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Executive summary 

The Population-based Funding Formula 
This report describes the 2014/15 Review of the Population-based Funding Formula (PBFF). 

The Ministry of Health uses the PBFF every year to distribute the bulk of the funding share of 

Vote Health to District Health Boards (DHBs). In 2015/16, the Ministry distributed 

approximately $11.7 billion2 in this way. The PBFF system aims to give each DHB a similar 

opportunity, in terms of health resources, to respond to the needs of its population. It does not 

determine the overall level of funding DHBs receive (which is determined by the Budget 

process), nor how DHBs spend it. 

 

The PBFF covers a range of health services, including primary care, hospital and community 

care services, health of older people services, and mental health services. It does not cover 

disability support services for younger people, or public health services. 

 

The PBFF comprises two parts: the core model that determines relative health need and three 

adjusters that modify funding allocations between DHBs. 

 

The core model 

The most important factor in the PBFF model is the number of people in each DHB. That 

number having been determined, each DHB’s share is adjusted for its particular demographic 

profile in terms of age, socioeconomic status, ethnicity (Māori, Pacific or Other) and sex. The 

socioeconomic variable was the New Zealand Index of Socioeconomic Deprivation 2006 which 

is a New Zealand small-area index of relative socioeconomic deprivation derived from census 

data. 

 

The core model of the PBFF system is based on cost weights: a cost weight is the national 

average expenditure per head per year for a person in a particular demographic group. Under 

the PBFF, the Ministry applies these cost weights to DHBs according to their numerical 

populations together with their demographic profiles in order to determine the share of funding 

each DHB should receive. 

 

For each financial year, the PBFF incorporates current DHB-level population projections 

produced by Statistics New Zealand. These projections are not part of any standard suite 

produced publicly by Statistics New Zealand; instead, Statistics New Zealand produces them for 

the Ministry of Health. The base (starting-point) for DHB ethnic population projections is the 

‘estimated resident population’ in that year, as opposed to the usually resident population. The 

estimated resident population is widely regarded as the best available measure of how many 

people live in a given geographic area, and their basic demographic characteristics (age, sex, 

major ethnic groups). 

 

The cost weights represent an estimate of future health need. The Ministry of Health calculates 

them from average DHB expenditure (at the national level) historically, using different service 

groups. 

 
2 All financial figures in this report are expressed as GST exclusive. 
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The adjusters 

In addition to demographic variables, there are three adjusters that modify the funding 

allocations between DHBs. 

 The unmet need adjuster is a policy-based adjuster to target funding at population groups 

with issues accessing health services (Māori, Pacific peoples and those living in areas of high 

deprivation). 

 The rural adjuster accounts for the cost of providing services in more rural areas. 

 The overseas eligible and refugees adjuster accounts for the unavoidable costs of providing 

services to eligible overseas visitors, and is derived from estimated additional costs to DHBs. 

It includes an allowance to meet the high health costs of new refugees to New Zealand. 

 

The Review 
For the purposes of this Review, the Ministry set up a technical advisory group (TAG) 

comprising members from DHBs, the Ministry of Health and the Treasury. The formula was last 

updated in 2007/08 with the results coming into effect in 2009/10 financial year. Census 2013 

is the basis of the current PBFF review which will come into effect in 2016/17. 

 

The Review investigated the extent to which the PBFF was: 

 robust (developed with sound technical processes based on reliable evidence and data) 

 legitimate (based on transparent formulae accessible to the sector and wider public) 

 efficient (making use of formulae that were as simple as possible, with factors only included if 

they made, or could be expected to make, a significant material difference) 

 effective (providing a workable outcome and minimising perverse incentives). 

 

The TAG broke the review process down into two key categories: 

 review of the core model 

 review of the adjusters. 

 

The TAG presented its recommendations to the Ministry’s Policy Advice Improvement (PAI) 

Group and the Ministry provided recommendations to Ministers and Cabinet which were 

approved. 

 

Table 1 summarises these recommendations. 
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Table 1: Summary of review of PBFF core variables and adjusters 

Component 
($ in 2013/14 values) 

Review recommendation 

Core variables 
(approximately $10.8 billion) 

Retain with updated inputs (age, sex, NZDep2013 and ethnicity (Māori, 
Pacific, Other)) 

Unmet need adjuster 
(approximately $163 million) 

Retain but update the current model with excess unmet need: variables 
are Māori and Pacific and people living in areas of high deprivation 

Rural adjuster 
(approximately $169 million) 

Retain but change to the rural population index model  

Overseas eligible and refugees adjuster 
(approximately $30.4 million) 

Retain with updated inputs and review the overseas eligible portion in 
one year with a report back as part of the 2017/18 DHB indicative 
funding advice  

Tertiary adjuster (not part of PBFF) 
(approximately $120 million) 

Retain outside model 

The National Costing, Collection and Pricing Programme (NCCP) will 
review this adjuster and report back as part of the 2017/18 DHB 
funding advice 

Land adjuster (not part of PBFF) 
(approximately $9.2 million to Auckland 
DHB) 

Retain outside model 

Ministry of Health will provide recommendations in the 2016/17 
indicative funding advice including a review process for the longer term 

 

The core model 

The Review recommended retaining the existing cost weight variables and not introducing new 

variables. It considered but decided against expanding the ethnicity categorisation to include 

Asian as a separate group. It also considered but decided against using burden of disease as a 

new variable. 

 

The Review recommended recalculating the core model cost weights by service group with the 

most up-to-date information available (2013/14 values by age, sex and ethnicity), and the latest 

version of the New Zealand Index of Deprivation (NZDep2013). 

 

The adjusters 

The unmet need adjuster 

The Review recommended retaining the unmet need adjuster but setting the amount by 

reference to excess unmet need based on the New Zealand Health Survey.3 This produces a 

figure very similar to that of the prior model, but uses a more robust methodology. The Review 

considered but decided against using ambulatory sensitive hospitalisation (ASH)4 rates in the 

model, because such an inclusion could be interpreted as rewarding system failure. 

 

The Review recommended retaining the current variables for distribution. It tested the current 

distribution variables against ASH and amenable mortality (AM)5 rates to see if they gave a 

reasonable distribution of funding between DHBs, and found that the current variables 

performed well. 

 
3 ‘Excess unmet need’ is a measure of how much worse off the most deprived populations are, compared with the 

least deprived populations. Basing excess unmet need on the New Zealand Health Survey involves comparing the 

average rate of unmet need reported by non-Māori and non-Pacific peoples that live in NZDep 1 areas (ie, the least 

deprived quintile) to the average rate of unmet need reported by Māori and Pacific peoples who live in NZDep 4 

and 5 areas (ie, the most deprived quintiles). The difference between the two rates is the excess unmet need. 

4 Ambulatory sensitive hospitalisation rates measure the number of people who appear in hospital with conditions 

that could have been prevented or treated in out-of-hospital settings such as primary health care. 

5 Amenable mortality rates measure the number of deaths that might have been prevented if health services had 

been delivered more effectively or if patients had accessed services earlier (either in primary care or in hospital). 
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The overseas eligible and refugees adjuster 

The TAG initially recommended that the adjuster for overseas eligible people be dealt with 

outside the model or dropped, due to concerns with the quality of the data used to calculate the 

component and inadvertent incentives provided by the indicator to increase administrative cost 

without improvement in health outcomes. 

 

However, the Minister of Health considers that the policy of compensating DHBs for overseas 

eligible patients remains valid, and desires that this component remain in the PBFF for one 

year, supported by further work to improve it. The Ministry plans to look at patient level data for 

overseas and refugee patients and cross-check it against immigration data. Currently the 

Ministry uses similar methods to check eligibility for primary health organisation (PHO) 

services. The Ministry will report back on this work as part of the 2017/18 DHB indicative 

funding advice at the end of 2016. 

 

Under the PBFF as it currently operates, the Ministry allocates DHBs extra funding for refugees 

based on estimates of annual settlement patterns and past recorded costs per refugee. 

 

Figure 1 presents the distribution of the overseas eligible and refugees adjuster funding pool by 

DHB in 2013/14 values. 

 

Figure 1: Distribution of overseas eligible and refugees adjuster pool by DHB, 2013/14 

 
 

The rural adjuster 

The rural adjuster is based on rural population numbers and geography and the diseconomies of 

providing hospital services to a small population. The Review considered three options for 

allocating the rural adjuster against the criteria of fairness, flexibility, robustness and 

transparency. 

 

The Review ultimately recommended retaining the rural adjuster, but using a new weighted 

rural population index. First, the Ministry allocates DHBs funding from a rural pool to cover the 

additional costs of providing small and dispersed rural population groups with access to primary 

care, travel and accommodation, inter-hospital transport and community services. The 

allocation is based on measures of rural population numbers and estimated travel distance to 

services within the DHB and to tertiary-level services. 
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Secondly, the Ministry funds DHBs for two unavoidable diseconomies: that of providing full 

secondary-level hospital services for small populations (ie, at hospitals like Grey Base in the 

West Coast) and that of providing services on offshore islands such as the Chatham Islands. 

Small hospitals are located in towns which are not considered rural, and which were therefore 

not picked up in the weighted rural population index as it stood. The cost of services for offshore 

islands is considered extreme compared to other rural costs. 

 

The main advantage of the weighted rural population index is that it is a way of targeting 

funding more closely to DHBs with the most rural residents. A further advantage of using the 

index is that the prior spending patterns of DHBs are less likely to lock them into future funding 

entitlements with only a small necessary inclusion of cost structures to account for 

diseconomies. 

 

Figure 2 presents the distribution of the rural adjuster pool by DHB in 2013/14 values. 

 

Figure 2: Distribution of rural adjuster pool by DHB, 2013/14 

 
 

Tertiary and land adjusters 

The Review recommended that the PBFF should include neither tertiary nor land adjusters. The 

NCCP will undertake a review of the tertiary adjuster and the role delineation model (RDM) as 

part of its work programme next year. Currently, a land adjuster is paid outside of PBFF to 

Auckland DHB for the cost associated with the high valuation of its land. A process for the 

review of this land adjuster will be part of the DHB 2016/17 funding advice. 

 

The revised PBFF cost weights 

As stated above, the Review recommended updating the core model cost weights. The following 

graphs (Figures 3, 4 and 5) illustrate the complete revised cost weights by age, sex, deprivation 

and ethnicity. The average cost per head of population by age group has remained largely stable. 

Of particular note are the higher cost weights for Māori and Pacific peoples compared with other 

population groups (ie, non-Māori, non-Pacific) and the higher cost weights for those living in 

areas of higher deprivation, as measured by the NZDep2013. 
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Figure 3: Population-based Funding Formula aggregate cost weights for females of Other 

ethnicity, by age and NZDep2013 

 
 

Figure 4: Population-based Funding Formula aggregate cost weights for males of Other 

ethnicity, by age and NZDep2013 
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Figure 5: Population-based Funding Formula aggregate cost weights for males of 

NZDep2013 quintile 4, by age and ethnicity 

 
 

Figure 6 compares cost weights by age between the 2007/08 and 2014/15 PBFF reviews for 

those years. Given that these two sets of cost weights are based on different costs and base 

populations, they cannot be directly compared. However, the general trends they respectively 

demonstrate are remarkably similar until ages 65+, where a divergence appears. There is a 

number of possible reasons for increased aggregate cost weights for this age group, but the 

Review did not definitively quantify them. 

 

Figure 6: Population-based Funding Formula aggregate cost weights, by age, 2007/08 and 

2014/15 

 
 

The implementation of the PBFF 

Overall, the changes made to the PBFF following this year’s Review are minimal. The small scale 

of the amendment to cost weights, in particular, indicates the robustness of the PBFF model 

over time. 

 

While the percentage of the total funding allocated by the rural and overseas eligible and 

refugees adjusters will not change markedly, there are material changes at a DHB level. 
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Table 2 shows the change in PBFF shares for 2015/16 between the current model and new 

model. Each DHB’s 2015/16 PBFF share of the population is shown for comparative purposes. 

 

Table 2: DHB PBFF shares using current and new models and population shares, 2015/16 

DHB Current PBFF model: 
2015/16 

New PBFF model: 
2015/16 

Percentage point 
variance 

Auckland 9.31% 9.12% -0.19% 

Bay of Plenty 5.55% 5.62% 0.07% 

Canterbury 10.94% 10.81% -0.13% 

Capital & Coast 5.76% 5.73% -0.03% 

Counties Manukau 10.81% 10.87% 0.06% 

Hawkes Bay 3.96% 3.95% -0.01% 

Hutt 3.09% 3.05% -0.04% 

Lakes 2.48% 2.54% 0.07% 

MidCentral 4.05% 4.08% 0.03% 

Nelson Marlborough 3.42% 3.40% -0.02% 

Northland 4.50% 4.63% 0.14% 

South Canterbury 1.46% 1.44% -0.02% 

Southern 6.78% 6.81% 0.03% 

Tairāwhiti 1.26% 1.30% 0.04% 

Taranaki 2.79% 2.73% -0.06% 

Waikato 8.91% 8.96% 0.06% 

Wairarapa 1.12% 1.11% -0.01% 

Waitemata 11.25% 11.23% -0.01% 

West Coast 0.89% 0.93% 0.04% 

Whanganui 1.69% 1.69% 0.00% 

Total 100.00% 100.00% 0.00% 

 

The final PBFF funding allocation relies on further data inputs including new population 

projections, new DHB starting points, and the level of new funding for DHBs. In addition, 

finalisation relies on the Minister of Health defining implementation rules that specify each 

DHB will receive a funding allocation comprising their previous year’s funding plus a minimum 

increase percentage. In practical terms, this smooths the change in funding to DHBs and means 

that it can take a period of years to transition DHBs to their target PBFF share. Ultimately, the 

Government makes final funding allocations as part of the Budget process. 

 

For this reason, the Project Team cannot predict the full impact of the new PBFF model. It is 

important to note that individual DHB funding allocations are increased year on year across the 

board; what changes is the percentage share of overall funding for each DHB. This means that 

for a few DHBs, the annual funding growth rate will be less under the new model than under the 

previous model. 

 

The TAG and the Project Team recommend the following improvements prior to any future 

review: 

 ensure all DHBs have a costing system in place and comply with costing standards 

 update the RDM 

 explore the feasibility of developing a set of cost outputs for mental health 
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 improve non-governmental organisation (NGO) reporting for mental health 

 explore the feasibility of developing a revised set of general ledger codes 

 allow time for a research phase 

 make review material and training slides available on the Ministry website. 

 

Audit 
An independent auditor audited the Review, and raised no concerns. 
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Introduction 

This report describes the 2014/15 Review of the Population-based Funding Formula (PBFF) for 

district health boards (DHBs), and presents each DHB’s percentage share of available funding as 

determined by the PBFF. 

 

What is the PBFF? 
The PBFF has been used to allocate funding to District Health Boards (DHBs) since 2003/04. 

This report details the Ministry of Health’s 2014/15 Review of the PBFF. For the purposes of this 

Review, the Ministry set up a technical advisory group (TAG) comprising members from DHBs, 

the Ministry of Health and Treasury. It was last updated in 2007/08 with the results coming 

into effect in the 2009/10 financial year. Census 2013 is the basis of the current PBFF review 

which will come into effect in 2016/17. 

 

The scope 

The PBFF covers devolved health services that DHBs fund (approximately $11.7 billion). This 

includes primary care, hospital and community care services, health of older people and mental 

health. It does not cover younger Disability Support Services and Public Health. The PBFF does 

not: 

 require boards to expend a specific amount in any service area 

 compensate for additional costs of providing inter-regional/tertiary services 

 set service level expectations (ie, require average intervention rates). 

 

Overview of the model 

The PBFF comprises: 

 the core model that determines relative health need 

 the adjusters that modify the funding allocations between DHBs by taking into account 

unmet need, rurality and overseas visitors and refugees. 

 

The core model 

The most important factor in the model is the number of people in each DHB. In addition to the 

number of people, the PBFF share is adjusted for the demographic profile (age, socioeconomic 

status (currently NZDep06), ethnicity (Māori, Pacific or Other), sex). 

The PBFF cost weights in the core model (cost of providing health care services) are then 

applied to each DHB population grouping, which gives the estimated PBFF share the DHB 

needs to provide for the range of health care services to its population. 

 

The adjusters 

In addition to the demographic variables the model also includes three adjustments to the costs 

of providing health services. 
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Unmet need adjuster 

 This is a policy based adjustment to target funding at population groups with access 

issues to health services. The current target groups are Māori, Pacific and those living 

in areas of high deprivation. 

Overseas eligible and refugees adjuster 

 This adjusts for unavoidable costs of providing services to eligible overseas visitors and 

is derived from recent costs. It includes an allowance to meet the high health costs of 

new refugees to New Zealand. 

 It includes cover for New Zealand citizens domiciled overseas who return to New 

Zealand for treatment, those patients for whom there is a reciprocal arrangement (UK 

and Australia and some Pacific Islands). 

Rural adjuster 

 This compensates DHBs for having to provide services in more rural areas. 

 The current adjuster services, inter-hospital transfers, travel and accommodation costs. 

 

The report begins with the background to the Review and an overview of the current PBFF 

model. It details the changes to be made to the PBFF model as a result of the Review: 

 recalculation of core model cost weights by service group using 2013/14 data 

 application of the latest version of the NZDep Index, from NZDep2006 to NZDep2013 

 redevelopment of the overseas eligible and refugees adjuster, with a further review of the 

overseas eligible portion in one year 

 redevelopment of the rural adjuster, including application of a weighted rural population 

index 

 redevelopment of the unmet need adjuster, including application of a new definition of excess 

unmet need. 

 

An independent auditor audited the Review, focusing on whether the technical results are 

consistent with the source data and reflective of the decisions from the Review. The audit found 

no issues with the accuracy of the work. 

 

The purpose of the Review was to examine the structure of the current PBFF to ensure it 

allocates funding equitably according to the relative need of DHB populations. 

 

The Review covered the following areas. 

 Assessment of whether the current core model cost weight variables remain the best 

mechanism for determining relative health need 

 Recalculation of the core model cost weight variables using the most recently available data 

 Assessment of whether the adjusters (unmet need, overseas eligible and refugees, rural) 

remain appropriate mechanisms for adjusting funding allocations between DHBs 

 Assessment of whether adjusters for land and tertiary services should be incorporated into 

the model. 
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To consider whether the tertiary adjuster should be included in the PBFF, the TAG 

commissioned an independent review of both the tertiary and rural adjusters from an 

independent research firm, Sapere. 

 

The Ministry of Health will implement the results of the Review in the 2016/17 financial year. 

The next major review of the PBFF will take place after the 2018 Census results become 

available. 
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Background 

The Ministry of Health developed the PBFF in 2000, based on then-available health service use 

data and population data. Cabinet approved the formula in November 2002 and directed that 

the Ministry review the PBFF every five years (following each population census) to incorporate 

updated population data. 

 

To be effective, the PBFF needs to be able to allocate funding according to the particular health 

needs of the population. The PBFF gives each DHB the same opportunity, in terms of resources, 

to respond to the needs of its population. 

 

In addition to PBFF shares, DHB funding includes a small number of permanent top slices for 

national services and temporary top slices for new initiatives. 

 

Figure 7 sets out how the PBFF operates in relation to the Budget. 

 

Figure 7: Guide to the PBFF and the Budget 
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The relevant Cabinet papers concerning DHB funding are: 

 CAB (00) M 42/5 A, District Health Board funding: implementation of population-based 

funding 

 CAB (00) M 42/5 B, District Health Board funding: appropriations 

 CAB (00) M 42/5 C, District Health Board funding: structure of the population-based 

funding formula 

 CAB (02) M 32/14, District Health Board funding: implementation of population based 

funding. 

 

The forthcoming update of the New Zealand Health Strategy may introduce some new elements 

to the way the health sector receives funds, for instance the extension of health investments and 

social investments. Nonetheless, it will remain the case that the Ministry of Health will need to 

distribute a very large amount of funding for core DHB business. It will continue to carry out 

this process using the PBFF; the amendments to the PBFF recommended by the review will 

improve the distribution process and its acceptability to DHBs. 
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Overview of the Review 

Principles of the Review 
The Review investigated the extent to which the PBFF was: 

 robust (developed with sound technical processes based on reliable evidence and data) 

 legitimate (based on transparent formulae accessible to the sector and wider public) 

 efficient (making use of formulae that were as simple as possible, with factors only included if 

they made, or can be expected to make, a significant material difference) 

 effective (providing a workable outcome and minimising perverse incentives). 

 

The choice of factors upon which to 

distribute funding 
Smith, Rice and Carr-Hill (2001 page 222) say of the process of developing a formula to 

distribute funding to a nationwide health system: 

The general principles that should be applied when choosing needs factors should be that, 

other things being equal, they represent demonstrably material influences on the need to 

consume the service under consideration. 

 

It was important that clear criteria for inclusion of demographic factors were set, as the current 

variables were to be regularly reviewed for selection alongside potential new variables. Selecting 

variables can be a complex and sometimes controversial process. Smith, Rice and Carr-Hill 

(2001) put forward six reasons for this. 

 Relevant data are often in short supply. 

 Research evidence on appropriate needs factors is sparse, dated or ambiguous in its 

implication. 

 There is great difficulty in handling covariance between needs factors. 

 It is very difficult to disentangle legitimate needs factors from illegitimate (supply) influences 

on utilisation. 

 The recipients of public sector budgets often feel that they have a clear idea about which 

needs factors will favour their area, and so will seek to influence the choice of needs factors 

through the political process. 

 The central government (or distributor of funds) will often have a clear view on the result 

that it wishes to secure. 

 

The criteria chosen need to be robust enough to handle such challenges. Overseas examples of 

criteria for variables include the Norwegian set, which states that variables should: (a) be 

documented in previous analysis; (b) be included in capitation models in other countries; or 

(c) be judged as plausible based on medical literature (Magnussen 2010). 
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From its instigation, the PBFF had as its starting point the calculation of ‘cost weights’ based 

upon the national average cost per head within defined demographic groups of health and 

disability support services. The first step in developing the formula was the choice of 

demographic factors. In considering potential factors for this purpose, the Ministry considered 

three criteria. 

1. Was there a clear link between the factor and differences in need for health and disability 

services? 

2. Was data available to allow us to calculate the difference in the current cost of meeting 

health and disability needs between demographic groups? 

3. Was data available on the distribution of the factor within each DHB? 

 

The Ministry also desired a clear link between needs analysis, policy work and funding; the 

model would aid governance of the sector by allowing DHBs to look at their needs analysis and 

funding in terms of the same variables. Prior to development of the PBFF, much needs analysis 

and policy work focused on age, sex, socioeconomic status and ethnicity (See for example 

National Health Committee 1998; Ministry of Health 1999; Health Funding Authority and 

Ministry of Health 1998; Ministry of Health 2000; Minister of Health 2000; Mental Health 

Commission 1998). 

 

International health care funding models 
The Ministry of Health reviewed health care funding models in five comparable countries or 

states for their possible application to the PBFF: England, Scotland, Norway, New South Wales 

(Australia) and the Netherlands. Table 1 presents a summary of these examples. 

 

In England, the National Health Service’s (NHS) formula generally considers age to be the main 

indicator of health need. However, the Government there rejected a formula proposed in 2012 

because it did not accurately address unmet need. To correct this, the Government subsequently 

set aside 10 percent of total funding for clinical commissioning groups to be allocated by 

deprivation levels. England’s formula has not yet factored in the rurality of an area’s population, 

but work is under way to accommodate this (NHS England 2013). 

 

The NHS Scotland allocates funding across 14 territorial health boards according to a capitation 

formula that is similar to England’s NHS. The formula makes some adjustment for the higher 

cost of delivering services in rural and remote areas. It also entails an urban–rural classification 

for maternity services. The Scottish NHS uses deprivation levels, but does not explicitly use 

ethnicity (NHS Scotland 2007). 

 

Norway’s health care expenditure per capita is one of the highest in the world, yet the country 

faces considerable challenges in the calculation of geographically equitable funding. It rejected 

one potential formula on the basis of politically unpalatable redistribution of funds between 

regions; components of the current formula have been agreed by a process of ‘sound judgement’. 

Magnussen (2010) notes the need in the Norwegian context for funding decisions to rely on a 

combination of empirical analysis and political strategy. 

 

New South Wales reformed its funding system during 2013/14, shifting the focus toward 

activity-based funding. The New South Wales funding formula discussed in Table 3 pertains to 

the system that was in place before this recent reform. This formula included variables designed 

specifically to capture unmet need in both homeless and indigenous populations (Gibbs et al 

2002). 
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The Netherlands operate a funding system based on competitive health insurance plans that 

initially seems incomparable with most aspects of New Zealand’s capitation system. However, in 

the Netherlands, insurers receive half their income from a predominantly tax-based 

contribution that undergoes intricate risk-adjustment. This is made possible only by 

comprehensive databases of individual-level data. The Netherlands example shows that, as the 

availability of health data increases, there are increasing opportunities to hone the accuracy of 

New Zealand’s population-based funding (Klazinga 2009). 
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Table 3: Summary of international funding models 

 New Zealand England Scotland Norway Netherlands NSW 

Age/sex Age and sex are two 
variables within the cost 
weights. 

