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Abstract

Background: Health workforce planning is based on estimates of future needs for and supply of health care services.
Given the pipeline time lag for the training of health professionals, inappropriate workforce planning or policies can
lead to extended periods of over- or under-supply of health care providers. Often these policy interventions focus on
one determinant of supply and do not incorporate other determinants such as changes in population health which
impact the need for services.
The aim of this study is to examine the effect of the implementation of various workforce policies on the estimated
future requirements of the GP workforce, using South Australia as a case study. This is examined in terms of the impact
on the workforce gap (excess or shortage), the cost of these workforce policies, and their role in addressing potential
non-policy-related future scenarios.

Methods: An integrated simulation model for the general practice workforce in South Australia was developed, which
determines the supply and level of services required based on the health of the population over a projection period
2013–2033. The published model is used to assess the effects of various policy and workforce scenarios. For each policy
scenario, associated costs were estimated and compared to baseline costs with a 5% discount rate applied.

Results: The baseline scenario estimated an excess supply of GPs of 236 full-time equivalent (FTE) in 2013 but this surplus
decreased to 28 FTE by 2033. The estimates based on single policy scenarios of role substitution and increased
training positions continue the surplus, while a scenario that reduces the number of international medical graduates
(IMGs) recruited estimated a move from surplus to shortage by 2033. The best-case outcome where the workforce
achieves balance by 2023 and remains balanced to 2033, arose when GP participation rates (a non-policy scenario)
were combined with the policy levers of increased GP training positions and reduced IMG recruitment. The cost of
each policy varied, with increased role substitution and reduced IMG recruitment resulting in savings (AUD$752,946,586
and AUD$3,783,291 respectively) when compared to baseline costs. Increasing GP training costs over the projection
period would cost the government an additional AUD$12,719,798.

Conclusions: Over the next 20 years, South Australia’s GP workforce is predicted to remain fairly balanced. However,
exogenous changes, such as increased demand for GP services may require policy intervention to address associated
workforce shortfalls. The workforce model presented in this paper should be updated at regular intervals to inform the
need for policy intervention.
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Background
Workforce challenges in Australia
As in many other countries, Australia is facing a number
of health challenges that put pressure on the supply of
medical practitioners [1, 2]. These include an increasing
demand for health services arising from an ageing popu-
lation, increasing chronic illness, greater complexity of
care and consumer expectations; changing demographics
within the medical workforce with more doctors work-
ing part-time and an ageing workforce; and changing
models of care which require a different mix of skills;
and new technologies. In addition to these, the distribu-
tion of the medical workforce in Australia has been a
persistent problem, with shortages in rural and remote
as well as outer metropolitan areas [3, 4].
In response to these challenges, the Australian go-

vernment has implemented a number of policies and
strategies with the majority directed at geographic mal-
distribution. These have either focused on improving re-
cruitment through education and training, financial
incentives and recruitment of international medical
graduates or retention through locum support, retention
payments and training [2]. In addition to these, a key
policy has been to increase the number of graduates by
expanding the number of medical schools in Australia,
many of which are regionally located, with the aim of in-
creasing the overall supply of medical practitioners, as
well as those working in rural areas [5].
Some of these policies have been effective. Australia

now has one of the highest rates of medical graduate
completions in the world (15.3 graduates per 100,000),
ranking third of 29 OECD countries [6]. It also ranks in
the top 10 of OECD countries in the number of doctors
per capita, with 3.5 doctors per 1000 population [7].
Despite this, the growth is uneven, with greater growth
of specialists compared to GPs and disparities in geo-
graphic location of the workforce [5].
In order to respond to the workforce challenges, gov-

ernments need to implement policies that meet the de-
sired results, an overall balanced workforce, and for
Australia, an evenly distributed workforce in relation to
population need.
The role of health workforce planning is to inform

decision-making to ensure we have the right skills in
the right place at the right time to provide the right ser-
vices to the right people. Given the pipeline time lag
for the training of health professionals, inappropriate
workforce planning or policies can lead to extended pe-
riods of over- or under-supply of health care providers
[8]. An important part of this planning process is esti-
mating the future needs for, and supply of health care
services and simulation models are often used for this
purpose [9, 10]. These simulation models allow go-
vernments to test the effect of different policies of

workforce supply over a projection period through sce-
nario analysis. However, the approach or methods taken
in these models vary and have tended to simplistic or
supply focussed.

Australian health care system
Workforce planning is also influenced by the health care
system in which it occurs. Its structure and funding
mechanisms determine the health workforce size and
mix but also what policies and strategies are possible to
address workforce problems.
The Australian healthcare system involves multiple

funders and health care providers, with responsibilities
split across different levels of government but also be-
tween the government and private or non-government
sectors [11]. The funding of health care is primarily the
responsibility of the Australian Commonwealth Govern-
ment through health insurance and payments to the
States and Territories, while the State and Territories
are primarily responsible for the direct provision of
services.
Universal access to health services is provided through

the publicly funded system, Medicare. It provides free or
subsidised access to medical services in hospital and pri-
mary care settings and pharmaceuticals [11]. The major-
ity of health expenditure is spent on hospitals (40.8%)
and primary care (38.2%) [11]. The state and territory
governments are primarily responsible for public hos-
pital services, including outpatient services, while the
private sector provides health care through private prac-
titioners, private hospitals and pathology services.
Most often, the first point of contact with the health

systems for Australians occurs in primary care mainly
through general practitioners (GPs). Most GPs are self-
employed and they act as gate keepers to other levels of
the health systems, referring patients to specialists as
well as diagnostic and allied health services. GPs are the
largest medical speciality group in Australia comprising
33.1% of the medical workforce in 2015 [12].
As such, combined with primary care expenditure,

medical workforce strategies in Australia have largely fo-
cused on GPs as a surplus or shortage in this discipline
has the greatest impact on the health of the population,
the provision of health care and expenditure [13].

Health workforce planning in Australia
Over the last 30 years, health workforce planning in
Australia has gone through a number of approaches and
differing estimations in the medical and GP workforce.
During this time, estimations have fluctuated from GP
surpluses to shortages, with various policies im-
plemented to address these. In the 1990s, with the es-
tablishment of the Australian Medical Workforce
Committee (AMWAC), benchmarking was the dominate
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approach, with estimations of an over-supply of 2419
FTE GPs, particularly in urban areas [14]. In 2000,
AMWAC estimated the supply and requirements for
GPs from 1999 to 2010 and concluded that the number
of GPs would increase over this period, but that distribu-
tion would be uneven with lower GP to population ra-
tios in rural areas [15]. Further, planning estimations
undertaken by AMWAC in 2005, estimated a shortfall
of 639 GPs by 2013 and determined that balance could
be achieved if the number of GP graduates increased
from 2007 [16]. The key policies that resulted from these
planning exercises were focused on medical schools and
in migration of doctors. In the 1990s, there were capping
of medical places and limiting the number of overseas
doctors entering the workforce. By the mid 2000s, the
policy directions reversed, with an increase in medical
places, enabling an increasing number of overseas
trained doctors to enter the Australian workforce, and
increasing GP training places to address the estimated
shortages in this discipline [16]. In order to address the
issue of maldistribution, government strategies to attract
and retain GPs in rural and remote areas were also in-
troduced that included bonded medical places, regional
medical schools, overseas doctors working in designated
areas of need, establishment of University Departments
of Rural Health and a rural pathway in GP vocational
training [17].
A number of researchers have also undertaken estima-

