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ABSTRACT

This thesis looks at how horizontal fiscal equalisation is applied in Australia. Some
international comparisons are made, and some characteristics of a good system for fiscal
equalisation are identified.
The Australia n system (administered by the Commonwealth Grants Commission) is
described, and a number of pieces of data that move large amounts of money are identified.
These data, along with other data identified by staff at the Commission, are used in a
regression model of the factors calculated by the Commission each year. The aims of the
models are to either predict the CGC factors without the actual CGC factors every year (so
there is only a set of factors every 5 years - we call this the replacement model); or predict
the CGC factors before the CGC releases them each year, so previous year's factors are
available (this is called the prediction model).
Examinin g the economic efficiency of fiscal equalisation or the CGC's implementation of it
is outside the scope of this thesis. All we are trying to do in this thesis is emulate what the
CGC does, but using fewer resources. Further, because we are trying to emulate what the
CGC does, we have not considered equalising capital expenditure (see Petchey, Macdonald,
Koshy and Shapiro, 2000).

It is interesting to note that Petchey, Macdonal d, Koshy and Shapiro's work used a
regression

model

with

5

independent

variables

(proportion

rural

population,

unemploy ment, proportion young, proportion old, and total population) to estimate a capital
disabilities. In this paper, we end up with 13 variables; and 10 variables left in the recurrent
expenditu re model ; and 8 for recurrent revenue. This compares to the large amount of

Census data updated by the CGC every review; and state economic, ABS survey data and
administrative data updated for an update (at least 50 pieces of data in an update).
We try to take into account the time series nature of the data; but because there are only 5
years of data, we find that the time series nature of the model is difficult to incorporate into
the estimation. We also looked at more complicated methods of taking into account the
time series (state space models), but none of these methods gave better estimates.
We conclude that a simple regression model gives us the best results for both models
(replacement and prediction model) . The implications of this for the Government are that
we can get very close to the CGC estimates without the expensive annual updating of the
data that the Commission does each year.
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CHAPT ERl

FISCAL EQUALISATION: WHY AND HOW?

This chapter introduces the theory of fiscal equalisation. Some understanding of the aims
of fiscal equalisation, and the way it is achieved elsewhere, is required before proposing
any new method for equalisation. The questions raised in this chapter are:
•

Why equalise revenue and expenditure?

•

What effect does fiscal equalisation have?

•

How can fiscal equalisation be achieved?

•

How has fiscal equalisation been applied?

This chapter concludes that horizontal fiscal equalisation enhances equity in a Federation,
allowing states to give all people the same access to services within their chosen locality. It
may also be an important element keeping a federation together.

One way to achieve

equalisation is through grants. In applying equalisation, an exact method is not required;
equalisation is a fairly inexact science, and its implementation in other countries has
certainly not been as complex as its implementation in Australia.

1

Why equalise revenue and expenditure?
In most federations, the collection of taxation is centralised. In Australia, the main taxes

linked to economic growth, the income tax and the Goods and Services Tax, are collected
by the Commonwealth Government.

This leads to a situation called vertical fiscal

imbalance: the Commonwealth Government collects most of the revenue, but the state and
local governments make most of the expenditure.

In a federation, there is therefo're a

requirement to somehow distribute these funds back to the states and local governments.
This can be done in the simplest of means, for instance, by distributing the revenue based
on the population size of each state.
While vertical fiscal imbalance is about an imbalance between revenue collection and
expenditure, in a federation there may also be horizontal fiscal imbalance. This occurs
because the units in the federation have different resources and populations. These cannot
be controlled by the government of the state. Horizontal fiscal imbalance is defined by
Mathews ( 1993) as:
"a situation in which the states are unable to provide comparable services to their citizens except by imposing
different levels of taxation." 1

There are four arguments put forward in the literature for addressing the horizontal fiscal
imbalance. They are:

(i) Compensation for welfare losses incurred with federation;
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(ii) Federal unity;

(iii) Equity between similar residents in different states; and
(iv) Efficiency (although arguments have also been made adressing
horizontal fiscal equalisation through grants is inefficient).

This section will look at these four arguments in tum.

Compensation for welfare losses incurred with federation.

When a number of

geographic areas come together to form a federation, there will be winners and losers.
Losers will generally be areas with a large tax base, the revenue from which is used wholly
within the area; and a small, but expensive-to-serve (due to higher cost or use of services)
population. Federation means that the large amount of tax collected is no longer used
wholly for that area; and if no attempt is made at horizontal fiscal equalisation, then the
an1ount distributed back to the area is not enough to pay for the services provided to the
high cost population. This means that there is no incentive for these areas to join the
federation . If they do join, they are worse off, which can create disharmony in a new
federation.

Federal Unity. Because a federation is a conglomeration of a number of different areas,
the argu1nent goes that, for political unity, all people in similar geographic localities within
each area should have the same access to services. For example, in each area joining the

1

Mathews, R (1993), p. 1
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federation, people in remote localities should have the same access to services. If this did
not occur, then there is a danger of disconten t within the federation, risking the unity
achieved.

Equity. In any federation, there will be differences in the capacity for different areas to
raise revenue, and differences that may mean that the area needs to spend more on a
particular service. These differences are outside the control of the government of the area,
and it would be unfair that people in different areas have different access to public services.

Efficiency. There is also an efficiency argument for fiscal equalisation. The interesting
point about the effect of an equalisation grant on efficiency is that it has been argued that
using grants for equalisati on can either increase efficiency, or decrease efficiency,
dependin g on the type of grant used.

The argument is based on the usual practice of using grants to achieve horizontal fiscal
equalisation. While equalisati on grants are not the only way in which a horizontal fiscal
imbalanc e can be corrected (see Buchanan (1950) on the use of differential taxes), they are
the easiest to administer, and are the most widely used method.
The argument that equalisation grants are inefficient is based on Scott (1950). Scott argued
that equalisation grants from richer states to poorer states were inefficient because they
slowed down, or stopped,, resource re-allocat ion from the poorer areas to the richer areas.
Essentially, equalisation grants encourage people to stay in inefficient areas (areas with a
low marginal product of labour).
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Buchanan countered Scotts inefficiency argument by arguing that no generalised
conclusions of the sort Scott made were possible, and that different types of grants had
different effects. Buchanan argued that a properly designed grant program need not distort
the regional allocation of resources (see Buchanan, 1952).

In the end, if the equity and federal unity arguments are accepted, then full equalisation
grants are required in a federation. If grants are inefficient, then this is the price paid for
keeping the federation.

rVhat effect does fiscal equalisation have?
Fiscal equalisation distributes a country' s taxes to those areas that need them most,
compared to an Australian average use and cost of services. This means that areas that
need a larger grant due to circumstances beyond their control will receive it. This can be
seen in the case of Australia, where the Northern Territory has a very large area that makes
the small population expensive to service; and they have a high proportion of the
population in groups that have a poor health status.

The effect of fiscal equalisation in Australia is shown in Figure 1-1. The Equal Per Capita
(EPC) line shows how much the states Viould have received per capita without fiscal
equalisation (ie, the money is distributed to the states based on the population of each
state). The bars show how much each state received per capita after fiscal equalisation had
been applied. It can be seen that the main beneficiary states are the Northern Territory,
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Tasmania, and South Australia, and the main losing states are Victoria and New South
Wales.

GENERAL REVENU E GRANTS, 1998-99 - IMPLIED 1999 REVIEW
DISTRIBUTION COMPAR ED WITH AN EPC DISTRIBUTION

Figure 1-1
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How can fiscal equalisation be achieved?
Most federated countries use grants to achieve equalisation. Other means of equalising
were raised by Buchanan (1950), including "geographically discriminatory central
government personal income taxation" 2 . The problem with discriminatory tax rates is that
in most countries, they are unconstitutional. The other problem is that individuals respond

2

Buchanan (1950), p. 595
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more quickly to discriminatory taxes than to differences in service levels. This 111akes the
efficiency problem, mentioned above, worse.
The grants made can either be tied, untied or matching. A tied grant must be spent on a
specified service.

Untied grants, also called equalisation grants, can be spent on any

service, or used to reduce revenue. Matching grants require the amount to be spent on the
specified service, and the state government must match the Commonwealth money from
their own funds.
Matching grants reduce the price of the good to the public, and stimulate public spending,
because whatever the state spends, the federal government will match it.
Untled grants allow the recipient to decide how the grant will be spent. Mathews (1974)
argues that untied grants are best suited for fiscal equalisation:
"Grants machinery should be designed to provide for the basic financif!l requirements of the states, while
leaving individual states with both the means and the responsibility for meeting marginal increases in
3
revenues in accordance with their own assessment of changing needs"

Untied grants allow the states the freedom to make their own decisions about where to
spend the money. However, there is no guarantee that the state will use the money to
provide essential services. The state govemn1ent detern1ines the priorities.

3

Mathews (1974), pp. 1,2
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Tied grants are used to force an expansi on of a particul ar service. In Australi a, these grants
are called Specific Purpose Paymen ts, or SPPs. As long as the state was already spendin g
some money on the area specifie d for the tied grant, the tied grant has the same grant effect
as an untied grant. In this case, the state redirect s any untied funding that was going to the
area specifie d in the tied grant to any other area they want. The main use for a tied grant is
to force a state governm ent to provide a minimu m level of a particul ar service.
This section so far has talked about equalisi ng recurren t expendi ture. There is also a large
amount of capital expendi ture required to run a state. The CGC has looked at equalisi ng
capital expendi ture as well as recurren t; and some work has been done by Petchey ,
Macdon ald, Koshy & Shapiro (2000), which used a regressi on model to estimate capital
disabilit ies using a few variable s as proxies for CGC factors. Howeve r, a method of
equalisi ng capital expendi ture has not been implem ented by the CGC, possibly due to the
difficul ty of measuri ng the capital stock in each state.

How has fiscal equalisation been applied?
In most countrie s, fiscal equalisa tion is achieve d through grants to equalise the capacity of
states to raise revenue .

Canada, and many of the Europea n countrie s, are example s of

countrie s that only equalise revenue . Austral ia is one of the few countrie s that makes some
attempt at expendi ture equalisa tion as well.

In many countrie s, the aim of equalisa tion is equity (fairness), with priority also given to
stability and predicta bility of funding . This means that in many countrie s, full equalisa tion
8

is not applied. In France, 90% of the grant is allocated based on a formula derived in 1993;
and 10% is based on an assessment of needs. In Denmark, a minimum grant exists. In
Italy, the main source of funds is conditional (tied) grants. Austria fixes shares for 4 years;
Germany fixes the grant for 3 years.

In the USA, equalisation is determined by a formula set by the federal government, and the
grants usually have stringent spending conditions and matching revenue requirements. An
attempt at fiscal equalisation was made in the 1970s, but the program was terminated in
1985.

Japan uses an equalisation method similar to Australia, but uses legislation rather than an
independent Commission to determine the method. A standard by which to m·easure all the
states against is set by the Government, whereas in Australia the standard is a population
weighted average of all areas. In Japan, only partial equalisation is achieved because where
a local government revenue exceeds an assessment of their basic financial needs, no grant
is paid at all. The Japanese Government also has much more power to influence the grant
paid to an area; if they consider that a local government has incurred excessive
expenditures or failed to collect all the tax due to it, they can reduce the grant paid.

Full equalisation is not applied by the states in Australia at the local government level. In
distributing funds at this level, the amount to be distributed is given to each state on a
population basis, \Nith a requirement that the state distributes it to local councils based on
what the council needs compared to an average council.
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However, there is also a

require ment that each local government area must receive a set minim um amount, so the
distrib ution is not based solely on what a council needs, but also on a political judgement.
The thing to note about all of these implementations is that equalisation is not considered
an exact science.

Many countries do not attempt to equalise expenditure, and many

countries have a minim um grant or a set per capita grant, with a small proportion of the
grant distributed using a formula. Usually, this formula remains unchanged for a number of
years. Fairness, equity and stability of funding are considered important factors in a grant
distribution system.

A study in England (Depar tment of Environment, Transport and Regions UK (2000))
survey ed a numbe r of counci ls to determine what was meant by 'fairne ss ' in equalisation.
This study found that:
'Respon dents were roughly equally divided between those who gave definitions that focussed on
the amount
of resourc es available to their own authorit y, and those who took a broader view. A number of
respondents
commen ted that ' being able to underst and the system was a key ingredient of fairness ' .4

Howev er, some respon dents also argued that there was a trade-o ff between fairness and
compl exity:

'Inevita bly, the more fair you are the more comple x you make the system.
compon ent to being fair' 5 •

4

Departm ent of Environment, Transpo rt and Regions UK (2000), p. 18

5

Ibid
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Comple xity is an essential

The most popular measure of fairness was whether the council had enough to meet the
requirements in their area (52% said most-in1portant factor), and comparis ons with previous
years (11 %) or other authorities (19%).

