and other diseases. 
These issues provide an additional rationale for intervention, provided that the 
benefits of control exceed the costs. 

Public Goods/Bads 
Public goods are under-provided by the market because those that provide them 
cannot exclude people from their benefits (they are non-excludable) and one person 
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using them does not reduce the benefits for others (they are non-rival). Public goods 
include natural areas such as native bush where the benefits accrue to those who see 
these areas, even if they do not enter them, and to national parks for which a policy 
decision has been made not to exclude people. Because the provider of public goods 
does not obtain all the benefits they also do not suffer all the consequences of pest 
impacts; they are shared more widely across all “users” of these resources.  

As noted above, in damaging public goods pests are functioning as public bads. 

This provides a further basis for public intervention in pest control. 

Imperfect competition 
The issue of imperfect competition has not been addressed in this report. This would 
be a broader issue of whether the way that pest control is implemented means that 
there is little competition in provision of pest control services and thus the costs of 
control may be higher than they otherwise would be. We have not investigated that 
issue here. 

Imperfect information 
The other source of market failure is that of imperfect information. The research has 
identified many gaps in the assessment of impacts of possums and other pests and 
comparatively little data on the direct effects at the margin, i.e. the impacts of more 
possums or more areas (hectares) left uncontrolled. This limits the assessment of the 
net benefits of control for landowners and for public bodies seeking to optimise 
levels of intervention. 

B.3 Optimal Intervention 
The role of economics in public policy is often focussed on identifying optimal levels 
of intervention. In this case, how much pest control effort should be expended? 
Effort might be measured as hectares controlled or monetary expenditure, and could 
include aggregate quantities or the geographic location of control.  

The question of how much effort is usually assessed by estimating marginal costs and 
benefits: what is the change in total costs and total benefits as a result of one more 
unit (e.g. hectare) of control? And how does this differ by location or starting level of 
damage, e.g. is it best to control areas that are heavily damaged or those that are 
little damaged? 

In this study we have been unable to bring the data together in this way because 
there are gaps particularly in the marginal physical impacts, i.e. how one more 
possum or of one more hectare of control affects levels of erosion, E coli 
concentrations, recreational values of a site and so on. In some cases monetary 
values have been identified that could be used to measure the costs of such marginal 
damage, but it is not possible to use these data because of the missing information 
on physical relationships. 

One general rule of economics is that it is rarely efficient to achieve total eradication 
of a pest, because the marginal benefit of removing the last pests is usually exceeded 
by increasing marginal costs of eradication. This is illustrated in Figure 6, where the 
cost of pest damage rises to the left in the absence of abatement activity, but the 
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cost of abatement rises to the right, and the point of minimal combined cost of 
damage and abatement is at some intermediate spot where some damage is 
tolerated as it is less costly than the cost of avoiding it.37 A transformation of 
abatement technology that lowered the abatement cost curve would shift the 
minimum combined cost point to the left where there are fewer pests and less 
damage, but unless pest populations fall so far as to be unable to reproduce 
themselves some pest would remain, and could expand in future.  

Figure 6 An optimal level of pest control 
 

_  

Source: NZIER 

The significance for the broader benefits of the NPMP is that proper accounting of 
the external costs of pest presence would raise the damage cost curve. This would 
justify increasing the abatement activity to some extent, but could also lead to the 
optimal point shifting to the left towards lower residual damage and fewer pests, 
because of the higher marginal benefit (avoided cost) of abatement. This provides a 
theoretical basis for valuing broader benefits, even if it is not possible in practice. 

B.4 Revenue raising and/or Instrument Design 
The other potential role of economics in the development of the pest management 
strategy is in the design of revenue raising instruments or other policy instruments to 
achieve targeted outcomes. This can include design of: 

• Instruments that could offer incentives for pest control or for land use 
decisions that affect pest levels or their impacts;  

• Levies and charges that could be used to raise revenue efficiently, eg with 
low transaction costs and/or with least distortion of behaviour; and 

• Procurement systems for achieving least cost bids for pest control provision. 

37 For a practical example of this approach see Denne T (1988) Economics of nassella tussock (Nussella  

trichotoma) control in New Zealand. Agric. Ecosystems and Environ. 20: 259-278 

$ $
Combined 
cost

Damage 
cost

Abatement 
cost

Q*
Residual damage 0

No abatement Total abatement
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Because the data do not exist to analyse optimal levels or locations of control with 
any accuracy, it is most likely that decisions on levels of control will be made on some 
other basis. Regardless, the understanding of the nature of the problem, particularly 
the existence of externalities and the damage caused to public goods, suggests that 
the damage caused by pests is not limited to the land area in which they are 
currently located, and that any strategy to control possums and other related pests 
will have widespread benefits across the community. This would suggest, in turn, 
that: 

• All landowners should contribute towards the costs of control in proportion 
to their land-holding (where more specific data cannot be identified); and 

• For public land, revenue should be raised as broadly as possible across the 
community, eg via general taxation.  

B.5 Economic Inputs – Now and in the Future 
Given the current state of knowledge the potentially useful role of economics 
currently is limited largely to advice on the nature of the pest problem and the way in 
which it might be tackled (revenue-raising or incentive instruments), rather than in 
advising on optimal levels of control. 

However, it is hoped that future research can be more focussed on identifying effects 
in a way that would enable optimal levels and locations of control to be addressed. 
The key feature of such research is that it focuses on marginal effects: what are the 
marginal costs and benefits of additional levels of control effort? 
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Appendix C Valuing broader 
benefits 
The broader benefits of bTb vector control examined here are those external to the 
primary benefits of the NPMP, which are protecting New Zealand’s reputation as a 
disease-free source of primary produce and reduction of defensive expenditures that 
would arise with higher prevalence of Tb-infected possums (e.g. veterinary bills for 
livestock, testing for disease, slaughter and disposal of infected animals).  