tions of future GP supply. In 2006, Joyce et al [13] pro-
jected the future supply of the medical workforce in
Australian and concluded that there was likely to be a
shortage of GPs by 2012, despite an overall surplus in
the medical workforce. Harrison et al. [18] estimated GP
supply until 2020 taking into account utilisation patterns
and population changes and estimated that between
6101 and 7481 additional GPs would be required to
meet service requirements, particularly in rural and re-
gional areas.
More recently, Health Workforce Australia (HWA)

undertook an extensive workforce planning project
known as Health Workforce 2025 [1]. Within this pro-
ject they estimated national workforce projections up to
2025 for a number of disciplines including medicine,
nursing and midwives [1, 19]. In their modelling, de-
mand was measured by utilisation and a stock and flow
approach was used to determine supply. While this pro-
ject added to health workforce planning research, it did
not accommodate the health needs of the population.
Building on this, we developed a simulation model for
the general practitioner workforce in Australia that
moved beyond utilisation as a measure of demand to
one that incorporated changes in population health
need, the first time this has been done for this workforce
in Australia [20]. This model was based on the approach

developed in Canada by Birch and Tomblin [21, 22], and
we were able to estimate the number of general practi-
tioners (GPs) required in South Australia over the next
20 years (2013–2033) [20].
While both these models provide estimates of future

supply requirements, they also provide a method for
assessing the impact of a range of workforce planning
scenarios. The scenarios can focus on reducing or in-
creasing supply as well as incorporating the impact of
changes in the population and health need that affect
demand. For example, the HWA modelled the impact of
changes in demand (high and low) and self-sufficiency
(reduced reliance on overseas trained doctors) [19].
What is rarely considered in this planning process is the
impact of the policies in terms of cost or the impact of
exogenous changes to needs and demands. Therefore,
the aim of this study is to examine the effect of various
workforce policies on the estimated future GP work-
force, using South Australia as a case study. This is ex-
amined in terms of their impact on the workforce gap
(excess or shortage) under alternative potential non-
policy-related scenarios and the cost of these workforce
policies.

Methods
A simulation model was developed for the GP workforce
in SA. Details of the model design have been published
elsewhere [20] but an overview of the model is provided
in Fig. 1 [20]. Briefly, the model has two sub-
models—supply and needs. To estimate supply, a stock
and flow approach was used which represented the flow
of the current stock of GPs (by age groups and sex), and
new entrants (graduates and in-migration) between
states of employment that reflected location (urban and
rural), work status (part-time and full-time), and exits
from the workforce (permanent and temporary). Transi-
tion probabilities were estimated for the movement of
GPs between the employment states, which were cali-
brated so that the model accurately predicted the ob-
served distribution of GPs across the employment states
between 2004 and 2013. To estimate the need for GP
services, the age- and sex-specific prevalence and inci-
dence of disease categories in SA were mapped to GP
activity using data from the Bettering Evaluation and
Care of Health (BEACH) Program to estimate service re-
quirements (numbers of consultations) by disease, age
and sex. The model tested three different scenarios
based on assumptions regarding utilisation rates and the
health of the population. In the first scenario, constant
utilisation rates and incidence and prevalence rates were
applied, based on rates estimated using data from 2003.
In the second scenario, constant incidence and pre-
valence rates were applied but utilisation rates were
assumed to have increased. An annual increase in

Laurence and Karnon Human Resources for Health  (2017) 15:43 Page 3 of 15



utilisation per unit of need of 1.12% was applied to
predict observed service use in 2013 [20]. In the third
scenario, constant utilisation rates were applied to inci-
dence and prevalence rates that were estimated to have
increased annually by 2% between 2003 and 2013 (to
predict observed service use in 2013). Scenario 2 was
specified as the base-case scenario. The number of FTE
GPs required to meet the predicted need for consulta-
tions were estimated annually to the year 2033.

Baseline scenario
Beyond 2013, the baseline scenario represents changes in
population demographics, as predicted by the Australian
Bureau of Statistics [23], assuming constant age- and
gender-specific disease incidence and prevalence rates to
represent need and a continuing upward trend in level of
services. The demographic changes for this scenario are
depicted in graphs in Additional file 1. Known changes in
GP training places up to 2015 were included and then
assumed to be constant.

Policy- and non-policy-based scenarios
The baseline scenario was adapted to assess the effect of
various policy options, as well as uncertainty around the
baseline predictions of workforce supply and population
need. Four scenarios were applied to the needs sub-
model and three to the supply sub-model. The scenarios
selected represent major issues facing the provision of
GP services in Australia based on a review of the litera-
ture, including analysis of data on GP workforce trends

and input from stakeholders through a Reference Group.
The Reference Group comprised of representatives and
experts from key GP and health organisations including
the Royal Australian Collage of General Practitioners,
the Australian College of Rural and Remote Medicine,
SA Department of Health, Medicare Locals, the Rural
Doctors Workforce Agency, General Practice Education
and Training Ltd and Health Workforce Australia. The
rationale and details for each scenario are summarised
in Table 1. Relevant scenarios were also combined to ex-
plore their joint effect on the results.
In assessing the scenario outcomes, it was assumed

that the policy objective was to achieve a balanced work-
force over the projection period and the best-case sce-
nario/s represent the outcome closest to achieving a
balanced workforce and the worst-case scenario/s result
in an increased gap between supply and demand. A bal-
anced workforce was defined as a difference of less than
±5% between supply and demand (with demand as de-
nominator), which is equivalent to maximum difference
of ±112 FTE GPs in 2033.