Stability (no large fluctuations from year to year), predictab ility (having sufficient
knnwledg e of the amount of the grant), clarity ( clear explanatio ns of how grant is decided
and why it changes are clear), transpare ncy (understa nd hov\7 the amount of their grant has
been calculated) and responsiv eness ( amounts for individua l authoritie s reflect local
circumstances) were also considere d important .

Providing advice on the distributio n of funds from the Common wealth Governm ent to the
State Governme nts in Australia is the role of the Commonw ealth Grants Commiss ion
(CGC). The recommen ded allocation of revenue amongst the states is based on v\rhat a
state needs to achieve an Australian average level of expenditu re and revenue. The total
amount distribute d is called the untied grant, and states can use this on v\1hatever services
they v\1ish.

The federal governme nt also uses tied funds (called Specific Purpose Payments ) for grants
to states for specific expenditu re.

To distribute the untied grant, until 1979, all states received untied grants from the
Commonw ealth based on a formula; and some states applied for additiona l needs-bas ed
funding through the CGC.

This additional needs based funding:__, came from the
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Commonwea lth, it did not come from the other states' grant (which it does when full
equalisation is applied).

In 1978, the Commission was asked to look into the financial

position of all six states. This was the start of full equalisation in Australia, which was
implemented fully to all states and the Northern Territory between 1982-83 and 1984-85.
The ACT was not included in the funding model because it was funded by the
Commonwea lth. It was brought into the full funding model over 4 - 8 years when self
government was introduced.

Since 1982, the CGC has used a method called factor assessment on the expenditure side;
and a method using what the CGC terms a 'revenue base' on the revenue side. The revenue
base is a base, like population or number of vehicles, on which the revenue is calculated.
The factor assessment and revenue base methods are used every year to calculate the grant
shares using new data.

The Commission 's method splits total state expenditure into 41 expenditure categories, 11
User Charges categories, and 18 Revenue categories. In the Expenditure categories, there
are more than 200 individual disabilities.

There are also many minor adjustments and

judgements to take into account state policy, missing data and other factors not under a
state's control. As will be seen in Chapter 2, this leads to one of the most complex grant
distribution systems in the world.

Australia is the only country to take such a precise

mathematica l approach to fiscal equalisation. Most countries treat fiscal equalisation as a
fairly inexact science, with an emphasis on stability of funding, transparency of method and
results, and timeliness of results.
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Conclusion

This chapter has argued that fiscal equalisation is an important part of a federation.

It

enhances the unity of the federation, encourages equity, and if implemented with grants,
may increase the overall efficiency of the economy. The main aim of fiscal equalisation is
to "ensure that every individual has access to a sound program of public services within his
chosen locality at a cost in line vvith what he would pay elsewhere. " 6

The effect of fiscal equalisation in Australia on large and less populous states like the
Northern Territory is large.

Overseas, equalisation is recognised as a fairly inexact science, and aims of fairness ,
stability of funding, clarity in explaining changes and transparency are important.

In

Australia, since 1982, equalisation grants have been calculated using a complex formula,
applied every year. The method is described in the next chapter. Australia is the only
country taking such a technical and mathematical approach to fiscal equalisation, and
applying it every year.

The next chapter looks at the methods used by the Commonwealth Grants Commission.

6

Oates (1972), p. 88
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CHAP TER2

DESCRIPTION OF THE CURRENT GRANTS DISTRIBUTION METHODS

The previous chapter looked at why fiscal equalisation is important in a federation , what
effects it has, how it can be achieved and how it has been applied in Australia and overseas.
This chapter concentrates on how equalisation is applied in Australia, in particular looking
at details of the assessment methods used by the Commonwealth Grants Commission. The
chapter ends with an assessment of the CGC methods.

Mathews , R (Ed), (1974)), and further developed by the Commonwealth Grants
Commiss ion in its Report on Grant Sharing Relativities, 1981.
The method used by the Commission has two components.

The first is deriving a

benchmar k against which to assess all the states. This is called a Standard by the CGC.
The second step is to calculate how much a state needs or ca~ give for each category of
expenditure and revenue, compared to this standard.
The standard is calculated ,using the states' aggregate budget identity for any year:
G -E+B -R-O

where
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G

total payments to the states of general revenue grants 7

0

total

Commonw ealth

Specific Purpose Payments

(SPPs) treated by the inclusion method (see below)

R

aggregate total own-sour ce revenue of the states

E

aggregate total expenditu re of the states

B

aggregate total budget result of the states (surplus or
deficit)

This identity is called the 'standard ' budget by the Commonw ealth Grants Commiss ion.
The standard budget is compiled by analysing the annual financial transactio ns of the states
and putting them into a standard scope and structure.

From this identity, the standard

expenditu re per capita, standard revenue per capita, standard budget result per capita and
standard SPPs per capita can be calculated . They are:

•

standard expenditure per capita is total expenditu re b y all eight
states (E) divided by the Australian populatio n (P), or

E
p

IE·1
I Pi

v\rhere i = NSW to NT and E i is state i's expenditu re and P i is

state i's populatio n

7

Including unquarantined health care grants, and SPPs treated by absorption.
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•

standard revenue per capita is total own-source revenue of all
eight states divided by the Australian population, or

R
p

•

LR·1

LP· where Ri is state i revenue
1

standard budget result per capita is the sum of the budget results
of all eight states (B in the aggregate budget identity above),
divided by the Australian population, or

B
p

LB·1

LP·1

where Bi is the budget result for state i

standard SPPs per capita is the total of the SPPs treated by

e

inclusion (see definition below) received by the states divided by
the Australian population, or

0

LO·1

p

LP·1

where Oi is the total SPPs treated by inclusion for state i

Once standards have been calculated, the Commission detennines how much .above or
below this standard each state requires to give each state the same capacity to provide an
average level of state services to the population of that state. The determinations made by
the Commission are called disabilities, and are based on data on state use and cost of
services for expenditure and revenue bases for revenue, and some judgement.
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In the

formulae belovv, the y and p are the expendi ture and revenue disabilit ies. How much each
state needs is called the Total Financi al Assistan ce Require d (TF AR) , and can be calculat ed
as:

E
B
R
TFAR - = P.-y
.
+P.-P-Ip
p
p p.
I

I

l

l

I

where

TFAR·1

total financia l assistan ce requirem ent of state i (that is,
the amount required for it to be in a position of fiscal
equality)

P·1

populat ion of state i

p

Australi an populat ion (I Pi)

Yi

state i's expendi ture category disabili ty ratio ( or its
relative cost of providin g services ). This is the result
of a detailed calculat ion that is made by the CGC and
describe d below.

E
p Yi

state i's standard ised expendi ture per capita (the
expendi ture required to equalise state
Australi an states)
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1

vl ith other

Pi

state i's revenue raising category disability ratio (or its
relative revenue raising capacity), which is calculated
as:

Y·

Pi=

p: I

y
p

where Yi is the revenue base for state i and Y is the
Australian revenue base.

The revenue base is the

result of a detailed calculation that is made by the
CGC and described below.
R
p Pi

State i's standardised revenue per capita.

So the Total Financial Assistance Requirement is simply the standard expenditure
multiplied by the expenditure disability plus the standard budget result minus the standard
revenue multiplied by the revenue disability. The methods used by the Commission for
calculating expenditure and revenue disabilities are provided in detail later in this chapter.
The Total Financial Assistance Requirement is then adjusted for the receipt by states of
Commonwea lth SPPs.

This gives an Adjusted Total Financial Assistance Requirement

(ATP AR), or standardised deficit. It is calculated as:

ATFARi = TFARi - Oi
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0
TFAR·1 - P·1 -p

\/'rt.·1

where

State i' s disability ratio due to the difference 1n
Commonwealth SPPs treated by inclusion paid to
states, where

Sll_
p.

1

I o
p

There are three ways the Commission can treat SPPs, being Inclusion, Exclusion and
Absorption.

Using the inclusion approach, the expenditure financed from the SPP is included in the
expenditure standards ; and the payment is treated as part of the Commonwealth rev enue
payments. It is shov\Tll as O above.

Using the absorption approach, the expenditure is included in the expenditure standards,
and the payment is treated as though it w as part of the general revenue pool distributed to
the states (ie, it is included in the term G).

Using the exclusion approach, the pa) ment and the expenditure funded from it are ex cluded
from the expenditure standard.

The annual per capita relativity (the Factor) is calculated as:
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f1

Each year, the Commission calculates the factors using the data it has available, and then
rebases these so that the popula tion weighted sum of the factors is equal to the Australian
population. By doing this, the Commission ensures that the factors are comparable across
all the states (they have the same base); and that they can be used to distribute the
Australian total grant to the states.
The rebasing ensures that:

L fitf>; = L P;
1

1

~ at each t, where t represents 5 years of data the Con1mission collects or

estimates each year.

This process is used to calculate a factor for o_ne year. Five of these factors are calculated
each year, using previous year's data. These five factors are then averaged, to give a final
factor to distribute the grant share in that year.
Table 2-1 1nakes this clearer, and shows the Comm ission' s estimate of each year·' s factors
for New South Wales from the 1993 Review to the 2001 Update .

It can be seen that there is a 'Year of estimation' and a 'Year of Applic ation'. There are 5
years of estimation for each year of application, and the years of estimation are moved
forward in each year of application. The years of application are called Update years, or
Review years by the Commission. In Review years, the Commission will review all their
data and methods, and consult with the states on any changes. There is a lot of work put
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into a Review year, and work can start 4 years before the Revievv year. Work for the 1999
Revie,v started in 1995-96:

A review year occurs about once every 5 years. This bears no relation to the 5 year average
used by the Commission to smooth the factors . In fact, the time between the 1993 Review
and the 1999 Review was 6 years, so that the 1996 Census data could be used in the 1999
Review. In the 1999 Review, there was some discussion about going to a 3 year review
period. However, the 5 year period allows some research to be done into new methods, and
gives some stability to the states, since there will be no major changes in method over this
time. In practice, the Commission may make small changes to method in an update, but
this is not standard practice.

Updates take much less time than Revie,vs, because there are usually no major changes to
the methods. Changes are mainly to the data, and corrections to the last years update or
review. The updates usually take about 3 months each year fo'r about 40 staff. The Year of
Application sho~rn in Table 2-1 is the year that the Commonw ealth Treasury publishes the
factors derived by the CGC. The Commission refers to Updates rather than the year the
factors were published. So the Commission will call the 1994-95 Year of Applicati on the
1994 Update.

In this thesis, I have tried to use non-Com mission terminolo gy ~ihere

possible, and \Nill therefore call the 1994 Update the 1994-95 year of application.
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Table 2-1

YEARS OF APPLICATION AND YEARS OF ESTIMATION, 1993 REVIEW TO 2001 UPDATE,
NEW SOUTH WALES
1993
Review
1993-94
0.87's87<i

1994
Update
1994-95

1995
Update
1995-96

Year of Application
1996
1997
1998
Update
Update
Update
1996-97
1997-98
1998-99

1987-88
1988-89
1989-90
t:::
1990-91
0
·.p
ro
1991-92
a
1992-93
Qi~922§JJ{;i;i'.'.' 0.88863 ; :. 0.89278 ·
·.p
C/l
,,,
,,,A.,,,m,,,i!Mf:o.87945 : . 0.87246
(1)
1993-94
4--<
, · . - ,. ., ,... 0.87536
0
1994-95
h
1995-96
ro
(1)
1996-97
~
1997-98
1998-99
1999-00
Source: CGC, Update and Review Reports, 1993 Review- 200 l Update

1999
Review
1999-2000

2000
Update
2000-2001

:,~Jt~~il, !fl~tlJ.: o.s14go;:

ll~:~i~tfj ~il!lii ~::~~4l:i,rJ:~~;~~ L o.86,650

C/)

0;89484
0.87351
0.87779

. o.87834, ·

.

F

.