They cover a range of different matters, as illustrated in Figure 1 and Section 4. To 
estimate the economic value of possum damage, and hence the value of marginal 
improvements in that damage, different economic valuation techniques are 
appropriate, as outlined below. 

C.1 Output losses 
Output losses to primary production are caused primarily by competitive grazing and 
browsing damage, so output losses are a function of area affected, severity of 
damage and the value of production lost as a result. 

 
Estimates are available to provide unit values of damage for dairy, beef, sheep and 
deer production impacts. This could be used in a GIS model that matched possum 
presence to adjoining land uses to estimate the production value losses that could be 
recovered by extending pest control to new areas. 

This review has identified no reliable figures for horticultural impacts. It has also 
found no reliable figures for impacts attributable to possums on plantation forestry, 
as browsing impacts are concentrated on the early years of the rotation and caused 
by a range of different pests. 

C.2 Recreation and tourism losses 
Recreation and tourism losses derive from visible possum presence and damage to 
sites attracting recreation and tourism use. The benefits of vector control depend on 
the premise that reducing density of possums and other vectors has a tangible 
improvement on the value of the affected sites. There are different dimensions to 
such value improvement. 

With international tourists, the value to New Zealand is the money they spend (an 
export for the country) which is a function of the number of overseas visitors, their 
length of stay in New Zealand and their expenditures per day. For domestic tourists 
(i.e. New Zealanders partaking in activities more than 40 km from home) and day 
recreationists, the value to New Zealand is an economic welfare value, which 
includes expenditures such as travel costs and accommodation but also includes 
components of non-market value, such as future use value and existence value. 

Area of possum grazing x Production loss per unit area x
Production value per unit 
area

Output losses
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The impacts of possums on recreation are also complicated by the possibility of two 
different value-eroding responses to possum presence: a reduction in the quality 
experience of the visit (a loss of value); and a reduction in the number of recreation 
visits made due to possum aversion (a loss of volume). These need to be addressed in 
different ways. 

 
This review has not found evidence that visitors are particularly responsive to the 
presence of possums, although this could be locally significant in face of pronounced 
forest canopy die-back. It has also not found valuation estimates that would enable 
either of these approaches to be implemented, although work recently 
commissioned by TbFree New Zealand may go some way to remedy that. The mix of 
visitor responses to possum presence, between reducing recreation to an area or 
continuing recreation accepting lower quality, is not known and probably variable 
with locality and the availability of accessible substitute sites for recreation. 

International tourism can be estimated in similar measure, given information on 
whether tourist arrivals, stay length or expenditures change in the presence of 
possum damage. This review has not found reliable evidence to quantify any tourist 
aversion to the presence of possum damage or vector control methods. 

C.3 Environmental damage 
The environmental damage affected by vector control is predicated on the 
expectation that possum browsing damages vegetative land cover and increases the 
risk of soil erosion and associated run-off and sedimentation of waterways.  

The value of soil erosion is a function of area eroded and resulting lost output, plus 
the increased risk of erosion or slips damaging specific assets like roads and buildings. 

 
There is a separate value of water quality deterioration, which is a function of 
possums carrying contaminants into waterways and household water supplies. 

  
A further possible impact is the effect of possum-related erosion increasing the 
sedimentation of waterways and increasing the risks of flood damage. 

Possum-affected area x Recreational visitors per area x
(Value of visit without 
possums less value of visit 
with possums)

Possum-affected area x
(Recreation visits without 
possums less Recreation 
visits with possums)

x
Value of a visit (or visitor 
day)

Recreational and tourism effects

Areas with possum-related 
erosion

x
Eroded area lost to 
production

x
Production value per unit 
area

Areas with possum-related 
erosion

x
Increased incidence of 
erosion-related asset 
damage

x
Insurance claim value for 
damage OR replacement cost 
to restore assets

Environmental impacts - soil conservation

Area of catchment affected 
by possum presence

x
Increased incidence of 
possum-borne contaminants

x

Increased incidence of 
related sickness (see health 
impacts) or other impacts 
(e.g. veterinary)

Environmental impacts - water quality
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This review has found some evidence linking possums to the contamination of water 
supplies, but none clearly implicating this as a source of ill health. There is insufficient 
evidence to identify possums as a significant source of erosion or flooding, which in 
any case tend to be influenced by local geology and climatic factors and it is difficult 
to draw general guidance on their value. 

C.4 Biodiversity losses 
The value of biodiversity depends primarily on non-market considerations, such as 
the option value of retaining species for future use, the existence value of retaining 
them for their own sake, and their unseen role in contributing to ecosystem services 
that sustain other productive activities. An economic value of biodiversity protection 
can be approached in different ways, including identifying the impact of possum 
density on the probability of survival of vulnerable components of biodiversity (which 
can be given dollar value by comparison to similar risk reduction actions elsewhere); 
treating possum damage as the economic depreciation of biodiversity stocks (on the 
assumption that biodiversity stocks need to be at least maintained, if not enhanced), 
or looking at public willingness to pay for more control of possums to lower damage. 

 
This review finds much evidence of possum’s impact on natural ecosystems and 
species but little to guide the marginal value of biodiversity damage or its reversal. 
None of these approaches can be implemented as yet, although some work recently 
commissioned by TbFree New Zealand on the public value of averting possum 
damage may rectify some of that deficiency. 

C.5 Human health impacts 
Human health impacts depend on transmission of disease from vectors to humans 
causing an increased incidence of disease resulting in medical expenditures, lost 
productivity, and a welfare cost reflecting people’s aversion to catching disease. 