Cost of policy scenarios
For each policy scenario, we estimated the cost of the
policy from a government perspective and compared it
to the cost of the baseline scenario for that policy area.
Details of the item costs and data sources for each policy
and baseline scenario are shown in Table 2.
For the policy based on increased GP training places,

an annual cost for training a GP registrar was estimated

Fig. 1 Overview of the planning model for GP
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using program expenditure data from the General Prac-
tice Education and Training Limited [24]. The 5-year
average cost per FTE training week (2009–2013) of
AUD$962 was then used to determine an annual cost of
training for a FTE GP registrar of AUD$50,024. This
was then applied to the number of places in the baseline
and increased GP training places scenario to determine
total costs over the period 2014–2033. It was assumed
that no additional medical students would be enrolled,
only additional training places for general practice and
that a higher proportion of medical graduates would be-
come GPs. The average length of training was 3 years.
For the increased role substitution policy, the cost of a

nurse providing 10% of all GP consultations were com-
pared to the baseline costs of a GP providing all the con-
sultations. An average cost for nurse consultations was
estimated using a 4-year average (2013–2016) of total
benefits and services for unreferred attendances for
Medical Benefit Schedule practice nurse items. The aver-
age cost per nurse consultation was AUD$13.74. The
average cost for GP consultations was estimated in a
similar way using a 4-year average of total benefits and
services for unreferred attendances excluding practice
nurse items. The average cost per GP consultation was
AUD$48.48. These were then applied to the baseline
scenario, where all services were provided by the GP.
For the policy scenario, the net average cost of nurse
consultations minus the average cost of GP consulta-
tions was applied to 10% of the estimated GP consulta-
tions for the period 2014 to 2033. We assumed that
there were a sufficient number of nurses with the appro-
priate skills to take on the extra consultations and that
GPs would not increase their service provision.

The cost for the reduced international medical gradu-
ate (IMG) scenario was done in two parts. First, a cost
for the recruitment of an IMG was estimated and then
the cost of training additional Australian graduates to fill
the gaps resulting from a reduction in IMGs was calcu-
lated using the GP training places cost described above.
The cost of recruiting an IMG was derived from the an-
nual budget allocation to Rural Workforce Agencies for
the International Recruitment Strategy (OTD recruit-
ment strategy and OTD additional assistance scheme)
from the Department of Health divided by the recruit-
ment target for the Strategy. This provided an average
cost over 4 years per IMG recruited of AUD$28,769.
An annual discount rate of 5% was applied to esti-

mate the net present value of future costs based on
Australian guidelines [25, 26]. The investment of the
funds required for spending in the future is assumed to
yield a real rate of return and so costs are discounted
to allow for the opportunity costs of current spending
relative to delayed spending.

Statistical analysis
Probabilistic sensitivity analysis (PSA) was undertaken to
represent the uncertainty around the expected need for
and supply of GP services and the effects of the alterna-
tive policy options. For the base-case scenario, conver-
gent sets of input parameter values were identified as
those that predicted observed service use in 2013 with
less than a 5% absolute error rate. An aggregate chi
square statistic was estimated for each set of convergent
input parameter values, based on the difference between
the predicted and observed values for each calibration
target. Probability weights were assigned to set of

Table 2 Details of item costs and data sources for costing the policy scenarios

Policy Item Source Costs

Increased role substitution
(scenario 3)

Average cost of nurse
consultations

Medicare Australia—unreferred
attendances practice nurse items,
2013−2016 [51]

Average cost for nurse consultations was based
on total services and total benefits averaged over
4 years.
Average cost of nurse consultations: AUD $13.74

Average cost of GP
consultations

Medicare Australia—unreferred
attendances VR, non−VR and
enhanced primary care items,
2013–2016 [51]

Average cost for GP consultations was based on
total services and total benefits averaged over 4 years
Average cost of GP consultations: AUD $48.48

Increased GP training
positions (scenario 6)

Cost of training a GP
registrar

GPET Annual Report to June
2014 [24]

Annual cost based on 5-year average cost per FTE
training week of AUD $962 × 52 weeks (2009–2013)
Annual cost of one training position: AUD $50,024
Represents total expenditure by Regional Training
Provides on the AGPT program including recurrent
and non-recurrent costs

Reduced IMG recruitment
(scenario 8)

Average cost to recruit
an IMG

International Recruitment
Strategy (IRS), Department of
Health Budget Portfolio statements
2014–2015 [52]
Rural Health Workforce Australia Annual
reports 2013 to 2016 [53–56]

Four-year average target for IMGs recruited through
the IRS
Four-year average cost of IRS program
Average cost of recruitment of IMG: AUD$28,769
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convergent input parameter values using the reciprocal
of the aggregate chi square statistic, to represent the
relative accuracy of each set [20].
A Monte Carlo simulation was then undertaken in

which 1000 iterations of the model were evaluated. Each
iteration involved the random sampling of a convergent
set of input parameter values using the defined probabil-
ity weights to inform the sampling. The 2.5th and 97.5th
percentile values for the GP need and supply informed
the 95% confidence limits for each scenario.

Results
The model’s baseline scenario indicates that in aggregate,
the GP workforce is currently over supplied by around
230 FTE GPs, but that this over-supply will decline
steadily to around 30 by 2033 (Fig. 2). The baseline sce-
nario reflects assumptions that age- and gender-specific
disease rates and GP working patterns and exit rates will
remain constant. If this baseline scenario is accepted as
the best estimate of future need and supply, policy op-
tions might focus on how best to speed up the reduction
in the over-supply of GPs and redistribute GPs.

Policy and non-policy scenarios
The impact of scenarios representing variation in the
predicted supply of GPs, need for GP services, and gov-
ernment policies are presented in Table 3 and Fig. 3.
The three non-policy scenarios show different out-

comes over the projection period (Table 3 and Fig. 3). If
age- and gender-specific rates of disease change (re-
duced illness in the population scenario), the estimates
show a smaller surplus of FTE GPs over the next
20 years, although by 2033 this surplus has reduced and
moved to a balanced workforce. Similarly, a decrease in
participation rate of the male workforce scenario esti-
mates a smaller surplus for the first 20 years, but by
2033 it reaches a balanced workforce. In contrast, the

increased GP visits per unit of need scenario estimates a
more quickly decreasing surplus, with a shortfall esti-
mated of 136 FTE GPs by 2033 (Table 3 and Fig. 3).
The policy-related scenarios also vary in their results

over the projection period (Table 3). Two scenarios esti-
mate a continued surplus over the period—increased
role substitution (excess of 251 FTE GPs by 2033) and
increased GP training positions (excess of 141 FTE GPs
by 2033). Increasing preventative activity by GPs re-
sulted in a move from surplus of 236 FTE GPs to a bal-
anced workforce (27 FTE GPs) while the scenario that
reduced the number of IMGs recruited showed that esti-
mates of FTE GP moves from a surplus in 2013 to a
shortage in 2033 (Table 3). No single policy option im-
proved on the baseline scenario.