Age distribution is the 
first element applied to 
population in the 
weighted capitation 
formula, and is based 
on the national average 
spend on health 
services by age group. 

20 age bands create a 
refined matrix of age-
sex weightings that are 
applied to the 
population. 

The age criteria makes 
up more than half the 
weighting for all parts of 
the capitation model 
except ‘Ambulances 
and patient transport’, 
totalling 53.89% of total 
weighting in the 
capitation model. 

Age and sex make up 
the first risk adjustment 
factor applied to the 
insured population. 

Age and sex weights are 
applied to the population 
count and applied across 
almost all of the 
programme components. 

Socioeconomic 
factors 

Standardised 
deprivation levels taken 
from census data make 
up a variable in the cost 
weights. 

‘Additional need over 
and above that relating 
to age’ is the second 
element applied, 
including calculations 
for socioeconomic 
status. 

The ‘Additional need’ 
adjustment recognises 
relative additional needs 
based on mortality rate, 
unemployment rate, 
percentage of elderly on 
income support and 
deprivation level. 

The capitation model 
includes ‘Employment 
status’, ‘Municipal socio-
economic index’, 
‘Education level’, and 
‘Social care recipient’, 
all of which capture 
different aspects of 
socioeconomic status. 

‘Source of income’ is 
the second strata of risk 
adjustment applied, and 
distinguishes between 
five types of 
employment or welfare 
status. 

Socioeconomic status is 
a factor in the clustering 
of postcode areas. 

The Index of Education 
and Occupation applies 
a socioeconomic 
adjustment to the Health 
Needs Index. 

Rurality DHB funding allocations 
are adjusted to 
compensate DHBs for 
having to provide 
services in rural areas. 

Unavoidable 
geographical 
differences in the cost of 
providing services are 
the third element 
applied in the weighted 
capitation formula. 

Unavoidable 
geographical 
differences in the cost of 
providing services are 
applied in the weighted 
capitation formula. An 
urban-rural classification 
is included in the index 
for maternity services. 

The ‘Ambulances and 
patient transport’ 
component includes the 
criterion ‘travel distance 
to hospital’ to reflect the 
additional resource 
needed in the northern 
region. 

Rurality is not captured 
per se, but postcode 
areas with similar 
demographic and care-
related traits are 
gathered together into 
geographical clusters 
for the purpose of risk 
adjustment. 

The Dispersion Factor 
calculates distance from 
hospital and distance 
from nearest capital city, 
and is applied across 
three of the programme 
components. A national 
standard for measuring 
remoteness (ARIA) is 
included in the Health 
Needs Index. 

Diagnosis Diagnoses are not 
currently used in the 
funding formula 
(however, diagnosis is 
used in setting hospital 
prices, which set 
utilisation rates in the 
model). 

Inadequate information 
to summarise at this 
time. 

Inadequate information 
to summarise at this 
time. 

Diagnosis-related 
groups are used in 
calculating the activity-
based funding portion of 
the formula. 

The diagnoses received 
by insured persons 
upon hospital discharge 
are gathered into the 
adjustment factor 
‘Diagnostic cost groups’. 

Inadequate information 
to summarise at this 
time. 
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 New Zealand England Scotland Norway Netherlands NSW 

Unmet need Some funding is top-
sliced from the total 
allocation to 
compensate for gaps in 
utilisation data; this is 
targeted towards high-
needs populations 
(those living in NZDep 
quintiles 4/5, Māori and 
Pacific peoples). 

Ten percent of the total 
funding will now be 
based on deprivation 
levels to reflect unmet 
need, with the intent of 
tackling health 
inequalities. 

An adjustment is made 
in the area of circulatory 
disease, as this is the 
only area in which there 
is consistent evidence 
of a shortfall in use of 
these services due to 
deprivation levels. 

The ‘Index for climate 
and latitude’ is applied 
to Somatic care. ‘Non-
western immigrants’ is 
applied to psychiatric 
services and 
‘Metropolitan area’ is 
applied to substance 
abuse services. 

There is no adjustment 
for unmet need. 

Indigenous and 
homeless populations 
are given additional 
weighting in the 
population count to 
reflect unmet need. 

Ethnicity Ethnicity is a variable 
within the cost weights 
(Māori, Pacific peoples 
and Other). 

Inadequate information 
to summarise at this 
time. 

No adjustment is made 
for ethnicity, as the 
deprivation index 
sufficiently captures the 
additional needs of 
ethnic minorities that 
are related to their 
deprivation. 

The variable ‘Non-
western immigrants’ is 
included in the 
Psychiatric Care 
component. 

The proportion of non-
western immigrants is 
factored in to the 
postcode area 
clustering. 

Aboriginal and Torres 
Strait Islanders are given 
additional weighting in 
the population count. 
They also receive 
additional weighting in 
the Health Need Index, 
to reflect their higher 
need for acute care 
hospital admissions. 
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Evaluation of variables 
The Project Team used the following criteria to evaluate potential variables for use in the PBFF: 

 universally recorded, consistent and verifiable 

 free from perverse incentives 

 not vulnerable to manipulation 

 reflects plausible determinants of individual need 

 is not a measure of supply 

 explains significant variation in the model 

 feasible calibration to the model. 

 

This Review looked at the current variables (age, sex, ethnicity and socioeconomic status) 

alongside a selection of proposed new variables. Table 4 presents the results. The Review 

concluded that the current variables should be retained. There is substantial evidence that 

ethnicity and socioeconomic status should both be included as variables, as health disparities 

between ethnic groups are not due solely to socioeconomic factors (see for example Blakely et al 

2007). 
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Table 4: Review of existing and new variables against review criteria 

Criteria Universally recorded, 
consistent and 
verifiable 

Free from 
perverse 
incentives 

Not vulnerable to 
manipulation 

Reflect plausible 
determinants of 
individual need 

Not a 
measure 
of supply 

Explains significant 
variation in the 
model 

Calibration to the 
model feasible 

Age Met Met Met Met Met Met Met 

Sex Met Met Met Met Met No Met 

Ethnicity (Māori, 
Pacific peoples, 
Other) 

Largely met, but data 
quality issues exist 

Met Largely met Met Met Met Met, but data 
quality issues exist 

Socioeconomic 
status 

Met Met Met Met Met Met Met 

BMI Not met – data is not 
consistently available 
and not readily 
available routinely 

Depends on 
construction – if 
paid on % with 
high BMI, then 
perverse 
incentive exists 

Largely met – BMI is 
an objective 
measurement but there 
is risk of measurement 
errors 

Largely met – though 
BMI is not a perfect 
proxy of expected 
health need or health 
service utilisation in the 
next year 

Met – 
individual 
based 

Possibly; unlikely to 
fully explain all the 
variation in the model 

Met – but would 
require significant 
work. Major 
concerns about 
data quality 

Burden of 
disease 

Met – this is available 
at an aggregate level 
across the country 

Depends on 
construction, but 
can be managed 

Largely met – objective 
measurement, though 
‘capacity to benefit’ 
could be open to 
interpretation 

Met Met Possibly, but not 
clear unless further 
modelling work done 

Met – but would 
require significant 
work 

Asian ethnicity Population projections 
are available for Asian 
ethnicities, but not 
available by Asian 
ethnic subgroups by 
age, sex and DHB 

Met Met No – due to difficulties 
in disaggregating 
‘Asian’ 

Met Possibly, but not 
clear unless further 
modelling work done 

Met – but would 
require significant 
work 

Prescription 
drugs as markers 

Met Not met Met Not met Not met Possibly, but not 
clear unless further 
modelling work done 

Met 

Other 
socioeconomic 
indicators 

Not met – difficult to 
get consistent and 
reliable data on other 
socioeconomic factors 

Income would be most 
reliable and accessible 

Largely not met 
(depends on the 
indicator) 

Depends on the 
indicator – some 
objective factors such 
as income are difficult 
to manipulate, while 
housing quality is 
difficult to standardise 

Largely met – depends 
on the indicator. 
Income, for example, 
has a strong 
correlation with health 
status 

Met Possibly for some 
indicators, but not 
clear unless further 
modelling work done 

Met – but would 
require significant 
work  
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Criteria Universally recorded, 
consistent and 
verifiable 

Free from 
perverse 
incentives 

Not vulnerable to 
manipulation 

Reflect plausible 
determinants of 
individual need 

Not a 
measure 
of supply 

Explains significant 
variation in the 
model 

Calibration to the 
model feasible 

Accident flags Met – but data quality 
issues exist 

Not met Not met Not sure Met Possibly, but not 
clear unless further 
modelling work done 

Met – but would 
require significant 
work 

Environmental 
indicators 

Met Met Data is objective, but 
effect of environment 
on health status is up 
for debate (thus 
manipulation) 

Not met – as data is 
regional rather than 
individual. Also, 
environmental impact 
on health is influenced 
by other factors (such 
as income) 

Met Possibly, but not 
clear unless further 
modelling work done 

Met – but would 
require significant 
work 

 

 



 

14 Population-based Funding Formula Review 2015 Technical Report 

The Project Team discounted the majority of the alternative variables as not suitably meeting 

the criteria. However, the Team did identify two possible amendments as meriting further 

testing and possible incorporation into the PBFF in a subsequent review: 

 expanding the ethnicity categorisation to include Asian as a separate group 

 incorporating burden of disease as a variable. 

 

Including Asian as a separate group 

In the current PBFF, ethnicity is broken down as Māori, Pacific peoples and non-Māori non-

Pacific. The Review considered but ultimately decided against introducing an ‘Asian’ category. 

The Asian population group is not homogenous; it includes people from a variety of ethnicities 

and backgrounds,6 with different settlement histories. These factors all have an impact on health 

status and health need. For example, the Indian population has higher rates of obesity and 

cardiovascular disease and ischaemic heart disease hospitalisation rates than the total New 

Zealand population; this characteristic is not shared by other ‘Asian’ ethnicities (Rush et al 

2009; Stewart 2011). 

 

In New Zealand, as in other countries, there is evidence of the ‘healthy migrant effect’: in 

general, the health of individuals who have recently migrated to New Zealand tends to be better 

than that of the average population. This effect tends to erode over time. The 2013 Census found 

that approximately two out of ten people (23%) in the Asian population had been in New 

Zealand for less than five years (Statistics New Zealand 2014). The average health status of the 

Asian population may be influenced by the relatively better health of these recent migrants. 

 

Incorporating burden of disease as a variable 

The Project Team did not support adding burden of disease as a variable. The relationship 

between burden of disease (measured in disability-adjusted life years7 (DALYs)) and health care 

expenditure is not only generally weak, but often inverse. That is, higher burden is typically 

associated with lower expenditure. This is not surprising considering a large component of 

DALYs is related to years of life lost, and people who have died do not require any health care 

expenditure. Cross-sectionally, there is little if any interpretable relationship between the two. 

 

The other limitation of using burden of disease as measured by DALYs in the PBFF context is 

that the measure does not take into account the cost-effectiveness of interventions. On the other 

hand, the current service data at a national level indirectly includes a cost-effectiveness 

component; DHBs are less likely to endorse the use of cost-ineffective interventions. 

 

If burden of disease were to be included as a variable, significant research would be needed on 

which markers of disease are significant predictors of expenditure. Burden of disease modelling 

is also affected by confounding variables. It would take several years to establish models and a 

further year’s work to ensure uniform collection of information. It might be faster to use a model 

relying only on inpatient diagnosis. However, such models are known to have supply bias, which 

could create perverse incentives. The variable would only be impervious to manipulation if it 

depended on information collected throughout the whole health system, not solely inpatient 

information. 

 

 
6 The Ministry of Health defines ‘Asian people’ to include all people with origins in the Asian continent, from 

Afghanistan in the west to Japan in the east, and from China in the north to Indonesia in the south. 

7 Number of disability-adjusted life years refers to number of years of ‘healthy’ life lost due to ill-health, disability or 

early death. 
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The model 
The PBFF comprises: 

 the core model that determines relative health need 

 the adjusters that modify the funding allocations between DHBs by taking into account 

unmet need, rurality and overseas visitors and refugees. 

 

The PBFF core model calculates relative health need based on past use of health services and the 

average cost of providing those services. This data is then broken down according to the age, 

ethnicity,8 sex and deprivation level of the population, and grouped into ‘cost weights’. A cost 

weight represents the average cost of delivering health services to an individual based on their 

demographic characteristics, and therefore an estimation of future health need. The PBFF thus 

allows the Ministry of Health to allocate funding to DHBs according to the relative health need 

of their population. 

 

While health service use is not the perfect proxy for health need, it remains the best available. 

The inherent limitations of using service use as a proxy for health needs include the following. 

 Those in the most deprived populations may face barriers to accessing care, including 

affordability. 

 Accessing services does not necessarily result in good health outcomes, nor are that services 

being provided to those who would benefit from them the most. 

 The service mix model available in a particular DHB may not be optimal. 

 Service use data can be limited in some settings – for instance in community-based 

programmes such as those run by NGOs for mental health. 

 A service use approach favours more expensive interventions. 

 Accuracy of diagnosis is better in hospitals than primary care. The capacity of different DHBs 

to code accurately also differs. 

 Funding does not guarantee capacity to deliver services. Other factors, including workforce 

factors, have an impact. 

 

The following diagram illustrates the general form of the PBFF formula over time. 

 

Where: 

Population = projected population as per Statistics New Zealand projections 

Age = age band 

Eth = ethnicity 

Dep = deprivation quintile 

 
8 The PBFF assigns ethnicity using prioritised ethnic groups, where each person is allocated to a single group based 

on the those they have self-identified with, in a particular order of priority: Māori, Pacific peoples, Other. This 

means, for example, that if someone identifies as being Pacific peoples and Māori, the PBFF classifies them as 

Māori for the purpose of analysis. 

DHB's 

Population 

(Age, Sex, Eth, 

Dep)

X

Σ Cost weights1 

(Age, Sex, Eth, 

Dep)

+

DHB's 

Rural 

Adjustment

+

DHB's 

Overseas 

Adjustment

National 

Population 

(Age, Sex, Eth, 

Dep)

X

Σ Cost weights1 

(Age, Sex, Eth, 

Dep)

+
Total Rural 

Adjustment
+

Total 

Overseas 

Adjustment

DHB's Population-

based Funding 

Share

=
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Service group = broad service group representing personal health, mental health and 

health of older people 

 
 

While the general formula has remained constant over time, improvements in the availability 

and quality of health data has enabled refinement of the cost weights and adjustments, both of 

which this report will explain in more detail later. 

 

The unmet need adjuster 

The significant health disparities between Māori and Pacific peoples and other New Zealanders 

are well documented across a wide range of health indicators. Similarly, significant health 

disparities are observed between people who live in the most deprived areas in New Zealand and 

those who live in the least deprived areas (over and above ethnic differences). 

 

The PBFF’s cost weights are derived from the historical health care use (ie, ‘met need’) of 

specific demographic groups. The fact that Māori, Pacific peoples and NZDep quintiles 4 and 5 

residents experience poorer health outcomes than others suggests that these groups have health 

care needs that are not being met. Indeed, the New Zealand Health Survey reports that 

27 percent of people face some unmet need for primary care, and that more individuals within 

Māori, Pacific peoples and NZDep quintiles 4 and 5 populations report unmet need than the rest 

of the population (Ministry of Health 2013). Therefore, the PBFF makes additional funding 

available for DHBs to address this ‘excess unmet need’. 

 

The rural adjuster 

The rural adjuster compensates for the extra costs of providing services to small or dispersed 

communities. The current adjuster separately estimates the costs to each DHB for small rural 

facilities, rural primary care, travel and accommodation, inter-hospital transport, governance, 

services provided on offshore islands and community services. Some expenditure estimates are 

based on actual DHB expenditure, and others are based on models. 

 

The overseas eligible and refugees adjuster 

The current overseas eligible and refugees adjuster compensates for the unavoidable differences 

in costs that DHBs face when providing services to eligible overseas visitors and refugees. It is 

based on actual past costs incurred by DHBs in providing these services. The adjustment for 

refugees covers additional costs known to be associated with the first three years of settlement 

for a refugee. 

 

1. Cost weights calculation:

Σ Service Group2 Costs 

(Age, Sex, Eth, Dep)

Σ Population 

(Age, Sex, Eth, Dep)

Unmet Need 

Policy 

Adjustment

Σ Cost weights   = +
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How the Population-based Funding Formula 

uses data 

Population data 

For each financial year, the PBFF incorporates DHB-level population projections produced by 

Statistics New Zealand. These projections are not part of any standard suite produced publicly 

by Statistics New Zealand; instead, Statistics New Zealand produces them for the Ministry of 

Health. Statistics New Zealand also provides a breakdown of age, sex and prioritised ethnicity 

population projections by DHB. The base (starting-point) for DHB ethnic population projections 

is the ‘estimated resident population’ in that year, as opposed to the usually resident population. 

The estimated resident population is widely regarded as the best available measure of how many 

people live in a given geographic area, and their basic demographic characteristics (age, sex, 

major ethnic groups). 

 

Table 5 presents the differences between alternative population measures. 

 

Table 5: Characteristics of different population measures at the DHB level 

Group Census night 
population count 

Census usually 
resident population 

count 

Estimated resident 
population as at 

30 June 

Residents who are present Yes Yes Yes 

Residents who are temporarily elsewhere in 
New Zealand 

No Yes Yes 

Visitors from elsewhere in New Zealand Yes No No 

Visitors from overseas Yes No No 

Adjustment for people who do not fill in census 
forms 

No No Yes 

Adjustment for people who fill in more than 
one census form 

No No Yes 

Residents who are temporarily overseas No No Yes 

Adjustment for birth, deaths and migration for 
subsequent period after census 

No No Yes 

Adjustment for people who did not answer the 
ethnicity question 

No No Yes 

 

Following a census, Statistics New Zealand conducts a post-enumeration survey (PES) to 

measure the completeness of census coverage. The PES measures both undercount (residents 

who should have been counted but were missed) and overcount (residents who were counted 

more than once, or visitors from overseas who were counted as residents). Since a PES was first 

run in 1996, undercount has been larger than overcount (ie, there has been a net census 

undercount). Importantly, the PES provides evidence about how the undercount varies between 

major population subgroups, which potentially affects funding allocation under the PBFF.9 

 

Because of the characteristics summarised in Table 5, the ‘estimated resident population’ is 

widely regarded as the best available measure of how many people live in a given geographic 

area and their basic demographic characteristics. 

 

 
9 Results of the PES can be found on the Statistics New Zealand website. 

http://www.stats.govt.nz/browse_for_stats/population/census_counts/PostEnumerationSurvey_HOTP13.aspx
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The TAG has identified that in the future, the HealthTracker10 may be a potential source of 

population data. The HealthTracker is a series of administrative health care data sets linked 

through National Health Index (NHI) numbers. This Review did not take it into account because 

there is currently no established methodology for projecting a ‘HealthTracker population’. 

Establishing such a methodology would require a significant amount of work, which was not 

within the scope of this Review. 

 

The 2013 New Zealand Index of Socioeconomic Deprivation 

The New Zealand Index of Socioeconomic Deprivation (NZDep) is a small area index of relative 

socioeconomic deprivation developed using census data by the University of Otago, Wellington 

School of Medicine. It was originally developed for the 1991 Census, and has been updated for 

each subsequent census. NZDep assigns relative deprivation scores to units called meshblocks, 

the smallest geographical units for which Statistics New Zealand gathers data. The 2013 version 

of NZDep used nine variables from the 2013 Census (presented in Table 6, in order of 

decreasing weight in the index) to derive each meshblock’s deprivation score. Appendix 1 

summarises changes between the 2006 and 2013 versions of NZDep, and the results by DHB. It 

is important to note that NZDep applies to areas, not individuals. 

 

Table 6: The nine dimensions of deprivation included in NZDep 2013 

Dimension Description 

Communication People aged <65 with no access to the internet at home 

Income People aged 18–64 receiving a means-tested benefit 

Income People living in equivalised* households with income below an income threshold 

Employment People aged 18–64 unemployed 

Qualifications People aged 18–64 without any qualifications 

Owned home People not living in own home 

Support People aged <65 living in a single-parent family 

Living space People living in equivalised* households below a bedroom occupancy threshold 

Transport People with no access to a car 

* Equivalisation: methods used to control for household composition. 

 

Deprivation scores range on an ordinal scale from 1 to 10, equating to ten deciles, decile 1 

representing the least deprived areas and decile 10 the most deprived. The ordinal scale is 

designed so that each decile represents approximately 10 percent of the national population. At 

a DHB level the deciles reflect the respective DHB’s population share of the respective decile. 

 

The PBFF model has previously used an NZDep output derived using the ‘census usually 

resident population count’. As census questions are used to inform the NZDep model, it makes 

perfect sense that meshblock scores are derived using this population measure. As a result of 

work between the University of Otago, Wellington and Statistics New Zealand on the 2013 

NZDep, Statistics New Zealand were able for the first time to supply a population data set with 

 
10 The HealthTracker is a set of data linkage methods. The HealthTracker produces its own population denominator 

known as the health service utilisation (HSU) population. The HSU population refers to the number of unique 

New Zealand residents who resided in New Zealand and had received any publicly funded health services in New 

Zealand within a time period of interest (usually within a year). One of the original aims of the HealthTracker is to 

provide disease prevalence estimates for a range of long term conditions by a number of demographic variables, 

such as DHB, age, gender, ethnicity, and NZDep. 
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NZDep included as at the 30 June 2013 ‘estimated resident population’.11 This was derived using 

the NZDep2013 meshblock scores to determine the ‘estimated resident population’ by 

deprivation decile. 

 

The Project Team considered whether to use the ‘census usually resident population count’ (ie, 

the status quo) or the ‘estimated resident population’ for NZDep data. The ‘usually resident’ 

population undercounts Māori and Pacific peoples, resulting in a differential undercount. The 

Team decided to move to NZDep data based on ‘estimated resident population’, because it 

provides consistency with the population measure used as the starting point for population 

projections in the PBFF. 

 

Ethnicity data 

High-quality ethnicity data is essential for monitoring health trends by ethnicity. When 

calculating rates by ethnic group, numerator-denominator bias can occur. When ethnicity is 

collected in different ways across collections (eg, hospitalisation records and census data), 

numerator-denominator bias can occur in the calculation of rates (the same individual self-

identifying with different ethnicities over time and in different collections). 

 

Prioritisation 

Prioritisation of ethnicity12 has been a health sector standard for a long time. At this point, there 

are no viable alternatives available. Prioritisation has the biggest impact on the Pacific peoples 

population group, because there is some significant overlap between the Māori and Pacific 

peoples ethnic populations. This effect is even more severe at different ages. For example, 

among those aged under five years, prioritisation reduces the Pacific peoples population by 

31 percent. In addition, because multiple ethnicities are increasing over time, the ethnic overlap 

is increasing, and the effect of prioritisation is increasing. So for analytical and research 

purposes, it is difficult to argue the value of arbitrary prioritisation over total response. Whether 

reporting uses prioritisation or not, it should always evaluate the consistency of ethnic 

numerators with ethnic denominators. The ideal way of doing this is to link or match unit 

records from the numerator to the denominator and analyse reporting. 

 

Ethnic specific adjusters 

The Project Team sought out published work documenting the development of ethnic specific 

adjusters, for the purposes of the Review. The team only found adjusters for the Māori ethnic 

group; this is therefore the only adjuster for which this report presents data. 

 

Recent research has shown that Māori data on death registrations has improved to the point 

that there is no current net undercount of Māori deaths due to misclassification of ethnicity, as 

there was in the past (Fawcett et al 2008). Table 7 presents smoothed adjusters that were used 

to adjust hospital discharge data for an undercount in Māori hospitalisations due to 

misclassification of hospitalisation records in a series of Māori Health publications. 

 

 
11 While NZDep2013 was supplied with the 30 June 2013 estimated resident population, it is not supplied with 

projection data, because it is a point-in-time index. As such, the assumption that the deprivation profiles of small 

areas remain constant until such time as the NZDep index is reviewed continues to apply. 

12 Using this method, ethnicity is assigned using prioritised ethnic groups, where each person is allocated to a single 

group based on those they have self-identified with, in a particular order of priority: Māori, Pacific peoples, Other. 