Area of catchment affected 
by possum presence

x
Increased sedimentation and 
incidence of flood events

x

Cost of damage of flood 
events (costs of disruption, 
lost production and asset 
damage from insurance 
claims or replacement cost)

Environmental impacts - water loading

Area of indigenous 
vegetation with possum 
damage

x
Reduction in viable stands of 
vulnerable species

x
Reduction in probability of 
survival of vulnerable 
species

Area of indigenous 
vegetation with possum 
damage

x

Economic depreciation per 
unit area (cost of treating, 
restoring or replacing 
damaged ecosystems)

Area of indigenous 
vegetation with possum 
damage

x

Public willingness to pay to 
reduce area of infestation 
(welfare value - which may 
be less than the cost of 
achieving the stated 
reduction)

Biodiversity impacts
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This review has found some evidence of possums being carriers of bTb that gets 
transmitted to humans, but the rates of so doing are very low. They are also carriers 
of other diseases but their incidence rates are even lower. There is no reliable 
evidence for converting these bTb rates to a marginal rate on improvement in 
density of possums and other vectors. 

C.6 Offsetting benefits of Tb vectors and control 
programmes 
The principal offsetting benefit of bTb vectors and control programmes for them is 
the recovery of possum pelts for use in the leather, fur and textile industries. Another 
claimed benefit from increasing volume and safety of raw milk sales is more 
ambiguous, as meeting the demand for raw milk in New Zealand detracts from other 
consumer expenditures in New Zealand, resulting in little net gain in economic 
activity (although there is welfare gain in preference for raw milk being met). 

 
This review has found figures to estimate the average value of possum recovery to 
New Zealand, but not on the marginal value of increasing pelt recovery, or the extent 
to which it would involve increasing costs which detract from its net value. 

 

 

 

Area with high density of 
infected possums

x

Transmission rate leading to 
increased indicence of 
possum carried disease in 
people

x

Health costs per case of 
human disease, comprising: - 
medical expenditures, lost 
productivity, preference 
value for averting sickness 
(willingness to pay to avoid 
sickness and fatality)

Human health

Area with high density of 
possums subject to vector 
control

x
Pelt recovery rate per unit 
area

x
Value added per pelt 
recovered

Offsetting benefits of pests & control
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Appendix D Evidence of 
environmental impacts 
A number of studies in the 1980s estimated the total national population of possums 
to be 60-70 million; these numbers have been widely cited. More recently Warbuton 
et al (2009) have used estimates of habitat carrying capacity to produce a much 
lower estimate of approximately 30 million and a current control rate of 36% Table 6.  

Table 6 Estimate of total possum numbers with and without control 

  No. of possums Average density 
(possums/ha)  

Vegetation class Area (ha) No control Control No control Control % 
reduction 

Other 1,769,253 - - - - 0% 

Grassland 11,333,72
1 2,196,809 2,196,809 0.19 0.19 0% 

Tussock 2,645,194 528,988 528,988 0.20 0.20 0% 

Scrub 2,653,869 6,435,345 3,749,686 2.42 1.41 42% 

Exotic Forest 2,053,523 3,689,556 2,279,741 1.80 1.11 38% 

Other Indigenous 
Forest 4,245,037 28,404,02

4 
16,607,50

6 6.69 3.91 42% 

Beech Forest 2,120,634 6,361,323 4,912,510 3.00 2.32 23% 

Total 26,821,23
1 

47,616,04
5 

30,275,24
0 1.78 1.13 36% 

 

Source:  Adapted from B. Warburton, P. Cowan and J. Shepherd (2009) How Many 
Possums Are Now in New Zealand Following Control and How Many Would There Be 
Without It? Landcare Research Contract Report: LC0910/060 Prepared for 
Northland Regional Council & Animal Health Board. 

Warburton et al’s and previous population estimates were based on measurements 
of population densities in individual habitat types, combined with national estimates 
of the area of these habitats. Recent estimates of population densities by habitat 
type are shown in Table 7. 
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Table 7 Population densities of possums in different habitats in New Zealand 
Habitat Density (possums/ha) 

Podocarp-broadleaved forest 3-3 – 16.0 

Beech forest 2.0 – 5.6 

Pine forest 1.7 – 2.5 

Grassland/shrub 0.4 – 1.7 

Source: Carlos Rouco, Grant L. Norbury, James Smith, Andrea E. Byrom  and Roger P. 
Pech (2012) Population density estimates of brushtail possums (Trichosurus 
vulpecula) in dry grassland in New Zealand. New Zealand Journal of Ecology 37(1): 
12-17. 

D.1 Erosion impacts  

Approach 
As with other impacts examined in this study, the approach here aims to establish a 
marginal effect associated with possum control. We have not identified any studies 
that provide results in this way. Indeed, one report notes that “Establishing the 
linkages between animal densities, vegetation response and on-site erosion 
incidence has been very elusive.”38 Below we aim to build up some understanding of 
effects by bringing together available information on: 

• The impacts of possums on vegetation; 
• The relationship between changes in vegetation structure and erosion; 
• The physical and economic impacts of erosion. 