Combined scenarios
The impact of different policy options and the influence
of other non-policy options can be tested when scenar-
ios are combined. This can be illustrated using two of
the single non-policy scenarios—increased GP visits and
reduced illness in the population. Furthermore, it can be
illustrated with the combination of two single non-
policy scenarios—increased GP visits and decreased GP
participation—and one of the policy scenarios—reduced
IMG recruitment.
In the increased GP visits scenario based on current

projections, the workforce was estimated to a move from
a surplus in 2013 through to a balanced workforce in
2023 to a shortfall of 136 GPs in 2033. However, these
estimates change if increased GP visits occur with
changes in illness in the population, based on an overall
reduction illness. The result is a small surplus in 2023
(89 FTE GPs) and a balanced workforce in 2033 (−42
FTE GPs) (Table 4), suggesting that reduced illness will
offset the increased demand for GP visits. If increased
GP visits are combined with reduced GP participation

Fig. 2 Estimated future supply and demand of FTE GPs in South Australia, 2013 to 2033
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Table 3 Summary of FTE GP estimates for South Australia for the single base, policy and non-policy scenarios, 2013, 2023 and 2033

Type of scenario Scenario 2013 2023 2033

Base 1. Base Supply 1671 1971 2257

Demand 1435 1808 2230

Mean gap (95% CIs) 236 (163, 271) 163 (68, 276) 28 (−93, 260)

Non-policy scenarios 2. Reduced illness in the population Supply 1671 1971 2257

Demand 1452 1787 2155

Mean gap (95% CIs) 219 (158, 256) 184 (81, 305) 102 (−34, 315)

3. Increased GP visits Supply 1671 1971 2257

Demand 1501 1912 2394

Mean gap (95% CIs) 171 (128, 200) 59 (−68, 175) −136 (−301, 106)

4. Reduced GP participation Supply 1671 1955 2237

Demand 1435 1808 2230

Mean gap (95% CIs) 236 (206, 268) 147 (37, 255) 7 (−215, 232)

Policy scenarios 5. Increased role substitution Supply 1671 1971 2257

Demand 1291 1628 2007

Mean gap (95% CIs) 380 (340, 414) 344 224, 456) 251 (63, 482)

6. Increased preventative activity Supply 1671 1971 2257

Demand 1436 1809 2231

Mean gap (95% CIs) 236 (195, 270) 162 (43, 275) 27 (−161, 259)

7. Increased GP training positions Supply 1671 1971 2371

Demand 1435 1808 2230

Mean gap (95% CIs) 236 (163, 271) 163 (68, 276) 141 (20, 374)

8. Reduced IMG recruitment Supply 1671 1896 2115

Demand 1435 1808 2230

Mean gap (95% CIs) 236 (163, 271) 87 (−7, 202) −114 (−236, 114)

Fig. 3 Estimated future supply and demand of FTE GPs in South Australia, 2013 to 2033—single scenarios

Laurence and Karnon Human Resources for Health  (2017) 15:43 Page 8 of 15



Table 4 Summary of FTE GP estimates for South Australia for selected single scenarios when combined with other policy and
non-policy scenarios, 2013, 2023 and 2033

Non-policy scenario Scenario 2013 2023 2033

Increased GP visits Increased GP visits (single scenario 3) Supply 1671 1971 2257

Demand 1501 1912 2394

Mean gap
(95% CIs)

171
(128, 200)

59
(−68, 175)

−136
(−301, 106)

9. Increased GP visits + reduced illness in the
population single scenarios 2 + 3)

Supply 1671 1971 2257

Demand 1515 1882 2300

Mean gap
(95% CIs)

156
(117, 185)

89
(−39, 201)

−42
(−236, 180)

10. Increased GP visits + reduced GP participation +
reduced IMG recruitment (single scenarios 3 + 8)

Supply 1671 1878 2094

Demand 1501 1912 2394

Mean gap
(95% CIs)

170
(136, 186)

−33
(−155, 76)

−300
(−484, −75)

11. Increased GP visits + reduced illness in the
population + reduced GP participation + reduced
IMG recruitment (single scenarios 2 + 3 + 4 + 8)

Supply 1671 1878 2094

Demand 1515 1882 2300

Mean gap
(95% CIs)

155
(113, 184)

−3
(−116, 104)

−206
(−390, −12)

Reduced GP participation Reduced GP participation (single scenario 4) Supply 1671 1955 2237

Demand 1435 1808 2230

Mean gap
(95% CIs)

236
(206, 268)

147
(37, 255)

7
(−215, 232)

12. Reduced GP participation + reduced IMG
recruitment (single scenarios 4 + 8)

Supply 1671 1878 2094

Demand 1435 1808 2230

Mean gap
(95% CIs)

236
(205, 279)

70
(−49, 179)

−136
(−323, 33)

13. Reduced GP participation + increased GP
training positions (single scenarios 4 + 7)

Supply 1671 1954 2348

Demand 1435 1808 2230

Mean gap
(95% CIs)

236
(190, 262)

145
(31, 253)

119
(−68, 336)

14. Reduced GP participation + + Increased GP
training positions + reduced IMG recruitment
(single scenarios 4 + 7 + 8)

Supply 1671 1878 2207

Demand 1435 1808 2230

Mean gap
(95% CIs)

236
(190, 258)

70
(−42, 177)

−23
(−200, 204)

15. Reduced GP participation + increased role
Substitution + reduced IMG recruitment
(single scenarios (4 + 5 + 8)

Supply 1671 1878 2094

Demand 1291 1628 2007

Mean gap
(95% CIs)

379
(334, 401)

251
(138, 358)

87
(−87, 309)

Policy scenario

Reduced IMG recruitment Reduced IMG recruitment (single scenario 8) Supply 1671 1896 2115

Demand 1435 1808 2230

Mean gap
(95% CIs)

236
(163, 271)

87
(−7, 202)

−114
(−236, 114)

16. Reduced IMG recruitment + increased GP
training positions (single scenarios 7 + 8)

Supply 1671 1894 2227

Demand 1435 1808 2230

Mean gap
(95% CIs)

236
(206, 249)

86
(−26, 194)

−3
(−216, 224)

17. Reduced IMG recruitment + increased role
substitution (single scenarios 5 + 8)

Supply 1671 1896 2115

Demand 1291 1628 2007

Mean gap
(95% CIs)

380
(330, 409)

268
(136, 384)

109
(−108, 347)
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rates (non-policy scenario) and reduced IMG recruit-
ment (policy scenario), the result is an estimated short-
age of 300 FTE GPs in 2033. This is the worst-case
scenario and is driven by increased demand and a re-
duced IMG pool. However, this outcome could be re-
duced if changes in illness in the population occur with
these other scenarios, reducing the shortage to 206 FTE
in 2033 (Scenario 3 on Table 4). A graph of the com-
bined scenarios is provided in Fig. 4.
Decreased participation rates for the male GP scenario

is predicted to move from a surplus to a balanced work-
force between 2013 and 2033. When this scenario is
combined with policies that reduce the number of IMGs,
it is estimated the workforce will move more rapidly to a
balanced workforce (i.e. in 2023 rather than 2033), but
would result in a shortfall longer term (−136 FTE GPs
in 2033) (Table 4, scenario 4). However, these results
could be reversed, with a balanced workforce achieved
by 2033 if the substitution scenario (policy scenario) is
introduced, which assumed 10% of all GP consultations
could be provided by practice nurses rather than GPs
(Table 3, scenario 7). The best-case outcome where the
workforce achieves balance by 2023 and remains bal-
anced to 2033, arose when the GP participation rates

scenario was combined with the policy levers of in-
creased GP training positions and reduced IMG recruit-
ment (Table 3, scenario 6). In contrast, if the decreased
participation of the workforce occurs with a policy to in-
crease GP training positions, the result is estimated to
be a surplus in 2023 and 2033 (Table 3, scenario 4).