. . ••

•;;

0.89016 :,;:
0;87260 :> () ;9l 156.t11]
0.88079'<
0.91463 -,'.~\i:f';;t6;9,i42ff'·;'
o.8s92s m;;;< o.923s6--.::·

fl!lll
<-:-;?0J12fi's

. . ·-·--·· •·•· .· O
,$sjJ~ll/ll!~i:mu11

2001
Update
2001-2002

The Commission revises the factors for each year of estimation considerably, particularly in
the ear of application after the year of estimation is introduced. After this first year, the
revisions are not as great. The reason for the revision in the first year of application after
the Year of estimation is introduced can be due to revised data (ie, a different version of the
data), corrections of errors, or revised methods . Revisions to data or corrections of errors
are usually made one year after the year of estimation is introduced, so this is 'lvhen large
changes can occur. There are not usually large revisions after 1 year, so the changes to the
Year of estimation are not great after one Year of Application. This can be seen in the
1991 -92 year of estimation, which was introduced in the 1993-94 year of application and
was calculated as 0.85022. In the follo"\t\ ing year of application (1994-95) , the figure V\ras
re ised to 0.87584. After this, the changes were not as large.

For two

ears (the 1994 Update and the 1995

pdate), the CGC showed bo"\t\1 much the

grant share changed due to corrections of errors, revised data and changes to methods.
The - sho"\t\, this as the effect on the state grants in $ million. The change in grant share is
1
based on a 5 year av erage annual per capita relativi~ , and includes SPP s and data on the

standard expenditure and revenue. From this, it is difficult to tell hovi much of a change in
the actual factors is due to corrections, changes in data or changes in method. Ho\ :ever, it
gi -es some idea of the extent of each correction. The changes for the 1994 Update and the
1995

pdate are sho\vn in Table - --. i\.fter these Updates, the Commission aggregated the

orrections and data changes into one line, changes in the disabilities . These are also sho"\t\ n

in Table ___ _

Wha t this table shows is that corrections can make a large contribution to
the grant share,
but the effect varies by state and by Update. In the 1994 Update, revised
data had a large
effect on all states , but corrections to the 1993 Revi ew spreadsheets had
large effects on
NSW and Queensland. One of the main drivers of change was updated Cens
us data, which
was not available for the 1993 Revi ew.
In the 1995 Update, the effect of corrections was not so large, but chang
es to data apart
from the populations and indigenous counts had a large effect on the grant share
.

24

Table 2-2
Upda
te
U 94

Change

CGC CHANGES TO GRANT SHARES , 1994 UPDAT E TO 1998
UPDAT E
NSW

Vic

Qld

\VA

SA

Tas

AC

NT

T

Total
1'"'.) ..) 14.3 17.5
135.5
- 19 .7
- 124.1
-48.4
11.6
Correctio ns
50 .3
-8.8
-67.6
-3 .4
11.5
0.7
2.2
15 .1
'l 8
Census
.)
'"'6 . .)-.).)
.
43.6
-44.4
-3.8
2.1 12.4
-12 .6
Revised Data
)-1
. . . .9
-54.5
-13 .9
-9.4
7.8 12.9
2.6
1.7
Method
-4.2
0.0
1.8
-1.8
-2.2 - 1.4
0.3
7.4
Total
U95
-26.8
14.3
6.8
-1 3.6
5.3
2.7
7.5
3.8
'l
Correctio ns
8.0
0.1
-7.2
-3.5
6.2 -1.0
- .) ..)
0.7
Revisions to exogenou s data
-1.5
1.0
4.1
-8 .4
0.1
1.7
6.0
-2.8
(standard budget and
SPPs)
Revisions to Indigenou s data
-0 .1
-4.5
2.8
-5.6
1.6
1.0 -1. 9
6.7
Revisions to 1v1RP
-2.1
0.6
-0 .2
1.1
0.4 -0.1
0.1
0.2
Revisions to other data 1
-31.0
17.0
6.0
4.1
-3 .0
1.2
2.7
3.0
Total
U96
6.8
50.6
-1. 2
-21.8
-6.1
-4 .2
0.6
-24.6
Revisions and Correctio ns to
29 .9
34 .9
-6.0
- 12.2
-7 .6 - 8.7 -2.2
-28.2
standard budget
Revisions and correction s to
-23 .4
16 .9
2 .9
-9 .1
1.2
4 .9
2.6
4 .0
disabilities
U97
Total
6.8
-35.2
12.0
19 .6
1.4 -4.7 · -3 .1
.) . .)
Revisions and Correctio ns to
0.9
10.2
-3.9
.0
-5.2 -3.5
0.0
-2.5
standard budget
Revisions and correction s to
6.0
-46.1
16 .2
15.8
6 .6 -1.2 -3.1
5.8
disabilities
Total
U98
15 .8
-28 .0
-10.1
6.1
.5
2.6
- 1.7
10.6
Revisions and Correctio ns to
-13 .2
-7.9
-10.0
5.3
13 .6
5 .1
1.6
5.4
standard budget
Revisions and correction s to
29.0
-20.2
-0.1
0.8
-9.0
- .) ..)
-2.5
5.3
disabilities
Total
R99
277.0
-132.3
- 106 .2
-19.2
-64.3
1.6 31.0
-1.5
Revisions and Correctio ns to
3 .8
-21.0
40.5
0.6
-2.2
2.8
-7.8
-16.7
standard budget
Revisions and correction s to
- .) .) . 9
105 .3
-17.3
?- 8
14.7
-100.6 _.)_
38.9
-30.7
disabilities
Adoption of new Census
-3 .1
26.4
-43 .2
-20.2
43.7
8.0
3 .1
-14.7
data
I
This line includes any interactio ns between the abo ve changes. In particular , interactio n between changes
in the composition of the standard budget and changes in other assessme nt data can be large. See CGC
(1 996), p. 332 for an explanati on of the interactio n term.
'l

'l

'l

'l

'l

'l

'l

'l -

The other interesting point to note about Table 2-2 is the large change to the factors
between the 1998 Update and the 1999 Review. This is because the 1999 Review vvas a
review of data and methods , so any large method changes were include d in this year of
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application.

The main single change was the introduction of depreciation into the

assessments . Other changes to assessment methods had large effects on some states. A
description of all the changes can be found in Commonwealth Grants Commission (1999a)
and Commonwealth Grants Commission (1999b).

This five year average rebased annual per capita relativity is then applied to the pool of
money agreed by the Commonwealth and States, to calculate the actual grant received by
each state. For the Commonwealth Grants Commission's purposes, the pool is exogenous
- it is agreed between the Prime Minister and State Premiers. The Commonwealth Grants
Commission has no influence over the budget result which is based on state budgets. The
SPPs treated by inclusion are also exogenous to the Commission, because the amounts are
determined by separate agreements between the Commonwealth and the states. The rest of
this chapter will expand on the elements of this calculation that the Grants Commission has
some influence over, being the expenditure and revenue disabilities. These are the values
that would need to be estimated if the CGC distributions were to be predicted.

The

standard budget, pool and SPP's are all exogenous to the CGC.

Expenditure Disabilities (Yi)

An expenditure disability is something outside the control of the state that affects their costs
or use of services. Examples are scale efficiencies (more populous states can spread any
fixed costs over more people, lowering the average cost of providing a service); or
socio-demographic factors (some population groups costs more to service or use more
services - for example, if a state has more older people, the hospital costs will be higher).
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On -the expenditure side, the Commission splits all state type expenditure into categories
and expenditure components. A category consists of expenditure on a function that is the
responsibility of the states.

Some examples of categories are Police, Courts, Hospitals,

Primary Schools, etc. An expenditure component is a definable part of the total category
expenditure which would have different expenditure disabilities applied to it. An example
may be head office costs, crime prevention and law enforcement for Police costs. Lav,,1
enforcement would be all costs associated with solving crimes; crime prevention would be
all costs associated with preventing crime; and head office costs are all the fixed costs
associated with running a Police force .

Expenditure disabilities are then applied to these components.

Some disabilities are applied to a number of categories.

These are called Common

disabilities. Examples are the scale efficiency disabilities. Other disabilities are specific to
a particular category of expenditure, for instance, older people affect Health expenditure;
but not roads.

There are a total of 300 Expenditure disabilities in the Commission's

assessments. Of these, about 100 would need to be updated each year, and there are about
50 pieces of data updated. 8 These data are updated each year, in what the Commission
terms an Update of the relativities. In an Update, about 45 Excel workbooks are updated
,vith new data. Each workbook varies in complexity, from having 1 or 2 sheets to having
many sheets and linked v.,rorkbooks. The complexity of the update process can be seen in

8

A fi;ll list of categories, components, disabilities and data required for each is available from the author.
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the CGC Working Pape rs for each upda te (see CGC (1999a) for the 1999
Revi ew working
papers. These are also publi shed for each Update).
The Grants Com missi on uses a numb er of standard ways to calcu
late expenditure
disabilities. One of these is to make a judge ment that certain groups cost x
ti1nes more than
the average (standard) popu lation ; or use services y times more than the avera
ge. The cost
and use weights are then multi plied by the popu lation in that group in
each state; the
weig hted populations are summ ed and then divided by the state popu
lation to give a
numb er for that state relative to all other states. This numb er is then
divided by the
Aust ralian ratio of the total weig hted popu lation to total Australian population
, so that the
Aust ralian value is 1. The state value s are then abov e or below 1, and are
called factors.
The formula is:

C

g

* pg,.

~
C

g

* pg
p

wher e cg is the cost or use weig ht for the group, P gi is the state population
for the group and
Pg is the Australian popu lation for the group, and Pi is the state population.
In practice, it is very difficult to work out exactly how much more a parti
cular group costs
or uses a service. Some times very good data are available. An exan1ple
of this is the
Hosp ital category, wher e Hosp itals keep data on admissions by socio-dem
ographic group,
and have standard costs. In other areas, for exam ple Polic e expenditure, data
on all users of
Polic e services are not collected. In these cases, the Com missi on makes judge
ment s about
what should be the correct cost and use weights.
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If data on the actual users are available, then the Australian average use rate is calculated;
and this use rate is applied to the population of each state. The use of Australian average
rates ren1oves the effect of differential state policy on the actual use data - the amount each
state is funded for is the amount they would have spent if they used the Australian average
policy, not their actual policy.
If actual use data are available, there may still need to be a further cost weight applied to
high cost users, like low fluency in English persons who need interpreters.
The disabilities are combined in each compone nt to form a component factor, and then
added to form a category factor. To form a component factor, the disabilities are either
added or multiplied. Disabilities are usually multiplied, unless they impact on similar costs
in the component, in which case they are added to avoid double counting.
This category factor is then applied to the standard expenditure to give the gross
standardised expenditure for each state. The standardised expenditure is the amount a state
would have spent on the category given its disabilities.

The needs for a state are the

standardised expenditure less the standard expenditure. The Commissions working papers
show examples of these calculations (see CGC (l 999a))
A graph of the expenditure factors for each year of estimation within one year of
application (1994-95) is shown in Figure 2-2. In this figure, the NT is shown on a separate
scale, because it is so different from all other states. The scale for the NT is the same
percent from the minimum to the maximum as the scale for the other states, to give some
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comparabilit y between the NT and all other states. The scale for all other states is the same
scale used for the revenue chart (Figure 2-3).

The expenditure factors within a year of application are fairly constant. The NT is the only
state that has a pronounced difference in 1990-91.

Figure 2-2

EXPENDITU RE FACTORS FOR EACH YEAR OF ESTIMATIO N IN
THE 1994-95 YEAR OF APPLICATI ON
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Revenue Assessments (Pi)

Revenue categories are treated slightly differently from expenditure categories at the Grants
Commission , because the focus is not on identifying and measuring the revenue raising
disabilities per se, but on the choice of a revenue base which directly reflects the effect of
all revenue raising disabilities.
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Standard revenue effort is defined as total revenue divided by the total of all state 's revenue
bases.

The standardised revenue is how much the state would raise from its own revenue

base if it applied the standard revenue raising effort.

The Commission currently uses three types of revenue bases:

(i) Tax Base. These measure the number or value of activities or assets subject
to tax under conditions representative of those applied by the states. The
CGC tries to remove any policy effects by an adjustment to the base.

(ii) Proxy tax base.

Used if suitable data on the transactions/values/assets

actually subject to the tax are not available, or it is not possible to remove
the effect of policy differences from them.

Proxy bases reflect the legal

incidence of the tax, but use data from independent sources.

They are

therefore less affected by state policy.

(iii) Sub-global bases. These are broad economic indicators, such as Gross State
Product. They may reflect judgement on the effective incidence of tax, and
are therefore relatively policy free.

The Commission' s preference is to use tax bases or proxy tax bases where possible. The
effect of policy on a revenue assessment may be measured with greater confidence than for
an expenditure assessment because taxation provisions are explicit, although not always
easy to apply because of exemptions, concessions and avoidance measures. However, if
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policy contamination is thou ght to be large, and cannot be removed,
sub-global bases are
adopted.
Generally, the revenue assessments are not as complicated as expe
nditure assessments,
because there is not the requirement to identify, measure and
combine individual
disabilities, as is done for expenditure. There is also less policy influ
ence in the Revenue
tax bases. The revenue categories generally start from actual revenues
and actual tax bases;
whereas expenditure assessments start from a standard expenditu
re.