Possum impacts on vegetation 
The daily consumption of vegetation by possums is equivalent to approximately 3% 
of the current estimated daily growth in forest foliage production. An adult possum 
consumes approximately 0.16kg of digestible dry matter per day (or per night),39 or 
0.3kg as wet weight;40 this would add to approximately 9,000 tonnes per day or 3.3 
million tonnes per year (wet weight) for 30.3 million possums. In contrast daily 
foliage production in New Zealand forests is estimated at 300,000 tonnes (7.5 million 
ha x 15 tonnes wet weight of foliage/ha/yr).41  

Given the (low) scale of effects, Landcare Research suggests that, in most forests, the 
impact of possums is largely that of compositional change rather than large-scale 
deforestation or structural change. They describe three broad processes:42 

38  Blaschke P, Hicks D, Meister A. 2008. Quantification of the flood and erosion reduction benefits, and costs, of climate 
change mitigation measures in New Zealand. Report prepared by Blaschke and Rutherford Environmental Consultants for 
MfE. Wellington: Ministry for the Environment. iv + 76 p 

39  Department of Conservation (2004)  The Use of 1080 for Pest Control. A Discussion Document 
40  Landcare Research. Possums … Their Effects on Native Vegetation. 

http://www.landcareresearch.co.nz/__data/assets/pdf_file/0006/42000/possum_native_vege.pdf 
41  Landcare Research (op cit) 
42  Landcare Research (op cit) 
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• Catastrophic dieback of forest: where possums cause all or most of a forest 
canopy to dieback over a short period. This only affects a relatively small 
proportion of NZ’s native forest—those dominated by a few possum-
preferred species such as rata or kamahi. Catastrophic dieback is typically 
(but not always) caused by possums about 15–25 years after they colonise an 
area, when possum numbers peak. Susceptibility to catastrophic dieback 
varies between areas, depending on factors such as stand history, age, 
diversity, substrate type, and landform. 

• Gradual depletion: In more diverse communities which have a greater mix of 
palatable and unpalatable species the main initial impact process is one of 
gradual, possibly episodic, depletion. Possums selectively remove some 
species over many decades, resulting in compositional shifts. The greatest 
shifts are likely in mixed broadleaf forests in which species preferred by 
possums are abundant. However, even in the least susceptible forest types 
some minor species disappear (eg mistletoes in beech forest). Gradual 
depletion is also likely to continue in areas where catastrophic dieback has 
occurred, but which still contain preferred species in canopy remnants  

• Inhibition of regeneration: The impacts of possums on regeneration are 
poorly understood, and the effects of possums are not easily separated from 
the impacts of deer and goats.  

The impact of possums varies significantly by species. They preferentially feed on 
some tall canopy species, eg tawa, northern rata, kohekohe, southern rata, kamahi, 
pohutukawa and Hall’s totara; they also prefer some smaller trees, such as tree 
fuchsia and wineberry, along with mistletoe, forest herbs, some ferns, and a number 
of endangered shrubs.43  

Figure 7 illustrates this; for highly-preferred species, such as tree fuchsia, possum 
impact increases steadily with animal density until consumption exceeds production, 
when most trees die. For less-preferred species, the threshold is either reached at 
higher densities, or not at all; un-preferred species such as pepperwood are able to 
take advantage of the space created by canopy deaths.44 

 

43  Department of Conservation (2004)  The Use of 1080 for Pest Control. A Discussion Document 
44  Nugent G, Fraser KW and Sweetapple PJ (1997) Comparison of red deer and possum diets and impacts in podocarp-

hardwood forest, Waihaha Catchment, Pureora Conservation Park.  Science for Conservation: 50. Department of 
Conservation 
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Figure 7 Conceptual models of possum impacts 

 
Source: Source: Nugent G, Fraser KW and Sweetapple PJ (1997) Comparison of red deer and 
possum diets and impacts in podocarp-hardwood forest, Waihaha Catchment, Pureora 
Conservation Park.  Science for Conservation: 50. Department of Conservation 

Landcare Research notes that the species most threatened by possums fall into two 
main groups:45  

• common species that are major stand components and loss of which 
fundamentally changes the nature of the stand or community, eg kamahi, 
rata, pohutukawa, tree fuchsia, totara, kaikawaka; and  

• species that are rare and could be driven to local or national extinction by 
possums, such as some mistletoe species and the wood rose. 

This review suggests that possums are not resulting in significant loss of total tree 
density but rather in reductions in total leaf cover, at least in the short run, and some 
changes in habitat composition. This would suggest that there would be limited 
impacts with respect to erosion.  

Vegetation loss and erosion 
Examinations of the relationship between forest cover and erosion have largely been 
associated with the shift from forested to un-forested land (or vice versa), rather 
than changes in tree density or species composition. Consistent with this, Blaschke et 
al (2008) 46 note that small-catchment research studies provide conclusive evidence 
that afforesting or reverting close to 100% of small catchments, reduces averaged 
annual sediment yields by at least 50% and in most instances by greater than 80%, 
but they also note the absence of data on the impacts of compositional changes.  

45   Landcare Research. Possums … Their Effects on Native Vegetation. 
http://www.landcareresearch.co.nz/__data/assets/pdf_file/0006/42000/possum_native_vege.pdf 

46   Blaschke P, Hicks D, Meister A. 2008. Quantification of the flood and erosion reduction benefits, and costs, of climate 
change mitigation measures in New Zealand. Report prepared by Blaschke and Rutherford Environmental Consultants for 
MfE. Wellington: Ministry for the Environment. iv + 76 p 

NZIER report  -The broader benefits of Tb vector control 69 

                                                                 

http://www.landcareresearch.co.nz/__data/assets/pdf_file/0006/42000/possum_native_vege.pdf


 

Table 8 shows a range of sedimentation rates for different vegetation types complied 
by Blaschke et al and reflecting the findings of Hicks and Shankar (1996)47 in 
particular. They note that 

Comparing over a hundred catchments, [Hicks and Shankar] 
concluded that high sediment yields are associated with either 
unstable geological terrains, or high rainfall zones; and particularly 
with areas within catchments where the two coincide. 
Furthermore, they concluded that these two factors over-ride 
vegetation or land use as controls of absolute sediment yield from 
a catchment. 