This means, for example, that if someone identifies as being Pacific peoples and Māori, prioritisation classifies 

them as Māori for the purpose of analysis. 
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Table 7: Final smoothed ethnicity adjusters (gender combined) for hospitalisation data 

Source and 
years 

Hauora IV 
2000–2004* 

Tatau 
Kahukura II 
2003–2006** 

Mātātuhi Tuawhenua: Rural 
Hospitalisations 2007 to 2011*** 

Tatau Kahukura III 
2008–2012**** 

Age group 
(in years) 

2007–2011 2008–2011 

0–4 1.064 1.027 1.029 1.022 0.990 

5–9 1.062 1.032 1.027 1.024 0.990 

10–14 1.059 1.037 1.025 1.026 0.991 

15–19 1.056 1.041 1.023 1.027 0.991 

20–24 1.053 1.045 1.020 1.028 0.991 

25–29 1.051 1.049 1.018 1.026 0.991 

30–34 1.049 1.053 1.016 1.025 0.990 

35–39 1.048 1.058 1.014 1.020 0.992 

40–44 1.046 1.064 1.011 1.015 0.993 

45–49 1.048 1.069 1.013 1.011 0.999 

50–54 1.051 1.073 1.014 1.008 1.005 

55–59 1.060 1.078 1.015 1.005 1.011 

60–64 1.076 1.086 1.018 1.011 1.018 

65–69 1.091 1.094 1.020 1.017 1.025 

70–74 1.108 1.102 1.023 1.025 1.033 

75–79 1.124 1.110 1.027 1.032 1.040 

80–84 1.141 1.120 1.030 1.040 1.048 

85+ 1.158 1.129 1.034 1.048 1.056 

Notes: 

* Harris R, Purdie G, Robson B, et al. 2007. Appendix 3: Estimating Māori Hospitalisation and Cancer 

Registrations. In Robson B, Harris R (eds). Hauora: Māori Standards of Health IV. A study of the years 2000–

2005. Wellington: Te Rōpū Rangahau Hauora a Eru Pōmare. 

** Ministry of Health. 2010. Appendix 4: Ethnicity adjusters for the analysis of hospitalisation data. In Ministry of 

Health. Tatau Kahukura: Māori Health Chartbook 2010. 2nd Edition. Wellington: Ministry of Health. 

*** Ministry of Health. 2013. Appendix 3: Ethnicity adjusters for the analysis of hospitalisation data. In Ministry of 

Health. Mātātuhi Tuawhenua: Rural Hospitalisations 2007 to 2011. Wellington: Ministry of Health. 

**** Ministry of Health. in press. Appendix 4: Ethnicity: Adjusters for the analysis of hospitalisation data. In Ministry of 

Health. Tatau Kahukura: Māori Health Chartbook 2015. 3rd Edition. Wellington: Ministry of Health. 

 

The trend in the adjusters across time from 2000–2004 to 2008–2012 is a general decrease 

from more than 10 percent to around 1 percent. Tatau Kahukura: Māori Health Chartbook 

2015 (Ministry of Health 2015) applied no adjusters to hospitalisation rates, as the smoothed 

adjusters were so close to 1. 

 

Use of multiple ethnic indicators raises some issues for the PBFF. Consideration of the most 

appropriate methods of categorisation of multiple ethnicities has been and will continue to be an 

issue in official statistics and health sector administrative data sets. The PBFF must not double 

count dollars or people, and therefore prioritisation of ethnicity is currently the best option. The 

Project Team have concluded that this approach best represents a match between the method 

and the purpose of the PBFF, in keeping with the conclusions of the report Classification and 

Output of Multiple Ethnicities: Considerations for Monitoring Māori Health (Cormack and 

Robson 2010, page 47): 
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There are potential strengths in having more than one option, however, as one single 

method is not always the most useful or appropriate. The health sector protocols 

recommend choosing the particular method that is most appropriate for the research 

question that is being asked, and being clear about what has been done. 

 

The Project Team did not believe there was enough empirical evidence to suggest that there 

should be a further adjustment to the cost weights by ethnic group. 

 

Health service use data 

The PBFF model uses individual-level service use data from national collections and payment 

systems, where that information is available, to determine the cost weights applied in the model. 

This data is aggregated into major service groups labelled Personal Health: Hospital and 

Community Services; Personal Health: Primary Care; Health of Older People: Aged Residential 

Care; Health of Older People: Other; and Mental Health. Table 8 presents these service groups, 

their respective data sources and the demographic variables. Later sections of this report discuss 

the development of the cost weights themselves. All modelled costs were weighted to the 

2013/14 financial year for consistency. All financial figures mentioned in this report are to be 

considered as 2013/14 values. 

 

Table 8: Data sources for major service groups 

Service group Source data Variables 

Personal Health: 
Hospital and Community Services 

National Minimum Data Set (NMDS) 

National Non-Admitted Patient Collection 
(NNPAC) 

Age, sex, deprivation, ethnicity 

Personal Health: 
Primary Care 

Pharmaceutical Warehouse (Pharms) 

Laboratory Warehouse (Labs) 

National Immunisation Register (NIR) 

PHO Register 

Age, sex, deprivation, ethnicity 

Health of Older People: 
Aged Residential Care 

Client Claims Processing System (CCPS) Age, sex and ethnicity 

Health of Older People: 
Other 

NMDS 

NNPAC 

CCPS 

Age, sex, deprivation, ethnicity 

Mental Health Programme for the Integration of Mental 
Health Data (PRIMHD) 

Age, sex, deprivation, ethnicity 

 

For the purposes of the PBFF the Ministry of Health also compares service use data to DHB 

financial data, to assess the proportion of non-modelled expenditure for scaling in the final 

model. Most recently, it sourced this financial data from the DHBs’ 2013/14 profit and loss 

statements. In particular, it used expenditure from DHB financial accounts,13 as this allows for a 

reasonable aggregation of DHB general ledger (GL) codes into comparable service groups. Table 

9 outlines the proportion of expenditure modelled overall and by service group. 

 

 
13 6000 series general ledger (GL) codes. 
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Table 9: Proportion of expenditure modelled from individual service use data by service 

group 

Major service group Percentage of expenditure modelled 

Personal Health: Hospital and Community Services 88.55 

Personal Health: Primary Care 82.41 

Health of Older People: Aged Residential Care 97.34 

Health of Older People: Other 76.32 

Mental Health 97.71 

Total 88.48 
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Population-based Funding 

Formula cost weight testing 

Introduction 
This section outlines the process the Project Team carried out over the course of their Review in 

order to test the cost weight variables used in the PBFF. 

 

Appendix 2 provides full details of the Team’s methodology. The following is a brief summary. 

 

Purpose 

The goal of the testing was to investigate whether the combinations of demographic variables in 

the PBFF model could be simplified by collapsing variables into a smaller number of categories 

or dropping variables altogether. 

 

The PBFF as a cell-based model 

The PBFF is a cell-based model. A cell-based model calculates costs for each unique group of 

age, sex, NZDep Quintile and ethnicity independently, avoiding interactions. Cell-based models 

are easier to understand, and allow problems with correlations between variables to be avoided. 

They make calculations more transparent and accessible; in the case of the PBFF, a cell-based 

model of the calculation of the final cost weights could be reproduced by others using partially 

aggregated summary data. 

 

In its testing of variables within the PBFF, the Project Team modelled cost weight variables for 

the major service groups separately, because the groups have very different usage patterns. 

 

The decision as to whether to collapse certain cells depends on whether there are cells which are 

too small, or whether using all of the cells results in overfitting. When exploring possible models 

involving collapsed cells, the Project Team assigned individuals into groups to create 

hypothetical geographic populations. 

 

Methods and data sources 

The Project Team based its testing on how well health expenditure could be predicted in the 

2013/14 financial year, using various cell-based models fitted to the previous two years of 

expenditure. 

 

The Team tested this fit by cross-validation: a technique for evaluating the predictive power of a 

model that is robust against overfitting. Cross-validation partitions data into two sets: a training 

set that the model is built upon and a testing set to evaluate predictions against. The models the 

Team tested were based on modifying the full model by either one or two variables at a time. 

 

The Team combined the variables into a number of models as follows: 

 full – age, sex, ethnicity and NZDep quintile unmodified 

 per capita – removing all demographic information except number of people 
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 replacing one variable at a time in the full model 

 replacing two variables at a time in the full model. 

 

Service use data was available for 88 percent of health system activity relating to devolved 

funding across three years. 

 

The evaluation criteria the Team used to test the models were that the prediction error for all 

individual synthetic groups14 was within one percentage point and that the administrative 

demographic data was available and of sufficient statistical quality for the preferred models. 

 

Key findings 

The Project Team decided to adopt the model using five-year age bands up to 85+ years for all 

major service groups, except for Health of Older People: Aged Residential Care, where it is 

worth including 90+ years. Collapsing ethnicity variables did not sufficiently address the 

problem of volatility of cost weights in older age groups with small sizes. The Team did not see it 

as worthwhile to move away from the current three prioritised ethnic groups if such a move did 

not address this volatility. The Team considered it desirable to have a single model for nearly all 

major service groups, to provide consistency and transparency. 

 

The per capita model consistently performed worse than any other model. Aside from this, there 

was little material difference in how well the models could predict health care expenditure. The 

full model – that is, the model that made use of all possible combinations of: five-year age 

bands, sex, prioritised ethnicity and NZDep2013 quintiles – did not have the best predictive 

power of all the models tested (note that this is not the status quo, but rather the complete 

combination of all demographic variables). 

 

The consistently worse results for the per capita model across all major service groups confirms 

that age band, sex, prioritised ethnicity and NZDep demographic variables are useful predictors 

of health care expenditure, as expected. Slightly improved fit was possible at the service group 

level from simplification of the model, but there was no consistency across service groups to 

provide guidance in how to simplify. 

 

Of particular note is the continuing evidence of higher cost weights for Māori and Pacific 

peoples, compared with other (ie, non-Māori, non-Pacific) New Zealanders, and the higher cost 

weights for those living in areas of higher deprivation, as measured by the NZDep2013. Taking 

into account deprivation, Māori and Pacific peoples still have higher cost weights than non-

Māori, non-Pacific people. This is in keeping with research that has shown that the difference in 

health status between ethnic groups is not solely due to differences in socioeconomic status (see 

for example Blakely et al 2007). 

 

 
14 The synthetic groups were artificially generated groups that were statistically representative of different areas in 

New Zealand: that is, they looked similar to the real New Zealand population area groups when analysed. For 

example, they had similar proportions of Pacific peoples and people aged over 65, and a similar association 

between ethnicity and deprivation. 
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Personal Health: Hospital and Community 

Services 

Summary 

The Project Team derived cost weights for the Personal Health: Hospital and Community 

Services service group using National Minimum Dataset (NMDS), and National Non-Admitted 

Patients Collection (NNPAC) data extracts from the financial years 2011/12–2013/14. The final 

analysis uses data from 2013/14 only, and models age, sex, deprivation and ethnicity. Where the 

Team found model results to be unstable, it smoothed results by modelling the interaction 

between age, sex and deprivation and then making a multiplicative adjustment to account for 

the differential costs attributable to ethnicity. 

 

Methodology 

The Project Team derived cost weights for this service group using the sum of estimated costs15 

in the 2013/14 financial year divided by the sum of the population by age, sex, NZDep2013 

quintile and ethnicity. It sourced service use data from NMDS and NNAPC and supplemented it 

with data on additional expenditure from DHB financial accounts. The Team defined population 

group variables as age band (five-year age groups up until 85+ years), sex, NZDep2013 quintile 

and prioritised ethnicity. The Team added NZDep2013 data through the NHI, based on 

meshblocks. Where deprivation was not assigned, the Team added associated cost to the 

quintiles using the known quintile proportions for each age, sex and ethnic population group 

(approximately 3.24% of modelled data). The Team included prioritised ethnicity data as 

follows: Māori, Pacific peoples and Other. 

 

When the Project Team modelled the interaction between all four variables it found instability 

due to small data size in the costs weights. Within this particular service group, the instability 

began to be influential from the 55–59 years age band onwards. To adjust for this, the Team 

applied smoothing to age bands above 55 years by modelling the interaction between age band, 

sex and NZDep2013 and then applying a multiplicative adjustment for ethnicity that simulates 

the differential effect for ethnicity not described by age band, sex and deprivation for the 

55+ years age bands. Table 10 illustrates the adjustment factors with figures greater than one 

representing that the model by age, sex and NZDep2013 alone underrepresents the respective 

ethnic group and vice versa. 

 

Table 10: Personal Health: Hospital and Community Services smoothing factors 

Female Male 

Māori Other Pacific peoples Māori Other Pacific peoples 

1.36 0.95 1.47 1.30 0.96 1.38 

 

Figures 9 and 10 further illustrate the impact of the adjustment. Note the y axis in Figure 10 has 

been constrained for illustrative purposes due to an extreme outlier. 

 

 
15 Appendix 3 presents event cost methodology. 
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Figure 9: Unweighted cost weights for Personal Health: Hospital and Community Services, 

female Pacific peoples, by NZDep2013 quintile (not smoothed) 

 
 

Figure 10: Unweighted cost weights for Personal Health: Hospital and Community 

Services, female Pacific peoples, by NZDep2013 quintile (smoothed) 
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Results 

Figures 11, 12 and 13 show the final cost weights by sex, by NZDep2013 quintile and by ethnicity, 

and show a clear relationship between age and sex, age and NZDep2013 and age and ethnicity. 

The general trends of these results are consistent with previous iterations of the PBFF model. 

 

Figure 11: Unweighted cost weights for Personal Health: Hospital and Community Services, 

by sex 

 
 

Figure 12: Unweighted cost weights for Personal Health: Hospital and Community 

Services, by NZDep2013 quintile 
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Figure 13: Unweighted cost weights for Personal Health: Hospital and Community 

Services, by ethnicity 

 
 

Personal Health: Primary Care 

Summary 

The Project Team developed Personal Health: Primary Care cost weights using service use data 

from the National Pharmacy (Pharms), Laboratory (Labs) data collections, the National 

Immunisation Register (NIR), and also capitation data from the PHO enrolment register. The 

team obtained service use data for the period 2011/12–2013/14 and capitation data from the 

2014 Quarter 1 register. The final analysis uses data from 2013/14 only from the service use-

based data, and annualises the 2014 Quarter 1 register. It models age, sex, deprivation and 

ethnicity. Where the Team found model results to be unstable, it smoothed results by modelling 

the interaction between age, sex and deprivation and then making a multiplicative adjustment 

to account for the differential costs attributable to ethnicity. 

 

Methodology 

The Project Team derived cost weights for this service group using the sum of actual costs16 in 

the 2013/14 financial year divided by the sum of the population by age, sex, NZDep2013 quintile 

and ethnicity. It sourced service use data from the Pharms and Labs national collections, the 

NIR and the PHO enrolment register. The PHO capitation funding streams the Team included 

are for First Contact, Health Promotion and Services to Improve Access. The Team defined 

population group variables as age band, sex, NZDep2013 quintile and prioritised ethnicity. Age 

band consists of five-year age groups up until 85+ years. The Team added NZDep2013 data 

through the NHI, based on meshblocks. Where deprivation was not assigned, the Team added 

associated cost to the quintiles using the known quintile proportions for each age, sex and ethnic 

population group (approximately 2.48% of modelled data). The Team included prioritised 

ethnicity as follows: Māori/Pacific peoples and Other. Māori and Pacific ethnic groups were 

merged for this service group as they both had significant variation from the Other ethnic group 

but did not significantly vary from each other. 

 

 
16 The Team used actual costs where available. It used gross drug cost (as opposed to gross reimbursement cost) for 

Pharmacy, due to the robustness of the data. It used estimated amount paid as provided in the Labs collection 

where tests were covered by a bulk funding arrangement. The Team annualised PHO costs. 
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As with the Personal Health: Hospital and Community Services service group, cost weight 

instability occurred in the modelling due to small cell size. Analysis identified that instability 

occurred at the same points, so the Team applied the same smoothing methodology. Table 11 

shows the Personal Health: Primary Care smoothing factors. Figures 14 and 15 give an example 

of the adjustment. When compared to Personal Health: Hospital and Community Services, the 

smoothing factors for this service group have a noticeably smaller impact. 

 

Table 11: Personal Health: Primary Care smoothing factors 

Female Male 

Māori/Pacific Other Māori/Pacific Other 

1.12 0.99 1.08 0.99 

 

Figure 14: Unweighted cost weights for Personal Health: Primary Care, female 

Māori/Pacific peoples, by NZDep2013 quintile (not smoothed) 

 
 

Figure 15: Unweighted cost weights for Personal Health: Primary Care, female 

Māori/Pacific peoples, by NZDep2013 quintile (smoothed) 
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Results 

Figures 16, 17 and 18 show the final cost weights by sex, by NZDep2013 quintile and by 

ethnicity. The results for this service group share traits with Personal Health: Hospital and 

Community Services. However, age explains the majority of the variation in costs per person. 

 

Figure 16: Unweighted cost weights for Personal Health: Primary Care, by sex 

 
 

Figure 17: Unweighted cost weights for Personal Health: Primary Care, by NZDep2013 

quintile 
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Figure 18: Unweighted cost weights for Personal Health: Primary Care, by ethnicity 

 
 

Health of Older People 

Summary 

The Project Team developed Health of Older People cost weights using service use data from 

NMDS and NNAPC for assessment, treatment and rehabilitation (AT&R) services and from the 

Client Claims Processing System (CCPS) for home support services and aged residential care 

(ARC). The Team obtained data for the period 2011/12–2013/14; the final analysis uses data 

from 2013/14 only. For the final model, the Team split Health of Older People into two 

categories: ARC and Other (AT&R and home support). Health of Older People: ARC models age, 

sex and ethnicity. The results for this category were largely stable: only a single cell was 

constrained due to data issues. Health of Older People: Other models age, sex, deprivation and 

ethnicity. Where the Project Team found model results to be unstable, it smoothed results by 

modelling interaction between age, sex and deprivation and then making a multiplicative 

adjustment to account for the differential costs attributable to ethnicity. 

 

Methodology 

Health of Older People: ARC 

The Project Team derived cost weights for Health of Older People: ARC using the sum of actual 

costs17 in the 2013/14 financial year divided by the sum of the population by age, sex and 

ethnicity. It sourced service use data from CCPS. The Team defined population group variables 

as age band, sex and prioritised ethnicity. Age band consists of five-year age groups from 50–54 

years to 90+ years. The Team included prioritised ethnicity as follows: Māori, Pacific peoples 

and Other. The Team did not include deprivation in the model, as this variable, which is a 

location-based index, is not considered to have a material relationship with the cost of ARC 

services. For people living in an aged care facility, the deprivation score would be based on the 

location of the facility, and would therefore add no additional information. 

 

 
17 Actual costs represent the sum of the government contribution for episodes within the given financial year as 

recorded in CCPS. 
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Unlike the other service groups, Health of Older People: ARC only models the interaction 

between three variables. As such, the Team did not need to apply a smoothing methodology. 

However, the Team noted that the male, Pacific peoples, 90+ years cell returns a lower value 

than the male, Pacific peoples, 85–89 years cell. The Team attributed this to small cell size, and 

therefore assigned the cell the same value as the male, Pacific peoples 85–89 years cell. 

 

Health of Older People: Other 

The Project Team derived cost weights for Health of Older People: Other using the sum of a 

combination of actual costs and estimated costs18 in the 2013/14 financial year divided by the 

sum of the population by age, sex and ethnicity. It sourced service use data from the NMDS, 

NNPAC and CCPS. The Team defined population group variables as age band, sex, NZDep2013 

quintile and prioritised ethnicity. Age band consists of five-year age groups to 85+ years. The 

Team added NZDep2013 data through the NHI, based on meshblocks. Where deprivation was 

not assigned, the Team added associated cost to the quintiles using the known quintile 

proportions for each age, sex and ethnic population group (approximately 6.09% of modelled 

data). The Team included prioritised ethnicity as follows: Māori, Pacific peoples and Other. 

 

As with other service groups, there were instances where cost weight instability occurred; the 

Team therefore applied smoothing to age bands above 50 years. The Team applied smoothing 

using the same methodology as it did for the Personal Health: Hospital and Community Services 

and Personal Health: Primary Care service groups, with the different age band range. Table 12 

presents the smoothing factors the Team used for Health of Older People: Other. Note that these 

smoothing factors more closely resemble those used for Personal Health: Hospital and 

Community Services than those used for Personal Health: Primary Care. 

 

Table 12: Health of Older People: Other smoothing factors 

Female Male 

Māori Other Pacific peoples Māori Other Pacific peoples 

1.33 0.97 1.39 1.25 0.98 1.31 

 

 
18 Actual costs represent the sum of the government contribution for episodes within the given financial year as 

recorded in CCPS. The Team derived estimated costs using the methodology outlined in Appendix 3 for NMDS 

and NNPAC data. 
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Results 

Health of Older People: ARC 

Figures 19 and 20 show the final cost weights by sex and by ethnicity. Figure 20 highlights the 

relationship between age and ethnicity for ARC: in higher age bands the cost weights for Health 

of Older People: ARC climb significantly with respect to both Māori and Pacific peoples. 
 

Figure 19: Unweighted cost weights for Health of Older People: ARC, by sex 

 
 

Figure 20: Unweighted cost weights for Health of Older People: ARC, by ethnicity 
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Health of Older People: Other 

Figures 21 and 22 give an example of the impact of smoothing on the Health of Older People: 

Other cost weights. Note that the scale in Figure 21 has been constrained for comparative 

purposes, as the 85+ years, Quintile 2 weight value climbs to 12,789. 

 

Figure 21: Unweighted cost weights for Health of Older People: Other, female, Pacific 

peoples, by NZDep2013 quintile (not smoothed) 

 
 

Figure 22: Unweighted cost weights for Health of Older People: Other, female, Pacific 

peoples, by NZDep2013 quintile (smoothed) 
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Figures 23, 24 and 25 show the final cost weights by sex, by NZDep2013 quintile and by 

ethnicity. They demonstrate clear relationships between all variables as age increases. 

 

Figure 23: Unweighted cost weights for Health of Older People: Other, by sex 

 
 

Figure 24: Unweighted cost weights for Health of Older People: Other, by NZDep2013 

quintile 
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Figure 25: Unweighted cost weights for Health of Older People: Other, by ethnicity 

 
 

Mental Health 

Summary 

The Project Team derived Mental Health cost weights from the Programme for the Integration 

of Mental Health Data (PRIMHD) from the financial years 2011/12–2013/14. DHBs purchase 

mental health services on an input basis (eg, available beds) and do not record prices at the 

patient event level. The Project Team calculated a list of proxy cost assumptions for a range of 

event types; this method represents a departure from the cost assumptions agreed upon in the 

2006/07 PBFF Review. 

 

The Team tested options for all variables and combinations of variables. The variables used in 

the preferred model are age, sex, deprivation and prioritised ethnicity. 

 

Background 

PRIMHD is considered to be a near complete data set. Generally, data on inpatient activity is 

considered complete, but there is some doubt around the completeness of non-inpatient data. 

The Mental Health and Addictions team within the Ministry of Health have estimated that 

PRIMHD captures over 90 percent of the applicable mental health activity in New Zealand. The 

Ministry of Health is aware that some of the missing 10 percent is accountable to missing NGO 

data, and had made an adjustment to PRIMHD accordingly. 

 

PRIMHD does not record any pricing data, so the Project Team developed a cost assumption 

methodology to use as an input into the Mental Health cost weights. It calculated cost 

assumptions based on a series of estimated weightings for various types of events and the total 

DHB spend on mental health activity. This methodology and the results it produced are not 

intended to be used outside of the PBFF Review, and do not constitute a national pricing 

framework for mental health activity. Appendix 4 presents details of the cost assumption 

methodology. 
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The 2006/07 Mental Health cost weights were based on data derived from the Mental Health 

Information National Collection (MHINC). This data set does not include any cost data and 

NGO event data was limited. Some additional NGO event data was available direct from DHBs. 

Analysis of the available data in the MHINC found that Māori service use was underrepresented. 

An adjustment was therefore made to the MHINC data for recorded Māori events. Proxy prices 

were calculated based on the split between contact and bednight events in the MHINC data set 

and the total DHB spend on mental health activity. 

 

Methodology 

The Project Team derived Mental Health cost weights from calculated cost assumptions and a 

combination of actual and estimated service use data. It defined population profile groups by 

age, sex, NZDep2013 quintile and prioritised ethnicity. The age groups were five-year age bands 

to 85+ years. Prioritised ethnicity data came from a combination of the PRIMHD prioritised 

ethnicity classification and the mapped NHI prioritised ethnicity classification. Where 

deprivation was not assigned, the Team added associated cost to the quintiles using the known 

quintile proportions for each age, sex and ethnic population (approximately 0.37% of modelled 

data). 

 

The Project Team explored small data cell smoothing options, and ultimately applied smoothing 

to all age bands by modelling interaction between age, sex and NZDep2013 quintile and 

applying a multiplicative adjustment to account for the differential costs attributable to 

ethnicity. Figures 26 and 27 give an example of the effect of smoothing on the cost weights for 

this service group. 

 

Figure 26: Unweighted cost weights for Mental Health, female, Pacific peoples, by 

NZDep2013 quintile and age (not smoothed) 
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Figure 27: Unweighted cost weights for Mental Health, female Pacific peoples, by 

NZDep2013 quintile and age (smoothed) 

 
 

Results 

Figures 28 and 29 show the final Mental Health cost weights for females and males by 

NZDep2013 quintile and age. Figure 30 shows the final Mental Health cost weights for 

combined sex by ethnicity and age. The patterns of service use illustrate the relationship 

between age, sex, deprivation and ethnicity. The Mental Health service group shows a distinctly 

different pattern of service use and expenditure by age when compared to the other service 

groups. The relationship between age and NZDep2013 seems the most marked when this service 

group is compared to the others. Age by ethnicity shows a different trend to the other service 

groups altogether: the Pacific peoples ethnic group has lower value cost weights compared to the 

Māori ethnic group. 