The two general

approaches can be seen in Figure 2-3.
In some cases, whe n there is little policy effect on an expenditu
re category, removing
polic y differences from actual expenditure may also be used to
calculate a standardised
expenditure. However, this method is only used for expenditure categ
ories when the factor
assessment method is too difficult to implen1ent.
On the Revenue side, for an Update, there are 15 workbooks and abou
t 20 matrices of data
to update. This is less than the amount of data required for an Expe
nditure update, and
consequently there are fewer staff working on the Reve nue update.
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Figure 2-3

RELATIONSHIP BETWEE N ACTUAL , STANDA RD AND
STANDARDISED EXPEND ITURES AND REVENU ES

Actual
Expenditure/
Revenue

•

Policy

Standardised
Expenditure
I Revenue
Standard
Expenditure
/ Revenue

Remove

-

-

Assess

non-policy

differences

•

A graph of the revenue factors assessed by the CGC in the 1994 Update is shown in Figure
2-4. This chart uses the same scale as the chart for the expenditure factors. It can be seen
that the revenue factors are more variable than the expenditure factors. The expenditu re
factors were fairly constant over the years of estimation, trending slightly up or down.
However, the revenue factors for all states are far less predictable.
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Fioure 2-4
~

REVENUE FACTORS FOR EACH YEAR OF ESTIMATIO N IN THE
1994-95 YEAR OF APPLICATI ON
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Advantages and disadvantages of the current system
The main advantage of the current system is that it is agreed with all the states and the
Commonwea lth. While the states will criticise particular details in the approaches, and the
larger states will sometimes argue against equalisation in general 9 , when equalisation is a
given, the Commission assessments are accepted by all states.
The main disadvantage of the current system is that it is data intensive. If the impact of
young males on police expenditure is required, then the use of police services by young

9

See the Victorian Submission to the CGC Review of methods (Albon, R. (1 990 )); and the TSW newspaper
advertising campaign when the results of the 1999 Review were released.
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males is going to be required (both the number of times serviced and the time spent); and
the additional cost attributed to young males is required.

Most of these data are not

available.

The result of this is that many of the Commission ' s assessments are based on judgements
made by the Commissioners and Commission staff.

This judgement is based on

discussions with the states, visits to the states, and recommendations from staff. Many of
the judgements are based on interpretation of the best available data, but are then included
into an enumerative model ,i\,hich treats them as facts.

The other detailed data required by the Commission for its model is actual expenditure by
the states on each category (preferably each component), for each year, on the same basis
for every state. This is used to calculate the standard expenditure. This has been difficult
to uget recentl ./ as the Commission has started getting it from the ABS rather than collectin2:
c..,...,

it themselves. In the _000

._...

-

pdate, the Commission used a trend to estimate most of the

standard budget data (all states except the ACT), because the ABS data

'.i\

ere not av ailable

in time due to diffi ulties faced by most states in preparing and delivering data to the ABS
. 10
. bas1s.
on an accrua1 accountmg

There ma.; also be d finitional problems -v;ith the data, so some states include expenditure
on certain serYi es ,vhich other states do -not.

V\ ile the Commission tries t o get

comparable data ,~,herever possible, in some cases this is not possible .

..... ,..
.)

Anot her disad vanta ge of the factor asses smen t appro ach is that there may
be a numb er of
facto rs tryin g to meas ure simil ar influ ences on expen ditur e.

This could lead to double

coun ting. An exam ple is dispe rsion , whic h takes into accou nt the dispe rse
natur e of a state;
and any facto r whic h inclu des a weig ht for indig enou s perso ns. For indig
enou s perso ns
livin g in remo te areas, the addit ional costs due to dispe rsion need to be
remo ved befor e a
cost is calcu lated for the indig enou s perso ns. If this is not done, the dispe
rsion costs are
inclu ded both in the dispe rsion factor and the indig enou s factor.
The mode l used by the Com missi on is also a fairly techn ical mode l, whic
h can be difficult
to unde rstan d. For insta nce, when shou ld disab ilitie s be added ? And when
shou ld they be
multi plied ? Why is the stand ard the popu lation weig hted avera ge of all
states, not a simp le
avera ge?

Thes e quest ions can creat e confu sion for peop le from the outsi de tryin
g to

unde rstan d the Com miss ion ' s mode l. It also mean s that the clarity due
to being able to
ident ify exact ly what influ ences a parti cular part of state expen ditur e is
lost in the detail of
how these disab ilities are comb ined.

The other point that need s to be made is that the curre nt syste m is
enum erativ e.

It is

essen tially a big calcu lator, with a numb er of comp lex relati onshi ps progr
amm ed into it.
The draw back of this appro ach is that every relati onsh ip needs to be speci
fied correctly and
the raw data going into the mode l need to be corre ct.

° Commonwealth Grants Comm is sion (2000a) p. 27

1
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fiVhat do the CGC factors look like over time?

Fi gure 2-6 shows the CGC factors for all years since the 1993 Review . These are the 5
year average rebased factors , so there is a lot of averaging and smoothin g in these numbers.
Because the Northern Territo_ry has a much higher factor than all other states, a separate Y
axis is used, shown on the right of the graph.

Figure 2-7 and Figure 2-8 show the expenditu re and revenue factors from the 1993 Revie\f\1
to the 2001 Update. These are the factors for one year of applicatio n, so they have been
averaged over 5 years of estimation . In the Expenditu re graph, the NT uses the right hand
scale. All other states use the same scale for both expenditu re and revenue.

It can be seen that, if the NT is excluded from the analysis, the rev enue factors have a
greater range than the expenditu re factors. The revenue factors range from 0.73 and go up
to 1.13 , whereas the expenditu re factors go from 0.93 up to 1. 1. Both sets of data are fairl y
constant over time, although the revenue values seem to be slightly more v ariable.

In Chapter 1, some criteria which could be used to assess a grants distributio n system w ere
identified.

Many of these componen ts were also found in other ov erseas systems,

confirmin g their v alue. Son1e of them are subjective , so there is no w ay of assessing a
grants distribution system against these criteria. An exan1ple of this is fairness. Some of
the criteria were difficult to assess, for example, predictab ility . Somethin g may be v ery
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predictable if a good proxy is available for it, while also being unstable. Some criteria were
very similar, for instance, clarity and transparency.
We have assessed the Commiss ion's model against some of these criteria. The components
we have assessed are:

•

Stability of funding;

•

Clarity in explainin g any changes;

•

Transpare ncy of method; and

•

Responsiveness.

Stability offunding

Figure 2-6 shows the same factors as shown in Figure 2-5, but with the first year rescaled to
1.0. This means it is easier to compare the factors across the states, since they all have a
common starting point. It can be seen that the distributions are stable for the larger states
but are more variable for the smaller states (Tasmania, the NT and the ACT). Much of this
stability comes from the 5 year moving average that the CGC uses.
The Commission does try to introduce some stability into its assessments by using a 5 year
average of factors for one application year. This means that any new data or method is
introduced over 5 years.

This also means that the complex calculations made by the

Commiss ion are diluted to such an extent that the value of the work involved in these
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calculations is questionable, since only 20% of any change is implemented each year. Mr
Rye, Chairman of the CGC for some time, was reported in a newspaper article as saying:
"CGC Chairman Mr Dick Rye said yesterday that under the new plan significant changes had been made to
the way assessments were made, but many of the funding effects were cancelled out in the final
1
redistribution" 1

So , while the Commission makes some complex calculations, as outlined above, much of
the new data or methods introduced cancel out, or are smoothed out with a 5 year average.

Figure 2-5

CGC FACTORS FOR ALL STATES, R93 - U2001
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Clarity in explaining any changes
The method that the CGC uses to distribute funds to each state, and the amount of data
update d each year, make it very difficult to explain why a grant share has changed. The
Comm ission provides some analysis of the drivers behind any major changes (see Table
2-2), but it was only done at the Data and Metho d level for two years. After these years,
the Comm ission merge d the Data and Metho d changes, and only showe d Assessment
changes and Standard Budge t changes.
Becau se of what the Comm ission terms interaction between data, it is very difficult to tell
exactly what effect one piece of data has on the grant share. This means the Commission
tends to do any analysis of the grant share changes at a category or factor level, but not at a
raw data level. Much of the raw data is also held in spreadsheets, which makes analysis of
change at a raw data level technically difficult.
The Comm ission publishes data on econom ic conditions (see CGC (2001 a), p. 393), which
may give some idea on why a state's grant share has changed. However, there is currently
no way to link a change in econom ic conditions to a change in the grant share, that is, there
is not direct link between changes in econom ic conditions and grant shares.
While the Commission has done much work on explaining changes to the grant shares since
the 1993 Review , including analyses like that in Table 2-2, the Comm ission' s model is so
compl ex and detailed that it is difficult to identify exactly why a state's grant has changed.
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Responsiveness
Responsiveness is about making changes to the model to reflect changing circumsta nces
quickly.

Through co1nmunicating with the states, meetings and other foru1ns , the

Co1nmission is responsive to state needs. Implemen ting any changes over 5 years (through
using a 5 year moving average of the factors) loses most of this responsiv eness, so in the
end this advantage is lost in the Co1nmission's process. Without the 5 year moving average,
the factors would be more variable, so there is a trade off between responsiv eness and
stability of the factors.

Transparency of method

Transparency is defined as 'being able to understand how the amount of their grant has
.

been calculated '

12

At an aggregate level, the CGC's calculations for each assessmen t are fairly transpare nt. A
state can see which disabilities affected their grant share, and whether it was a positive or
negative effect. However, while a state can understand at a broad level how their grant is
calculated , by looking at the disabilities that are applying, the actual methods used for
calculating the disabilities are very complex.

Factors are either multiplied or added

together; they are rebased using the Mean Resident Populatio n (an average of 5 quarters of
the ABS Estimated Resident Population); data can be co1nbined in different ways; and

12

Department of Environmen t, Transport and Regions UK (2000)
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some data are averaged over a number of years. Further, small adjustments are made that
have a very small effect. As an example, each year the Education category adjusts the
number of students in the ACT by excluding those students in Jervis Bay. This can be
shown to have no effect on the total grant share.

An analysis has been made of all the data the Commission changes each year, and how
much this moves. This analysis shows that 26% of the data changed by the Commission
moves less than $100 000 between the states 13 . These small changes to data in an update
make the calculation of grant shares much harder to understand.

Conclusions

This chapter has summarised the analytical approach of the Grants Commission , and has
shown how it is applied to both expenditure and revenue.

It can be seen from the

description of the method that the assessments are fairly complex and data intensive. While
the broad model is easy to understand, the application to specific State Government
expenditure, and attempts to remove state policy, mean that specific assessments can easily
get bogged down in detail.

Evidence of this is the number of spreadsheets updated for an Update. There are about 100
spreadsheets updated with 50 pieces of data. The document describing the 2000 Update
method was 5 volumes with 1270 pages.

13

This analysis is available from the author.
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The overall effect of con1plicated assessments is that they are difficult to unders tand; and it
is easy to introduce unintended relationships betwee n disabilities. Many of the disabilities
assessed by the Commission 1neasure similar effects on state expenditure. For instanc e, the
Dispersion factor takes into account costs associated with a more dispers e popula tion;
however, the indigenous popula tion also live in remote areas.

Any cost weigh t for

indigenous persons must also take into account costs associated with disper sion, or the
dispersion costs will be counted in both the dispersion and the socio- demog raphic
(indigenous) cost factor. The Grants Commission has attempted to 1ninimise this double
counting wherever possible by adding disabilities rather than multiplying them, but this will
only minimise extreme double counting; it will not remov e it completely.
The next chapter proposes a simpler model for estima ting the grant shares using a simple
regression model.
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CH AP TE R3

PROPOSED METHOD

In Cha pter 2, the CGC methods for upd atin g and reviewing
thei r factors were outlined. It
was show n that the met hod used for a revi ew and an upda
te wer e exactly the same. The
sam e spreadsheets are used, and the sam e mathematical
formulae are used.

The only

difference is that updates are done each year; and reviews are
don e once every 5 years; and
reviews reconsider all the methods and the data, while the Upd
ates in principle revise data
and correct errors. In prac tice small changes to the method can
be made in an Update.
I have show n in Cha pter 2 that:

•

the CGC method is a complex and data intensive task. Onc
e new
data for an update have been entered, the new factors are aver
aged
over 5 years, negating much of the advantage (eg, responsivene
ss)
of recalculating the full model with revised data.