Blaschke et al (2008) note that a large change in a catchment’s sediment yield can 
only be expected if afforestation/reversion is targeted onto unstable geological 
terrains.48  

Table 8 Ranges in annual suspended sediment yield (t/km2/year) 
Medium to large catchments categorised by geology, dominant vegetation cover and rainfall 

Geology Forest and scrub Tussock Pasture Pines 

 Low 
rainfall 

High 
rainfall 

Low 
rainfall 

High 
rainfall 

Low 
rainfall 

High 
rainfall 

Low 
rainfall 

High 
rainfall 

Volcanic 4 – 64 177 – 650 - - 20 – 208 - 13 – 144 - 

Sedimentary 211 – 301 451 – 
1,200 - - 65 – 

20,300 - 21 – 
7,045 - 

Greywacke 148 – 988 356 – 
7,000 44 – 490 1,079 – 

3,850 
79 – 

1,961 - 4 – 46 - 

Schist 336 – 
8,750 

4,500 – 
29,600 2 – 200 1,208 – 

5,210 4 – 8 - 2 – 10 - 

Gneiss and 
granite - 17 - 350 - - - - - - 

Source: Blaschke P, Hicks D, Meister A. 2008. Quantification of the flood and erosion reduction 
benefits, and costs, of climate change mitigation measures in New Zealand. Report prepared 
by Blaschke and Rutherford Environmental Consultants for MfE. Wellington: Ministry for the 
Environment, p26. 

Blaschke et al conclude that 

For areas already in forest, further effects on the incidence of 
erosion would require major changes in the condition of canopy 
and understorey vegetation, through sustained control of the 
animal pests that affect quantity or quality of vegetation (eg, deer, 
thar, goats and possums). 

However, they are unable to quantify this. They suggest a range of percentages that 
expressed the difference in erosion levels as a result of levels of tree cover, relative 
to open pasture (Table 9) building on the results from various published studies. 

47   Hicks DM, Hill J, Shankar U. 1996. Variation of Suspended Sediment Yields around New Zealand: The relative importance of 
rainfall and geology. In: Proceedings of a Symposium on Erosion and Sediment Yield, Exeter, pp. 149–56. IAHS Publication 
236. In: Blaschke et al (op cit) 

48   Blaschke et al (op cit) 
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However, the ranges are wide and all include 100% reduction; they do not provide 
sufficient disaggregation to provide useful data for assessing the impacts of damage 
associated with possum damage. 

Table 9 Relationship between tree cover and erosion 

Tree cover % reduction in erosion relative to open 
pasture 

Spaced trees in pasture 21 – 100% 

Close-canopy afforestation 10 – 100% 

Scrub reversion/bush retention 18 – 100% 

Source: Blaschke et al (op cit), p36 

Costs of Erosion 
Despite the absence of quantified information on the marginal impacts of possum 
damage on erosion rates, we bring together the data available on costs of erosion. 

The effects of erosion are generally subdivided into two broad categories: (1) on-site 
effects (effects occurring on the properties where erosion takes place) and (2) off-site 
effects (downstream effects, usually resulting from sediment deposition on other 
properties or in watercourses). Jones et al (2008)49 note that there is an extensive 
body of literature on the physical effects of erosion, and on the measures that can be 
used to contain it, but that: 

• much of the research and the identified solutions are location-specific; 
• there is little examination of the economic costs of erosion damage or the 

costs of measures to ameliorate it; and  
• where there have been estimates of economic effects, the focus tended to 

be on only a subset of effects such as on-farm effects rather than external 
impacts.  

The national costs of soil erosion were estimated in a 2001 publication.50 In Table 10 
we have updated these costs to 2013 dollars by using a producer price index (in the 
same way as Jones et al did); this does not take account of any changes in the 
underlying factors affecting these costs, including levels of erosion and expenditure 
on erosion control. 

49 H. Jones, P. Clough, B. Höck, and C. Phillips (2008) Economic costs of hill country erosion and benefits of mitigation in New 
Zealand: Review and recommendation of approach. Scion Contract No: 74701. Ministry of Agriculture and Forestry. 

50   Krausse, M., Eastwood, C., and Alexander, R.R., 2001. Muddied waters: Estimating the national economic cost of soil 
erosion and sedimentation in New Zealand. Lincoln, Landcare Research.   
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Table 10 Estimated national costs of soil erosion in 2001 

 $m (1998) 
$m 

(2013)1 

Agricultural production loss $37.0 $59.8 

Damage to infrastructure $38.8 $62.7 

Sediment effects $27.4 $44.3 

Sub-total $103.2 $166.7 

Current prevention costs $23.5 $38.0 

Total $126.7 $204.6 
1 Converted using Producer Price Index of 665 (June 1998) and 1074 (September 2013) from Statistics 
NZ (December 2010 = 1000) 
Source: Krausse, M., Eastwood, C., and Alexander, R.R., 2001. Muddied waters: Estimating the 
national economic cost of soil erosion and sedimentation in New Zealand. Lincoln, Landcare 
Research.  In: H. Jones, P. Clough, B. Höck, and C. Phillips (2008) Economic costs of hill 
country erosion and benefits of mitigation in New Zealand: Review and recommendation of 
approach. Scion Contract No: 74701. Ministry of Agriculture and Forestry 

A more marginal analysis is used by Landcare Research who estimates that 
protection measures in the Manawatu could reduce soil loss by 1.8 million tonnes 
per annum with a value of at least $11 million just on the basis of sedimentation 
costs.51 This is based on topsoil representing 25% of material lost to erosion and it 
having a value of $30/tonne.52  

D.2 Water Quality Impacts 
The most significant potential impacts of possums on water quality are from:  

• sedimentation as a result of increased erosion and  
• possum faeces that are a potential source of E coli, Giardia and 

Cryptosporidium 

Sedimentation 
There are several layers of data that would be required to assess the effects of 
possums on water sedimentation. This includes the impacts of possums on erosion, 
the resulting impact on water body sedimentation, the impacts of this sedimentation 
on water clarity and habitats for plants and animals, and the value of changes to 
those attributes.  