 

Figure 28: Unweighted cost weights for Mental Health, females, by NZDep2013 quintile 

and age 
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Figure 29: Unweighted cost weights for Mental Health, males, by NZDep2013 quintile and 

age 

 
 

Figure 30: Unweighted cost weights for Mental Health, males and females, by ethnicity and 

age 
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Population-based Funding 

Formula adjuster 

development 

As part of its Review of the PBFF, the Project team set out to test the reliability of the respective 

adjusters. This section outlines their findings. 

 

The unmet need adjuster 

Summary 

The unmet need adjuster accounts for actual or potential health care costs that are not captured 

by the data informing the core model of the PBFF. The additional funding allocated through the 

adjuster aims to reduce inequity and improve population health outcomes overall and the 

sustainability of the health system. Unmet need arises when barriers to accessing primary care 

(such as cost, health literacy, distance and availability of after-hours care) prevent timely 

intervention. When need escalates, many people whose needs were unmet in primary care reach 

secondary services via acute admissions. Individuals reporting higher levels of unmet need may 

incur the same (or higher) levels of expenditure in secondary services, but they arrive there later 

and sicker. 

 

If a person’s need has been met in primary care then we can expect that access to secondary care 

should follow only as necessary. In any event, once a person has made contact with primary 

care, that individual is in the system, which contains levers such as referral guidelines to address 

unmet need. This justifies focusing on primary care as an avenue to address unmet need. 

 

There is no one right level for the additional unmet need weighting built in to the PBFF; rather, 

it is a matter of policy. In calculating the unmet need adjuster the Ministry of Health has 

therefore considered available evidence on health disparities. The unmet need adjuster was 

originally set at $120 million (2002 values), targeted at Māori and Pacific peoples populations 

and at those in high-deprivation areas. In 2013/14, the value of the unmet need adjuster was 

$165 million. The funding was primarily intended to reduce the costly secondary admissions 

resulting from unmet need. 

 

Methodology 

Amount 

The Project Team considered four options for calculating the amount of an unmet need adjuster: 

 keep the status quo. 

 benchmark against excess unmet need. 

 benchmark against ambulatory sensitive hospitalisation19 (ASH) rates. 

 remove the unmet need adjuster altogether. 

 
19 Ambulatory sensitive hospitalisation rates measure the number of people who appear in hospital with conditions 

that could have been prevented or treated in out-of-hospital settings such as primary health care. 
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Distribution 

The Project Team tested the current distribution variables (ethnicity and NZDep2013) against 

ASH and amenable mortality20 (AM) rates. These are considered excellent measures of unmet 

need, so provide a good test of the distribution model. 

 

Results 

Amount 

Option 1: Keep the status quo 

The current unmet need adjuster was calculated from an estimate of the likely cost of services to 

improve primary care access, balanced by consideration of affordability within the overall 

allocation. 

 

The current factors in the unmet need adjuster are ethnicity (Māori and Pacific peoples 

ethnicities have a weighting of 1) and socioeconomic position (NZDep2013 quintiles 4 and 5 

have a weighting of 1). These factors were chosen because the evidence has shown these two 

factors to be very good proxies for health need. 

 

The current model is a bottom-up estimate of addressing some of the unmet need in primary 

care. The next two options involve top-down calculations. Like Option 1, these options continue 

to benchmark unmet need against primary care funding. 

 

Option 2: Benchmarking against excess unmet need 

Option 2 was to use an estimate of the ‘excess’ unmet need. The Project Team derived this figure 

from the New Zealand Health Survey, by comparing the average rate of unmet need reported by 

non-Māori and non-Pacific peoples who live in NZDep quintile 1 areas (ie, the least deprived 

areas) with the average rate of unmet need reported by Māori, Pacific peoples and those who live 

in NZDep quintiles 4 and 5 areas. The Team called the difference between these two rates the 

‘excess’ unmet need. It is a measure of how much worse off the most deprived populations are 

when compared with the least deprived populations. 

 

The Team found 304,000 more people in the most deprived group (as defined above) reporting 

unmet need than would be expected if that group had the same rate of unmet need as the least 

deprived group (as defined above). This represents 6.79 percent of the population. If we 

allocated to each of these people an extra amount equal to the average cost of primary care per 

person per year, the following calculation would follow. (Note that this is a proxy measure of 

unmet need: these people do have some – if not complete – access to meet their health needs.) 

Unmet need value = 6.79 percent x total annual primary care funding ($2,400 million) 

Unmet need value = $163 million 

 

The closeness of this figure to the current unmet need adjuster ($165 million) is coincidental, 

but suggests that the current adjuster is reasonable. 

 

 
20 Amenable mortality rates measure the number of deaths that might have been prevented if health services had 

been delivered more effectively or if patients had accessed services earlier (either in primary care or in hospital). 
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Option 3: Benchmarking against ambulatory sensitive hospitalisation rates 

Option 3 was to use excess ASH rates as an adjuster for unmet need. Māori and Pacific peoples 

are significantly more likely to experience an ASH; although they make up 22.0 percent of the 

total New Zealand population, these groups made up 30,478 (35.8%) of the 85,067 ASHs in 

2013/14. 

 

If Māori and Pacific peoples had the same ASH rate as other ethnicities, we would expect there 

to have been only 16,605 ASHs in 2013/14, instead of 30,478. This means there was an ‘excess’ 

of 13,873 ASHs (ie, the figure can only be explained by ethnicity), or 16.2 percent of the total 

ASHs. Once again, it must be noted that this is a proxy measure of unmet need. These people do 

have some – if not complete – access to meet their health needs. 

 

Using ASH rates to measure unmet need, the following calculation would follow. 

Unmet need value = 16.2 percent x total annual primary care funding ($2,400 million) 

Unmet need value = $389 million 

 

Two points regarding option 3 are important. First, the calculated excess of 16.2 percent only 

represents Māori and Pacific peoples. It does not include residents in NZDep quintiles 4 and 5. 

If this group was taken into account, the ‘excess’ would be in the order of 40 percent, due to the 

strong correlation between deprivation and ASH. This would lead to an unmet need adjuster of 

$960 million. 

 

Secondly, the risk with using ASH as a benchmark is that ASHs represent the worst case 

scenario of failed primary care (aside from death), and are unlikely to reflect accurate rates of 

unmet need for different populations. Rates of ASHs only represent unmet need resulting in 

hospitalisation; they do not reflect the wider volume of unmet need that does not lead to acute 

admission. In addition, ASHs occur from poor quality primary care as well as unmet need. Poor-

quality primary care is undesirable, but it has different drivers than unmet need and should not 

be conflated. 

 

Option 4: Remove the unmet need adjuster 

A final option was to remove the unmet need adjuster altogether. The Project Team decided 

against this, as it would undermine the needs-based formula. 

 

Preferred option 

The Project Team preferred Option 2: calculation of the unmet needs adjuster based on excess 

unmet need based on the New Zealand Health Survey. This approach produced a very similar 

figure to the status quo but used a more robust methodology. 

 

Distribution of funding between DHBs 

As discussed above, the current variables performed well against ASH and AM rates. 

Ambulatory sensitive hospitalisation rates in particular are extremely strongly correlated with 

Māori and Pacific peoples and NZDep quintiles 4 and 5 populations (over 70% of ASHs occur in 

those populations). The Review did not recommend using ASH or AM rates in the model, as this 

could be interpreted as rewarding system failure. Therefore, the review decided to retain the 

current distributions, variables and weights. 
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The overseas eligible and refugees adjuster 

Summary 

The PBFF does not directly fund DHBs for providing health care services to overseas eligible 

patients and refugees, as they are not included or counted in a DHB’s resident population, which 

is the core basis of the PBFF. As such, the PBFF has always included an adjuster to compensate 

DHBs for the costs they incur in regard to these patients. 

 

Ineligible overseas patients are required to pay for services; any bad debts associated with this 

are considered a DHB overhead cost. Where a DHB’s costs are above average for bad debts, it 

receives additional funding outside of the PBFF. 

 

The basis for the refugee component of this adjuster is twofold: specific costs submitted by 

DHBs, and a calculation of the annual cost of treating refugees. 

 

Overseas eligible patients 

Methodology 

In order to test the reliability of the overseas eligible adjuster, the Project Team set out to 

calculate the actual cost of overseas eligible patients. It produced a three-year data set from the 

NMDS using a specific overseas eligible identification code. It then sent a data request to all 

DHBs asking them to either validate the data or provide a revised set of figures. Eighteen of 

twenty DHBs verified the data. 

 

Using the revised data, the Team calculated the average annual cost that each DHB incurs from 

treating overseas eligible patients. 

 

Table 13 summarises the results. 
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Table 13: District health board costs for overseas eligible patients 2011/12–2013/14 

DHB 2011/12 actual at 
2013/14 values 

$ 

2012/13 actual at 
2013/14 values 

$ 

2013/14 actual at 
2013/14 values 

$ 

Average annual cost 
at 2013/14 values 

$ 

Auckland 1,221,497 1,205,615 1,002,603 1,143,238 

Bay of Plenty 576,007 687,799 608,523 624,110 

Canterbury 6,766,951 8,862,430 10,477,540 8,702,307 

Capital & Coast 3,477,843 3,789,266 3,602,868 3,623,326 

Counties Manukau 1,630,232 1,221,256 1,657,429 1,502,972 

Hawkes Bay 204,157 118,273 241,257 187,896 

Hutt 98,632 124,364 97,312 106,769 

Lakes 478,620 516,295 429,303 474,739 

MidCentral 536,799 520,906 509,146 522,284 

Nelson Marlborough 258,658 296,651 218,855 258,054 

Northland 542,169 516,700 711,869 590,246 

South Canterbury 89,938 169,283 143,690 134,304 

Southern 570,066 436,403 762,513 589,661 

Tairāwhiti 8,271 89,116 39,949 45,779 

Taranaki 327,202 306,325 584,166 405,897 

Waikato 756,044 703,420 665,726 708,397 

Wairarapa 1,919 – – 640 

Waitemata 4,737,000 5,124,507 5,390,791 5,084,099 

West Coast 24,822 3,990 – 9,604 

Whanganui 21,057 63,987 34,510 39,851 

Total 22,327,885 24,756,585 27,178,052 24,754,174 

 

The table shows some significant variations between DHBs, to the extent that it is clear DHBs 

have not been identifying and recording these patients in a consistent way. The Project Team 

noted that overseas eligible coding is not formally audited or standardised across the country, 

and sought alternative data sources to identify these patients. However, it did not find any more 

reliable figures. 

 

Following the Review, the TAG recommended that the adjuster for overseas eligible people be 

dealt with outside of the model or dropped, because of these concerns with the quality of the 

data. 

 

However, the Ministry of Health believe that the policy of compensating DHBs for overseas 

eligible patients remains valid. They have requested that this component remain in the PBFF for 

one year, and that further work is done to improve the information. The Ministry of Health will 

conduct a review of the overseas eligible component alongside a review of bad debts for overseas 

ineligible patients due to the overlapping data quality issue.21 It will look at patient-level data for 

these two groups and cross-check it against immigration data, as it currently does to check 

eligibility for PHO services. The Ministry of Health will report back on this work as part of the 

2017/18 DHB indicative funding advice at the end of 2016. 

 

 
21 Bad debts for overseas ineligible patients sit outside the PBFF model. 
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Refugees – specific costs submitted by DHBs 

Methodology 

A data request was sent out to obtain data from DHBs on the annual costs and service 

descriptions of specific refugee health services that they provide (or fund other organisations to 

deliver) that are funded directly out of devolved funding (ie, not public health funded services or 

Ministry-contracted services). 

 

Table 14 presents this information. 

 

Table 14: Costs and details of specific refugee services provided by DHBs 

DHB Annual budgeted 
cost of service at 

2014/15 values 

Detail of service 

Auckland 124,382 Refugee Primary Health Services 

Bay of Plenty  No specific services for Refugees provided 

Canterbury 579,503 Interpreters / Refugee support services / counselling services / 
Mental Health NGO service 

Capital & Coast 1,029,050 Refugee Trauma Recovery / Infant, child, adolescent & youth 
community mental health services / Refugee Mental Health and 
Addiction Service / Asian Migrant & Refugee Cultural Support 
Coordination Service Mental Health / Refugee new settlers 
Primary Care services 

Counties Manukau 1,904,367 Primary Care Refugee Wrap Around Services / Mobile Refugee 
Clinical Team / Mental Health Services 

Hawkes Bay 0 No specific services for Refugees provided 

Hutt 178,661 Refugee Mental Health and Addiction Service / Asian Migrant & 
Refugee Cultural Support Coordination Service Mental Health 

Lakes 0 No specific services for Refugees provided 

MidCentral 114,133 NGO Refugee Support services 

Nelson Marlborough 208,216 Interpreters / Refugee support services 

Northland 0 No specific services for Refugees provided 

South Canterbury 0 No specific services for Refugees provided 

Southern 1,596 IDF charge from Auckland DHB 

Tairāwhiti 0 No specific services for Refugees provided 

Taranaki 0 No specific services for Refugees provided 

Waikato 365,815 Refugee Mental Health packages of care / refugee addiction 
services / Interpreters / PHO services for refugees 

Wairarapa 0 No specific services for Refugees provided 

Waitemata 386,000 Refugee Primary Health Services / Labs services for Refugee & 
Asylum Seekers / Interpreter services 

West Coast 0 No specific services for Refugees provided 

Whanganui 0 No specific services for Refugees provided 

Total 4,891,723  
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Refugees – Annual costs of treating refugees 

Methodology 

The Project Team studied a cohort of 1392 refugees that arrived in New Zealand between July 

2010 and June 2012, to draw inferences about the cost of treating refugees. Immigration New 

Zealand supplied the data for the cohort and the Team matched the encrypted NHIs to the 

refugees’ patient data in the National Collections database. Immigration New Zealand also 

supplied data that showed refugee settlement patterns across New Zealand over the past five 

years. 

 

The Project Team was interested in the annual cost of treating refugees over the four years from 

2010/11 to 2013/14. As the refugees in the cohort arrived intermittently between July 2010 and 

June 2012, the Team estimated the cost during the first two years based on the number of 

months each refugee had resided in New Zealand. All 1392 refugees were present during the last 

two years, 2012/13 and 2013/14. The Project Team averaged the data to calculate the annual 

cost of treating an individual refugee. 

 

Results 

The Project Team found that the annual cost of a treating a refugee was approximately $436 

more per year on average than the cost of treating a typical New Zealand citizen. 

 

The Project Team calculated annual costs of treating refugees per DHB by multiplying the 

average number of refugees resettling in each region by the estimated additional cost per 

refugee ($436). It then multiplied this by three, so that the figure represented the costs of 

treating refugees for their first three years of settlement ($892,012). 
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Total overseas eligible and refugees adjuster 

Having investigated the costs of overseas eligible patients and refugees across the country, the 

Project Team summed the figures to ascertain the total extent of the adjuster required for each 

DHB. Table 15 presents these figures. 

 

Table 15: Distribution of overseas eligible and refugees adjuster, by district health board 

DHB Overseas eligibles – 
DHB data request 

based on three-year 
average 

Specific refugee 
services provided 

by DHBs 

Refugee additional 
health costs based 

on three-year 
average 

Total overseas 
adjuster as at 
2013/14 values 

Auckland 1,143,238 121,645 132,026 1,396,910 

Bay of Plenty 624,110 – – 624,110 

Canterbury 8,702,307 566,754 12,818 9,281,880 

Capital & Coast 3,623,326 1,006,411 169,454 4,799,190 

Counties Manukau 1,502,972 1,862,471 77,998 3,443,441 

Hawkes Bay 187,896 – 1,308 189,204 

Hutt 106,769 174,731 86,042 367,542 

Lakes 474,739 – – 474,739 

MidCentral 522,284 111,622 128,620 762,526 

Nelson Marlborough 258,054 203,636 100,062 561,752 

Northland 590,246 – – 590,246 

South Canterbury 134,304 – – 134,304 

Southern 589,661 1,561 – 591,221 

Tairāwhiti 45,779 – – 45,779 

Taranaki 405,897 – – 405,897 

Waikato 708,397 357,767 104,640 1,170,804 

Wairarapa 640 – – 640 

Waitemata 5,084,099 377,508 79,044 5,540,652 

West Coast 9,604 – – 9,604 

Whanganui 39,851 – – 39,851 

Total 24,754,174 4,784,106 892,012 30,430,292 
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The rural adjuster 

Summary 

The rural adjuster allocates funding to DHBs for the unavoidable extra costs associated with 

providing health services to rural communities. The current model is based on seven separate 

service areas in which DHBs have previously indicated they face additional costs relating to 

rurality, and the distribution of funding is strongly linked to existing service provision. These 

seven service areas are: 

 offshore islands 

 rural GP/PHO payments 

 travel and accommodation  

 inter-hospital transfers 

 community services 

 facilities 

 governance (removed in the Review). 

 

The Review modelled an enhanced version of the current model and two alternative models that 

placed emphasis on distributing funding more in line with rural populations and travel 

distances and times. The Review recommended the adoption of the weighted rural population 

index model, which combines funding for some DHB-specific diseconomies with funding 

distributed in line with rural populations and geography. 

 

Background 

The Project Team commissioned an independent research firm, Sapere, to review the rural and 

tertiary adjusters. The report recommended the development of an ‘enhanced status quo’ model 

containing improvements and refinements to the current model and a population-based model 

that allowed for differences in population and geography (Moore et al 2015). 

 

The Project Team recommended that diseconomies related to governance costs (an adjuster for 

small size rather than rurality) be dropped; this reflects unanimous feedback from DHB 

interviews and workshops. 

 

Methodology 

In response to Sapere’s recommendations, the Project Team developed three models: 

 enhanced status quo model 

 weighted density index 

 weighted rural population index. 

 

All three models are based on the same national pool of funding, which is established on the 

basis of a mixture of diseconomy modelling and actual costs. Table 16 presents the development 

of each model, and Figure 31 presents each diagrammatically. The community services and 

facility components are more complex than the others; Appendix 5 supplies additional detail on 

these. 
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Table 16: Description of components in rural adjuster models 

Component Offshore islands Rural GP/PHO 
payments 

Travel and 
accommodation 

Inter-hospital 
transfers 

Community services Facilities 

Size (millions) $3.5 $21.5 $21 $28.4 $60 $35.1 

Description Extra costs faced by 
DHBs in providing 
health services to 
offshore islands 

comprising a rural 
bonus/remote rural 
practice area funding 
payment; a rural 
workforce retention 
premium; a 
reasonable roster 
amount; and a rural 
after-hours payment 

DHBs reimbursement 
of eligible patients for 
travel and 
accommodation 

The cost of 
transporting patients 
between facilities 

The extra costs of 
providing community 
services to small and/or 
sparse populations – 
either services in the 
home, integrated family 
health clinics or small 
rural hospitals 

The diseconomy cost 
of providing a full role 
delineation model 
level 3 service to a 
small population 

Data DHB supplied 2014 Ministry 
stocktake of rural 
payments plus funding 
devolved since that 
date 

Payment system data 
extracted for 2010/11–
2013/14, validated by 
DHBs 

Expenditure recorded 
against GL codes 
4950 (Ambulance) and 
4955 (Air Ambulance) 
(2011/12–2013/14 
years), supplied by 
DHBs 

National Cost Data and 
four DHB case studies 
(Northland, Bay of 
Plenty, Waikato, Nelson 
Marlborough) 

National Cost Data 

Pool calculation DHB-supplied costs 
less amounts covered 
in other components 

Total payments Total payments less 
the national population 
times the Auckland 
DHB cost per person 

Total payments less 
the national population 
times the Auckland 
metro cost per person 

Comprising an 
estimated top-up per 
person for the highly 
rural population and the 
rural population with low 
urban influence 

Estimation using cost 
data and a diseconomy 
model of the 
diseconomy for 
inpatient, emergency 
department, 
assessment treatment 
and rehabilitation and 
mental health 

Distribution enhanced 
status quo 

DHBs’ contribution to 
pool calculation 

DHBs’ contribution to 
pool calculation 

DHBs’ contribution to 
pool calculation 

DHBs’ contribution to 
pool calculation 

DHBs’ contribution to 
pool calculation 

DHBs’ contribution to 
pool calculation 

Distribution weighted 
rural population index 

DHBs’ contribution to 
pool calculation 

Weighted rural 
population index 

Weighted rural 
population index 

Weighted rural 
population index 

Weighted rural 
population index 

DHBs’ contribution to 
pool calculation 

Distribution weighted 
density index 

DHBs’ contribution to 
pool calculation 

Weighted rural density 
index 

Weighted rural density 
index 

Weighted rural density 
index 

Weighted rural density 
index 

DHBs’ contribution to 
pool calculation 
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Figure 31: Process flow chart for options for calculating rural adjuster 

 
 

Rural Adjuster Process Flow

Offshore Islands Rural GP T&A IHT Community Service Base Hospital

Offshore Islands 

$ (Actuals)

Rural GP/ PHO 

payments $ (Actuals)

Travel & 

Accommodation $ 

(Expected)

Inter Hospital 

Transfers $ 

(Expected)

Community 

services & small 

facilities $

Facilities $
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2% 30% 21%32% 15%

Wgtd Travel Time

Wgtd Travel Time

Wgtd Travel to Tertiary

Wgtd Travel to Tertiary

32% 15%

Weighted Rural Population Index
Weighted Rural Population

Rural Adjuster Inputs:    

Enhanced Status Quo

Weighted Density Index
Weighted Density
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Development of the two new rural indexes 

Each of the two potential new rural indexes, the weighted density index and the weighted rural 

population index, uses three new inputs. 

 

The three new inputs in the weighted density index are as follows. 

 Weighted density uses Statistics New Zealand’s estimated resident population data (as at 

30 June 2013), split into five population density quintiles: quintile 1 is the least dense in 

population (hence, the most rural). The model distributes 30% of the funding pool based on 

each DHB’s share of the number of people in quintile 1. 

 Weighted travel time uses the estimated resident population that is within a certain travel 

time away from a base hospital. The model distributes 32% of the funding pool based on each 

DHB’s share of the population that lives (60-245 minutes and >245 minutes away from the 

base hospital. There are only 160 people in the >245 minutes category and they have been 

weighted at 10 times the 60-245 minutes category. 

 Weighted travel to tertiary uses the estimated resident population divided into categories 

according to distance from the nearest tertiary hospital, where quintile 1 is the closest to a 

tertiary hospital. The model distributes 15% of the funding pool based on each DHB’s share of 

the population in quintile 4 and 5. The quintile 5 category population has twice the weighting 

of the quintile 4 category. 

 

The three new inputs in the weighted rural population index are as follows. 

 Weighted rural population uses Statistics New Zealand’s estimated resident population data 

(as at 30 June 2013). The model distributes 30% of the funding pool based on each DHB’s 

share of the rural population. A weight of 2 was applied to the ‘Highly rural/remote 

population’22 total to account for the greater cost of providing services to highly rural people, 

while a weight of 0.2 was applied to the ‘Rural with low urban influence’ population. 

 The model uses weighted travel time as described above. 

 The model uses weighted travel to tertiary as described above. 

 

Appendix 6 provides further details on the methodology used to calculate weighted density, 

weighted travel time and weighted travel to tertiary. 

 

Results 

As expected, the Project Team found that the two population-based models were a better fit than 

the enhanced status quo model, as they targeted the variable of interest (rural population) 

directly. The DHBs with the highest weighted rural populations were Southern (22.1%), Waikato 

(13.0%), Northland (12.5%), Canterbury (11.5%) and West Coast (5.6%). It can be reasonably 

expected that the model with the most appropriate fit would assign a similar pattern of funding 

to DHBs. 

 

 
22 Statistics New Zealand definitions are as follows: 

Highly rural/remote area: an area in which there is minimal dependence on urban areas in terms of employment, 

or where there is a very small employed population. 

Rural area with low urban influence: an area with a strong rural focus. The majority of the population in these 

areas works in a rural area. 
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Figure 32 compares the enhanced status quo model against the two population-based indexes. It 

shows that the weighted rural population index allocates proportionally more funding to DHBs 

with the most highly rural people than the other models. For example, Southern receives 

18 percent of the funding under the weighted rural population index but only 14.7 percent or 

13.7 percent under the weighted density index and the enhanced status quo models respectively. 

With the addition of the travel time and travel to tertiary inputs that are not included in the 

enhanced status quo model, the weighted rural population index compensates DHBs more 

appropriately. Under this model, funding correlates more accurately with the rurality of the 

population and the time and distance to the nearest hospital. 

 

Note that on 1 July 2015, the responsibility for providing health services to the residents of the 

Chatham Islands transferred from Hawke’s Bay DHB to Canterbury DHB. In the status quo 

model, the Chatham Islands were included in Hawke’s Bay DHB’s rural allowance. In the 

proposed models, they were included as part of Canterbury DHB. 