Cost of workforce policies
The estimated costs for the three policy scenarios are
shown in Table 5. When compared to the baseline sce-
narios, the policy of increased training positions was
more costly than the baseline scenario, while increased
role substitution and reduced IMG recruitment policies
resulted in savings (see Table 5). Implementation costs
for the policy to increase GP training positions over the
20-year period was AUD$247,296,900 compared to the
baseline scenario which was AUD$234,577,101, a dif-
ference of AUD$12,719,798. The policy to reduce the
number of IMGs recruited saved the government
AUD$3,783,291 over the projection period, if no other
policy was implemented to offset the reduced number of
IMGs (i.e. increased training positions). Using nurses to
undertake a small proportion of GP consultations re-
sulted in a government saving of AUD$752,946,586 over

Fig. 4 Estimated future supply and demand of FTE GPs in South Australia, 2013 to 2033—combined scenarios
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the period. The cost was also estimated for two com-
bined scenarios, where the policy to reduce IMGs was
offset by increasing GP training places and through role
substitution. When compared to the baseline costs, the
combined policy cost to the government of reduced
IMG recruitment with increased GP training places, was
an additional AUD$8,936,508 over the projection period.
For the combination of reduced IMG recruitment and
roles substitution, this policy combination saved the gov-
ernment AUD$543,321,440.
In terms of implementation, the policy scenarios re-

lated to training positions and IMGs both had a time lag
of approximately 3 years before trained graduates enter
the GP stock. This is a greater time lag than recruitment
of IMGs who can enter the stock within 1–2 years.
There would also be a time lag associated with the nurse
substitution policy in terms of implementation of the
policy and potentially training time required for an in-
creased in demand for nurses.

Discussion
The model’s baseline scenario indicates that the South
Australian GP workforce will become more balanced
over the next 20 years with only a small excess of GPs
by 2033. The growth in GP supply over this period is
driven by an increasing proportion of female GPs mak-
ing up the GP workforce, from 35% of the FTE work-
force in 2013 to 45% in 2033. This estimate is based on
the assumption that the current ratio of male to female
new graduates remains stable into the future, which is
supported by the evidence which shows a consistently
greater proportion of female medical students graduat-
ing from Australian medical schools [27]. This trend is
likely to have the greatest impact on the GP workforce,
which is seen as an attractive career by females with
shorter, part-time training, compared to other special-
ists and more flexible working hours once in the work-
force [28–30].
With the baseline results indicating a small surplus

over the projection period, there would be little need for
policy interventions. However, exogenous changes in the
future could impact the demand and supply of the GP

workforce and change the workforce balance in South
Australia. The scenario analysis was able to assess the
impact of exogenous or non-policy changes and which
policy or policies could be used to address the resultant
workforce imbalances.
The scenario that resulted in the largest surplus when

compared to baseline by 2033 was that involving prac-
tice nurses undertaking a proportion of GP care (policy
scenario). The worst-case scenario which resulted in a
shortage of GPs by 2033 was the combination of in-
creased GP visits (non-policy scenario) with reduced GP
participation rates (non-policy scenario) and less reliance
on IMGs (policy scenario). However, for both these sce-
narios, these changes were modest and may not require
significant changes in policies.
The reliance on IMGs to provide GP services is

highlighted by the sensitivity of the model’s results to
changes in the number of IMGs. A reduction in IMGs
by a small amount resulted in SA moving from a pos-
ition of surplus GPs to one of under-supply. This result
also illustrates issues around the distribution of the
workforce, an ongoing workforce problem in Australia.
The IMGs in this model were entering only the rural
workforce and while overall the model estimated that
SA would have a surplus of GPs, they are not necessarily
working in areas where they are needed. While numer-
ous strategies have been implemented over the last
20 years to increase the number of Australian graduates
working in rural and remote areas [2], the model sug-
gests in terms of supply that the uneven distribution of
the workforce will continue.
The scenario that focused on increased role substitu-

tion where a nurse would undertake a small percentage
of consultations rather than a GP not surprisingly saw a
reduction in demand for GPs. This outcome may not
reflect what would occur in the real world. Research in-
dicates that while nurses can provide high quality care
and similar health outcomes to that of a GP, the evi-
dence on reducing a GP’s workload is unclear, given the
current payment model [31]. Demand for GPs may not
decrease as the use of nurses may allow GPs to meet
unmet demand or generate demand for services and

Table 5 Comparison of estimated total cost of policy and baseline scenarios, 2014–2033, $AUD

Scenarios Total cost of
baseline scenario

Total cost of
policy scenario

Difference
(baseline – scenario)

Single scenarios Increased role substitution policy (scenario 5) $7,529,465,856 $6,989,927,706 −$752,946,586

Increased GP training positions policy (scenario 7) $234,577,101 $247,296,900 $12,719,798

Reduced IMG recruitment policy (scenario 8) $5,044,388 $1,261,097 −$3,783,291

Combined scenario Increased GP training positions policy + reduced
IMG recruitment policy (scenarios 7 + 8)

$239,621,489 $248,557,996 $8,936,508

Increased role substitution policy + reduced IMG
recruitment policy + (scenarios 5 + 8)

$7,534,510,243 $6,991,188,803 −$543,321,440

Laurence and Karnon Human Resources for Health  (2017) 15:43 Page 11 of 15



that nurses create their own demand for services. The
development of an aligned model for practice nurses
would allow a better understanding of the impact of
this scenario as well as the cost associated with imple-
menting such a policy.
This model used prevalence and incidence as measures

of health need in the population and it was expected
that increasing levels of chronic disease would result in
increased demand for services. However, the scenario
analysis did not support this. When changes in preva-
lence and incidence were modelled using forecasts by
Vos et al [32] and Goss [33], the result was a decrease in
GP demand when compared to the base scenario. This
result was driven by predicted decreases in the incidence
of most conditions, increases in prevalence in some con-
ditions (mainly chronic conditions) and population
changes which saw increased cases in the older age
groups but reductions elsewhere.
The increased preventative activity scenario was nearly

identical to the baseline scenario, suggesting that this
has little impact on demand for services. However, the
benefits of greater preventative activity can result in
long-term improvements to health and quality of life
that may be better reflected in the reduced illness in the
population scenario. Moreover, the impact may be seen
in other areas of the health care system which are not
part of this model.
Our modelling suggests that the consequences of an

increasing number of GPs seeking better work-life bal-
ances may not be significant in the shorter term [16, 34].
Our scenario, which assumed an increase in the number
of male GPs working in urban areas moving to part-time
work based on research by Joyce et al. [34, 35], reduced
the surplus and resulted in a balanced workforce by
2033. While this was a non-policy scenario, incentives to
move GPs to part-time work could be investigated to re-
duce existing surpluses.
The non-policy scenario of a modest increase of 5% in