We discussed erosion issues above; currently data do not exist that would enable an 
assessment to be made of the impacts of possums on erosion. Even if there were, 
currently there are no data that would enable us to estimate the effect of erosion on 
sedimentation levels; this is likely to require catchment modelling. 

Sediment has a number of impacts within a river, stream or other water body. These 
include:53 

• Damage to plants when suspended in moving water; 

51 http://www.landcareresearch.co.nz/publications/innovation-stories/earlier2/modelling-hill-country-erosion 
52 Our estimate using these figures would be a value of $13.5 million (1.8 million tonnes × 25% × $30) 
53  Parliamentary Commissioner for the Environment (2012) Water quality in New Zealand: Understanding the Science 
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• Damage to gills and delicate body parts of invertebrates and fish; 
• Increasing turbidity thus reducing visibility (for people and animals) and 

reducing light for plants 
• Smothering beds of water bodies, reducing habitat for plants, invertebrates 

and fish 
• Changing water flows 

Placing a monetary value on these effects is a further step. There are some studies 
that have assessed the impacts of changing water visibility on the value of water to 
recreational anglers and other recreational users of water bodies. These values have 
been expressed as impacts per metre of change in visibility per recreational day. Use 
of these values here would require hydrological modelling to convert sediment 
inputs to changes in visibility, and these would need to be combined with data on 
recreational activity levels on the water bodies affected. This cascade of missing data 
means that we are unable to provide any estimates of the link between possums and 
water clarity via erosion effects. 

To provide a sense of the order of magnitudes of potential benefit, the estimates of 
the value of improving water quality suggest a benefit equal to approximately $10 
per 1 metre improvement in water visibility per angler day.54 With an estimated total 
of 1.2 million angler days per annum in New Zealand,55 this would mean a potential 
benefit of approximately $12 million for a 1 metre improvement in visibility of all 
freshwater bodies used for fishing in New Zealand. The potential impacts of reduced 
erosion from possums as a result of the NPMS are likely to be a very small fraction of 
this total. The other potential benefits of reduced sedimentation, eg recreational 
benefits,  are even less readily quantified. 

E Coli 
E Coli is a problem in water quality terms, particularly because of the links between E coli and 
human health that affects the suitability of water bodies for recreational activities that 
include swimming, boating and kayaking. This is reflected in guidelines on suitability for 
recreation Table 11). The Suitability for Recreation Grade (SFRG) includes five categories (very 
poor to very good) that summarise the potential health risk associated with primary 
recreation. It combines a microbial assessment category based on E coli concentrations with 
the Sanitary Inspection Category (SIC). The SIC is calculated from identified risk factors in a 
catchment that might make the site susceptible to faecal contamination, eg agricultural run-
off, stormwater or sewage discharges, and dense bird or other wildlife populations. These risk 
factors are included because they could be sources of pathogens that are not detected by the 
sampling. 

54  Denne T, Hoskins S, Webster G and Jowett I (2013) Non-Market Water Values in Southland. Covec for Ministry for the 
Environment. 

55  Unwin M (2009) Angler usage of lake and river fisheries managed by Fish & Game New Zealand: results from the 2007/08 
National Angling Survey. NIWA Client Report:   CHC2009-046 Prepared for Fish & Game NZ Ltd. NIWA 
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Table 11 Matrix for Suitability for Recreation Grade (SFRG) 

Sanitary Inspection Category (SIC) 

Microbial Assessment Category (MAC) (inc E coli/100 ml) 

A B C D 

(≤130) (131-260) (261-550) (>550) 

 Very low risk Very good Very good Follow up** Follow up** 

 Low risk Very good Good Fair Follow up** 

 Moderate risk Follow up* Good Fair Poor 

 High risk Follow up* Follow up* Poor Very poor 

 Very high risk Follow up* Follow up* Follow up* Very poor 

* When the MAC and SIC appear to be contradicting each other, a reassessment is undertaken. If the 
resulting SFRG is still ‘follow up’, a conservative grade is applied. This grade is applied by assigning the 
first grade to the right of the ‘follow up’ in the same SIC row. 
** When the MAC and SIC appear to be contradicting each other, a reassessment is undertaken. If the 
resulting SFRG is still ‘follow up’, a conservative grade is applied. This grade is applied by assigning the 
first grade below the ‘follow up’ in the same MAC column. 
Source: Ministry for the Environment Indicator update July 2013; INFO 690. 
www.mfe.govt.nz/environmental-reporting/fresh-water/suitability-for-swimming-
indicator/suitability-swimming-indicator.html 

Possum faecal matter is a potential source of E. coli contamination of waterways and 
water tanks. Possum faecal production is estimated at 25.2g dry weight per day56 or 
approximately 280,000 tonnes per annum for 30.3 million possums (see Table 6: 
440,000 tonnes pa with no controls on possum numbers). However, although studies 
have identified the presence of E coli in some possum faeces, there is no evidence of 
a causal link to E coli in water bodies.  

Gilpin et al (2012)57 analysed thirty four river samples from around New Zealand, 
including several suspected to be contaminated with ruminant or avian faeces. They 
report that none of the samples were consistent with possum faecal contamination 
and conclude that possum faeces are not a significant E. coli contamination source in 
New Zealand. In contrast there is significant impact associated with dairy farming.58 

For water used for human drinking water the main risks are associated with 
rainwater collection systems (roof, gutter and tank systems). Australian studies have 
identified the presence of E coli and other faecal indicator bacteria in water tanks 
and have linked this to faecal material of possums and other animals (including birds 
and rats).59 However, a study that went on to examine health impacts on households 
as a result of these infections found no adverse impacts.60 The authors of this study 
noted that although it “is one of the most comprehensive and sophisticated” of 
published studies, it does not unambiguously answer the relative health risks of 
ingesting contaminated rainwater. 