 

Figure 32: Comparison of proposed rural adjuster models 

 
 

Table 17: Share of the rural adjuster by DHB, 2013/14 

DHB Percentage share of rural adjuster 

Auckland 0.6% 

Bay of Plenty 5.6% 

Canterbury 8.7% 

Capital & Coast 0.0% 

Counties Manukau 0.3% 

Hawkes Bay 4.4% 

Hutt Valley 0.0% 

Lakes 4.3% 

MidCentral 2.4% 

Nelson Marlborough 5.3% 

Northland 10.8% 

South Canterbury 3.3% 

Southern 18.0% 

Tairāwhiti 5.9% 

Taranaki 3.5% 
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Waikato 8.8% 

Wairarapa 2.6% 

Waitemata 0.5% 

West Coast 11.9% 

Whanganui 3.1% 

Total 100.0% 

 

The recommendation to use the weighted rural population index was a majority decision by 

TAG, but was not supported by all members. 

 

The tertiary adjuster 
The tertiary adjuster is the price premium that all DHBs pay to ensure that there is tertiary-level 

hospital capacity available for their populations. There are some similarities between the rural 

adjuster and the tertiary adjuster so the Project Team decided to review them together. Sapere 

completed a review of both. 

 

Sapere identified two options for reform of the tertiary adjuster: 

1. enhanced status quo – a package of refinements to clarify the purpose of the tertiary 

adjuster, improve building blocks such as the role delineation model (RDM), input cost 

data and reduce volatility through additional analysis and multi-year smoothing of 

diagnosis related group (DRG) margins 

2. a policy-based cap – limiting annual growth in the tertiary adjuster pool to no more than 

the percentage increase in the population-based funding pool, so as to encourage ongoing 

efficiency gains within tertiary services and ensure services are affordable. 

 

The Sapere report (Moore et al 2015, page 42) noted that ‘a DHB offering a series of services 

with relatively low volumes may well be disadvantaged – relatively to a DHB with large 

volumes’. 

 

The Project Team did not ultimately identify a solution. The Project Team has referred the 

Sapere Report to the NCCP, which will undertake a review of the tertiary adjuster and the RDM 

next year. Improvements are needed to DHB costing systems, in terms of both their coverage 

and quality, as the tertiary adjuster pool results are being driven by variations in the secondary 

costs supplied. 

 

The land adjuster 
The PBFF model does not make any allowance for the differential costs of capital associated 

with high land valuations, revaluations or the step increase in costs following large hospital 

building projects. However, the Ministry of Health pays a land adjuster outside of the PBFF to 

Auckland DHB to compensate for its high land valuation. 

 

Because the PBFF is reviewed only every five years, it is incompatible with an adjustment 

related to revaluations or capital rebuilds. Since the review of capital costs and revenue sits 

outside the PBFF, the Project Team recommended that this Review not consider the land 

adjuster. Instead, it recommends that the land adjuster and the process for managing 

revaluations should be reviewed as part of a wider review of funding for health capital. 
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The final Population-based 

Funding Formula model 

The following graphs illustrate the complete set of cost weights within the final PBFF following 

the Project Team’s Review, by age, sex, deprivation and ethnicity. 

 

Figure 33: Aggregate cost weights for females of Other ethnicity, by age and NZDep2013 

 
 

Figure 34: Aggregate cost weights for males of Other ethnicity, by age and NZDep2013 

 

 



 

 Population-based Funding Formula Review 2015 Technical Report 55 

Figure 35: Aggregate cost weights for males of NZDep2013 quintile 4, by age and ethnicity 

 
 

Figure 36 below compares the aggregate cost weights by age between the results of the 2014/15 

and 2007/08 PBFF reviews. Given that the results compared use different years cost and base 

populations it is expected that there is some variation between the two. However the trend is 

remarkably similar until ages 65+ where we do see a divergence between the two models. There 

are a number of possible reasons for the increased aggregate cost weights here, however the 

review did not qualify the drivers of this change. 

 

Figure 36: Population-based Funding Formula aggregate cost weights, by age, 2007/08 and 

2014/15 

 
 

Table 18 outlines the respective weight that each service group and adjuster holds in the model 

at the DHB and national level after this adjustment. Service group and adjuster weights will 

change as populations change, with the exception of the rural and overseas eligible and refugees 

adjuster. The rural and overseas eligible and refugees adjusters are not updated annually for 

population growth; their respective weights are fixed, as opposed to their monetary value.23 

They will continue to hold the same weight in the model irrespective of population growth in 

future years. 

 
23 In the prior model, the monetary value of these adjusters was fixed. This resulted in the respective weights of the 

rural and overseas eligible and refugees adjusters decreasing over time as the population-driven service groups 

and unmet need adjuster gained weight. 
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Table 18: Weight by service group and DHB, 2013/14 

DHB Personal health: 
hospital and 

community services 

Personal health: 
primary 

Health of older 
people: other 

Health of older 
people: aged 

residential care 

Mental health Unmet need Rural 
adjustment 

Overseas 
adjustment 

Auckland 54.37% 20.88% 3.78% 8.00% 11.18% 1.55% 0.10% 0.14% 

Bay of Plenty 52.46% 19.01% 5.31% 9.69% 10.28% 1.58% 1.57% 0.10% 

Canterbury 52.20% 21.16% 4.66% 9.92% 9.00% 0.99% 1.27% 0.80% 

Capital & Coast 53.94% 21.35% 4.04% 8.64% 9.98% 1.27% 0.01% 0.77% 

Counties Manukau 56.00% 19.59% 3.53% 6.40% 11.85% 2.29% 0.05% 0.30% 

Hawkes Bay 52.59% 19.06% 4.92% 9.20% 10.72% 1.74% 1.72% 0.04% 

Hutt 54.18% 20.49% 4.34% 8.50% 10.73% 1.65% 0.00% 0.11% 

Lakes 52.80% 18.52% 4.29% 7.29% 12.30% 2.02% 2.60% 0.17% 

MidCentral 52.90% 19.31% 5.29% 9.31% 10.52% 1.60% 0.90% 0.17% 

Nelson Marlborough 51.87% 20.69% 5.15% 10.37% 8.34% 0.99% 2.44% 0.15% 

Northland 52.12% 18.00% 4.92% 7.83% 11.41% 1.92% 3.67% 0.12% 

South Canterbury 50.62% 19.99% 5.70% 11.46% 7.68% 0.88% 3.59% 0.09% 

Southern 51.12% 20.27% 4.79% 9.70% 8.87% 1.06% 4.11% 0.08% 

Tairāwhiti 50.68% 16.49% 4.06% 6.29% 13.11% 2.33% 7.00% 0.03% 

Taranaki 52.24% 19.64% 5.10% 9.73% 9.76% 1.38% 2.02% 0.14% 

Waikato 53.16% 19.35% 4.63% 8.21% 11.24% 1.74% 1.55% 0.12% 

Wairarapa 51.24% 19.36% 5.38% 9.85% 9.15% 1.39% 3.63% 0.00% 

Waitemata 54.34% 21.56% 4.18% 8.90% 9.33% 1.16% 0.07% 0.46% 

West Coast 43.51% 17.08% 3.76% 6.91% 7.84% 0.98% 19.92% 0.01% 

 

Overall the changes in the formula are minimal and the consistency between results with respect to the new cost weights indicates the robustness of the 

model over time. The key drivers of change in the model are the inclusion of NZDep2013, the recalculation of the core model cost weights and the 

redevelopment of the rural and overseas eligible and refugees adjusters. 
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Table 19 uses percentage point change in each DHB’s PBFF share to illustrate the impact of each of these drivers. 

 

Table 19: DHB results – drivers of change 

DHB Current PBFF model: 
2015/16 

New PBFF model: 
2015/16 

Percentage point 
variance 

(cost weight) 

Percentage point 
variance 
(NZDep) 

Percentage point 
variance (rural and 
overseas adjusters) 

Percentage 
point variance 

Percentage 
variance 

Auckland 9.31% 9.12% 0.02% -0.13% -0.09% -0.19% -2.05% 

Bay of Plenty 5.55% 5.62% 0.00% 0.03% 0.04% 0.07% 1.20% 

Canterbury 10.94% 10.81% -0.05% -0.18% 0.10% -0.13% -1.16% 

Capital & Coast 5.76% 5.73% 0.04% -0.05% -0.02% -0.03% -0.49% 

Counties Manukau 10.81% 10.87% 0.10% 0.06% -0.10% 0.06% 0.52% 

Hawkes Bay 3.96% 3.95% -0.01% 0.04% -0.04% -0.01% -0.15% 

Hutt 3.09% 3.05% 0.00% -0.02% -0.03% -0.04% -1.41% 

Lakes 2.48% 2.54% 0.01% 0.05% 0.00% 0.07% 2.64% 

Mid Central 4.05% 4.08% -0.03% 0.07% -0.01% 0.03% 0.68% 

Nelson Marlborough 3.42% 3.40% -0.03% 0.02% -0.01% -0.02% -0.68% 

Northland 4.50% 4.63% 0.01% 0.09% 0.04% 0.14% 3.05% 

South Canterbury 1.46% 1.44% -0.01% 0.00% -0.01% -0.02% -1.13% 

Southern 6.78% 6.81% -0.05% -0.02% 0.09% 0.03% 0.44% 

Tairāwhiti 1.26% 1.30% 0.02% 0.01% 0.01% 0.04% 2.89% 

Taranaki 2.79% 2.73% -0.02% -0.03% -0.01% -0.06% -1.99% 

Waikato 8.91% 8.96% -0.03% 0.07% 0.02% 0.06% 0.63% 

Wairarapa 1.12% 1.11% -0.01% 0.02% -0.02% -0.01% -0.86% 

Waitemata 11.25% 11.23% 0.06% -0.05% -0.03% -0.01% -0.13% 

West Coast 0.89% 0.93% -0.01% -0.03% 0.08% 0.04% 4.37% 

Whanganui 1.69% 1.69% -0.01% 0.04% -0.03% 0.00% 0.10% 

Total 100.00% 100.00% 0.00% 0.00% 0.00% 0.00%  
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The final implementation of the PBFF relies on further data inputs and implementation rules. 

The data required includes the new population projections, DHB starting points, and the level of 

new funding for DHBs. The implementation rules are agreed by the Minister of Health and as a 

result mean that each DHB will receive a minimum funding allocation of their previous year’s 

funding plus a minimum increase percentage. In practical terms, this smooths changes to the 

funding to DHBs and means that it can take a period of years to transition DHBs to their target 

PBFF share. Final funding allocations are however, made by Government as part of the Budget 

process. 

 

For this reason the full impact of the new PBFF model is not yet known at the time of writing of 

the report. It is important to note, however, that individual DHB funding allocations are 

increased year on year. What will change for a very small number of DHBs is their percentage 

share of overall funding. This means that for a few DHBs their respective annual growth rate in 

funding will be more or less than under the previous PBFF model. 
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Lessons learned and 

recommendations for future 

reviews 

This section lists recommendations from the TAG and Project Team on areas for potential 

improvement prior to any future review of the PBFF. 

 

Data quality and availability 
District Health Board cost data underpins the quantification of the costs of service delivery that 

the PBFF uses to set cost weights and to assess the additional costs of small hospitals or tertiary 

services. Currently not all DHBs have costing systems, and compliance with the costing 

standards is variable. 

 

The revised rural adjuster included diseconomy funding for facilities where the RDM had 

assessed the majority of services as level 3. The tertiary adjuster model provides additional 

funding for services at level 6. The RDM has not been updated since 2010 – over time it will 

become out of date. 

 

Mental health services are purchased on an input basis, which is difficult to cost against and is of 

limited use in quantifying the costs of population groups. For the purposes of this Review 

project, the Project Team developed a system of grouping outputs that could be further 

developed to provide a set of cost outputs for mental health. 

 

The national data collections provided the majority of the service use data used in this project. 

The Project Team found some areas of incomplete data, requiring them to estimate figures. 

 

Where there was no service use data, the Project Team used GL codes to estimate the type and 

amount of missing data. It notes that the current codes have developed in an ad hoc manner, 

and do not provide a useful overview of service level activity. 

 

Ideally, future reviews would make use of linked data sets across different national collections 

and payment systems. Review teams could use such data sets to fill in missing data, cross-check 

data (eg, on ethnicity) and introduce health status variables into the model. This year, the 

Project Team was unable to make full use of linked data sets for the following reasons. 

 The HealthTracker (an existing linked data set) is not maintained between projects, and was 

therefore not current enough to use. 

 There were issues with double counting in the PHO data sets and the NHI data set that 

required a higher level of data cleaning to resolve than the project had time to deal with. 

 

To support cross-government social sector work, government agencies are working on the 

Integrated Data Infrastructure (IDI), which will combine information from a range of 

organisations (such as health and education data). This could inform future reviews of the 

PBFF. 
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Research 
A one-year time frame for review of the PBFF does not allow sufficient time for research into 

radical changes (eg, a shift to a health disparities model). For the next review, the Project Team 

therefore recommends that potential areas of research are identified in advance, to allow a 

separate research phase. 

 

Training 
The Project Team suggests that material from the Review alongside training slides should be 

available on the Ministry website. 

 

Recommendations 
The Project Team therefore makes the following recommendations. 

1. Ensure all DHBs have a costing system in place and comply with costing standards. 

2. Update the RDM. 

3. Explore the feasibility of developing a set of cost outputs for mental health. 

4. Improve NGO reporting for mental health. 

5. Explore the feasibility of developing a revised set of GL codes. 

6. Allow time for a research phase. 

7. Make Review material and training slides available on the Ministry website. 
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Appendix 1: Differences 

between NZDep06 and 

NZDep2013 

The NZDep2013 index is similar to the NZDep2006 index. However, NZDep2013 contains a 

new indicator: people aged under 65 years with no access to the internet at home. This 

component now has the highest weight in the index. The indicator measuring people with no 

access to any phone was removed from the index. 

 

In addition, the 2013 Census individual questionnaire added new brackets to the personal 

income question. The category $50,001–$70,000 was split into two income brackets: 

$50,001–$60,000 and $60,001–$70,000. A new income band was added above $100,001 or 

more, which resulted in the inclusion of the following new categories: $100,001–$150,000 and 

$150,001 or more (Atkinson et al 2014). 

 

The following series of figures present the changes in NZDep profile (percentage of the 

population living in each quintile) by DHB between NZDep2006 and NZDep2013. 

 

Figure A1: Auckland District Health Board: NZDep2006 compared with NZDep2013 
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Figure A2: Bay of Plenty District Health Board: NZDep2006 compared with NZDep2013 

 
 

Figure A3: Canterbury District Health Board: NZDep2006 compared with NZDep2013 

 
 

Figure A4: Capital & Coast District Health Board: NZDep2006 compared with NZDep2013 
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Figure A5: Counties Manukau District Health Board: NZDep2006 compared with 

NZDep2013 

 
 

Figure A6: Hawke’s Bay District Health Board: NZDep2006 compared with NZDep2013 

 
 

Figure A7: Hutt Valley District Health Board: NZDep2006 compared with NZDep2013 
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Figure A8: Lakes District Health Board: NZDep2006 compared with NZDep2013 

 
 

Figure A9: MidCentral District Health Board: NZDep2006 compared with NZDep2013 

 
 

Figure A10: Nelson Marlborough District Health Board: NZDep2006 compared with 

NZDep2013 
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Figure A11: Northland District Health Board: NZDep2006 compared with NZDep2013 

 
 

Figure A12: South Canterbury District Health Board: NZDep2006 compared with 

NZDep2013 

 
 

Figure A13: Southern District Health Board: NZDep2006 compared with NZDep2013 
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Figure A14: Tairāwhiti District Health Board: NZDep2006 compared with NZDep2013 

 
 

Figure A15: Taranaki District Health Board: NZDep2006 compared with NZDep2013 

 
 

Figure A16: Waikato District Health Board: NZDep2006 compared with NZDep2013 
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Figure A17: Wairarapa District Health Board: NZDep2006 compared with NZDep2013 

 
 

Figure A18: Waitemata District Health Board: NZDep2006 compared with NZDep2013 

 
 

Figure A19: West Coast District Health Board: NZDep2006 compared with NZDep2013 
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Figure A20: Whanganui District Health Board: NZDep2006 compared with NZDep2013 
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Appendix 2: Technical 

explanation of variable 

testing 

Introduction 
The Project Team tested the demographic variables in the PBFF to investigate whether the 

combinations of the variables could be simplified as a way to improve the fit of the model. 

 

The testing looked at the following questions. 

 Does a full combination of demographic variables result in statistical overfitting? 

 What is the quality of health service use and population data likely to be in the future? 

 

Potentially, the model could be simplified by aggregating (collapsing) the variables into a 

smaller number of categories: for example, reducing prioritised ethnicity from three groups 

(Māori, Pacific peoples and Other) to two groups (Māori and non-Māori, or Māori and Pacific 

peoples and non-Māori non-Pacific). 

 

The Project Team tested variables for the five service groups: 

 Personal Health: Hospital and Community Services 

 Personal Health: Primary Health Care 

 Health of Older People: ARC 

 Health of Older People: Other 

 Mental Health. 

 

Background 
The PBFF was developed as a cell-based model; such models are easy to understand, and avoid 

problems with correlation between variables. A cell-based model calculates costs for each 

unique group of age, sex, NZDep Quintile and ethnicity independently, avoiding interactions. 

The model retains statistical interaction between variables. However, it requires a large amount 

of information in order to fill all cells. Fortunately in the case of the PBFF, such information was 

available. 

 

The fundamental unit of analysis and modelling in the PBFF is the cost weight: the mean cost 

per person for a service, given that person’s demographic characteristics. The mean cost per 

person includes both users and non-users. That is, it includes people for whom no costs or zero 

costs were recorded. 

 

Cost weights for each service are calculated as follows. 
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Equation 1: Cost weight formula 

𝑊𝑗𝑘𝑙𝑚 =
∑ 𝐸𝑖𝑗𝑘𝑙𝑚𝑖𝑗𝑘𝑙𝑚

∑ 𝑁𝑗𝑘𝑙𝑚𝑗𝑘𝑙𝑚
 

where 𝑊𝑗𝑘𝑙𝑚 is the cost weight, 𝐸𝑖𝑗𝑘𝑙𝑚 is the total expenditure of a demographic group resident in 

a DHB and 𝑁𝑗𝑘𝑙𝑚 is the number of people nationally in that demographic group. 

 

The subscripts 𝑗, 𝑘, 𝑙, and 𝑚 refer to each age band (19), sex (2), prioritised ethnicity (3) and 

deprivation quintile (5) respectively. So there are 570 (19×2×3×5) cost weights to calculate 

altogether. The DHBs (20) are represented by subscript 𝑖. 
 

As cost weights are usually presented in tabular form, combinations of the demographic 

variables are referred to as cells. 

 

For simplicity the number of combinations of demographic variables (cells) is described for the 

full model without any collapsed categories. Note that when any categories are collapsed the 

number of cost weight terms 𝑊𝑗𝑘𝑙𝑚 will be reduced from 570 accordingly. 

 

As an example of how a cost weight is calculated: the cost weight for Māori males aged 20–24 

resident in quintile 2 areas is equal to the total costs for that demographic group, divided by the 

total number of people in that demographic group (both users and non-users of a service). That 

is, it represents the mean cost of a service for that group. 

 

The cost weights are calculated on a national basis, therefore the numerator has 11,400 

(20×570) addends but the denominator has 570 cells. 

 

The share of funding that each DHB receives in any particular year is calculated on a 

proportional basis, based on the cost weights and population projections of the number of 

people in each demographic.24 

 

Methods and data sources 

Statistical methods 

The Project Team used SAS Enterprise Guide 5.1 for all analysis. It wrote custom code for 

generating synthetic populations statistically representative of the New Zealand population, and 

cross-validation. It carried out most of the aggregation of the data, such as assembling major 

service group data, or creating a pseudo health register, using PROC SUMMARY. 

 

Approach 

The goal of this analysis was to investigate whether the PBFF could be simplified. A key 

consideration was statistical overfitting. Cross-validation is a technique for evaluating the 

predictive power of a model that is robust against overfitting. It partitions data into two sets: a 

training set that the model is built upon and a testing set to evaluate predictions against. 

 

 
24 The analysis described in this paper excluded adjusters. Any indirect effects of adjusters should have been spread 

evenly over all people in the New Zealand population, due to random allocation in the modelling. Allocation of 

people to areas was based on synthetic groups selected at random, rather than to DHBs based on their catchment 

area. 
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There are hundreds of millions of unit records in the service use data sets. The Project Team 

distilled these into seven parameters per major service group. (There are seven parameters per 

group rather than 20 because seven synthetic populations25 were used instead of DHBs.) 

 

Each unique person in the service use data set was randomly allocated to a synthetic population 

group. This was done 20 times for each group to generate a plausible range of populations, thus 

generating a plausible range of predicted major service group spends in 2013/14 dollars. 

 

The parameters used for predictive purposes was the expenditure in 2013/14 dollars, in year ℎ 

by population group 𝑖, 𝐷ℎ𝑖. For each service group, this was estimated as follows. 

 

Equation 2: Parameter for the model to predict 

𝐷ℎ𝑖 = ∑ (𝑁ℎ𝑖𝑗𝑘𝑙𝑚 × 𝑊𝑗𝑘𝑙𝑚)

𝑗𝑘𝑙𝑚, given ℎ𝑖

 

 

The values were varied for 𝑊𝑗𝑘𝑙𝑚 by the random allocation and by various cell collapsing options 

in Table 1. The team used only data from the first two years to calculate the 𝑊𝑗𝑘𝑙𝑚 values. The 

values for 𝑁ℎ𝑖𝑗𝑘𝑙𝑚 were held fixed to the 30 June 2013 estimated resident population. That is, 

the Team assumed a static population (no births, deaths, migration nor ageing) over three years. 

 

The Team evaluated predictions of 𝐷ℎ𝑖 using 

Equation 2 (the training set) against the 2013/14 dollars (the test set). The 20 iterations of each 

population group generated by the various cross-validations were not averaged at the end to 

generate a single final set of predictions. There was only one test set, not 20 iterations of the test 

set. 

 

Separate models for each major service group 

The Project Team modelled the major service groups separately, because they have very 

different usage patterns. For example, there are different distributions of cost weights by age for 

Personal Health: Hospital and Community Services and Mental Health. 

 

Figure A21: Unweighted cost weights for Personal Health: Hospital and Community 

Services, by sex 

 

 
25 Synthetic population groups were designed so that their demographic profiles were representative of the possible 

scenarios found in various geographic locations across the general New Zealand population. 
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Figure A22: Unweighted cost weights for Mental Health, by sex 

 
 

The cost weights for Personal Health: Hospital and Community Services have a small peak at 

birth, diverge for the sexes at typical child-bearing ages then increase into older age. 

 

The cost weight distribution in the Mental Health service group is very different; female cost 

weights have a high plateau between 20 and 55 years, while male cost weights peak at the 

mid-30 years. Cost weights decrease into older ages for both sexes. There is a divergence 

between the sexes in this service group as well, but the order of the sexes is reversed. 

 

Options for collapsing cells 

In making a decision as to which cells to collapse in the model, the Project Team looked at 

whether: 

 cells were too small (too few people) 

 using all of the 570 possible cells resulted in statistical overfitting. 

 

Collapsing too many cells would introduce a risk of failure to recognise real variation between 

groups. 

 

Table A1 presents the options the Project Team considered for collapsing cells. Variation in 

usage patterns may mean different cells will be collapsed for different major service groups. 

 



 

 Population-based Funding Formula Review 2015 Technical Report 75 

Table A1: Cell collapsing options tested 

Variable Options for potential collapse Details or issues 

Age Collapsing under 5s, 5–14, 15–19, 
20–24, 25–64, 65–84, 85+ 

Ages linked to eligibility for subsidies or other 
incentives related to health care use. Bands like 6–13 
or 14–17 are not feasible, as data is only available in 
five-year age groups. 

Not collapsing 85–90 and 90+ into one 
85+ age band 

People are living longer, up to age 85 and beyond, and 
this age group has very high costs. But the numbers 
may not be high enough to justify separating out. 

Sex Keep male and female categories (that 
is, do not collapse), or remove sex 
altogether for part or all of a particular 
model for a major service 

Some sex differences are birth complications for boys, 
maternity care, aged care, ‘missing males’ and other 
aspects that may or may not be addressed by unmet 
need. 

Ethnicity Collapsing categories into Māori and 
non-Māori, or Māori/Pacific peoples and 
other 

Māori continue to be a group of high policy interest. 
There are quality issues in data sources now and in the 
future, and public attitudes to national and/or ethnic 
identity affect this. 

Deprivation 
index 

Collapsing categories into low 
deprivation (quintiles 1 and 2) and high 
(quintiles 3–5), or high deprivation 
(quintile 5) and not high (quintiles 1–4) 

The effect of deprivation quintiles is not linear. That is, 
the difference between quintiles 1 and 2 is not the 
same as the difference between quintiles 3 and 4. 

