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1. Modeling of Hong Kong healthcare manpower

The overall model for Hong Kong doctor manpower projection comprises two
sub models: the demand model and the supply model.

The difference between the demand and supply projections is the manpower
‘gap’ or ‘surplus/shortfall’.

Modelling is a methodology that describes the interaction of elements inside
the system by an equation or a series of equations, in form of numerical and/or
logical equations.

Modelling of a system is driven by two factors: 1) nature of the system and 2)
data availability.

A complicated system cannot be easily explained by physical phenomena and is
with many variables, curve fitting (although confounded by interactions
between elements/variables) is a common modelling approach.




1. Modeling of Hong Kong healthcare manpower

The historical data sample size necessary for obtaining an accurate curve is
exponentially proportion to the number of variables included in the model.

System modelling involves two sets of approximation: approximate full variable
spectrum by a limited number of variables and approximate the interactions
amongst the variables by (numerical and/or logical) expression(s), to which the
modelled system is an approximation of the real system.

Hong Kong healthcare manpower is an extremely complicated system which
cannot be easily described by physical phenomena.

The core assumption of this model (an essential and common assumption of
system models) is that the manpower projection follows historical trends in the
data.

2. Projecting doctor demand

2.1 Demand indicators
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2. Projecting doctor demand

2.2 Converting healthcare utilisation to Full Time Equivalents (FTEs)
» FTE is expressed as a weighted sum of utilisation

> Weight coefficient ‘c’ and ‘W’ represents number of FTE professions per utilisation
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2. Projecting doctor demand

2.2 Converting healthcare utilisation to Full Time Equivalents (FTEs)
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2. Projecting doctor demand

2.2 Converting healthcare utilisation to Full Time Equivalents (FTEs)

Private sector
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2. Projecting doctor demand

2.3 Modeling doctor demand
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2. Projecting doctor demand

2.3 Modeling doctor demand

Utilisation z(y) is expressed as ZZP(a,s,y)R(a,s,y)

where P(a,s,y) is the Hong Kong population size of age-sex group (a,s) at year y

R(a,s,y) is the utilisation rate (i.e. inpatient discharge rate, SOP visit rate) of age-sex group (a,s) at year y

A. Support Vector Machine (SVM)

» SVMiis a kernel-based neural network that maps an input x to an output y by
means of weighted sum of kernel functions:

y = Z w;k(x;,x) + B
i

» SVM has the flexibility to ‘evolve’ an optimal structure according to historical
data and it is proved as an ‘univerisal approximator’.

» The structure is well regularised, and the generalisation ability of the
network is maximized

2. Projecting doctor demand

2.3 Modeling doctor demand

B. Regression-based method

R(a,s,y) = a(a,s) + B(a,s)y
which assumes
N(a,s,y)~Poisson(0(a,s,y)R(a,s,y))

where N(a,s,y) is the utilisation volume

O(a,s,y) is an offset term in age group , sex, and year

C. Time series approach

Linear trend u(y) =ay+b

Exponential decay trend uy) =we ™ +c

Constant trend u(y) =y




2. Projecting doctor demand

2.3 Modeling doctor demand

D. Constant growth rate

R(a,s,y) = R(a,s,2011) x (1 + x)?~2011

where x = 0.2% for public sector and 1% for private sector

E. Historical growth rate

R(a,s,y) = R(a,s,2011) x (1 + x)y 2011

The rate x is computed by minimizing Z ING) = z()
y

E. Capped growth rate

w
R(a,s,y) = R(a,s,2011) x (7 B)

1+ e—2G-yo—1) +

2. Projecting doctor demand

2.4 Model comparison

The performance of a model is represented by the sum of absolute error

0w =D Y|, (a,5,510) — Ru(a,s5,)|
L L

is the sum of absolute rate error of model 6 € {EOH-SVM, MSD-constant growth rate, MSD-historical growth

E(6,u)
rate} on utilisation u

M, (a,s,y|0) is the estimated utilisation rate on u of age-sex group (a, s) at year y by model #and

R,(a,s,y) is the actual utilisation rate on u of age-sex group (a, s) at year y.

Regression-based method: It involves an artificial cap value and year of
capping

Capped growth rate: The corresponding parameter calibration is not
always converged

Anderson model: Data for constructing the model is not available




2. Projecting doctor demand

2.4 Model comparison

MSD MSD

EOH-SVM (constant growth rate) ( historical growth rate)

Day case discharge rate (public) 0.93 756 153
Acute care in-patient discharge rate (public) 0.82 3.83 205
Acute care in-patient bed day rate (public) 7.29 44.65 17.19
Long stay discharge rate (public) 0.03 0.08 0.05

Long stay bed day rate (public) 11.09 28.42 20.21

SOP visit rate 3.67 8.09 8.08

GOP visit rate 4.04 16.95 10.06
A&E attendance rate 226 5.30 4.69

Day case discharge rate (private) 0.18 057 0.48
Acute care in-patient discharge rate (private) 0.33
Acute care in-patient bed day rate (private) 228

Private outpatient rate

3. Projecting doctor supply

3.1 Models for doctor supply
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3. Projecting doctor supply

3.2 Determinants of supply: projecting stock and flow

Number of current registrants

Neurrent (a: Y, S) = Drenewal X npre (a: Y, S) + Nyocal (av Y, S) + Mpon —local (a' V S)

Npre number of pre-existing registrants
Niocal number of local graduates

n number of non-local graduates

n number of current registrants

n number of active and available registrants

licence renewal proportion

non-local
current
active

Prenewal

Number of active and available registrants

Ngctive (av Y, S) = Ncurrent (ar V S) X Pactive (ar S)

where p,....(a,5,y) is the active proportion of age-sex group (a,s)

3. Projecting doctor supply

3.3 Converting workforce supply to full time equivalents (FTEs)

Za Zs(nuctive (ar Vs S) X Zc Dsector (ar S, C) X h(a' S, C))
Standard working hours per week per FTE

FTEsupply ()’) =

where (a,s,c) is the proportion of doctors working in the service sector c at year y

psector

h(a,s,c) is the average number of working hours per doctor




4. Gap analysis

4.1 Annual number of FTE

The number of FTE doctors in year y is stratified into the number of FTE demand doctors
and the number of FTE supply doctors

FTEsupply (J’)
FTEdemand (y) = FTEHA (y) + FTEDH (:V) + FTEprivute (Y)

4.2 Year-on-year FTE gap

a(y) = FTEdemund (y) - FTEsupply(Y)

4.3 Annual incremental FTE

1) =a@)—aly—-1