56  Gilpin BJ, Devane M, Wood D and Chappell A (2012) Distinguishing Possum and Human Faeces using Faecal Sterol Analysis. 
In: D. Kay and C. Fricker. The Significance of Faecal Indicators in Water: A Global Perspective. RSC Publishing. Pp 102-106. 

57  Giplin et al (op cit) 
58  Wilcock B (2006) Assessing the Relative Importance of Faecal Pollution Sources in Rural Catchments. Environment Waikato 

Technical Report 2006/41 
59  Ahmed W, Hodgers L, Sidhu J and Toze S (2012) Fecal Indicators and Zoonotic Pathogens in Household Drinking Water Taps 

Fed from Rainwater Tanks in Southeast Queensland, Australia. Appl. Environ. Microbiol, 78(1): 219-226;     

 Ahmed W, Hodgers L, Sidhu J, Gardner T, Richardson K, Palmer A and Toze S (2012). Health Risk Assessment of Roof-
Captured Rainwater. Urban Water Security Research Alliance Technical Report No. 77 

60  Ahmed W, Hodgers L, Sidhu J, Gardner T, Richardson K, Palmer A and Toze S (2012). Health Risk Assessment of Roof-
Captured Rainwater. Urban Water Security Research Alliance Technical Report No. 77 
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Giardia and Cryptosporidium 
Giardia is a food- and water-borne disease that is caused by a parasite found in the 
gut of infected humans and animals, including possums.61 Cryptosporidium is…. 

One study of two farms in Dannevirke found Giardia cysts in the faeces of 23.6% of 
76 possums,62 in addition to faeces of a range of other animals.63 In addition, 
Cryptosporidium cysts were detected in 12.8% of 39 possums and a number of other 
animals.64 Although one of the two farms had a history of human Giardia infection, no 
significant differences were found between the prevalence of Giardia in wild animals 
on the farms. There was a significantly lower prevalence of Cryptosporidium than 
Giardia in the wild animals tested. Giardia cysts were detected in faeces from 12.9% 
of 124 brushtail possums trapped in Auckland, Hawke's Bay, the Wairarapa and 
Wellington. Possums and rodents in forested areas of Auckland and Wellington city 
water catchments were infected.65 

The data that do exist provide no basis for any strong conclusions on the impacts of 
possums on levels of E coli, Giardia or Cryptosporidium in New Zealand water bodies. 

 

61  http://www.health.govt.nz/your-health/conditions-and-treatments/diseases-and-illnesses/food-and-water-borne-
diseases/giardia 

62  Chilvers, B.L., Cowan, P.E., Waddington, D.C., Kelly, P.J. and Brown, T.J. (1998) The prevalence of infection of Giardia spp. 
and Cryptosporidium spp. in wild animals on farmland, southeastern North Island, New Zealand. International Journal of 
Environmental Health Research, 8(1): 59-64. 

63  Giardia cysts were found in the faeces of 42.1% of 19 ship rats, 30.5% of 46 house mice, 33.3% of 6 hedgehogs, , 33.3% of 3 
ferrets, 20% of 5 rabbits, 35% of 20 blackbirds, 50% of 14 thrushes, 15.4% of 104 sparrows, 60% of 10 chaffinches and 14.3% 
of 14 hedge sparrows. 

64  Cryptosporidium cysts were also found in 37.5% of 8 ship rats, 11.8% of 17 house mice, 8.2% of 61 house sparrows, 21.4% of 
14 thrushes and 1 of 2 starlings from the same area 

65  Marino M.R., Brown T.J., Waddington D.C., Brockie R.E. and Kelly P.J. (1992). Giardia intestinalis in North Island possums, 
house mice and ship rats. N. Z. Vet. J. 40:24–27. 
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Appendix E Effects on the 
value of New Zealand’s clean 
green image 
It is common to hear argument within New Zealand that the uncontrolled infestation 
of pests, or the use of toxic pesticides to control them, could negatively affect the 
country’s clean green image and the volume and value of trade that depends on that 
image. Keeping possum densities low and reducing the risk of canopy die back might 
therefore produce a benefit for tourism and product marketing, offset to the extent 
that some potential consumers might also regard pest control using aerial 1080 drops 
as detracting from that image. That raises the question of what is the value at risk 
from changes in the clean green image? 

Considering the scale that is often implied for the clean green image there has been 
little detailed study of how much it adds to the value of New Zealand’s tourism and 
land-based produce. A general study on valuing New Zealand’s clean green image 
was commissioned by the Ministry for the Environment (PA Consultants 2001), which 
examined potential effects in selected markets and products, and included a stated 
preference survey of foreign tourists on their departure from the country. This found 
that change in tourist purchasing behaviour under worsened environmental 
perceptions depended to a large extent on the country that the tourists came from, 
coupled with the purpose of their visit: those coming for business or visiting friends 
and relatives were less sensitive to changes in environmental perceptions than those 
coming for holiday purposes, as were those coming from Australia. With the survey 
limited to tourists from the then top-5 markets (Australia, Japan, Korea, UK and USA) 
this report estimated aggregate annual economic costs ranging from $0.5 to $0.9 
billion. The study’s weakness is that its design makes it difficult to determine what 
change in environmental condition is being envisaged, and it provides no practical 
means of relating the change to the appearance of forest canopies or other 
symptoms to the change in density of possums. 