•

muc h of the data updated by the CGC in their updates has
little
effect on the distribution of grants to the states; and

•

it is difficult to tell v\,ha t data causes a change to the gran
t share
usin g the Commission's method because of interaction between
all
the pieces of data in the Commission's model.
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In the rest of this thesis, I propose a method that uses socio-economic data from the states
to model the CGC factors for all five years of estin1ation in one year of application against
some state aggregate socio-demographic data. The coefficients calculated from this n1odel
are then used to recalculate the update factors for each year of estimation in future years of
application when new data are available.
A review could be held when new Census data becomes available, and any new method s
could be incorporated at this time. This would mean any judgem ents could be introduced
in a review, and these judgem ents would be reflected in the coefficients of the regressi on
model until the neAi review, when they can be tested again.

So the judgem ents and

decisions of the Commission are held fixed for 5 years, with the factors updated using some
broad socio-demographic indicators.

The 5 year period means that the Commi ssion's

technical approach is used to bring in new judgem ents, decisions, method s and data; but the
regression model used in the updates brings in some transparency and simplicity.
The advantages of this method would be:

•

Any changes would be transparent and could be directly attribut~d
to some socio-demographic data through the coefficient;

•

The method is less prone to errors, since it is less comple x than the
Commission's model;

•

Once all the data are available, the calculation would be quick and
easy, saving the Government about $1.5 million per year (based
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on 30 staf f wor king 3 months to complete an update,
and
including all overheads and staf f on-costs);
•

The Com miss ion would have more time to wor k on the
5 year
review of methods;

•

The states can easily replicate the calculation themselves; and

•

Bec ause of the implicit averaging in the regression mod
el, the
factors are fairly stable over time.

Disa dvan tage s are that any changes to method cann ot be inco
rporated into the model each
year. In the modelling, we have assumed that only the data
changes in an update.
This model has been termed the repl acem ent regression mod
el.
Alternatively, a regression model could be used to predict
the outcome of the CGC model
before it beco mes available.

This could assist states in budget deliberations, since the

initial factors wou ld be available as soon as the relevant ABS
data are available. These
data are usually available by Dec emb er each year; and the
Com miss ion publishes their
factors in late February. The prediction model gives the state
s and Commonwealth some
idea of wha t the numbers are going to be 3 mon ths before they
are available.
The prediction mod el could also be used to give the states
some idea of why their grant
share has changed, using some broad econ omi c indicators.
So while the CGC can attribute
a change in a states grant to factors , whi ch ·can depend on
a large amount of data and
analysis, the prediction model could be used to attribute
changes in the grant to state
growth, salaries, students, older persons, etc.
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This could be achieved using a regression model that could include the CGC n1odel ' s raw
factors calculated from each year of estimati on in the last application year to get better
predictions for the years of esti111ation in the next application year. This should give better
results than the Replace ment Regress ion model (measur ed as being the closest to the actual
CGC distributions), since some other informa tion (the actual CGC results from the last year
of application) can be include d in the model. The prediction can be adjusted each year
based on the actual CGC calculation. This model has been termed the Predicti on model.
The three main problems in the modelli ng were:

•

Taking into account the time-se ries nature of the data;

•

Taking into account the requirem ent that the populat ion-wei ghted
su111 of the factors was equal to the Austral ian populat ion
('re basing'); and

•

Taking into account revisions made to the data by the ABS.

The models in this thesis are estimated using the 1994 Update factors, and tested on the
1995 to 1998 Updates, a 4 year horizon. The 1994 Update was used to estimate the model
because the 1991 Census data were first used in this year. There was therefor e a break in
the data between the 1993 Review (which used 1986 Census data) and the 1994 Update.
The method and census data from the 1994 Update were used up to the 1998 Update,
giving a 4 year time series on which to test the model.
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All the mod els outli ned belo w are teste d agai nst the Grants Com
miss ion's figures. This
assu mes that the CGC figur es are corre ct, and repre sent 'true
' equalisation.
assu mpti ons may not hold from upda te to upda te.

Thes e

The Com miss ion's calculations are

com plex , and man y spre adsh eets are used, so that errors can be made
.
The othe r ques tion is whe ther the CGC calcu latio ns repre sent
'true ' equalisation. Som e
wou ld argu e that they do not. How ever , the only avail able figures
for com parin g our mod el
are the Com miss ion's figures , but it mus t be reme mbe red
that the Com miss ion's
calcu latio n of equa lisat ion is base d on their own assu mpti ons and
judg emen ts. As outli ned
in Chap ter 1, one of the start ing poin ts for this thesis is
that equalisation is not a
math emat ical science, and there is no one 'corr ect' answer.
Both mod els estim ate expe nditu re and reve nue sepa ratel y.

How ever , to simp lify the

form ulae in this chapter, only the expe nditu re form ulae are show
n. The revenue form ulae
are exac tly the same , exce pt reve nue facto rs are used as the depe
nden t variable instead; and
inde pend ent varia bles asso ciate d with the reve nue asses smen ts are
used.

The Repl acem ent Regr essio n Mod el
The mod el is a regre ssion mod el of the form:

Equa tion 3-1

..................... yita= ~ 1+Xi ta~+e ita
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Where Yita is the Expenditure raw factor for state i , year of estimation t and year of
application a, ~ 1 is the Expenditure constant, Xita is a vector of the variables that affect the
expenditure raw factors,

~

are the coefficients for these variables estimated from the

regression, and eita are the errors for Expenditure in state i for the year of estimation t within
the year of application a.

The year of application a is important in the specificatioB because of the problems with
data revisions. When the models are estimated (at time a), the data available are the best
available at that time. However, a year later, the data for a particular year of estimation t
1nay have been revised, so when the factors are estimated using the coefficients, the X data
for the year of estimation t are as at the new year of application.

To estimate the model, one year of application is chosen. Normally, this would be a review
year. However, in some update years major changes are made to the data or methods,
which are outside of the CGC's control. If this is the case, the Regression model may need
to be re-estimated. For instance, the changes made in the 2000 Update to take account of
'A New Tax System' (ANTS) meant some categories were added and some revenue
categories were removed, so there was a large change in the method. In this case, the
regression model would need to be re-estimated.

If there is a good chance that the coefficients in the Update model will have changed, then a
full review of methods will need to be done, the CGC model would need to be recalculated,
and the replacement regression model re-estimated using the new CGC model outcomes.
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In statistical terms, if there is a break in the series, such that the CGC model has to
be reestim ated, then the regres sion mode l will als·o need to be re-estimated.
Such a break did occur betwe en the 1993 Revie w and the 1994 Update. The 1993 Revie
w
was a full review of metho ds, but used 1986 Census data, becau se 1991 Census data
were
not available. The first year of applic ation to use 1991 Census data was the 1994 Updat
e,
which used the 1993 Revie w metho ds. In princi ple, we want to base our model on a
year of
applic ation which has the data and metho ds used for the future years of application
in the
Revie w cycle. In the 1993 to 1999 Revie w cycle, this was the 1994 Update.
The mode l is also based on data that would be associated with the methods used
in the
CGC model. The data used are selected based on the CGC methods. These data
may
chang e when the metho d used in the CGC mode l changes. For instance, if the Feder
al
gover nmen t decided to take over respo nsibil ity for schools, so schools expenditure was
not
includ ed in the CGC model any more, then the numb er of students should not be includ
ed
in the regres sion model. Similarly, if police expenditure started becom ing a drivin
g force
behin d state expenditure, then crime rates may be considered for the regression
model.
This may also constitute a break in the series, which would require re-estimation
of the
model.

There are 40 observations to estim ate the reven ue and expenditure equations, 8 states
and 5
years for each state.

52

Once the regression model has been estimated, the coefficients are used with new ABS data
to calculate new expenditure and revenue factors for each future year. The new factors are
predicted with:
"

Equation 3-2

Y;rb

"

= f31a + X;,b/3 a

where b is the year of application that is being estimated. Note that a year of application is
used both for the coefficients and the X values, but these year of applications are different.
The year of application a is the year for which the coefficients have been estimated; the
year of application b is the year to which they are being applied.

In this model, the X values used have been those that would have been available in the year
of application b. This means the Y values predicted are also as they would have been in
year of application b.

The expenditure and revenue factors are predicted for 5 years of estimation (t = 1. .. 5).
These numbers are used for the Mean Absolute Percentage Error in the Results section.

The TF AR is then calculated as:

Equation 3-3

TF AR

itb

E tb
= pitb p
ili

"
Yitb

+

p

pB - p pR
tb

itb

tb

itb

ili

"

pitb

ili

Where yitb is the predicted expenditure factor for state i in year of estimation t in year of
application b, pitb is the revenue factor for i, t and b, Pitb is the state population, Etb is the
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standa rd expend iture in year of estima tion t in year of applica tion b, Ptb is the popula tion,
Rtb is the standa rd revenu e and Btb is the standa rd budget.

The popula tion, standa rd

expend iture and revenu e, and standa rd budget are all exogen ous, and in the predict ions are
taken from the CGC Report s on Genera l Reven ue Grant Relativ ities from 1994 to 199 8.
The TFAR is then adjuste d for SPPs (again exogen ous and taken from the CGC reports) to
get an A TF AR, calcula ted as TF AR - Oitb where Oitb are the SPPs treated by inclusi on for
state i , year of estima tion t and year of applica tion b.
These ATF ARs are then conver ted to factors by dividin g the state A TF AR by the
Austra lian ATF AR. The five years of estima tion are averag ed over t to get one factor for
the year of applica tion b. This factor is then re based (see Chapte r 2 for a descrip tion of this
proces s), so it can be applie d to the total pool of money . This pool is exogen ous, and is
taken from the Comm onwea lth Treasu ry Budge t Paper 3, Federa l Financ ial Relations.
Each states factor is multip lied by the Austra lian per capita pool to get a per capita
distrib ution to that state. Becau se of the rebasin g, the full amoun t of the pool is always
di stribut ed. This per capita distrib ution is used for the second test for the reliability of the
models .

The Predic tion Model

Th is mo del tries to predic t what the CGC factor would be before the CGC announ ces it. It
uses the CGC estima tes from previo us years of applica tion to help predic t the next year of
applica tion.
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Incorporating the CGC estimates from previous year of application years of estimation in
the current year of application can be done in two ways. Briefly, these are:

•

Re-estimate the coefficients from the last year of application, and
apply these to new data to get an estimate for each year of
estimation in the current year of application; or

•

Calculate the coefficients for one year of application, and apply
these to new data for each year of estimation in future years of
application, while also using the previous application year CGC
results to refine the model.

The first method would use the same regression model used for the replacement regression
model:

Equation 3-4

..................... Yi1a=~1+ Xita~+eita

The coefficients for the model would be estimated from the most recent year of application
(a), and would be applied to each year of estimation in the current year of application:
"

"

Equation 3-5

Yit (a+ l )

= /31 + xit (a +l)/3

This is si1nilar to the prediction model for the Replacement regression, but it is only used to
estimate one year ahead (a+ 1). This 1nethod means any changes in method, data, etc, from
the last year of application are taken into account in the next year's estimate through new
coefficients. The final expenditure and revenue factors, and the A TF AR would then be
calculated the saine way they were for the Replacement model.
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The secon d metho d uses the same estim ation model, but keeps the coefficients estima
ted in
a chose n year of applic ation a to apply to future years of applic ation b, adjust
ing the
estim ate to take into accou nt the actual CGC outco mes.

This predic tive model is very

simila r to the replac emen t regres sion mode l, excep t that some additi onal information
(the
actual CGC outco mes) are includ ed to revise the estima tes. In this mode l, the outco
mes
have been includ ed in the estim ation throug h expon ential smoo thing of the errors
. They
could also be includ ed throu gh a numb er of other metho ds, and in the next section
we look
at how they could be includ ed using some time series mode ls, includ ing a lagged depen
dent
variab le and an autore gressi ve (ARI ) mode l.

A graph ical view of how the past years of estim ation assist in predic ting future
years of
estim ation is shov-.1n in Figur e 3-1.

It can be seen that if the mode l is consis tently

under estim ating the actual factors, then an expon ential smoo thing correc tion may
correc t
the probl em. The expon ential smoo thing in the first year of applic ation predic ted only
uses
the last year of estim ation from the estim ated year of applic ation. In future predictions,
the
errors contin ue to be used, but the most recent years of estim ation are given less
weight.
This is shown in Table 3-1.