the annual number of consultations per prevalent/inci-
dent case resulted in a shortage of GPs by 2033 and rep-
resented the worst single scenario result. This scenario
saw a 27% increase in consultations between 2013 and
2023 and a 25% increase between 2023 and 2033. It fol-
lows the trend seen in Medicare Australia data over the
last 10 years that has seen GP attendances in SA rise by
26% between 2003 and 2013 and predicted rises in the
length and number of GP consultations in Australia by
31% between 2006 and 2020 [18].
Our modelling shows that there are a number of

policy responses that could be implemented to counter
the potential for an imbalanced GP workforce in SA.
Policies focusing on training positions and recruitment
of IMGs can have a significant impact on the supply of
GPs. Moreover, improved health of the population can

counteract the demand of more GP services. Policy le-
vers to change work patterns are more difficult. Role
substitution has a clear impact on reducing the number
of GPs required, and the use of Medicare items has been
used in the past to support an expanded GP nurse role.

Policy cost
Under the assumptions used in the baseline scenarios,
SA is estimated to have a surplus of GPs over the next
20 years, although this surplus reduces over time. As a
result, the policy focus is not on which policy would ad-
dress a predicted shortfall, as is often the case in work-
force modelling [13, 36–39], but assessing the impact of
non-policy changes and if these would result in a need
for a policy intervention and which policy options would
be most cost effective. Our analysis of the non-policy
scenarios—changing illness in the population, increased
GP visits and decreasing GP participation rates—showed
that only increased GP visits would require a direct pol-
icy intervention. Two policy interventions could offset
the predicted shortfall—increasing GP training positions
or the use of role substitution.
For governments, the decision on the most appropri-

ate policy interventions to offset workforce shortages or
surpluses is determined by how the intervention will in-
crease the workforce or slow the growth of the work-
force in terms of absolute numbers but also the cost of
the intervention. We have attempted for the first time to
provide not only an assessment of the policies in terms
of impact on FTE GPs, but also the cost of the interven-
tions, allowing more informed decision-making.
Not surprisingly, increasing the number of GP training

positions is the most costly policy, particularly as in our
modelling the additional places were introduced in 2015,
resulting in an additional 183 GP training positions over
the 18 years.
The most cost-effective policy intervention is increas-

ing role substitution. Expanding the role of practice
nurses to undertake an increased number of consulta-
tions is a less expensive policy than training additional
GPs. However, the implementation of such a policy
assumes that there are sufficient numbers of trained
practice nurses who can accommodate an increase in
workload and this may not be the case. Therefore, a
more complex cost analysis should include the cost of
nurse training. Moreover, while nurses may take on con-
sultations within their scope of practice, the GP consult-
ation patterns may also change, which could lead to
more costly GP attendances.
Predictably our cost analysis of the reduced IMG re-

cruitment policy indicated savings to the government.
The reduction in the scope of a current policy will
understandably reduce the cost to the government.
However, this is too simplistic as it assumes that there is
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an alternative workforce to fill the gap left by IMGs or
that the demand has reduced. This may require training
additional GPs which then adds to the cost of this policy.
Our analysis indicates that if the reduced IMG recruit-
ment policy is implemented in conjunction with in-
creased GP training positions to cover the gap, the
policy will become more costly. The cost of recruiting
an IMG is much smaller than the cost of additional
training places, and more importantly, the practice loca-
tion of the IMGs can be controlled through a legislative
process such as the use of areas of workforce need. In
contrast, we know that while we have increased the
number of GP training positions, the recruitment of
Australian graduates to work in rural and remote areas
remains difficult [2].
While the Australian government has focused on

recruiting Australian graduates to areas of workforce
need [40], a policy of expanding role substitution may be
worthy of consideration for these areas. Our cost ana-
lysis indicates that using nurses to fill the workload left
by reducing IMGs will provide considerable savings in
terms of policy costs. We know that rural and remote
nurses already take on a broader range of services due to
the lack of GPs and so expanding this further may be
worth consideration [41]. However as discussed above,
this assumes that there are sufficient numbers of nurses
available and they are appropriately trained to take on
these additional roles. The use of advance nurses or
nurse practitioners is seen as an alternative workforce to
doctors in rural and remote areas [42]. At the same time,
there is a lack of sufficient evidence at the moment for
policy recommendations for role substitutions [43].

Limitations
The main limitation is common to all modelling exercises,
that the projections are based on parameter estimates in-
formed by data sources of varying quality and relevance.
While Australia has collected data on the medical work-
force over a long period, this is cross-sectional data and
does not allow for tracking of GP cohorts over time. Simi-
larly, the projected changes in disease prevalence and inci-
dence were based on data from 2003, and did not capture
all illnesses and injuries which are likely to underestimate
need for GP services. Another example is the 10-year-old
data describing the proportion of male and female GPs
working part-time. We know that working hours are
changing but we do not know how these may change fur-
ther in the next 20 years.
The analysis tested the effects of a range of policy and

non-policy influenced scenarios, but these were not an
exhaustive set of possible events and actions that could
influence demand for and supply of health services into
the future. A wide range of new models of care or health

care technologies may arise that will impact on the re-
ported predictions, but we chose to test scenarios for
which some evidence was available to inform expected
impacts on demand and supply.
While the model accounted for urban and rural location

in the supply sub-model, this was not incorporated in the
need sub-model and so the model did not assess imbal-
ances in the distribution of GPs across the state of SA. Is-
sues in attracting GPs to practice in rural areas is a
longstanding issue across Australia and so despite predic-
tions of an over-supply of GPs in aggregate, it is likely that
the baseline scenario actually reflects increasing under
capacity in rural areas. This is an area for further develop-
ment, and future versions of the model will incorporate
both need and supply in urban and rural areas.
The costing analysis had a number of limitations. In

many cases it was based on published expenditure data
for policies and may not have accounted for all costs as-
sociated with a policy. For example, the cost of recruit-
ing an IMG used program funding data which may not
have included costs such as additional training that may
be required for an IMG. In estimating the costs of role
substitution, we used an average cost based on existing
MBS nurse items. This assumes that such a cost would
apply to all their consultations with no variation that
reflected the complexity of different consultations and
so differing lengths of consultations. We also did not in-
clude in our calculation the implementation cost associ-
ated with introducing nurse substitution or the cost of
training additional nurses. The analysis also did not con-
sider the effect of retention rates on the cost of the pol-
icies. For example, while IMGs may be less expensive to
recruit, if they remain for a shorter period in rural areas
compared to Australian graduates, the long-term cost of
the policy is likely to be greater. A more detailed cost
analysis of all the policies warrants further research.