Other estimates of the value of changes in clean green image have been prepared in 
assessing the potential impacts of the introduction of Genetically Modified 
Organisms into New Zealand. In a report to the Ministry for the Environment and the 
Treasury, BERL and AERU (2003) surveyed end use consumers in New Zealand export 
markets and a small survey of inbound tourists, finding that in the perception of 
environmental image, New Zealand was consistently ranked “above average” or 
“among the best” of a selective range of comparator countries.66 Most consumers 
stated their purchasing behaviour of New Zealand goods and services would remain 
unchanged if GMOs were released in New Zealand. Between 20-30% of consumers of 
products stated they would cease purchasing New Zealand produce, but a much 
smaller 5-10% said it would change their choice of New Zealand for a holiday. The 
report concluded that many influences determine purchase behaviour, price being an 

66  The AERU/BERL survey covered 444 respondents in Australia, UK and USA, and 93 inbound tourists to Christchurch. The PA 
Consultants survey covered 94 consumers in Malaysian supermarkets and 250 tourists from 5 countries: Australia, Korea, 
Japan, UK and USA.. 
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important one, and that these influences change over time as external events impact 
on consumer behaviour. But the presence of GMOs, as a marker of environmental 
condition, was not a major influence on purchase decisions for most producers, 
consumers and tourists. 

More recently Knight (2011) reported on a survey of food distribution gate-keepers 
in selected export markets, finding that they place high value on trust-related-
attributes of products (e.g. the reputation of food standards enforcement) rather 
than scenic-related imagery. They were accustomed to procuring produce from 
sources with GMO content and expressed no difference in behaviour if they were 
released into New Zealand. In a larger survey of incoming tourists, which tested 
attitudes to GMOs, nuclear power and other contentious technologies, Knight found 
tourist destination choice is scarcely affected at all by contentious technologies that 
are in use or introduced in a particular country, even if individual tourists hold pre-
existing negative views about that technology.67   

It is possible that perceptions about negative trade spin-off from pesticide use in 
overseas markets are more strongly held by some groups in New Zealand than by 
overseas consumers or potential tourists.  Green and Rohan (2012), in reviewing 
submissions to ERMA applications for 1080 use in 2008, identified a significant group 
of submitters who considered that New Zealand's image was threatened by 1080 
either through a tarnishing of the country's ‘clean green’ image or through supposed 
impacts on exports (via residues in animal products or concerns about animal 
welfare). These concerns were expressed by 23% and 19% of submissions 
respectively. 

Both the BERL & AERU and Knight reports indicate that few tourists would change 
their travel intentions on the basis of a single change in environmental perception 
(GMO release) despite the widespread publicity given to the issue internationally and 
the holding of a Commission of Inquiry into it in New Zealand published in 2002. The 
connection between possum density and damage to forest condition and biodiversity 
is not well understood in New Zealand (sections 3.4 and 3.5), let alone in other 
countries68, so it is likely that the impact of possum control on the clean green image 
would be even less than for GMOs. This conclusion cuts both ways. The positive 
benefits of possum control from bTb vector programmes are likely to have small 
value in market-based economic terms, but so too will any negative impact of 
widespread use of 1080 and other pesticides in those programmes.  

Although the public objection to use of 1080 appears to have grown over recent 
years, the Parliamentary Commissioner for the Environment (2011) found that 1080 
was a suitable tool for pest management, its negative effects have been over-stated, 
and that on balance pest management and biodiversity protection are better off with 
its use than without it.69 We are not aware of any robust more recent work that 
would invalidate that conclusion, or that any cost effective alternatives exist that 
would have less effect on the clean green image. DOC (2009) found the annualised 
cost of aerial 1080 drops were on average about half as much per hectare as the 

67  Knight’s consumer survey covered 2,734 respondents using revealed preference, 1,800 consumers giving stated 
preferences, and a survey of 515 first time visitors to New Zealand arriving at Auckland airport. 

68  In Australia there are 23 native species of possum, ranging widely in habitat, ecology and threat  status (including several 
highly at-risk species), so the context for possum impacts and management is entirely different to that in New Zealand. 

69  In a study of the New Zealand falcon, Seaton (2007) found application of 1080 for pest control by a forestry company had no 
significant effects on overall bird density. 
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alternatives of ground operations with baits and traps, so 1080 enables resources to 
be spread further into more remote and inaccessible areas. 

These reports do not address directly the effect of possum density or possum control 
activity on the value of New Zealand’s clean green image. The inferences to be drawn 
from them are limited by such things as small sample sizes and a focus on existing 
consumers/tourists who have already committed to “buying New Zealand”, omitting 
the “latent” consumers who might buy but currently do not perhaps because of some 
adverse perception. There is little research concerning these latent consumers and it 
would be difficult to find out how their perceptions of environment affect their 
purchase decisions.  

There are a number of economic studies that emphasise the importance of 
environmental quality and healthy ecosystems generally to the enjoyment of 
locations for recreational and tourist activity. But what triggers the perception of bad 
environment, or what thresholds have to be passed to change a decision from visit to 
no visit does not appear to be addressed in any literature that can be related to the 
state of forests, water quality or other environmental domains affected by possums. 

The studies do suggest that most international consumers’ and visitors’ purchase 
decisions are not particularly sensitive to the presence of contentious technologies or 
practices in the local economy and environment, and changes in the density of 
possums or use of 1080 controls are similarly likely to have little effect on those 
decisions. While some of the surveys’ adverse responses are not trivial (e.g. 5-10% 
tourists changing behaviour) these need to be viewed in light of other factors like 
price and exchange rates having stronger influence on purchase decisions. 
Perceptible changes in tourist activity have been observed following major adverse 
events like volcanic eruptions at Ruapehu or the Christchurch Earthquake, but 
nothing in the literature to date suggests that the presence of pest species like 
possums or control methods like 1080 have a significant effect on the perception of 
clean green image or the appeal of New Zealand produce or holiday destinations. In 
the final analysis there is no reliable research on whether possum damage affects 
New Zealand’s clean green image sufficiently to have significant effect on consumer 
behaviour with economic consequences. 
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