Becau se the CGC uses revise d ABS data for the secon d last year of estima tion in each
year
of applic ation (see Table 2-1 in Chapt er 2), the predic tion using the expon ential smoot
hing
place s more weigh t on earlie r years of estima tion, rather then later years of estima
tion
(whic h v,.rould be the more tradit ional appro ach, to place the most weigh t on the most
recent
data). For the expon ential smoo thing mode l, the estim ation becom es:
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Equation 3-6
Yit b

= /31 + X;,b /3 + (l - Y )ei ( t- (n-l))(b -l ) + (l - Y )2 ei (t - ( n-2 ))(b -l ) + ·.. + (1- Y )'1 ei (t -l )(b -1 )

where e is the error term (CGC factor - estimate) for the t-n year of estimation in the last
(b-1) year of application, n is the number of years of estimation into the year of application
t is, and y is a constant. One of the problems with this smoothing function is the choice of
y. The role of y is to discount previous years values. Brown (1963) states that:

'If you have a great deal of confidence in the prediction of initial conditions, use a small
value of the smoothing constant, a ~ 0. If you have very little confidence in your initial
prediction, use a larger value, so that the initial conditions will be quickly discounted.r1 4

Brown (1963) also suggests that the smoothing constant will be between 0.01 and 0.3, and
that the results will not be very sensitive to the choice of the smoothing constant (Brown, p.
106). In this model, we have no prior information on the value of the smoothing constant,
and have used y=0.2 because it is between the values suggested by Brown, and we have a
moderate level of confidence in the past factors, but because state conditions can change
over 4 - 5 years, not too much weight should be placed on the older factors.

14

Brown (1963), p. 103
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Table 3-1

YEARS OF ESTIMATION USED TO ASSIST PREDICTION IN
FUTURE YEARS OF APPLICATION
1994-95
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1995-96
1996-97
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Using the time series nature of the model
It can be seen from Table 1 in Chapte r 2 that if there was some relationship between each
of the years of estimation, then this could be used to get better estimates of the dependent
variab le for the next year of estimation. In theory, there may be some relationship, since
there is usually some relatio nship over years for econom ic variables.

This time series

nature could be used in the replac ement regression model and the prediction model. In the
replac ement regression model, the time series nature of the errors in the 5 years of
estima tion in the one year of application could be used to adjust the errors in future years of
estima tion. If the 1993-94 year of application was estimated, and there was a relationship
betwee n the errors in the years of estimation (1987- 88 to 1991 -92) in Chapter 4, Table 1,
- this relationship could be used to predic t the 1992-93 year of estimation in the 1994-95 year
of application. So, assum ing an autoregressive model (ARI), for each year of estimation t
in each year of application a the model would be:

The predic tion would be:

A

Equati on 3-8

)) i(t+h)b

= /31+ X
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h

A

i(t +h)b /3

+p

~ta

Where h is the number of estimation years into the future to be predicted, and e is the error
,...

calculated in the estimation year t (ie, ). For ~

= Y1

-

x\

f3

the replacement regression

model, h could go up to 5 (a 5 year ahead prediction), and t would always be the final year
of estimation in the estimated year of application a. So, going back to Table 1 in Chapter 2,
if the 1993-94 year of application · was estimated, the error for the 1991-92 year of
estimation would be predicted forward to 1996-97.

For the prediction model, the model is estimated for a year of application (the same one as
used for the replacement model). The errors can be calculated each time the Commission
recalculates its model (in year of application b), and it is these errors that are used for the
autoregressive correction. To use these new errors in the Prediction model, the estimation
formula would be:
,...

Equation 3-9

. ... ...... ... ...... ... .

5\r+h)(b+l)

,...

= /31 + x i (t+h)(b+1) f3 + P~b + P€c t+l)b + ... + P€c t+h)b

These examples have shown how to build an autoregressive error term into the model. The
next question is how to detect autoregressive error terms in the model. Another question is
how to calculate the constant p in the above equations.

One test for autocorrelation is the Durbin and Watson statistic.

Unfortunately, this is

unstable when there are only five years of time series data. The easiest test was to chart the
enors from the model with no correction for autocorrelation, and make some judgement
based on these charts.

The charts of the errors from the base model are shown in Chapter 5, Figures 5-1 and 5-2;
and are reproduced below as Figure 3-1 (revenue) and Figure 3-2 (expenditure). It can be
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seen that the only states that could be predicted with some reliability are New South Wales,
Victoria, and Tasmania Expenditure, which in all cases is consistently trending up (except
for the first year); and WA Revenue. All the other states have variable error terms, which
are mostly unpredictable. ·
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Figure 3-1

ERROR TERMS, REVENUE, ESTIMATED FOR 1994-95 YEAR OF
APPLICATION
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Figure 3-2

ERRO R TERM S , EXPE NDITU RE, ESTIM ATED FOR 1994-95 YEAR OF
APPLI CATIO N
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The p used in equations (6) , (7) and (8) is normally calculated as:

Equation 3-10

1=2

(see Griffiths, Hill & Judge (1993), p. 525)

While this formulation works well where there are many observations, in this case there
were only 5 years for each state. A correlation coefficient is therefore used to give some
idea of the autoregressive error. The correlation coefficient is calculated as:

Equation 3-11 ...................... .

T

"'1 "

T

2

~e1-1

* "'1 " 2

1=2

~et
1=2

The denominator is slightly different from that in Equation (9), which smooths out the
variability from the original formulation.

There is still some difficulty using this formulation over only 5 observations, since 5
observations are not enough to approach a normal distribution. However, there is no other
source using consistent methods and data.

I have therefore used the coefficients shown in Table 3-1 for p.

If the CGC w as to

seriously consider implementing any of the methods that take the time series nature of the
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data into account, I would recommend calculating the CGC model for a longer time period
in the Review years.

Table 3-1

CORRELATION COEFFICIENTS

Expenditure/Revenue

State

Correlation Coefficient

Expenditure

NSW
VIC
QLD
WA
SA
Tas

0.6174
0.5611
0.0260
-0 .1375
0.4451
0.4976
-0.3234
-0 .3 138
-0 .6243
0.3804
0.2942
-0 .0959
-0 .4612
0.0334
0.0231
-0 .9044

ACT
NT
Revenue

NSW
VIC
QLD
WA
SA
Tas

ACT
NT

Another way to take into account the time series nature of the data in a slightly different
way is to introduce a lagged dependent variable. This is done at the modelling stage, so the
regression model becon1es:

Equation 3-12 .......... .......... ... yita=f31+f32Yi(t-l )a+Xitaf33+eita

Where Yi(t-l)a is the actual value for the year of estimation before the current year of
estimation. Because of the lagged dependent variable, this model only has 32 observations
to estimate the coefficients ( 4 years of estimation * 8 states), not 40.
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l is:
In apply ing the coeffi cients from this 1nodel, the fonnu la for the replac emen t 1node

Equat ion 3-13 ................... ... .

Wher e

Y; ci -l )b

Yit b

"

"

,...

= /31 + f3 2Yi(1 -l )b + xi,b /3 3

is the estim ated factor for the previo us year of estim ation. In a new year

ation.
of applic ation, this is taken from the last year of estim ation in the last year of applic
In the replac emen t mode l, this is an estim ate from the last year of applic ation. So,
"

Yn b

"

"

= /31 + f3 2Yi(t-l )(b-l ) + xitb/33

The formu la for the Predic tion mode l is:

"

Equat ion 3-14 ...................... .

Yitb

= /31 +

"
f3 2Y;(, -l )(b- 1)

"

+ xitb /33

(t-1) in the
The differ ence being that the actual value s for y in the previo us estim ation years
tions
previo us applic ation year (b-1) are availa ble, so they are used rather than the predic
from the applic ation year being estima ted.
us to take
We did spend some time lookin g at a state space mode l that would have allow ed
, this
into accou nt the short time series nature of the mode l, but due to time const raints
mode l was not i1nplemented.

Re basing the Factors
The rebasi ng was descri bed in Chapt er 2. It ensur es that:
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at each t.

This relationship can be incorporated into the mode l in two ways:
1)

By adjus ting the estimated factors to satisfy this relationship; or

2)

By incorp oratin g this relationship into the estimation model.

The advantage of the first metho d is that it is easy. The coefficients are estimated
using
Ordin ary Least Squares, and the factors are estim ated as raw factors, and then rebased.
The
disadv antag e of this metho d is that the adjus tment is made after the factors are estimated,
so
the factors estimated may no longer be Best Linea r Unbiased (BLU) estimates.

If the

rebas ing could be incorporated into the model, then a better attempt at achieving
BLU
estimates of the coefficients could be made .
The relationship in Equat ion 3-15 is a restriction on the coefficients . It is simila
r to a
system of demand equations, where there is a restriction that the sum of an indivi
dual's
expen diture s on all goods must equal the total expenditure by that individual. The deman
d
mode l is written as:

M

Equation 3-16 ............... .... .... E - a + {3 E + "\' y P + e
ti i
i
I
~ I i ti
ti
i= l

Wher e Eti is the expenditure by individual i on good t; a i is a constant for individual
i; ~i is
the coefficient for the total expen diture on good t (the consumer t prefer ence for good
i) ; Pti
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is the price of good t, Yti is the coefficient on the price, and eti is the error. The restriction in
this case is that the sum of i individuals expenditures on good t must equal the total
expenditure on good t, ie,

Equation 3-17 .......................

LE

11

= E1

so, summing Equation 3-16 across all individuals i gives:

Equation 3-18 ....................... E 1

= Lo: 1 +E1 L/3,+ L~,Lr11 + Le11

Because the total expenditure on good t CEt) is on both sides of this equation, then it must
be the case that:

This is a set of identities which must ·be true, and means that the model is easily estimated
using ordinary least squares.

If this same simplification could be made to our regression equations, then the rebasing
could be introduced fairly sin1ply. The model estimated for this thesis is:

Equation 3-19 ..... ..................

i = a + yX,
1

1

+ e,

1

where tt is the factor for state i in time t, a is a constant, and Xit are the X values.

Multiplying Equation 3-1 9 through by

Equation 3-20 .......................

Li P,
1

1

=a

L P,

1

gives:

LP, + y LX,P, + Le,P,
1

1

1

1

1

Because of the relationship in Equation 3-15, Equation 3-20 becomes:
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Equation 3-21 .......................

P, = aP, + yXrP, + L e;rP,r

(because the sum of the state populations in a certain year t, Pit must equal the Australian
population, Pt; and the sum of the Xs across states must equal the Australian Xt.)
The difference between Equation 3-21 and the Demand system equation is that:

Le; P; will sum to some unknown constant, not 0; and

1)

The error term

2)

Introducing a restriction would violate one of the assumptions of the OLS

1

1

model, that the error terms are not correlated. In Equation 3-21, there is a
linear function of the error term that is constant (given the X variables).

In the Demand model, introducing the restriction that the sum of expenditure on each
individual good must equal total expenditure means that many of the coefficients drop out.
However, in the CGC model , this is not the case. The restriction is more complicated,
because a population is introduced, which means the error term does not sum to 0, as it
does in the Demand model; and the coefficients do not sum to 1.

Therefore, in the predictions, the rebasing is not done in the modelling, but all estimates are
rebased before estimating the total grant share. This will mean that we may not have the
best estimates for the coefficients, since there is some additional information we have not
taken into account.

The Prediction Results

From the four models outlined above, seven predictive methods were used. They were:
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No correction for autoregres sive nature of the 1nodel (used Base

•

mode l)
•

Repl acem ent

•

Prediction

Lagg ed Depe nden t Variable model (used lagged depe nden t varia ble

•

mode l)
•

Repl acem ent

•

Prediction

Autoregressive model (used Base model)

•

•

•

Repl acem ent

•

Prediction

Expo nenti al Correction model (Used Base model)
•

Prediction

Mean Abso lute
For each of these predictive methods, two sets of outputs were prod uced , a
estimation and
Percentage Error (MA ¾E) sho~rn for each year of application, each year of
by state.
each state; and a total percentage difference over the 5 years , sho~rn

The

calculation for the MA ¾ Eis:
MA ¾E= (ABS (Actual-Predicted)/Actual )* 100
applied. The
The Actual and Predicted numbers are ra~, factors , before the rebasing is
l'v1A ¾E calculated abov e n1eans that:
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1)

Any negatives don't offset positives, so they are a 'real' difference
from the
actuals; and

2)

Calculating the MA ¾E as a perc ent makes it easier to understan
d, and
mean s the NT doesn't have a high MA ¾E just because it has high facto
rs.