 

It might seem easier to not collapse cells at all; that is, to fit a full model. However, as some cells 

have few or no people in them, some cost weights must be imputed. So the Project Team had to 

find an acceptable imputation model. 

 

Variables tested 

The models the Project Team tested were based on modifying the full model by either one or two 

variables at a time. 

 

Table A2 presents the full list of variables tested by the team. The number in brackets is the 

number of levels of that variable. Table A2 should be read in conjunction with Table A1. 

 

Table A2: Full list of variables tested 

Variable Levels 

age (19) 0–4, 5–9, 10–14, 15–19, 20–24, 25–29, 30–34, 35–39, 40–44, 45–49, 50–54, 55–59, 60–64, 
65–69, 70–74, 75–79, 80–84, 85–89, 90+ 

age2 (7) 0–4, 5–14, 15–19, 20–24, 25–64, 65–84, 85+ 

age3 (18) 0–4, 5–9, 10–14, 15–19, 20–24, 25–29, 30–34, 35–39, 40–44, 45–49, 50–54, 55–59, 60–64, 
65–69, 70–74, 75–79, 80–84, 85+ 

sex (2) female, male 

nosex (0) none 

ethnicity (3) Māori, Pacific peoples, Other 

ethnicity2 (2) Māori, non-Māori 

ethnicity3 (2) Māori/Pacific peoples, non-Māori/non-Pacific peoples 

quintile (5) Q1, Q2, Q3, Q4, Q5 

quintile2 (2) Q1–Q4, Q5 

quintile3 (2) Q1–Q3, Q4–Q5 
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The Team combined the variables into a number of models, as follows: 

 full – age, sex, ethnicity and quintile unmodified 

 per capita – removing all demographic information except number of people 

 replacing one variable at a time in full model (7 models) 

 replacing two variables at a time in full model, but not ethnicity3 combined with the quintile 

changes.26 

 

The Team labelled the models that replaced one or two variables at a time by the variables that 

were replaced in relation to the full model. For example, the ‘age3’ model is the same as the full 

model except that instead of the full model’s age variable, the age3 variable was used. 

 

There was no NZDep2013 quintile recorded for Health of Older People: ARC. Therefore the 

Team tested fewer models for that service group. 

 

Synthetic population 

The Project Team used the 30 June 2013 estimated resident population to create seven synthetic 

population groups, by resampling seven composite groups with replacement proportional to 

demographic group size. The rationale for using resampling proportional to size, rather than a 

simple random sample, was so that the demographic profiles of the synthetic groups would be 

similar to the general New Zealand population. 

 

The Team deliberately stratified the proportion of individuals in Groups 1–7 so that they were 

not equal to the original group size. Larger urban areas were scaled down, and older, more 

diverse and rural areas were scaled up. The purpose of this rescaling, alongside mixing within 

groups, was so that synthetic groups could not be inferred to be direct, simple aggregations of 

actual DHB populations. 

 

Summary of procedure 

The Project Team undertook the following steps in testing the variables. 

 

Assemble the datasets of each major service group 

1. Clean data by ensuring all variable names match, and coding is consistent (eg, change ‘F’ 

to ‘Female’). 

2. Add the variables with collapsed categories (see Table A2). 

3. Aggregate expenditure by unique NHI27 for the training period (first two years) and test 

period (third year). 

4. Calculate the number of non-users for each demographic group and impute them with 

zero expenditure. 

5. Randomly allocate NHIs to synthetic population groups with probabilities based on their 

demographic group. 

6. Calculate actual costs for the complete data set. 

7. Calculate cost weights based on two years to predict the third year. 

8. Calculate mean-squared errors and percentage point differences. 

 

 
26 By mistake two models were not tested: ethnicity3 with quintile2, and ethnicity3 with quintile3. 

27 All NHI numbers contained in the service use data were encrypted specifically for the purpose of this Review. 
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Create a pseudo health expenditure register 

Aggregate all usage data by unique NHI. Calculate each person’s expenditure in the first two 

years for the training period, and use the third year for the test period. 

 

The Personal Health: Hospital and Community Services and Personal Health: Primary Care 

service groups had high coverage of the population. The Project Team imputed non-users with 

zero costs; it assumed non-users to be 4.4 million people (the total of the 30 June 2013 

estimated resident population) minus the number of unique people who were in the data in a 

three-year period. The Team randomly assigned individuals (unique NHIs) to a synthetic 

population group, with replacement. 

 

The Team calculated the number of non-users for each cell. It then subtracted the number of 

users from the cell total. If a cell had more users than the population projection stated (that is, 

the difference was negative) the Team assumed the number of non-users to be zero. However, 

this resulted in the number of users and non-users added together for all cells being higher than 

the population projection total. The Team therefore removed ‘excess’ non-users at random to 

ensure the pseudo register had the same number of people as the projection. 

 

There was a discrepancy between the user count according to service use data (a cumulative 

figure over a period of time) and population projections (a point-in-time measure). Some cells, 

according to the projections, contained no people, where the service use data indicated 

otherwise. This tended to happen in older age groups, especially for Māori and Pacific peoples. 

 

Assignment to a synthetic group was not equally likely, but stratified based on the distribution 

of demographic variables and sizes of the synthetic groups. In other words, being of a certain 

age, sex or ethnicity, or resident in a certain deprivation quintile, influenced the chance an 

individual was assigned a synthetic group. The Team used PROC SURVEY SELECT to randomly 

assign people to synthetic population group, with stratification and without replacement. 

 

For this reason, the assignment of individuals to a synthetic group was random, and statistically 

independent of the DHB area where people were domiciled. This meant that variation due to 

DHB management of health care demand did not bias the results. 

 

Predict synthetic group expenditure in dollars 

The full model is not the same as the prior PBFF model. In the prior model, all of the variables 

were used in complete combination, including ethnicity. Previously, ethnicity had been 

calculated as a flat percentage multiplier on top of the three-way cells of age, sex, and ethnicity. 

 

The Project Team assumed the share of the expenditures that the seven synthetic groups had in 

the test set (the 2013/14 year) to be true and correct for the purpose of calculating a mean 

squared error. The Team used a mean squared error so larger errors in predictions were 

penalised disproportionately more than smaller errors. The Team replicated each model 

20 times, changing the random assignment to synthetic group each time. 

 

The Team used the training set to make predictions of synthetic group expenditure in the test 

period in dollars, based on summing cost weights multiplied by population counts for each cell 

(age × sex × ethnicity × deprivation), by synthetic groups for each proposed model. 
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As there is expenditure growth between years, the Team multiplied the average of the first two 

years by an adjustment factor before using it to predict the third year. The Team used the ratio 

of actual expenditure of the training period to the test period to calculate the adjustment factor. 

This value ranged between 1 and 3 percent for the service models tested. The Team calculated 

this ratio without any synthetic data or resampling. 

 

Differences for major service groups compared to Personal Health: Hospital and Community 

Services 

 Personal Health: Primary Care: Personal Health: Primary Care has high service use 

rates. The number of unique NHIs (4,478,060) in this data set was higher than the total 

estimated resident population used for analysis (4,425,131). However, the Team dropped 

138,293 users by excluding those with missing demographic information. So despite the 

source data being ‘oversized’, some non-users were still imputed. 

 Health of Older People and Mental Health: Health of Older People and Mental Health 

have low service use rates. This made using PROC SURVEY SELECT computationally 

inefficient for creating a synthetic population. For the reason, the Project Team rewrote the 

section of code that randomly assigned a synthetic population group. It computed a 

cumulative density function for synthetic groups, conditional on the demographic variables, 

and used it to inverse transform pseudorandom uniform numbers between 0 and 1. 

 

Results 

Key findings 

The Project Team found that there was little material difference in how well the models could 

predict health care expenditure. However, it found that the model that only used population 

number (the per capita model) consistently performed worse than any other model. 

 

The full model – that is, the model that used all possible combinations of five-year age bands, 

sex, prioritised ethnicity and NZDep2013 quintiles – did not have the best predictive power out 

of the models tested, except for in the case of the Mental Health service group, where it had the 

barest of margins against the next few places. 

 

The margin between the models was very small. In terms of prediction error across all synthetic 

groups, nearly all of the models tested were within plus or minus half a percentage point of the 

full model. 

 

Outputs 

The following tables shows results for all synthetic groups combined by service group. 
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Results for all synthetic groups combined 
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Results by synthetic group 

This section presents graphs and tables depicting the Project Team’s results. 

 

The Project Team plotted only five models with the lowest mean squared error, aside from the 

per capita model (which performed much worse). All models had similar results. 

 

The graphs below depict results. Within each graph, each of the panels labelled 1–7 represents a 

synthetic population group. The Team assigned a group to each person in the modelling 

randomly, instead of based on the DHB catchment area where they live. The graphs show the 

models with the smallest prediction errors overall, represented by the five vertical lines in each 

panel. The blue dots are the 20 repetitions for each combination of model and synthetic 

population group. 

 

Plots are prediction error in percentage points. A negative percentage means that the model 

under-predicted expenditure. 

 

The following tables present the absolute value of the mean (average) percentage point errors of 

the 20 simulations of each synthetic group (1–7) for each model. 

 

Lower errors are highlighted in green, and higher errors in red. Models that produced less 

variation across synthetic populations were preferred. The more red cells visible across a row, 

the worse the model is. 
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Figure A23: Percentage error by synthetic group for selected models – Personal Health: 

Hospital and Community Services 
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Table A3: Absolute value of percentage point error – Personal Health: Hospital and 

Community Services 

PH Hospital and Community Services 1 2 3 4 5 6 7 

nosex_ethnicity2 0.8% 3.3% 0.8% 1.7% 1.7% 0.4% 1.1% 

ethnicity2 0.9% 3.3% 0.9% 1.8% 1.9% 0.5% 1.1% 

age3_ethnicity2 0.9% 3.3% 0.9% 1.8% 1.9% 0.5% 1.1% 

age2_ethnicity2 0.2% 2.1% 0.2% 0.6% 0.4% 0.3% 0.2% 

age3_ethnicity3 1.0% 0.0% 0.5% 0.4% 0.4% 0.6% 0.3% 

ethnicity3 1.0% 0.0% 0.5% 0.4% 0.4% 0.6% 0.3% 

nosex_ethnicity3 0.8% 0.0% 0.7% 0.3% 0.2% 0.5% 0.3% 

age3 0.8% 0.4% 0.8% 0.0% 0.1% 0.3% 0.5% 

age3_nosex 0.8% 0.4% 0.8% 0.0% 0.1% 0.3% 0.5% 

full 0.8% 0.4% 0.8% 0.0% 0.1% 0.4% 0.5% 

nosex 0.6% 0.3% 0.9% 0.1% 0.3% 0.3% 0.5% 

ethnic2_quintile3 0.4% 0.7% 0.4% 0.4% 0.8% 0.6% 0.1% 

quintile3 0.6% 0.1% 0.7% 0.9% 1.5% 0.4% 0.3% 

age3_quintile_3 0.6% 0.1% 0.7% 0.9% 1.5% 0.4% 0.3% 

age2_ethnicity3 0.4% 0.8% 1.4% 0.7% 0.9% 0.2% 1.1% 

nosex_quintile3 0.7% 0.1% 0.7% 1.0% 1.7% 0.3% 0.2% 

age2 0.2% 1.1% 1.6% 1.0% 1.3% 0.4% 1.3% 

age2_nosex 0.1% 1.1% 1.7% 1.0% 1.5% 0.4% 1.2% 

ethnic2_quintile2 1.0% 0.4% 1.4% 1.4% 1.8% 0.8% 0.1% 

quintile2 1.2% 0.9% 1.7% 1.8% 2.4% 0.6% 0.4% 

age3_quintile_2 1.2% 0.9% 1.7% 1.8% 2.4% 0.6% 0.4% 

nosex_quintile2 1.4% 0.8% 1.8% 1.8% 2.6% 0.5% 0.3% 

age2_quintile_3 1.2% 0.6% 1.5% 1.9% 2.7% 0.4% 1.0% 

age2_quintile_2 1.9% 1.6% 2.6% 2.8% 3.6% 0.2% 1.1% 
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Table A4: Absolute value of percentage point error – Personal Health: Primary Care 

 
 

Table A5: Absolute value of percentage point error – Health of Older People: Aged 

Residential Care 

 
 

PH Primary 1 2 3 4 5 6 7

full 1.0% 1.4% 0.1% 0.5% 0.3% 1.1% 0.2%

age3 1.0% 1.4% 0.1% 0.5% 0.3% 1.1% 0.3%

age3_nosex 1.0% 1.4% 0.1% 0.5% 0.3% 1.1% 0.3%

nosex 0.9% 1.4% 0.1% 0.5% 0.3% 1.1% 0.2%

ethnicity2 1.0% 0.7% 0.1% 0.2% 0.1% 1.2% 0.6%

age3_ethnicity2 1.0% 0.7% 0.1% 0.2% 0.1% 1.2% 0.6%

nosex_ethnicity2 1.0% 0.7% 0.1% 0.2% 0.0% 1.2% 0.5%

quintile3 0.5% 1.5% 0.2% 0.1% 0.3% 1.2% 0.1%

age3_quintile3 0.5% 1.5% 0.2% 0.1% 0.3% 1.1% 0.1%

nosex_quintile3 0.4% 1.5% 0.1% 0.0% 0.4% 1.2% 0.1%

ethnicity3 0.9% 0.6% 0.0% 0.0% 0.5% 1.0% 0.6%

age3_ethnicity3 0.8% 0.6% 0.0% 0.0% 0.5% 1.0% 0.6%

nosex_ethnicity3 0.8% 0.6% 0.0% 0.1% 0.6% 1.0% 0.6%

quintile2 0.0% 1.1% 0.3% 0.4% 0.9% 1.3% 0.1%

ethnic2_quintile3 0.4% 0.7% 0.0% 0.5% 1.1% 1.1% 0.4%

age3_quintile2 0.0% 1.1% 0.3% 0.4% 0.9% 1.3% 0.1%

nosex_quintile2 0.0% 1.1% 0.3% 0.4% 0.9% 1.3% 0.1%

ethnic2_quintile2 0.1% 0.3% 0.4% 0.9% 1.7% 1.2% 0.4%

age2 0.5% 0.5% 2.1% 1.3% 2.7% 1.0% 0.8%

age2_nosex 0.5% 0.5% 2.2% 1.3% 2.7% 1.0% 0.8%

age2_quintile3 0.9% 0.6% 2.0% 1.6% 3.2% 0.9% 0.7%

age2_ethnicity2 0.5% 0.7% 2.6% 1.8% 3.2% 1.0% 1.3%

age2_ethnicity3 0.6% 0.5% 2.3% 1.9% 3.6% 1.1% 1.2%

age2_quintile2 1.2% 0.3% 2.4% 2.0% 3.6% 0.9% 0.7%

HOP ARC 1 2 3 4 5 6 7

ethnicity2 0.9% 3.4% 0.9% 0.9% 0.9% 0.5% 1.1%

ethnicity3 0.7% 1.9% 0.3% 0.6% 1.1% 0.9% 0.6%

nosex 0.6% 1.2% 0.6% 0.6% 1.4% 0.7% 0.1%

nosex_ethnicity2 0.7% 3.4% 1.4% 1.2% 0.7% 0.2% 0.7%

nosex_ethnicity3 0.5% 1.8% 0.7% 0.8% 0.9% 0.6% 0.2%

full 0.8% 1.3% 0.2% 0.3% 1.6% 0.9% 0.5%

age3 0.4% 0.3% 0.1% 0.6% 1.0% 0.9% 1.2%

age3_nosex 0.4% 0.3% 0.1% 0.6% 1.0% 0.9% 1.2%

age2_ethnicity3 0.7% 0.8% 0.1% 0.7% 0.3% 0.8% 0.0%

age2_ethnicity2 0.8% 0.3% 0.4% 0.7% 0.4% 0.9% 0.1%

age3_ethnicity2 0.6% 2.0% 0.7% 1.1% 0.5% 1.2% 1.7%

age3_ethnicity3 0.4% 0.9% 0.2% 0.9% 0.5% 1.0% 1.4%

age2_nosex 0.6% 1.4% 0.3% 1.0% 0.2% 0.9% 0.6%

age2 0.8% 1.3% 0.0% 1.0% 0.7% 0.7% 0.2%
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Table A6: Absolute value of percentage point error – Health of Older People: Other 

 
 

HOP Other 1 2 3 4 5 6 7

nosex_quintile3 3.5% 2.8% 2.0% 1.0% 3.1% 0.1% 1.6%

age3_quintile3 3.4% 2.4% 2.0% 0.9% 2.9% 0.9% 1.7%

quintile3 3.5% 2.7% 2.0% 1.1% 3.4% 0.2% 1.8%

ethnic2_quintile3 3.4% 3.4% 2.1% 0.7% 2.8% 0.4% 2.0%

age2 1.7% 0.1% 1.1% 1.1% 0.6% 0.4% 0.0%

age2_nosex 1.5% 0.1% 1.2% 1.1% 0.3% 0.3% 0.4%

age2_quintile3 3.3% 0.4% 1.6% 2.2% 2.3% 0.5% 0.1%

age2_ethnicity3 1.6% 0.4% 1.2% 0.9% 0.3% 0.4% 0.1%

full 2.2% 2.4% 1.2% 0.0% 1.9% 0.0% 1.7%

nosex 2.2% 2.5% 1.2% 0.1% 1.6% 0.1% 1.4%

ethnic2_quintile2 4.3% 1.8% 0.4% 1.2% 3.9% 0.1% 1.5%

age3 2.0% 2.0% 1.3% 0.2% 1.5% 0.8% 1.8%

age3_nosex 2.0% 2.0% 1.3% 0.2% 1.5% 0.8% 1.8%

ethnicity3 2.1% 2.9% 1.3% 0.3% 1.5% 0.1% 1.8%

age2_ethnicity2 1.6% 1.8% 1.8% 0.3% 0.2% 0.9% 0.4%

nosex_quintile2 4.3% 1.3% 0.3% 1.5% 4.1% 0.2% 1.1%

nosex_ethnicity3 2.0% 2.9% 1.4% 0.4% 1.3% 0.1% 1.6%

age3_quintile2 4.3% 0.8% 0.2% 1.4% 4.0% 0.7% 1.4%

age3_ethnicity3 1.9% 2.5% 1.4% 0.5% 1.0% 0.8% 1.7%

quintile2 4.4% 1.2% 0.2% 1.5% 4.4% 0.1% 1.3%

ethnicity2 2.1% 5.4% 2.3% 1.3% 0.5% 0.7% 2.5%

nosex_ethnicity2 2.0% 5.4% 2.4% 1.4% 0.2% 0.7% 2.3%

age3_ethnicity2 1.8% 4.8% 2.4% 1.4% 0.1% 1.5% 2.5%

age2_quintile2 4.6% 1.3% 0.3% 3.1% 3.7% 0.4% 0.3%
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Table A7: Absolute value of percentage point error – Mental Health 

 
 

Assumptions and cautions 

The Project Team calculated results from synthetic population groups, because the purpose of 

the testing was to compare predictive power of modelling, independent of management of 

health care demand by DHBs. Therefore the results are not predictions for how the actual DHBs 

would behave in these models. 

 

Because of the random assignment of people to synthetic groups, and assuming a fixed 

population, there should have been no systematic bias from double-counting or under/over-

counting. 

 

The Project Team excluded incomplete usage data – that is, records missing sex, ethnicity, age 

or deprivation data – from the modelling. 

 

The Team deemed a population cell of zero in the 30 June 2013 estimated resident population to 

be zero, even if the expenditure data showed people in that cell. As explained above, collapsing 

of variables reduces the number of instances of this effect. 

 

The Team made predictions for synthetic population group expenditure in the 2013/14 year by 

multiplying cost weights calculated from the 2011/12 and 2012/13 years. The errors in the 

results tables are averaged over seven synthetic groups and 20 replications. 

 

Mental Health 1 2 3 4 5 6 7

nosex 1.5% 0.4% 0.3% 1.5% 1.4% 0.2% 0.2%

full 1.3% 0.6% 0.3% 1.6% 1.3% 0.1% 0.3%

age3 1.3% 0.6% 0.3% 1.6% 1.3% 0.1% 0.3%

age3_nosex 1.3% 0.6% 0.3% 1.6% 1.3% 0.1% 0.3%

age2_nosex 1.5% 0.7% 0.2% 1.3% 1.4% 0.2% 0.4%

age2 1.4% 0.8% 0.2% 1.4% 1.4% 0.3% 0.5%

age2_ethnicity2 1.8% 2.7% 0.9% 0.0% 0.2% 0.6% 0.5%

age2_quintile3 2.6% 1.2% 1.7% 0.4% 1.7% 0.1% 2.3%

age3_quintile3 2.7% 1.1% 1.8% 0.3% 1.8% 0.3% 2.4%

quintile3 2.7% 1.1% 1.8% 0.3% 1.8% 0.3% 2.4%

nosex_quintile3 2.5% 0.8% 1.7% 0.4% 1.7% 0.4% 2.4%

age3_ethnicity2 1.6% 2.9% 1.1% 0.0% 0.4% 0.7% 0.9%

ethnicity2 1.6% 2.9% 1.1% 0.0% 0.4% 0.7% 0.9%

nosex_ethnicity2 1.7% 3.1% 1.1% 0.0% 0.4% 0.8% 0.9%

age2_quintile2 4.8% 0.4% 1.9% 2.7% 3.3% 0.3% 2.2%

quintile2 5.1% 0.7% 2.1% 2.7% 3.5% 0.5% 2.5%

age3_quintile2 5.1% 0.7% 2.1% 2.7% 3.5% 0.5% 2.5%

nosex_quintile2 5.0% 0.9% 2.1% 2.7% 3.5% 0.5% 2.6%

age2_ethnicity3 0.0% 8.1% 1.6% 4.4% 7.0% 0.5% 3.1%

nosex_ethnicity3 0.0% 8.5% 1.6% 4.2% 6.9% 0.0% 3.3%

age3_ethnicity3 0.1% 8.4% 1.6% 4.3% 7.1% 0.1% 3.3%

ethnicity3 0.1% 8.4% 1.6% 4.3% 7.1% 0.1% 3.3%

ethnic2_quintile3 4.0% 7.7% 0.0% 6.0% 9.6% 0.0% 5.9%

ethnic2_quintile2 6.4% 9.4% 3.4% 8.2% 11.6% 0.3% 6.0%
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The Team imputed zero expenditure to represent people who did not use the publicly funded 

system in the three years focused on. That is, if there were 4.4 million people in the population, 

and the usage data comprised 3.3 million unique NHIs, the team imputed zero usage for 

1.1 million NHIs. 

 

Conclusions 
The consistently worse results for the per capita model across all major service groups confirms 

that the age band, sex, prioritised ethnicity and deprivation demographic variables are useful 

predictors of health care expenditure, as expected. 

 

The fact that the full model did not have the best predictive power outright indicates that the 

PBFF could be simplified. While the Project Team found that combinations of variables in the 

PBFF could be simplified, there was little evidence to suggest that they must be simplified. Most 

of the models the Team tested, including the full model, performed very similarly. 

 

General reasons for ruling out models 

Using the agreed robustness criteria, the Project Team was able to define some preferred 

models. General reasons for ruling out models included: 

 those that aggregated NZDep2013 quintiles (quintiles collapsed to 1–4 and 5, or 1–3 and 

4–5) because of high prediction errors within population groups 

 age2 (19 age bands collapsed to 7 broad ones) because it also caused high prediction errors 

within population groups, except for the Health of Older People service group 

 ethnicity2 (ethnicity collapsed to Māori and non-Māori) because it tended to disadvantage 

populations with a high proportion of Pacific peoples 

 nosex because of the high-quality data available on sex, and the risk of funding pressures if 

sudden changes to age or ethnicity structures occurred in the population. 

 

Table A3 shows one example of ethnicity2 performing worse than ethnicity3. Consider the 

results for the models age3_ethnicity2 and age3_ethnicity3. The absolute percentage point error 

for these models was 3.3 percent (it was negative) and 0.0 percent (rounded) respectively for 

synthetic group two. The overall accuracy of the two models was similar, but the errors were 

more concentrated in synthetic group 2, which had a higher proportion of Pacific peoples. It 

would be unfair to pick a model which concentrated errors in a smaller group over one that did 

not, when the models were similar overall. 

 

Ultimately the Project Team adopted the age3 model for all major service groups except for 

Health of Older People: ARC, for which the full model will be adapted. 

 

The Project Team decided to retain age bands up until 85+ years, as in the prior PBFF. 

However, it decided to include a 90+ years level specifically for Health of Older People: ARC. 

 

The Team found that collapsing ethnicity did not sufficiently address the problem of the 

volatility of cost weights in older age groups with small cell sizes. It was not worthwhile to move 

away from the current three prioritised ethnic groups if such a move did not address this 

volatility, among other policy-based reasons. 