Conclusions
Over the next 20 years, our baseline scenario predicts
that South Australia’s GP workforce will move towards
equilibrium, with need and supply of GP services being
well balanced. However, further consideration of geo-
graphical variations in the balance of need and supply
within and between urban and rural areas is required.
However, alternative scenarios result in less balanced
projections. Additionally, the cost of policy interventions
varied. In the absence of better quality data, expert con-
sideration of the relative likelihood of alternative non-
policy scenarios and the broader impact of policy op-
tions may best inform appropriate policy responses. In
addition, the workforce model presented in this paper
should be updated at regular intervals to inform the
need for policy intervention.
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Additional file 1: Graphic representation projected population for South
Australia. This includes two figures. Figure S1: Projected population for South
Australia (Series B), females by age groups in South Australia, 2013-2033.
Figure S2: Projected population for South Australia (Series B), males by age
groups in South Australia, 2013-2033. (DOCX 21 kb)

Acknowledgements
Information in this paper drawn from data from the BEACH Program analysed
and supplied by the Family Medicine Research Centre, the University of Sydney.
We would like to thank members of the study’s Research Reference Group
who provided invaluable input to the study: Dr Catherine Chittleborough, Mr
David Glasson, Mr Troy Heywood, Dr Peter Joseph, Ms Michelle Lorimer, Ms
Amanda McCulloch, Ms Wendy Saunders, Ms Anne Sibly and Dr Helena
Williams.

Funding
Assoc. Prof Laurence is the recipient of an Australian Research Council Early
Career Researcher Award (DE120101202) funded by the Australian
Government.
This project was also conducted using funds made available from Health
Workforce Australia.

Availability of data and materials
Some of the data that support the findings of this study are available the
Family Medicine Research Centre, University of Sydney and the Australian
Institute of Health and Welfare but restrictions apply to the availability of
these data, which were used under license for the current study, and so are
not publicly available. Data are however available from the authors upon
reasonable request and with permission of Family Medicine Research Centre,
University of Sydney and the Australian Institute of Health and Welfare.

Author’s contributions
CL conceived the idea, developed the design, coordinated the study,
contributed to the analysis and interpretation of the results and drafted the
manuscript. JK contributed to planning the research, analysis and the
interpretation of the results and critically revised the paper. Both authors
approved the final version of the manuscript.

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Received: 14 July 2016 Accepted: 15 June 2017

References
1. Health Workforce Australia. Health workforce 2025: doctors, nurses and

midwives Volume 1. Adelaide: HWA; 2012.
2. Mason J. Review of Australian Government Health Workforce Programs.

Canberra: Department of Health; 2013.
3. Commonwealth Department of Health and aGed Care. More doctors for

outer metropolitan areas measure. Canberra: Department of Health; 2000.
4. Commonwealth Department of Health and Aged Care. More doctors, better

services Regional Health Strategy. Canberra: Department of Health; 2000.
5. Health Workforce Australia. Australia's future health workforce - doctors.

Canberra: Health Workforce Australia; 2014.

6. Organisaton for Economic Co-operation and Development. Medical graduates
(indicator). https://data.oecd.org/healthres/medical-graduates.htm. Accessed 22
February 2017.

7. Organisaton for Economic Co-operation and Development.Doctors (indicator)
https://data.oecd.org/healthres/doctors.htm#indicator-chart. Accessed 22
February 2017.

8. Duckett S. The Australian health workforce: facts and futures. Aust Health
Rev. 2000;23:60–77.

9. Dussault G, Buchan J, Sermeus W, Padaiga Z. Assessing future health
workforce needs. In: European Observatory Health Systems and Policies.
Geneva: World Health Organisation; 2010.

10. World Health Organization. Human resources for health (HRH) tools and
guidelines. http://www.who.int/hrh/tools/planning/en/. Accessed 12 April 2017.

11. Australian Institute of Health and Welfare. Australia's health 2014. In:
Australia's health service no 14 Cat no AUS 178. Canberra: AIHW; 2014.

12. Australian Institute of Health and Welfare. How many medical practitioners
are there? http://aihw.gov.au/workforce/medical/how-many-medical-
practitioners/. Accessed 22 February 2017.

13. Joyce C, McNeil J, Stoelwinder J. More doctors, but not enough: Australian
medical workforce supply 2001-2012. Med J Aust. 2006;184:441–6.

14. Australian Medical Workforce Advisory Committee and the Australian
Institute of Health and Welfare. Australian medical workforce benchmarks.
Sydney: AMWAC; 1996.

15. Australian Medical Workforce Advisory Committee. The general practice
workforce in Australia: supply and requirements 1999-2000. Sydney:
AMWAC; 2000.

16. Australian Medical Workforce Advisory Committee and NSW Health
Department. The general practice work-force in Australia: supply and
requirements to 2013. Sydney: AMWAC; 2005.

17. Australian Government Department of Health and Ageing. General practice
in Australia: 2004. Canberra: Department of Health and Ageing; 2005.

18. Harrison C, Britt H. General practice workforce gaps now and in 2020. Aust
Fam Physician. 2011;40:12–5.

19. Cretteden I, McCarty M, Fenech B, Heywood T, Taitz M, Tudman S. How
evidence-based workforce planning in Australia is informing policy
development in the retention and distribution of the health workforce.
Hum Resour Health. 2014;12:7.

20. Laurence C, Karnon J. Improving the planning of the GP workforce in
Australia: a simulation model incorporating work transitions, health need
and service usage. Hum Resour Health. 2016;14:13.

21. Birch S, Kephart G, Tomblin Murphy G, O'Brien-Pallas L, Alder R, MacKenzie
A. Health human resources planning and the production of health:
development of an extended analytical framework for needs-based health
human resources planning. J Public Health Manage Pract. 2009;15:S56–61.

22. Tomblin Murphy G, MacKenzie A, Alder R, Birch S, Kephart G, O'Brien-Pallas
L. An applied simulation model for estimating the supply of and
requirements of registered nurses based on population health needs. Policy
Polit Nurs Pract. 2009;10:240–51.

23. Australian Bureau of Statistics. Population projections Australia 2006 to 2101.
Canberra: ABS; 2008.

24. General Practice Education and Training Limited. Annual Report to 30 June
2014. Canberra: GPET; 2014.

25. Australian Governement Department of Health. Guidelines for preparing a
submission to the Pharmaceutical Benefits Advisory Committee (Version 5.
0). Canberra: Department of Health; 2016.

26. Medical Services Advisory Committee. Technical guidelins for preparting
assessment reports for the Medical Services Advisory Committee - medical
service type: therapeutic (Version 2.0). Canberra: Department of Health; 2016.

27. Department of Health and Ageing. Medical Training Review Panel 16th
Report. Canberra: Department of Health and Ageing; 2013.

28. Goldacre M, Goldacre R, Lambert T. Doctors who considered but did not
pursue specific clinical specialities as careers: questionnaire surveys. J R Soc
Med. 2012;105:166–76.