For each pred ictio n model, there is a table show ing this meas
ure for Revenue and
Expe nditu re for each state and Year of Estim ation to show whic
h states and years are
worse; an average of this meas ure for Reve nue and Expenditu
re within a year of
application, to see whet her Expe nditu re or Reve nue is worse
within a certain year of
application; an average for each year of appl icati on to allow com
parison of different years
of application; average Reve nue and Expe nditu re across all year
s of application to see
whic h was hard er to estimate over all the years; and average of all
years of application, to
see whic h state was hard est to estimate over all the years. The
table allows comparisons
over time (application year and 5 years with in each applicati
on year), state and
Expe nditu re/R even ue.

Values for the 1994 Upd ate are not shown, since these are the

with in samp le estimations.
The best way to read this table is to start from the bottom line, whic
h show s the total error;
and mov e into the detail where one wants to look at the reason a
parti cula r number is high
or low.

The seco nd set of outputs show the total difference for each state
after using the model to
estim ate grant shares. Thes e results are after rebasing, averaging
the estimation years, and
inclu ding all exogenous variables (the SPP's, the standard and
the pool). They are the
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mode l
an1ounts that would have gone to each of the states in each year of application if the
had been used.
/ The
This chapter has outlined some metho ds that could be used to estimate the grant shares
the
next chapter looks at the data used for the models. Chapt er 5 describes how we fitted
the
regressions , and the results; and Chapt er 6 gives the results of the predic tions, using
seven prediction methods outlin ed above.
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CH APT ER 4

THE DAT A

Chapter 3 described a way to replac e the Commission's updates with a regression 1node
l
estimated in one year, with the coefficients estimated applied to future years data.
Every
few years (when major changes are required, or a large amount of data are revised,
eg, a
Census), the model would be re-estimated.
This chapter identifies what data could be used in this regression model. The starting
point
is the data currently used by the Comm ission , and some assessment of how much
each
piece of data changes the states grants from year to year. Other data have been added
after
advice from CGC staff; and other data are included to substitute for a numb er of simila
r
piece s of data that the Comm ission uses. Comp ensati on of Employees was an examp
le of
some data included which is a substitute for any salaries data (gross earnings and averag
e
week ly earnings).

Some of the data the CGC uses that does move large amounts of money between the
states
has not been used due to availability problems, or a narrowness in the applicability
of the
data (for instance, it is specific to one category). Natural Disaster Relie f Payments are
an
exam ple of these data. While they have a medium sized effect on the grant distrib
ution,
they are applicable to only one categ ory (Public Safety and Emergency Services), and
are
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highly unstable and difficult to predict; so they were left out of the model. All the data are
available fron1 the Author.
The independent variables used for the model are split into Economic and Demographi c
variables. The economic variables used are the Unimproved Value of Land, Total Factor
Income of Mining companies, state Final Demand less Compensatio n of Employees, and
Compensation of Employees.
The demographic variables used are vehicles, students, indigenous persons, persons aged
over 65 , population density and a du1nmy variable for the ACT, introduced because the
ACT receives an amount of funding for being the National Capital..

The Dependent Variable.
The most basic value in horizontal fiscal equalisation, the grant shares to the states, could .
be estimated over a period of ti1ne. However, there is some political sensitivity in this - the
Co1nmission's role is to determine the equitable distribution of the total grant to the states,
not to determine the actual amount of the grant. The amount of the total grant to the states
was determined by the Prime Minister and state Premiers up to 2000, when the GST was
introduced. All revenue from the GST is now directed to the states. The next value down
in the model is the per capita relativity (called the factor by the Commission ) , or:

f1

ATFARi I G
p
Pi
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The factors are always express ed as a per capita share, so that they are comparable across
all states.

Howeve r, estimati ng the factor will mean that there are some exogenous

variables we are also estimati ng. These are included in the ATF AR, which is calculated as:

The SPPs treated by inclusio n (Pi

0

p

¢1) are exogenous, or given.

They cannot be

estimate d, and would need to be added explicit ly after the estimation has been made. The
method for adding them in is describe d in Chapter 3.
The standard budget result ( Pi B )is a balancin g item, based on the standard budget. The
p
standard budgets are the state budgets from the ABS, and are therefore exogenous to the
Commis sion.

The element s of this equation that the Commis sion calculates, and that can therefore be
estimate d in a model, are the standard ised expendi ture (Pi

revenue (Pi

pR p1).

E
p Yi) and the standardised

Within these formulae, the standard expenditure (E) and Revenue (R)

are also exogeno us.

They come from the standard budget, and are the state average

expendi ture and revenue. The P and Pi are also exogeno us populat ion data from the ABS.
So this leaves estimati ng Pi and Yi separately.

Estimat ing the expendi ture and revenue

disabilit ies separately also means that the most flexibility is allowed in the estimation.
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In the 1998 Update, the Commission produ ced a set of equalisation relativities and a set of
in the
medicare adjusted equalisation relativities. The two sets were requested separ ately
,
terms of reference for that year. The equalisation relativities have been used in this thesis
as these were the ones used by the Treas ury to distribute the grant share that year.
ution
The Commission also determines some funding which is outside the grants distrib
model.

The only case of this is some funding to the ACT for reimb ursem ent of

with
Commonwealth expenses paid by the states, which all other states have an agree ment
the
the Commonwealth for, but there is no agree ment between the Comm onwe alth and
and
ACT. The ACT started incurring the expenses when self government starte d in 1989,
The
agreements have been slowl y comin g into place for these expenditures since then.
on.
only two left are payments for Famil y Law matters, and Corporate Affai rs comp ensati
to be
These payments are made outside of the norma l grant allocation, and would need
continued outside the model.
the
The log of the per capita relativities was used in early models becau se many of
fits
relationships in the Commission's model are multiplicative, and a log function
multiplicative data better.

However, it was found that non-logged mode ls gave better

ive
results, possibly because not all relationships in the Commission's mode l are multi plicat
is not
- many of them are additive, so the relationship between the disabilities and the data
obvious. In the final models, the non-logged depen dent variables were used.
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Expl anato ry Variables
For the regre ssion mode ls, we are intere sted in expla nator y varia bles
that make a large
contr ibuti on to the grant shares; and varia bles that are associated with a large
change in the
grant share betw een years of appli catio n.

So we are interested in the fact that the

Gove rnme nt Seco ndary Educ ation categ ory accou nts for $23 7 .2 milli on
of the grant share
distri butio n in the 1999 Revi ew; and the fact that the Gove rnme nt Seco
ndary Educ ation
categ ory move d an addit ional $8 milli on betw een the 1999 Revi ew and
the 2000 Update.

In choo sing the expla nator y varia bles, we have tried to identify data in the
Commission's
mode l that is assoc iated with a high level of chan ge in the grant shares
both from year of
appli catio n to year of appli catio n, and from a basel ine of no redis
tribu tion to the
Com missi on's redis tribu tion. The first set of data will allow more varia tion
to predi ct in the
mode l; while the secon d will allow a bette r predi ction of the base grant distri
bution.
Expl anato ry varia bles were chose n using 3 criteria:

•

asses sing the Com missi on's mode l used for the 2000 Update, and
ident ifyin g data that could act as a subst itute for categories or
factors that have a large effec t on the grant share in that year;

•

asses sing the chan ges that each piece of the Com missi on's data
make s from the 1999 Revi ew to the 2000 Upda te, and using any
data assoc iated with large changes to the grant share; and

•

The autho rs expe rienc e at the Com monw ealth Grants Com missi on
and comm ents from Com missi on staff.
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For the expenditure assessments, the Commiss ion chooses data to reflect specific
disabilities which they, in consultation with the states~ have identified. This will usually be
cost and use of services data. So, for example, the number of students in each level of
schooling is used in the education category; and long distance telephone call costs are used
in the Isolation category to reflect the increased cost of communi cations to isolated areas.
For the revenue assessments, the data chosen by the Commiss ion reflect the revenue base
for the category. For example, for the Vehicle Registrati on Fees and Taxes category, the
number of registered motor vehicles is used.
The Co1nmission may also choose data to remove policy influences, or influence s outside a
state's control, in either expenditu re or revenue assessments.
Because there is so much data used by the Commiss ion, it is difficult to look at how they
have chosen variables for their model, and choose variables that reflect the issues they have
considered. There are so many issues the Commiss ion takes into considera tion, and one of
the ain1s of this thesis is to try to encapsulate these issues into a few pieces of data, rather
than the detail that the Commiss ion uses.
One of the ways to identify which data the Commiss ion considers i1nportant is to look at
how the data they use affects the grant shares. Those categories and factors where data are
updated, but which have a minor effect on the grant share, are not worth considerin g in a
model of the factors. To identify which data the Commiss ion uses which have a large
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effect on the grant share I have used a tool produced by the Commission called the
simulation model.

This tool is publica lly available from the Commission, and can be

downlo aded from their website. The program allows the user to observe how much the
grant share changes as a result of a change to a factor. Using the spreadsheets which hold
the raw data, I was able to identify every piece of data the Commission changes in an
update.

With the spreadsheets and the simulation model for the 2000 Update, and the

spreadsheets from the 1999 Review, I was able to change every piece of data in the 2000
Update spreadsheets back to what it was in the 1999 Review. Once some data was changed
for each category, the change was calculated, and the data was changed back to the 2000
Update data, ready for the next piece of data to be changed.
With this information, the data the Commis sion uses can be prioritised into influential and
less influential data.

For expendi ture assessments, it was found that 70 per cent of the redistribution could be
account ed for by data which moved more than $3 million. For revenue, 70 per cent of the
redistribution could be accounted for by data which moved more than $14 million.
The following CGC data had a large influence on the grant shares:

•

Unimpr oved Value of land, collected from the Valuer General 1n
each state and Territory;

•

Compen sation of Employ ees (Wages, Salaries and Supplements)
from the ABS;
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•

Insurance Revenue from the Australian Prudentia l Regulatio n
Authority , less Compulso ry Third Party, Employer s liability,
Reinsuran ce and Fire Insurance Levy;

•

Expenditu re on the First Home Buyers Scheme from the states;

•

Gross State Product from the ABS less compensa tion of employee s
(included above);

•

Capital Expenditu re from the ABS;

•

Mean Resident Populatio n from the ABS;

•

Consume r Price Index for each state from the ABS;

•

the number of vehicles in each state from the ABS;

•

the number of businesse s from the ATO.

ot all these data were used in our models, because either they were not available for all
states in a consistent time series, so we felt that they were too narrow to include in a broad
model of the grant shares; or we used other data v.1hich \i\lere similar. Further, some other
variables were included in the model follo,;ving discussion s v.rith CGC staff.

In sun11nary, there were 3 methods for choosing data to include:

3)

Looking at the data the CGC uses, and selecting those data that move large
amounts to each state;

4)

Looking at the large categories and factors the CGC has, and choosing data
that ,vould move in similar directions (eg, Persons aged 65 and over
acting for Hospital services); and
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5) ·

Discus sing the data and factors with CGC staff, and identifying data that
may be signifi cant (state popula tion growth was chosen in this way).

The indepe ndent variables chosen for the model are described in detail below.

The

redistributions quoted are the total amounts redistributed from an equal per capita
assess ment (ie, no factor) betwee n the states.
Unimp roved Value of Land.

This variable was included as a result of the analysis

using the simulation model. The data come from the Valuer Generals, and are published by
the ABS and the CGC every 2 years.

The last series was published by the ABS in

Catalo gue Numb er 5241.0, Table 28, and the CGC 2001 Update. Data are available from
the ABS going back to 30 June 1989, and from the CGC going back to 30 June 1984. The
data are calculated as at 30 June each year. The CGC employs the Valuer General as a
consul tant every two years to update the land valuation data.
The data are used in this model as a substitute for revenue collected from Stamp Duty on
convey ances and Land revenue, which contributed $638.4 million towards the grant
redistr ibution in the 1999 Review 15 ; and changed the state grant shares by $65.7 million
betwee n the 1999 Review and 2000 Update ($32.8 million for Land revenue, $32.9 million
for Stamp Duty on Conveyances). The Comm ission' s Review model has not included rural
land since the 1995 Update, so this has not been included in any of the data. The data are
used for the following year, so 30 June 1989 data are used for the 1989-90 financial year.

15

Common wealth Grants Commis sion (1999b), p. 416
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The data are a point in time value, and are conver ted to a per capita measu re using the ERP
for the 30 June each year.

Gross Domestic Product of Minin g companies.

This variab le was includ ed becaus e

Mining revenu e was a major contrib utor to the grant shares in the 1999 Review ($515 .3
million

16
),

and was also large driver behind change in the grant share from the 1999 Review

to the 2000 Update , transfe rring $32.1 million betwee n the states. Gross Domes tic Produc t
consists of the Gross Operat ing Surplu s and Compe nsation ofEmp loyees . The data came
from the ABS Public ation 5220.0 , and is at Factor cost, so there was no rebasin g done.
The data are for a financi al year, and are conver ted to a per capita amoun t using the Mean
Reside nt Popula tion (:rvtRP).