 

The Team considered it desirable to have a single model for nearly all major service groups, to 

provide consistency and transparency. 
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Appendix 3: Deriving 

estimated cost for the 

National Minimum Dataset 

and the National Non-

Admitted Patient Collection 

The NMDS and the NNPAC) data sets do not contain cost data. The Project Team therefore 

estimated cost data for the development of the PBFF cost weights by using national reference 

prices (price)28 multiplied by volume for each Purchase Unit Code (PUC) (noting that not all 

PUCs had a respective price).29 For NMDS case-mix volumes, the Team used the Weighted Inlier 

Equivalent System (WIESNZ13 version) to weight discharges for all three years for 

consistency.30 The methodology the Team used to apply prices was as follows. 

 Where a 2013/14 price exists, use the 2013/14 price. 

 Where there is no 2013/14 price, look for a 2014/15 price; if found, deflate using relevant 

contribution to cost pressure (CCP) rate to 2013/14 value. 

 If a 2014/15 price is not found, look for a 2012/13 price. If a 2012/13 price is found, inflate 

using the relevant CCP rate. 

 If a 2012/13 price is not found, look for a 2015/16 price. If a 2015/16 price is found, deflate 

using the relevant CCP rate. 

 If a 2015/16 price is not found, look for a 2011/12 price. If a 2011/12 price is found, inflate 

using the relevant CCP rate.31 

 If a 2011/12 price is not found, set the price to zero. 

 

Table A8 presents the final prices the Team used. 

 

 
28 The National Cost Collection and Pricing (NCCP) group develops national reference prices as part of an annual 

process. 

29 This is generally due to either data availability or quality issues. 

30 See information on the Ministry of Health’s website. 

31 The Team found no instances where a price for 2011/12 was required. 

http://www.health.govt.nz/nz-health-statistics/data-references/weighted-inlier-equivalent-separations/wiesnz13-cost-weights
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Table A8: Price list used for development of PBFF cost weights 

Key 

 Uses deflated 1516 price (note 1516 prices are in 1415 values) 

 Uses deflated 1415 price 

 Uses inflated 1213 price 

 

Transplant PUC price is an estimated price calculated by dividing the 2013/14 top slice by the number of discharges 
for all transplant PUCs. 

Heart and lung transplants based on price volumes at devolution, plus risk pool allowance and annual growth 

Top slice 21,875,563  

Volume 69  

Average estimated cost 317,037  

 

PUC Price 

AH01001 118.66 

AH01003 149.74 

AH01004 163.23 

AH01005 82.81 

AH01006 143.98 

AH01007 167.79 

AH01008 159.09 

AH01009 384.27 

AH01010 248.56 

C01010 – 

C01011 – 

C01013 – 

C01014 – 

C01016 – 

COCH0011 – 

COCH0013 – 

COCH0015 – 

COCH0027 – 

COOC0042 – 

COPA0002 – 

COPA0005 – 

COPL0001 – 

CS01001 69.44 

CS02001 – 

CS03001 7.62 

CS04001 283.63 

CS04002 377.83 

CS04003 176.81 

CS04004 568.57 

CS04005 179.33 

CS04007 131.26 
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PUC Price 

CS04008 193.19 

CS04009 354.52 

CS05002 – 

CS05003 – 

D01001S2 – 

D01002 237.55 

D01003 104.38 

D01004 59.49 

D01005 147.64 

D01016 – 

D01017 – 

DOM101 98.29 

DOM102 545.52 

DOM103 2,093.20 

DOM104 402.62 

DOM105 21.59 

DOM106 4.03 

DOM107 27.12 

DOM109 – 

DOM110 – 

ED00002 264.92 

ED02001 256.51 

ED03001 251.48 

ED04001 251.48 

ED05001 337.17 

ED06001 315.25 

FS01001 212.66 

FS01002 5,954.55 

FS01003 1,040.41 

FS01004 981.51 

FS01005 482.69 

FS01006 1,122.54 

FS01007 2,955.46 

FS01008 1,090.59 

FS01009 2,080.82 

FS01010 621.64 

FS01011 460.07 

FS01012 – 

FS01013 2,181.15 

FS01014 5,616.48 

FS01020 – 

HOP1006 – 

HOP1013 – 
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PUC Price 

HOP1033 – 

HOP1035 – 

HOP1044 – 

HOP2004 192.44 

HOP2005 206.78 

HOP214 681.79 

HOP215 215.90 

HOP216 208.54 

HOP217 242.67 

HOP218 – 

HOP235 715.70 

HOPR131 – 

HOPR257 – 

HOPR260 – 

HOPR262 286.92 

M00002 375.80 

M00003 255.14 

M00006 485.04 

M00010 192.40 

M10002 433.31 

M10003 279.01 

M10004 246.13 

M10006 766.11 

M10007 726.22 

M10008 – 

M10009 – 

M10012 219.91 

M15002 243.71 

M15003 195.56 

M15004 102.56 

M20002 500.12 

M20003 313.54 

M20004 413.41 

M20005 268.83 

M20006 288.47 

M20007 105.91 

M20008 562.70 

M20009 338.72 

M20010 2,735.54 

M20015 2,735.57 

M25002 596.19 

M25003 285.13 

M25005 943.34 
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PUC Price 

M25006 843.36 

M25007 801.91 

M25008 3,236.42 

M30002 517.46 

M30003 319.74 

M30005 831.72 

M30006 604.68 

M30007 242.11 

M30013 – 

M30014 1,117.72 

M30018 – 

M30020 819.55 

M30021 – 

M40002 553.22 

M40003 362.28 

M40005 441.02 

M45002 607.37 

M45003 404.03 

M45004 649.94 

M49002 599.42 

M49003 375.39 

M50002 632.26 

M50003 430.18 

M50005 359.48 

M50007 12,328.88 

M50008 12,328.29 

M50009 1,380.56 

M50015 – 

M50016 362.25 

M50017 2,169.69 

M50020 632.26 

M50021 430.18 

M50022 632.26 

M50023 430.18 

M50024 359.48 

M50025 359.48 

M50026 – 

M54002 429.33 

M54003 403.17 

M54004 950.02 

M55002 404.62 

M55003 269.00 

M55005 – 
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PUC Price 

M55006 – 

M60002 515.79 

M60003 263.67 

M60004 2,007.48 

M60005 2,703.06 

M60006 2,464.36 

M60007 14,867.87 

M60008 365.20 

M60009 226.12 

M60010 3,385.51 

M60015 2,022.95 

M65002 479.63 

M65003 365.06 

M65004 274.87 

M65005 1,090.79 

M65006 483.47 

M65007 450.48 

M65008 628.56 

M65009 589.51 

M65010 – 

M65012 – 

M70002 576.71 

M70003 280.59 

M70005 502.86 

M70006 390.52 

M80004 166.23 

M80005 1,157.46 

M87001 884.81 

M87002 884.81 

M87003 587.81 

M87007 – 

MAOR0106 – 

MAOR0112 – 

MAOR0116 – 

MAOR0127 – 

MEOU0009 – 

MS01001 158.63 

MS02001 982.11 

MS02002 546.36 

MS02003 1,252.73 

MS02004 480.28 

MS02005 881.44 

MS02006 1,751.75 
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PUC Price 

MS02007 1,001.50 

MS02008 705.62 

MS02009 505.65 

MS02010 483.47 

MS02011 – 

MS02012 – 

MS02013 192.40 

MS02014 1,876.85 

MS02015 – 

MS02016 505.03 

MS02019 308.59 

MS02020 261.24 

MS02021 601.72 

MS02022 601.72 

NS10010 816.71 

NS10011 779.52 

NS10012 743.78 

NS10013 743.78 

NS10014 472.34 

NS10031 615.55 

NS10032 436.35 

NS10040 689.83 

NS10041 691.02 

OT05001 341.01 

PC0001 537.86 

PC0003 347.35 

PC0005 – 

PC0007 805.86 

PC0009 2,886.66 

PC0010 396.93 

PC0011 – 

PC0013 – 

PC0014 702.38 

PC0015 – 

PC0016 396.93 

PC0017 208.42 

PC0018 – 

PCT001 – 

PHOI0006 – 

PHON0004 – 

PHOS0009 – 

RM00101 – 

RM00106 – 
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PUC Price 

RU101 – 

S00002 285.76 

S00003 225.90 

S00004 943.34 

S00005 843.36 

S00006 410.55 

S00007 360.09 

S00008 289.69 

S00009 364.85 

S00010 276.57 

S00011 192.40 

S15002 429.37 

S15003 345.13 

S25002 295.92 

S25003 193.46 

S25006 221.89 

S25007 669.59 

S25008 397.52 

S30002 370.36 

S30003 284.25 

S30006 965.93 

S30007 659.30 

S30008 543.30 

S30009 1,181.84 

S35002 333.70 

S35003 377.37 

S40002 188.46 

S40003 156.46 

S40004 222.21 

S40005 213.93 

S40006 322.78 

S45002 275.62 

S45003 222.78 

S45004 208.45 

S45005 225.47 

S45006 2,857.85 

S50001 25,697.92 

S50002 20,991.18 

S50005 278.02 

S50006 173.77 

S50007 – 

S55002 224.96 

S55003 287.36 
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PUC Price 

S60002 244.79 

S60003 231.49 

S60004 144.47 

S60005 2,672.56 

S60007 – 

S70002 262.12 

S70003 230.88 

S70005 477.61 

S70006 5,050.26 

S70007 393.40 

S75002 376.82 

S75003 377.36 

SH01001 191.13 

SH01002 163.25 

SH01003 68.68 

T0103 317,037.14 

T0106 317,037.14 

T0111 317,037.14 

T0113 317,037.14 

TR0204 – 

W01002 2,035.15 

W01007 142.30 

W01008 142.30 

W01020 – 

W01021 – 

W02020 1,078.12 

W03002 385.78 

W03003 376.92 

W03005 1,240.00 

W03006 1,301.36 

W03007 514.37 

W03008 495.76 

W03009 495.76 

W03010 101.04 

W03011 225.00 

W03012 – 

W06002 – 
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Appendix 4: Mental health 

cost assumption methodology 

Introduction 
This appendix outlines the details of the cost assumption model the Project Team used as an 

input into the Mental Health cost weights for the PBFF Review. 

 

Methodology 
The cost assumption model is based on a set of weightings for both the activity setting and 

activity type for each Mental Health event; the Project Team assigned a cost assumption to the 

activity type. Each activity type has a unique cost assumption, based on the activity setting and 

weightings used. 

 

Volume data 
The Team extracted volume data for the Mental Health cost assumption work from the 

PRIMHD national collection. 

 

The Team aggregated the PRIMHD data using four variables: activity unit, activity type, activity 

setting and activity unit count for the 2013/14 year. Tables 1, 2 and 3 present a full list of activity 

descriptions. 

 

Table A9: Programme for the Integration of Mental Health Data activity unit list 

Activity unit 

Contact 

Unknown 

Seclusion 

Leave 

Bednight 
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Table A10: Programme for the Integration of Mental Health Data activity type descriptions 

Activity type code Activity type description 

Unk Unknown 

T01 Mental health crisis attendances 

T02 Mental health intensive care inpatient or equivalent occupied bed nights 

T03 Mental health acute inpatient or equivalent occupied bed nights 

T04 Mental health sub-acute inpatient or equivalent occupied bed nights 

T05 Crisis respite care occupied bed nights 

T07 Group programme session attendances 

T08 Care/liaison co-ordination contacts 

T09 Early psychosis intervention attendances 

T10 Completed needs assessments 

T11 Maximum secure inpatient occupied bed nights 

T12 Medium secure inpatient occupied bed nights 

T13 Minimum secure inpatient occupied bed nights 

T14 Forensic step down occupied bed nights 

T15 Court liaison attendances 

T16 Substance abuse withdrawal management/detoxification occupied bed nights (medical) 

T17 Substance abuse detoxification attendances (social) 

T18 Methadone treatment specialist service attendances 

T19 Methadone treatment specialist service attendances (consumers of authorised GPs) 

T20 Substance abuse residential service occupied bed nights 

T21 Psychiatric disability rehabilitation occupied bed nights 

T22 Day treatment programme attendances 

T23 Day activity programme attendances 

T24 Work opportunity/employment/vocational 

T25 Community mental health residential level 1 occupied bed nights 

T26 Community mental health residential level 2 occupied bed nights 

T27 Residential facility with responsive night support occupied bed nights 

T28 Residential facility with awake night support occupied bed nights 

T29 Community residential occupied bed nights 

T30 Planned respite care occupied bed nights 

T32 Contact with family/whānau, consumer not present 

T33 Seclusion 

T34 Electroconvulsive therapy 

T35 Did not attend 

T36 Contact with family/whānau, consumer present 

T37 On leave 

T38 Māori-specific interventions only 

T39 Integrated Māori and clinical interventions 

T40 Pacific and other people’s cultural activity 

T41 Other cultural specific activity 

T42 Individual treatment attendances: family/whānau not present 
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Activity type code Activity type description 

T43 Community support contacts 

T44 Advocacy 

T45 Peer support 

TCR Ministry of Health internal 

T46 Triage and/or screening 

T47 Support for family/whānau 

T48 Co-existing disorders residential service occupied bed nights 

T49 Support for children of parents with mental illness and addictions 

 

Table A11: Programme for the Integration of Mental Health Data activity settings 

descriptions 

Activity setting code Activity setting description 

Un Unknown 

CM Community 

CO Non-Māori cultural setting 

CR Community residential 

CT Court 

DM Domiciliary 

DP Day tangata whaiora/consumer setting 

ED Emergency department 

IP Inpatient 

MC Māori cultural setting 

NP Non-psychiatric 

OL Other location 

OP Outpatient 

OS Onsite 

PR Prison 

RE Residential 

RU Rural 

AV Audiovisual 

WR Written correspondence 

PH Telephone 

SM SMS text messaging 

ES Education sector 

OM Other social media/e-therapy 

PC Primary care 

PO Police 

YJ Youth justice residential facility 

 

The Project Team removed the activity type ‘Did not attend’, as it assumed the expense to be 

included in overhead costs, transferring the cost of these events over all of the other activity 

types. 
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The Team excluded seclusion and leave activity unit types because practices for recording leave 

activities vary greatly across DHBs and expenditure on seclusion activities is not particularly 

clear in the data. Seclusion and leave events make up less than 2 percent of the total mental 

health volume across the three financial years of data extracted. The Team assumed the costs 

associated with leave and seclusion events to be included in overhead costs, transferring the cost 

of these events over all of the other activity unit types. 

 

The Team excluded forensic mental health events from the data, as the Ministry of Health funds 

these outside of the PBFF model (through a top slice). The excluded activity settings and activity 

types are listed below. 

 

Excluded activity settings: 

 court 

 prison. 

 

Excluded activity types: 

 maximum secure inpatient occupied bed nights 

 medium secure inpatient occupied bed nights 

 minimum secure inpatient occupied bed nights 

 forensic step down occupied bed nights 

 court liaison attendances. 

 

Adjustments to PRIMHD 
The Project Team made two adjustments to PRIMHD to try to account for known missing 

PRIMHD data in Waikato and Canterbury DHBs, as follows. 

 Waikato DHB – Hauora Waikato and Nga Ringa Awhina. Hauora Waikato is a large NGO 

providing both bednight and contact services in the Midland Region. Nga Ringa Awhina is an 

NGO providing contact mental health services in the Midland Region. Hauora Waikato and 

Nga Ringa Awhina did not submit any activity data into PRIMHD in 2013/14. However, they 

did submit data into PRIMHD from August 2011 to October 2012. Based on this submitted 

data, the Project Team calculated average monthly activity and then annualised it. The Team 

included this information in the PRIMHD data it used in this cost assumption model. 

 Canterbury DHB. Canterbury DHB initially suggested that only 70 percent of its non-DHB-

provided activity was being recorded into PRIMHD. Based on this assumption, the Team 

scaled the non-DHB-provided mental health activity recorded in PRIMHD for Canterbury 

DHB up to 100 percent, and included the additional activity in PRIMHD. 
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Total mental health expenditure (district 

health board general ledger accounts) 
The Project Team extracted actual DHB expenditure data for the 2013/14 year from DHB funder 

GL accounts. It used this data to show the total amount of expenditure on mental health activity 

under various categories in 2013/14, as Table A12 shows. 

 

Table A12: Total expenditure on mental health activity from district health board funder 

general ledger accounts, 2013/14 (actuals) 

6302 – Payments to Providers – Mental Health Sum in 2013/14 

6305 – Mental Health to allocate $0 

6311 – Acute Mental Health Inpatients $163,544,756 

6315 – Sub-Acute & Long Term Mental Health Inpatients $49,859,418 

6321 – Crisis Respite $14,413,090 

6325 – Alcohol & Other Drugs – General $23,531,329 

6331 – Alcohol & Other Drugs – Child & Youth Specific $7,930,916 

6335 – Methadone $14,303,262 

6340 – Dual Diagnosis – Alcohol & Other Drugs $66,945,113 

6345 – Dual Diagnosis – MH/ID $2,868,768 

6350 – Eating Disorder $14,764,027 

6355 – Maternal Mental Health $12,270,938 

6360 – Child & Youth Mental Health Services $149,772,977 

6365 – Forensic Services $109,731,175 

6370 – Kaupapa Māori Mental Health Services – Community $35,724,177 

6375 – Kaupapa Māori Mental Health – Residential -$1 

6380 – Kaupapa Māori Mental Health – Inpatient $0 

6390 – Mental Health Community Services $329,135,120 

6395 – Prison/Court Liaison $4,324,822 

6410 – Mental Health Workforce Development $4,454,380 

6415 – Day Activity & Work Rehabilitation Services $21,061,538 

6420 – Mental Health Funded Services for Older People $48,395,703 

6425 – Advocacy / Peer Support – Consumer $18,943,541 

6430 – Other Home Based Residential Support $53,490,628 

6435 – Advocacy / Peer Support – Families and Whanau $7,454,881 

6440 – Community Residential Beds & Services $80,701,850 

6490 – Minor Mental Health Expenditure $22,208,750 

6491 – Other Mental Health Expenditure $921,000 

6492 – Inter District Flows Mental Health – Own DHB Population $73,682,467 

6365 – Forensic Services (exclusion) -$109,731,175 

6492 – IDFs Mental Health – Own DHB Population (exclusion) -$73,682,467 

Problem Gambling expenditure -$16,817,918 

Exclusions Expenditure Report 13/14 -$18,470,725 

Total $1,111,732,340 
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The Project Team excluded expenditure associated with forensic services, because the Ministry 

of Health funds these outside of the PBFF model. It also excluded the ‘Inter District Flows 

Mental Health – Own DHB Population’ expenditure line, because this would have caused double 

counting. 

 

The Team excluded expenditure associated with problem gambling because this activity is not 

counted in the PRIMHD data set. 

 

There are a number of specific purchase unit codes that are included in the mental health GL 

expenditure codes but are not associated with mental health. The Project Team excluded these 

codes from total mental health expenditure (see the line ‘Exclusions Expenditure Report 13/14’). 

Table A13 shows the full list of excluded purchase unit codes and the associated values. The 

Team excluded these purchase units because they did not relate to mental health services (or, if 

they did, were included under public health funding). 

 

Table A13: Purchase unit codes excluded from the mental health expenditure report 

2013/14 

Code Description Amount of exclusion 

AB0001 Adult abuse $99,996 

C01010 Well Child framework services $225,168 

COCH0021 Child abuse coordination $200,004 

COCH0031 Additional school-based health services $29,964 

COOC0001 Community-based services $133,296 

COOC0022 Information technology and administration $27,780 

COOC0047 Hepatitis B management $230,583 

DSS1031 ID community residential $277,872 

HOP1004 Restorative home-based support level 1 $5,836 

HOP1021 Ageing in place  $483,336 

HOPL2662 Supported living – older people $175,000 

HOPR180 Community health services and support $80,004 

MAOR0101 Mobile Māori nursing disease  $247,932 

MAOR0104 Support services for mothers and their pepi $123,733 

MAOR0112 Māori health development $195,003 

MAOR0114 Māori primary health $318,696 

MAOR0117 Whanau Ora – Māori community health services $723,828 

MAOR0130 Respiratory support services for children 0–14 years $124,428 

MOH0047 Public health $380,000 

MOH0054 Input into policy advice $55,000 

MOH6111 Ministry of Health only – 6111 child and youth $1,654,899 

PHOMH001 PHCS mental health initiatives and innovations $12,047,404 

PHOMH002 Youth Mental Health Project for youth 12–19 years $515,571 

PHOR0034 Rural premium services $115,392 

Total  $18,470,725 
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Price volume schedules 
The Project Team calculated the average inpatient bednight purchase unit cost using the 

inpatient bednight purchase unit volume and expenditure data from the actual 2013/14 price 

volume schedules. The Team used this to calculate total expenditure on inpatient bednights by 

scaling to the mental health expenditure budget (GL codes). Table A14 shows the results. 

 

The Team calculated the average NGO bednight purchase unit cost using the NGO bednight 

purchase unit volume and expenditure data from DHB-supplied data on NGOs. The Team used 

this to calculate total expenditure on NGO-supplied bednights by scaling to the mental health 

expenditure budget (GL codes). Table A14 shows these results also. 

 

Table A14: Calculation of mental health expenditure on bednights (inpatient and non-

government organisation) 

 Volume (PV 
schedules) 

Proportion Weighted 
volume 

(PRIMHD) 

Average price Weighted 
expenditure 

Price volume schedules 
– inpatient 

370,685 38% 389,436 $712 $277,350,429 

Price volume schedules 
– NGO 

602,864 62% 633,359 $141 $89,181,461 

Total 973,550 100% 1,022,795  $366,531,890 

 

Based on total mental health expenditure, calculated using the DHB mental health GL accounts 

(see Table A15), the Project Team assumed the total expenditure on mental health contact 

events to be the residual expenditure of $745.2 million. 

 

Table A15: Total mental health expenditure by activity unit type 

Activity unit Total expenditure 

Bednight $366,531,890 

Contact $745,200,452 

Total $1,111,732,342 

 

Event weightings 
The Project Team developed draft weighting tables based on the activity setting and activity type 

for each event. 

 

The activity setting weightings were developed based on consultation with the Ministry of 

Health’s Mental Health and Addictions team and a group of DHB representatives. The 

weightings assume an amount of resources required to provide the activity setting service. The 

base weighting of one was the assumed cost of a senior medical staff member providing a face-

to-face contact event. The Team compared assumed levels of resource for all other activity 

settings to the base activity setting and weighted accordingly. 

 

The Team assigned some activity types a higher weighting, to account for the extra cost of 

providing services that have the same activity setting but a different activity type. For instance, 

the Team presumed that an inpatient activity setting with an activity type ‘mental health 

intensive care inpatient or equivalent occupied bednights’ required more resource than an 
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inpatient activity setting with an activity type ‘mental health sub-acute inpatient or equivalent 

occupied bednights’. 

 

Tables A16 and A17 show the activity setting and activity type weightings the Project Team used 

in the calculation of mental health bednight cost assumptions. 

 

Tables A18 and A19 show the activity setting and activity type weightings used in the calculation 

of mental health contact cost assumptions. 

 

The Team multiplied the weightings in the activity setting and activity type tables below to come 

up with a total weighting for an event. The assumed cost for a senior medical staff is around 

$250 per contact, which is the calculated two-hourly rate for a senior medical staff based on a 

national average full-time equivalent (FTE) cost of $256,734 (from the inpatient 2013/14 price 

volume schedule). The Team assumed activity settings ‘Court’ and ‘Prison’ and activity type 

‘T15 – Court liaison attendances’ to be funded through forensic mental health funding, and 

excluded them. It based all other activity setting weightings on the assumed cost, resource or 

time differential. 