29. Lambert T, Goldacre R, Smith F, Goldacre M. Reasons why doctors choose
or reject careers in general practice: national surveys. Brt J Gen Pract. 2012;
62:e851–858.

30. Svirko E, Lambert T, Goldacre M. Career progression of men and women
doctors in the UK NHS: a questionnaire study of the UK medical qualifiers of
1993 in 2010/2011. J R Soc Med. 2014;5:1–9.

31. Laurant M, Reeves D, Hermens R, Braspenning J, Grot R, Sibbald B:
Substitution of doctors by nurses in primary care. Cochrane Database Syst

Laurence and Karnon Human Resources for Health  (2017) 15:43 Page 14 of 15

dx.doi.org/10.1186/s12960-017-0216-1
https://data.oecd.org/healthres/medical-graduates.htm
https://data.oecd.org/healthres/doctors.htm#indicator-chart
http://www.who.int/hrh/tools/planning/en/
http://aihw.gov.au/workforce/medical/how-many-medical-practitioners/
http://aihw.gov.au/workforce/medical/how-many-medical-practitioners/


Rev 2005: Art. No.: CD001271. DOI: 001210.001002/14651858.CD14001271.
pub14651852.

32. Vos T, Goss J, Begg S, Mann N. Projection of health care expenditure by
disease: a case study from Australia. Brisbane: School of Population Health,
University of Queensland; 2007.

33. Goss J. Projection of Australian health care expenditure by disease, 2003 to
2033. Canberra: AIHW; 2008.

34. Shrestha D, Joyce C. Aspects of work-life balance of Australian general
practitioners: determinants and possible consequences. Aust J Prim Health.
2011;17:40–7.

35. Joyce CM, Wang W, Cheng T. Changes in doctors' working hours: a
longitudinal analysis. Med Care Res Rev. 2015;72:605–21.

36. Tomblin Murphy G, Birch S, MacKenzie A, Alder R, Lethbridge L, Little L.
Eliminating the shortage of registered nurses in Canada: an exercise in
applied needs-based planning. Health Policy. 2012;105:192–202.

37. Tomblin Murphy G, MacKenzie A, Guy-Walker J, Walker C. Needs-based
human resources for health planning in Jamaica: using simulation
modelling to inform policy options for pharmacists in the public sector.
Hum Resour Health. 2014;12:67.

38. Streeter R, Zangaro G, Cattopadhyay A. Perspectives: Using results from HRSA's
health workforce simulation model to examine the geography of primary care.
Health Serv Res. 2017;52:481–507.

39. US Department of Human Services, Health Resources and Services
Administrative Beureau of Health Professions, National Center for Workforce
Analysis. Projecting the supply and demand for primary care practitioners
through 2020. Rockville: US Department of Healtth and Human Serivces; 2013.

40. Carver P. Self sufficiency and international medical graduates - Australia.
Melbourne: National Health Workforce Taskforce; 2008.

41. Cliffe C, Malone G. A framework for remote and isolated professional practice.
Cairns: CRANAplus; 2014.

42. National Rural Health Alliance. Advanced nursing practice in rural and remote
areas. Canberra: NRHA; 2005.

43. Martinez-Gonzalez N, Djalai S, Tandjung R, Huber-Geismann F, Markun S,
Wensing M, Rosemann T. Substitution of physicians by nurses in primary care:
a systematic review and meta-analysis. BMC Health Serv Res. 2014;14:214.

44. Britt H, Miller G, Charles J, Henderson J, Bayram C, Pan Y, Valenti L, Harrison C,
O’Halloran J, Zhang C, Fahridin S. General practice activity in Australia 2010-11.
In: General practice series no 29. Sydney: University of Sydney; 2011.

45. Britt H, Miller G, Henderson J, Charles J, Valenti L, Harrison C, Bayram C, Zhang
C, Pollack A, O’Halloran J, Pan Y. General Practice activity in Australia 2011-12.
In: General practice series no 31. Sydney: University of Sydney; 2012.

46. Australian Government Department of Health and Ageing. Building a 21st
Century Primary Health Care System. Canberra: Department of Health and
Ageing; 2010.

47. National Health Priority Action Council. National Chronic Disease Strategy.
Canberra: Australian Government Department of Health and Ageing; 2006.

48. Del Mar CB. Copayments for general practice visits. Med J Aust. 2014;200:367.
49. Britt H, Valenti L, Miller G. Determinants of consultation length in Australian

general practice. Med J Aust. 2005;183:68–71.
50. Norman R, Hall JP. The desire and capability of Australian general practitioners

to change their working hours. Med J Aust. 2014;200:399–402.
51. Australin Government Department of Human Services. Medicare group

reports. http://medicarestatistics.humanservices.gov.au/statistics/mbs_group.
jsp. Accessed 31 March 2017.

52. Australian Government Department of Health. Australian Government 2014-
15 health portfolio budget statements - Outcome 8 Health workforce
capacity. http://www.health.gov.au/internet/budget/publishing.nsf/Content/
2014-2015_Health_PBS_sup1/$File/2014-15_Health_PBS_2.08_Outcome_8.
pdf. Accessed 31 March 2017

53. Rural Health Workforce Australia. Rural Health Workforce Australia Annual
Report 2013. Melbourne: RHWA; 2013.

54. Rural Health Workforce Australia. Making health accessible: Rural Health
Workforce Australia Annual Report 2014. Melbourne: RHWA; 2014.

55. Rural Health Workforce Australia. Making health accessible: Rural Health
Workforce Australia Annual Report 2015. Melbourne: RHWA; 2015.

56. Rural Health Workforce Australia. Better for rural health: Rural Health
Workforce Australia Annual Report 2016. Melbourne: RHWA; 2016.

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

Laurence and Karnon Human Resources for Health  (2017) 15:43 Page 15 of 15

http://medicarestatistics.humanservices.gov.au/statistics/mbs_group.jsp
http://medicarestatistics.humanservices.gov.au/statistics/mbs_group.jsp
http://www.health.gov.au/internet/budget/publishing.nsf/Content/2014-2015_Health_PBS_sup1/File/2014-15_Health_PBS_2.08_Outcome_8.pdf
http://www.health.gov.au/internet/budget/publishing.nsf/Content/2014-2015_Health_PBS_sup1/File/2014-15_Health_PBS_2.08_Outcome_8.pdf
http://www.health.gov.au/internet/budget/publishing.nsf/Content/2014-2015_Health_PBS_sup1/File/2014-15_Health_PBS_2.08_Outcome_8.pdf

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Workforce challenges in Australia
	Australian health care system
	Health workforce planning in Australia

	Methods
	Baseline scenario
	Policy- and non-policy-based scenarios
	Cost of policy scenarios
	Statistical analysis

	Results
	Policy and non-policy scenarios
	Combined scenarios
	Cost of workforce policies

	Discussion
	Policy cost
	Limitations

	Conclusions
	Additional file
	Funding
	Availability of data and materials
	Author’s contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	References