 

Table A16: Activity setting weightings for bednight events used in the calculation of mental 

health cost assumptions 

Activity setting code Activity setting description Volume Weighting 

CM Community 37,551 0.6 

CR Community residential 35,283 0.6 

DM Domiciliary 2,929 0.8 

DP Day tangata whaiora/consumer setting 3 0.4 

IP Inpatient 293,690 2.9 

MC Māori cultural setting 30 1 

NP Non-psychiatric 219 0.45 

OS Onsite 13,256 0.6 

PH Telephone 4 0.25 

RE Residential 639,667 0.6 

RU Rural 163 1.1 

 

The Project Team used the following rationales in assigning weightings to these activity settings: 

 for ‘Community’, ‘Community Residential’, ‘Onsite’ and ‘Residential’ a weighting of 0.6, as it 

assumed these bednights to cost around $150, based on discussions at the DHB 

representatives teleconference in April 2015. 

 for ‘Day tangata whaiora/consumer setting’ a weighting of 0.4 because it assumed these 

events to be led by non-clinical staff, who have an average FTE cost of 40 percent of senior 

medical staff. 

 for ‘Domiciliary’ a weighting of 0.8 because these services are provided to patients in their 

home, so the Team assumed that they require more resources and time then an event 

provided in a residential or community setting. 

 for ‘Inpatient’ a weighting of 2.9, as the calculated average cost of inpatient bednights, based 

on the price volume schedules, is around $715, or 2.9 times that of a contact event with a 

senior medical staff. 

 for ‘Non-psychiatric’ a weighting of 0.45 because the majority of these events are assumed to 

be led by nursing / allied health staff, who have an average FTE cost of 45 percent of senior 

medical staff. 
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Table A17: Activity type weightings for bednight events used in the calculation of mental 

health cost assumptions 

Activity 
type code 

Activity type description Volume Weighting 

T02 Mental health intensive care inpatient or equivalent occupied bed 
nights 

51,629 1.1 

T03 Mental health acute inpatient or equivalent occupied bed nights 187,290 1 

T04 Mental health sub-acute inpatient or equivalent occupied bed nights 21,363 1 

T05 Crisis respite care occupied bed nights 34,025 1 

T11 Maximum secure inpatient occupied bed nights 0 0 

T12 Medium secure inpatient occupied bed nights 0 0 

T13 Minimum secure inpatient occupied bed nights 0 0 

T14 Forensic step down occupied bed nights 0 0 

T16 Substance abuse withdrawal management/detoxification occupied bed 
nights (medical) 

12,045 1 

T20 Substance abuse residential service occupied bed nights 124,830 1 

T21 Psychiatric disability rehabilitation occupied bed nights 41,696 1 

T25 Community mental health residential level 1 occupied bed nights 5,674 1 

T26 Community mental health residential level 2 occupied bed nights 4,693 1.5 

T27 Residential facility with responsive night support occupied bed nights 266,956 1 

T28 Residential facility with awake night support occupied bed nights 201,433 1 

T29 Community residential occupied bed nights 47,407 1 

T30 Planned respite care occupied bed nights 39,396 1 

TCR MoH internal -15,642 1 

 

The Project Team used the following rationales in assigning weightings to these activity types: 

 for ‘T26 – Community mental health residential level 2 occupied bed nights’ a weighting of 

1.5 because it assumed that supplying 24-hour support requires more resources, as opposed 

to that required by the brief/daily support provided under activity type ‘T25 – Community 

mental health residential level 1 occupied bed nights’ 

 for ‘T11 – Maximum secure inpatient occupied bed nights’, ‘T12 – Medium secure inpatient 

occupied bed nights’, ‘T13 – Minimum secure inpatient occupied bed nights’, ‘T14 – Forensic 

step down occupied bed nights’ and ‘T15 – Court liaison attendances’ a weighting of 0 

because these the Ministry of Health funds these activity types outside of the PBFF 

 for ‘T02 – Mental health intensive care inpatient or equivalent occupied bed nights’ a 

weighting of 1.1 to reflect the assumed additional resource required to provide an intensive 

care bednight, over other types of bednights. 
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Table A18: Activity setting weightings for contact events used in the calculation of mental 

health cost assumptions 

Activity setting code Activity setting description Volume Weighting 

AV Audiovisual 12,071 2 

CM Community 749,145 1 

CR Community residential 22,062 1 

CT Court 4,929 0 

DM Domiciliary 604,753 1 

DP Day tangata whaiora/consumer setting 45,014 0.4 

ED Emergency department 19,728 1 

IP Inpatient 51,523 1 

MC Māori cultural setting 36,925 1 

NP Non-psychiatric 31,872 0.45 

OS Onsite 1,422,579 1 

PH Telephone 1,044,877 0.25 

PR Prison 36,584 0 

RE Residential 46,242 1 

RU Rural 16,109 1.1 

SM SMS text messaging 48,490 0.1 

WR Written correspondence 169,259 0.5 

 

The Project Team used the following rationales in assigning weightings to these activity settings: 

 for ‘Day tangata whaiora/consumer setting’ a weighting of 0.4 because it assumed the 

majority of these events to be led by non-clinical staff, who have an average FTE cost of 

40 percent of senior medical staff 

 for ‘Non-psychiatric’ a weighting of 0.45 because it assumed the majority of these events to 

be led by nursing/allied health staff, who have an average FTE cost of 45 percent of senior 

medical staff 

 for ‘Rural’ a weighting of 1.1 to reflect the assumed higher cost of delivering services in a rural 

setting 

 for ‘Audiovisual’ a weighting of 2, because it assumed that, although audiovisual contacts are 

effectively face to face, they require more resources to facilitate (eg, two rooms, audiovisual 

equipment, extra staff to facilitate and administer) 

 for ‘Telephone’, ‘SMS text messaging’ and ‘Written correspondence’ lower weightings because 

it assumed that these require less time and lower paid FTE inputs than face-to-face contacts 

with senior medical staff. 
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Table A19: Activity type weightings for contact events used in the calculation of mental 

health cost assumptions 

Activity setting 
code 

Activity type description Volume Weighting 

T01 Mental health crisis attendances 234,046 5 

T07 Group programme session attendances 208,614 1 

T08 Care/liaison coordination contacts 671,897 1 

T09 Early psychosis intervention attendances 16,761 1 

T10 Completed needs assessment 15,872 1 

T15 Court liaison attendances 0 0 

T17 Substance abuse detoxification attendances (social) 6,196 1 

T18 Methadone treatment specialist service attendances 48,723 1.5 

T19 Methadone treatment specialist service attendances 
(consumers of authorised GPs) 

5,145 1.5 

T22 Day treatment programme attendances 40,504 1.5 

T23 Day activity programme attendances 134,894 1.5 

T24 Work opportunity/employment/vocational 63,164 1.5 

T32 Contact with family/whānau, consumer not present 139,185 1 

T34 Electroconvulsive therapy 2,567 6 

T36 Contact with family/whānau, consumer present 208,980 1 

T38 Māori-specific interventions only 40,510 1 

T39 Integrated Māori and clinical interventions 35,502 1 

T40 Pacific and other people’s cultural activity 2,655 1 

T41 Other cultural specific activity 2,594 1 

T42 Individual treatment attendances: family/whānau not present 1,564,782 1 

T43 Community support contacts 833,724 1 

T44 Advocacy 10,623 1 

T45 Peer support 75,226 1 

 

The Project Team used the following rationales in assigning weightings to these activity types: 

 for ‘T01 – Mental health crisis attendances’ a weighting of 5, due to the high resource 

requirement of this service and the unpredictability of when the service will be required and 

the length of the contact 

 for ‘T11 – Maximum secure inpatient occupied bed nights’, ‘T12 – Medium secure inpatient 

occupied bed nights’, ‘T13 – Minimum secure inpatient occupied bed nights’, ‘T14 – Forensic 

step down occupied bed nights’ and ‘T15 – Court liaison attendances’ a weighting of 

0 because the Ministry of Health funds these activity types outside of the PBFF 

 for ‘T18 – Methadone treatment specialist service attendances’ and ‘T19 – Methadone 

treatment specialist service attendances (consumers of authorised GPs)’ a weighting of 

1.5 because it assumed more resources were required to provide treatment or counselling 

services for people receiving opioid substitution 

 for ‘T34 – Electroconvulsive therapy’ a weighting of 6 because it assumed much more 

resources were required for this activity type 

 for ‘T22 – Day treatment programme attendances’, ‘T23 – Day activity programme 

attendances’ and ‘T24 – Work opportunity/employment/vocational’ a weighting of 

1.5 because it assumed more time and resources were required for this activity type. 
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Results 
Table A20 shows the results of the cost assumption methodology for mental health events, 

based on activity type. 

 

Table A20: Mental health calculated cost assumption results, for input into cost weights 

Activity type Cost assumption 

Unknown $0.00 

Mental health crisis attendances $532.09 

Mental health intensive care inpatient or equivalent occupied bed nights $882.26 

Mental health acute inpatient or equivalent occupied bed nights $813.46 

Mental health sub-acute inpatient or equivalent occupied bed nights $539.28 

Crisis respite care occupied bed nights $172.11 

Group programme session attendances $176.15 

Care/liaison coordination contacts $117.46 

Early psychosis intervention attendances $145.11 

Completed needs assessment $189.38 

Maximum secure inpatient occupied bed nights $0.00 

Medium secure inpatient occupied bed nights $0.00 

Minimum secure inpatient occupied bed nights $0.00 

Forensic step down occupied bed nights $0.00 

Court liaison attendances $0.00 

Substance abuse withdrawal management/detoxification occupied bed nights (medical) $598.35 

Substance abuse detoxification attendances (social) $154.74 

Methadone treatment specialist service attendances $219.96 

Methadone treatment specialist service attendances (consumers of authorised GPs) $163.25 

Substance abuse residential service occupied bed nights $168.43 

Psychiatric disability rehabilitation occupied bed nights $767.20 

Day treatment programme attendances $250.20 

Day activity programme attendances $240.41 

Work opportunity/employment/vocational $219.98 

Community mental health residential level 1 occupied bed nights $168.43 

Community mental health residential level 2 occupied bed nights $252.59 

Residential facility with responsive night support occupied bed nights $168.87 

Residential facility with awake night support occupied bed nights $178.30 

Community residential occupied bed nights $168.78 

Planned respite care occupied bed nights $191.04 

Contact with family/whānau, consumer not present $91.77 

Seclusion $0.00 

Electroconvulsive therapy $984.27 

Did not attend $0.00 

Contact with family/whānau, consumer present $166.33 

On leave $0.00 

Māori-specific interventions only $160.31 
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Activity type Cost assumption 

Integrated Māori and clinical interventions $146.88 

Pacific and other peoples’ cultural activity $133.75 

Other cultural specific activity $159.18 

Individual treatment attendances: family/whānau not present $143.05 

Community support contacts $154.91 

Advocacy $130.36 

Peer support $158.71 

Ministry of Health internal $0.00 

Triage and/or screening $0.00 

Support for family/whānau $0.00 

Co-existing disorders residential service occupied bed nights $0.00 

Support for children of parents with mental illness and addictions $0.00 

 

Consultation 
The Project Team consulted the following groups in the development of both cost assumption 

models: 

 Mental Health and Addiction Services Team, Ministry of Health 

 Data Management and National Collections Team, Ministry of Health 

 representatives from: 

– Northland DHB 

– Northern Regional Alliance 

– Waikato DHB 

– Whanganui DHB 

– Capital & Coast DHB 

– Canterbury DHB 

– Southern DHB. 
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Appendix 5: The rural 

adjuster – community 

services and facilities 

components 

Introduction 
This appendix provides more detailed explanations for two components of the rural adjuster, 

community services and facilities. 

 

Community services 
In more rural areas of the country where the population is spread over a larger area, travel 

distances and times are greater for services which involve carers and other health care 

professionals visiting and treating people in their own homes. As such, the number of patients a 

health professional can visit in a day is fewer in a rural area than a more densely populated one; 

this significantly increases costs for home support and domiciliary services in such areas. 

 

The Project Team decided to include small community facilities, health facilities with a RDM 

level of two32 or lower, in the rural adjuster, to better reflect the volume and type of service they 

provide. The questionnaires asked the DHBs for levels of costs and volumes for their rural 

services. 

 

Calculation 

The Project Team sent a questionnaire on additional rural costs to four DHBs: Northland, 

Waikato, Bay of Plenty and Nelson Marlborough. As a result, the Team identified some 

additional costs, which identified have been split into three key areas. 

 

The Project Team used the 2013/14 data Waikato DHB supplied to the NCCP to establish a 

diseconomy for the cost of providing inpatient and emergency department (ED) services from 

small rural facilities. The Team cross-checked this with information from Northland and Nelson 

Marlborough DHBs, where diseconomy costs were greater per person than the Team’s estimate, 

but included community service costs as well. The Project Team divided the total diseconomy 

for Waikato by the rural population to obtain an estimated top-up cost per person ($44 per 

person). 

 

The Project Team used information from the four DHBs surveyed to obtain a top-up payment 

per person of $5 for pharmacy services to rural populations. 

 

 
32 The RDM is assigned at service level. A RDM level of two on a facility means that most services are at level two. 
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In terms of community services, the Project Team found very limited information on which to 

assess the size of the pool. The four DHBs surveyed outlined services that they knew cost extra; 

they provided the Team with the extra costs associated with providing community services from 

small facilities, and they provided ad hoc examples of costs three to ten times higher due to 

travel in remote areas. 

 

Establishing the pool size 

The Project Team obtained information on the expenditure of community services and small 

facilities from the DHB Funder Arm 6000 Series Expenditure (2013/14) data. It summed these 

to produce total expenditure of $1.11 billion. The Team divided this total by the national 

population total to produce a national expenditure per person for community service of 

$250.89. 

 

For highly rural/remote populations, travel times to health service providers can be several 

hours. The Project Team assumed that the costs of the delivery of community services to the 

highly rural population required an additional 200 percent of the national average. This results 

in a cost per person of $501.78 annually. The Team added to this the fixed costs of $44 and 

$5 for ED/case mix per person and pharmacy per person, respectively. The Team multiplied the 

resulting cost per person of $550.78 by the number of the highly rural population (65,802) to 

produce a total cost of $36.2 million. 

 

For the rural population with low urban influence, travel times are less; additionally, this 

population can access services from small centres. In this case, the Project Team assumed an 

additional 20 percent or $50.18 per person was required. The team added fixed costs as 

described above, and multiplied the resulting $99.18 per person by the number of the relevant 

population (239,280) to produce a total cost of $23.7 million. 

 

The sum of the two estimated costs for rural community services and small facilities was 

$59.97 million. 

 

Allocating the pool 

For the enhanced status quo model, to allocate the community services funding pool across the 

twenty DHBs, the Project Team applied the following formula: 

(Highly rural/remote cost per person x the DHB’s highly rural/remote population) 

+ 

(Rural low urban influence cost per person x the DHB’s rural low urban influence population) 

 

Using Auckland DHB for illustrative purposes, the calculation would be: 

($550.78 x 0) + ($99.18 x 110) = $10,910 

 

Table A21 sets out the allocation of the total community services pool by DHB. 
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Table A21: Allocation of community services pool by district health board (for enhanced 

status quo model) 

DHB Allocation 

Auckland 0.02% 

Bay of Plenty 3.79% 

Canterbury 10.82% 

Capital & Coast 0.07% 

Counties Manukau 0.45% 

Hawke’s Bay 3.80% 

Hutt Valley 0.00% 

Lakes 2.15% 

Mid Central 2.93% 

Nelson Marlborough 5.18% 

Northland 13.49% 

South Canterbury 4.90% 

Southern 20.86% 

Tairāwhiti 3.42% 

Taranaki 4.82% 

Waikato 14.01% 

Wairarapa 1.29% 

Waitemata 0.94% 

West Coast 5.15% 

Whanganui 1.90% 

 

Facilities 
The operation of any health facility involves certain fixed costs, such as that of providing 

minimum safe staffing levels. In a smaller or rural hospital, these fixed costs are usually spread 

over fewer units of output than at an urban facility with a relatively higher throughput. The 

resulting higher cost per unit of output leads to a diseconomy of small scale. 

 

The facilities component of the rural adjuster only applies to small RDM level three hospitals.33 

 

The Project Team obtained DHB cost data from 2013/14 for personal health inpatient and ED 

services from the NCCP. It used volume data from national collections for the facilities not 

included in the NCCP data. 

 

Whakatane, Gisborne and Grey Base Hospitals all run at a loss to national prices, and Rotorua 

Hospital (casemix34 volume 15,792; ED volume 20,420) breaks even. The Project Team 

therefore assumed that the break-even volume lay between 7,689 (Grey Base) and 15,792 

(Rotorua) casemix per annum. Whangarei Hospital is also running at a loss, but exceeds the 

likely size for inclusion (Whangarei is level three for most services, but has a level four ED and 

significantly higher volumes than other level three hospitals). 

 

 
33 The RDM is assigned at service level. A RDM level of two on a facility means that most services are at level two. 

34 See information on the Ministry of Health’s website. 

http://www.health.govt.nz/nz-health-statistics/data-references/weighted-inlier-equivalent-separations/wiesnz13-cost-weights
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Model development 

The basic model the Team developed assumes that up to the break-even point that occurs at a 

given volume (casemix or ED units), costs can be modelled as follows: 

Cost = fixed cost + variable unit cost x volume 

 

Comparing this cost, adjusted for efficiency, to revenue based on national price provides the 

diseconomy. 

 

Table A22 presents the inputs to the model, and the rationale for each. 

 

Table A22: Inputs to the facility diseconomy model 

Input Value Rationale 

Case-mix proportion of costs 
variable at break-even volume 

61% Clinical supplies and outsourcing variable, staff, infrastructure 
and non-clinical supplies 50% variable. 

Break-even case-mix volume 10,000 Based on the Whakatane and Gisborne small facilities, the 
Team solved the equation to derive break-even volume. The 
range was 9,000–11,000, so the average was 10,000. 

Case-mix fixed cost $16.5 million Break-even volume * proportion of national price fixed. 

ED proportion of costs variable 
at break-even volume 

41% Clinical supplies and outsourcing variable, staff, infrastructure 
and non-clinical supplies 25% variable. 

Break-even ED volume 20,000 Based on the Whakatane and Gisborne small facilities, the 
Team solved the equation to derive break-even volume. The 
range was 18,000–21,000, so the average was 20,000. The 
Team excluded Grey Base (West Coast) Hospital, as the cost 
data was inconsistent across ED and case-mix. 

ED fixed cost $3 million Break-even volume * proportion of national price fixed. 

Efficiency adjustment 1.7% As per adjuster used in the national pricing programme. 

 

In terms of assessment, treatment and rehabilitation (AT&R) services and mental health 

services, the Project Team found no reliable cost data to work with. It therefore took the 

following modelling approach. 

 

Assessment, treatment and rehabilitation inpatient 

The Project Team made the assumption that the same percentage diseconomy would apply to 

AT&R revenue as applied to casemix revenue. Since it is feasible in small facilities to have 

flexible bed and staffing across AT&R and medical, this is a reasonable assumption. 

 

Mental health inpatient 

The Project Team made the initial assumption that the same percentage diseconomy would 

apply to mental health inpatient revenue as applied to case-mix revenue. However, mental 

health inpatient units are managed as stand-alone facilities, and this model gave units with 

similar volumes very different results. The Team therefore adjusted the model to ensure that 

units with similar volumes received a similar adjustment. 
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Appendix 6: Development of 

rural indexes 

Introduction 
This appendix describes the methodology used for the development of the two four rural indexes 

used in the review. 

 

Approach and data sources 
The Project Team developed four rural indexes: 

 population density 

 travel time to nearest base hospital (travel time) 

 travel distance to nearest tertiary hospital (travel to tertiary) 

 weighted rural population. 

 

Weighted population 
In 2001 Statistics New Zealand released New Zealand: An Urban/Rural Profile. The profile 

introduced rural and urban categories that were based on more than just population size, and 

considered also the economic and social characteristics of the population. The categories used in 

this profile are outlined below. 

 

Category definitions  

Highly rural/remote Minimal employment dependence on urban areas or a very small employed population. 

Rural with low urban 
influence 

Strongly rural area: most people work rurally, but a few may work in a minor urban area. 

Rural with moderate 
urban influence 

Rural area with significant urban influence: most people are employed in a minor urban 
area and some in a main urban area. 

Rural with high urban 
influence 

Area that forms a transition between main urban areas and rural areas. A significant 
proportion of the resident employed population work in a main urban area. 

Independent urban 
area 

Rural area without significant dependence on main urban centres. The defining variable is 
that less than 20% of employed population work in a main urban area. 

Satellite urban area Area with strong urban links: more than 20% work in a main urban centre. 

Main urban area Whangarei, Auckland, Hamilton, Tauranga, Rotorua, Gisborne, Napier-Hastings, New 
Plymouth, Whanganui, Palmerston North, Kapiti, Wellington, Nelson, Christchurch, 
Dunedin and Invercargill. 

 

The urban rural meshblock profile developed by Statistics New Zealand is available at 

meshblock level for 2006, but is yet to be developed for 2013 however an experimental 2013 

version is available for higher level geographies and the project has used this to develop the 

population index. 
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Population density 
In addition to investigating the experimental 2013 population index the Project Team suggested 

population density by meshblock for 2013 as an appropriate proxy for urban/rural status. 

Population density is determined (at meshblock level) by dividing the estimated resident 

population count as recorded in the 2013 Census by land area, expressed as persons per square 

kilometre. The Team grouped these meshblocks into quintiles by population density. It applied 

weighting to the estimated resident population in the least dense quintile to construct the index. 

 

Travel time and travel to tertiary 
Deriving travel time and distance to health care facilities (destinations) requires the selection of 

an origin. Since individual-level population data was unavailable, the Project Team used 

meshblocks, which represent the smallest geographical unit for which population data is 

available. Each meshblock has a population-weighted centroid (the centre of population in the 

area, rather than the geometric centroid). For this analysis, the Team sourced the estimated 

resident population from 2013 census data published by Statistics New Zealand. 

 

Using a digitised road network, the Project Team calculated the shortest distance by road 

between the (population-weighted) centroid of each meshblock and the closest base hospital. It 

derived travel time using information contained within the road network data set, including 

speed limits and road sinuosity (bendiness). For this purpose it used the Network Analyst 

geospatial tool. This method finds the closest section of road to the meshblock centroid, and 

begins the journey in motor vehicle travel time. The digitised road network is assumed to have a 

high degree of accuracy. The development of this data set, including comparison with travel 

times derived by Google Maps, is considered the ‘gold standard’ of travel time data. 

 

The Project Team grouped results into five travel-time categories: 0–10 minutes, 10–30 

minutes, 30–60 minutes, 60–245 minutes and >245 minutes. These categories were based on 

similar work done using a geographical information systems (GIS) approach to measure 

community resource accessibility in New Zealand. The Team tabulated the proportion of 

estimated resident population in each of these categories by DHB. It applied weights to the 

population in the fourth and fifth categories to construct the index. 

 

Travel to tertiary 
The Project Team calculated the distance (in metres) between each meshblock and the closest 

tertiary hospital. New Zealand’s tertiary hospitals are those in Auckland, Waikato, Wellington, 

Christchurch and Dunedin. These were grouped into quintiles. The Team applied weighting to 

the estimated resident population in the fourth and fifth quintiles to construct the index. 

 

Caveats 
Certain caveats apply to this methodology. 

 

The Project Team did not include all meshblocks in the model, for a variety of reasons, although 

the numbers of areas excluded are small. 

 



 

 Population-based Funding Formula Review 2015 Technical Report 119 

The Team excluded the Chatham Islands from the analysis on the basis that no digital road 

network data was currently available for the Chatham Islands. A single rural hospital in the 

Chatham Islands serves the 11 meshblocks that constitute the Chatham Islands (representing 

0.2 percent of meshblocks included in the total analysis). 

 

The Network Analyst tool requires a continuous stretch of road between origin (meshblock) and 

destination (facility). This necessitated the removal of a number of meshblocks from the analysis 

on the basis that they were islands or that there was a gap in the road (eg, because of the 

existence of a private track) in the route. These meshblocks accounted for 0.06 percent of 

meshblocks included in the total analysis, and in many cases had no resident population. Note 

that for a small number of populated offshore islands served by a ferry (including Great Barrier 

Island, Waiheke Island and Stewart Island), the Team included the relevant meshblock in the 

analysis, as the model considered the ferry route an uninterrupted section of road. 

 

2710 (6.2%) of meshblocks had no recorded population density, as they contained no resident 

population as recorded in the 2013 Census. 

 

The Team based travel times on time taken by driving a car. The Team acknowledges that 

different modes of travel, such as public transport, could mean additional waiting time. 
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Appendix 7: Previous Ministry 

of Health Publications on the 

Population-based Funding 

Formula 

Population-based funding has a long history in the New Zealand health system. The following is 

a chronological list of publications that detail its development. 

 

Table A24: Publications on population-based funding in New Zealand 

Year Publication Agency 

1980 The Equitable Distribution of Finance to Hospital Boards: A report to the 
Minister of Health, the Hon George F Gair 

Advisory Committee on 
Hospital Board Funding 

1981 Supplement to the Report: ‘The Equitable Distribution of Finance to Hospital 
Boards’ 

Advisory Committee on 
Hospital Board Funding 

1984 The Hospital Board Funding Formula Department of Health 

1986 Report on the Review of the Population-Based Method of Funding Hospital 
Boards: A report to the Minister of Health, the Hon Dr M Bassett 

Advisory Committee on 
Hospital Board Funding 

1989 Working Party Reports on Population-Based Funding for Area Health Boards Department of Health 

1990 Area Health Board Population Based Funding Formula Department of Health 

1992 Population Based Funding of Regional Health Authorities for the Purchase of 
Core Personal Health Services 

Health Reforms 
Directorate 

1995 Personal Health Funding Formula 1996/97: Technical Guide Ministry of Health 

2001 Interim Population-Based Funding Formula: Background Technical Report, 
2001 

Ministry of Health 

2004 Population-based Funding Formula 2003 Ministry of Health 

2006 Population-based Funding Formula 2006. Pre Publication Version Ministry of Health 

2008 Population-based Funding Formula: Five Yearly Review Summary 
2007–08. Pre Publication Version 

Ministry of Health 

 