State Final Demand less Comp ensati on of Employees.

This

variab le

was

includ ed

instead of a numbe r of state gro'Y1h variab les identif ied using the simula tion model. These
variables include d Value Added , Value of Produc tion, and Gross State Produc t. In total,
they accoun ted for $41.1 million of the change from 1999 Review to the 2000 Update . The
data comes from the ABS State Nation al Accou nts (5220. 0). They are in consta nt prices,
so are price adjuste d by the ABS.

The data are availab le by financ ial year, and are

conver ted to a per capita n1easure using the Mean Reside nt Popula tion.
The variabl e is include d becaus e if a state is growin g, then some of its revenu e bases
(popul ation, nun1ber of vehicle s, income , etc) will be expand ing, so it should require less
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assistance from the Commonwealth. On the other hand, expenditure needs
may also be
increasing (population is growing, more roads, education, etc, services are requi
red), so it is
difficult to know exactly how this variable will influence the factors.

However, the

Com missi on considers it important enough to publi sh each year in their
Economic and
Dem ograp hic Indicators, as an 'indicator that can be used to understand the
movements in
state relativities' 17 .

Compensation of Employees.

This variable was included following the analysis

using the simulation model. The data comes from the State National Acco
unts (5220.0).
They used to be called Wages, Salaries and Supplements (WSS). Again,
they are price
adjusted, and are available by financial year. They are converted to a per capit
a measure by
using the Iv1RP.

The data represent wages, salaries and any other benefits (including
employers'
contr ibuti on to social security and pens ion funds, and payments in
kind) for work
perfo rmed by individuals. Compensation of employees is recorded on a gross
basis, before
the deduction of income taxes .
Com pensa tion of Emp loyee s was used over other salary measures (eg, Gross
Earnings and
Aver age Weekly Earning) because these are the data the Commission uses
in most of their
assess1nents.

Gross earning is also used in some assessments, but compensation of

16

Ibid

17

Comm onwea lth Grants Commission (2000a), p. 437
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s also mean s it
employees has been used as a substitute. Usin g Compensation of Emp loyee
the same ABS
is easy to net salaries out of State Final Dem and, since they come from
ings or Aver age
economic survey. This would be more difficult if we used Gross Earn
Weeldy Earnings, since these co1ne from Labo ur force surveys.
categ ories use
Salaries data are used by the Com missi on in a numb er of categories. Some
ly Earn ings,
Compensation of Employees; others use gross earnings, Aver age Week
in value ranges.
Household Disposable Incom e or samp le wage s data provided by the states
be attrib uted to
In total, the change between the 1999 Revi ew and the 2000 Upda te that can
salaries data was $98.1 million.

Vehicles.

This variable was inclu ded beca use the Com missi on uses them for the

the Com miss ion
Stamp Duty on Moto r Vehicles reven ue category. The data used by
tribu tion in the
includes all vehicles, and were assoc iated with $146 million of the redis
1999 Review

18

and a change in the distri butio n of the grant share of $4.9 milli on betw een

the 1999 Revi ew and the 2000 Update.
Moto r Vehi cle
Data on the nun1ber of vehicles in each state is collected by the ABS in the
r vehic les (cars,
Census, and published in Catalogue 9309.0. The nu1nbers used are all moto
trucks, busses, 1notorcycles) per 1000 popu lation .

The Moto r Vehi cle census was

years witho ut
conducted in 1999, 1998, 1997, 1996, 1995, 1993, 1991 and 1988. For those
a census (1989, 1990, 1992, 1994), the previ ous years value was used.

18

Commonwealth Grants Commission (1999b), p. 416
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The census is taken on the 31 October, so the 1999 surv
ey is in the financial year
1999/2000. The figures are available from the ABS as a per
capita value.
Students.

This variable was included because the education categori
es made the

grea test contribution to the 1999 Rev iew distribution, mov
ing $679 .3 million between the
states 19 . The 2000 Update repo rt also show ed $39.1 million
moved between the states due
to changes in these categories.20 Ana lysis using the simulatio
n model also showed that the
chan ge in the number of stud ents from 1999 to 2000 made
a large change to the amount
distributed between the states in the 2000 Update ($7.4 million)
.
The data come from the ABS Schools Aus trali a (Publicat
ion 4221.0). It consists of the
total Government and non -Go vern men t, Primary and
Secondary students.

Non

Gov ernm ent schools are included beca use the State Governm
ents provide a subsidy to nonGov ernm ent schools for stud ents .
The census is conducted in Aug ust each year. Therefore, the
1999 count is in the financial
year 1999-2000. The num ber of students is calculated as a per
capita amount, by dividing it
by the MR P for that year. This is the met hod the Commission
uses.
Indigenous.

This variable was included because the Commission includes
an Indigenous

factor in a num ber of the expenditure disabilities, including
Health, Education, Service
Deli very Scale and Isolation. The reason for this is that indi
genous persons are associated

19

Commonwealth Grants Commission (1999b, Vol. 2), p. 93

°Commonwealth Grants Commission (2000a), p. 355

2
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with lower health status and higher welfare needs. The socio-dem ographic compositi on
factor, of which the Indigenous factor is a major part, distributed $718.9 million in the 1999
Review.

It accounted for no change between the 1999 Review and the 2000 Update

because the Indigenous data used is from the Census, which does not change annually.
The data used in the models comes from the 1991 Census. The data are provided as a count
on the 30 June of the Census year. The ratio of indigenous populatio n to total populatio n
for each state for that year ( 1991 in this case) is then taken to be representa tive of the rest of
the years in the Census period, ie, the ratio is assumed constant, not the number of
indigenous persons.

Aged over 65.

This variable was included on advice from the CGC that this age

group will be the main cost driver for the Health categories, which are the second largest
group of state expenditures after Education , contributi ng $322.8 million to the distributio n
in the 1999 Review.
The data are taken from the CGC 1994 Update Report, and were calculated from the 1991
Census. These data are therefore closest to what the CGC used for their calculations.
The variable is used as a measure of demand for hospital services. Originally, an estimate
of bed days was included in the model, but advice from staff at the Comn1onwealth Grants
Commission was that bed days was subject to cost shifting by the states, and was not a
good measure of demand. They considered that the number of people aged over 65 was a
much better measure of demand for health services, since these are the high cost, high
usage patients.
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Popula tion Density. This variable was included as a substitute for a number of factors ,
includin g service delivery scale, dispersi on and isolation factors, which are associated with
remoten ess (see Commo nwealth Grants Commis sion (2000b) for a descript ion of all these
factors) .

It may also act as a substitu te for the urbanisation factor.

All these factors

contribu ted $512.4 million to the 1999 Review distribution. 21

The data are the average populat ion over a year (the Mean Residen t Populat ion) divided by
the area of the state. They are measure d as number of persons per 1000 square kilometres.

Popula tion Growth. This variable was included on advice from the CGC that the
populat ion growth was a signific ant contribu tor to any changes in the grant share. The
reason for the relation ship is that a high growth state would have a rapidly expandi ng
revenue base, and a rapidly expandi ng needs base compare d to other states . These two are
offsettin g, and it would be difficul t to know which effect is greater. If the state had a small
amount of revenue which was not associat ed with populati on (eg, mining revenue), then a
rapidly expandi ng populat ion will increase signific antly their revenue base, and decrease
the revenue needs, relative to all other states. Alternat ively, if a state had a high proporti on
of people with higher expendi ture needs, then a growth in the populat ion will be associat ed
with greater expendi ture needs than other states. This means more of the grant share would
be distribu ted to them

21

Commonw ealth Grants Commissi on (1999b), p. 419
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ACT Dum my.

the
This dummy varia ble is included because there is an elem ent in

the allow ance s mad e for
ACT factor that are difficult to find substitute data for. Thes e are
the A CT bein g a national capital.
State Du mm y Variables.

It was considered that there may be some econ omie s of scale

e of. The Com miss ion
faced by larger states that the smaller states could not take advantag
.9 milli on of the 1999
calls this factor Administrative Scale, and it accounted for $431
Reviev\1redistribution to the states.
r data, so we inclu ded
Administrative scale is a difficult factor to meas ure usin g any othe
states are thos e V\rith less
dummy variables for Small states and Med ium states . The small
ium sized states were
than 1 million population (Tasmania, the ACT and the NT). The med
Aust ralia and Sout h
states V\,ith a population betw een 1 milli on and 3 milli on (Western
3 milli on (Que ensla nd,
Australia) . The large states were states V\1ith a popu latio n over
Victoria and New South Wales).
the mod el as a varia ble,
Mean Resi dent Population (MR P) . This has not been inclu ded in
It is an annual aver age
but has been used to calculate per capi ta amounts for all the data.
ated Resi dent Popu latio n
population, calculated as the average of five quarters of the Estim
poin t in time estim ate of
(ERP), as published by the ABS , from June to June. The ERP is a
are calculated from the
the popu latio n, published quarterly. For this mod el, all the :MRPs
ERP.
unts. In some case s, it
The ;MRP has been used to convert all the data to per capi ta amo
(eg, School stud ents,
could be argued that the ERP is a better popu latio n for doing this
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calc ulat ed from a surv ey at a poin t in time); however, the
CGC has traditionally used the
MR P to calculate rates, so we have done the same.

Rev isio ns to data
One of the issues with the data that had to be considered was
wha t version of the data we
shou ld be using. If we used the latest version available, then
we are not putting ourselves
in the same position as the CGC was in whe n they calculate
d their model. If the aim is to
trac k the CGC estimates, we need ed to use the sam e version
of the data that they had at the
time they calculated thei r model.
This has meant going back to old ABS publications to get
the data as the Com111ission
wou ld have seen it.

This mea nt collecting 40 observations (8 states by 5 Yea
rs of

Esti mat ion) for som e piec es of data for each Yea r of App
lication.

For other data (eg,

Cen sus data), there wer e no revisions, so only 40 observations
wer e collected in total. This
not only had to be take n into acco unt in collecting the data
, but also in predicting the
factors. The formulae in Cha pter 3 showed how this has been
done.

Conclusion
This chapter has outlined the data we have included in the
model. All the data are in the
model as the Com miss ion wou ld have seen it, so we have
collected old ABS publications
and used these data.
The next chapter looks at the results from the model specified
in Cha pter 3.
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CH AP TE RS

FITTING THE REGRESSIONS

Overall, four models were estimated. They were:

•

•

Base model
•

Expen diture

•

Reven ue

Mode l with lagged dependent variable
•

Expenditure

•

Revenue

All models were fitted on the 1994 Upda te CGC factors. At the time of writing, 5 years
of application starting from the 1999 Revie w was not available.
For each of these models, a table of regression model results is given , show ing the
e
coefficients , the standard error of the coefficient, the t value for testing the signif icanc
l,
of the coefficients , and the significance level using the releva nt t statistic. In this mode
.
with 38 degrees of freedom model, the significance level will be 0.10 when t = 1.684
2
The R for the model is also shown.

2
For the Expenditure equations, the R was very high (1.000 to 3 decimal places). This

n1ay be because of the nature of the data.

The data are similar over each year of

estimation, being time series data; and are probable related betwe en years of estimation.
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This time senes nature has been taken into account 1n the model using a lagged
dependent variable.
A graph of the errors for each state is also given. This gives some idea of whether the
assumptions implicit on the error terms 1n an OLS model (no autocorrelation or
heteroskedasticity) have been satisfied.

Minimising the numb er of explanatory variables
One technique used to make a model easier to interpret is to remove any variables that
do not have a high explanatory power, so are not adding much to the model. This may
also reduce any multicollinearity in the explanatory variables.
While this is a practice that is used to allow easier interpretation of the coefficients,
removing statistically insignificant variables that are theoretically important to the
model can mean that the model is driving the theory, rather than the other way around.
All the explanatory variables in these models have been chosen by analysing CGC
reports to see what they consider important; analysing the data the CGC uses in their
models; and taking comments from CGC staff. All the explanatory variables therefore
have some reason for being included.
Because some of the variables were insignificant in the models, some were removed to
see the effect on the predictions. It was found that the reduced models gave slightly
worse predictions than the models with all variables included. The Mean Absolute
Percentage Error after variables were removed was 2.52%, compared to 2.40% when all
the variables were left in. Over 5 years, the predicted grant share was different from the
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actual grant share by 2.57% when insignificant variables were remo ved; and 2.29%
when they were not removed.
a
Because all the variab les included in the model had a reason for being includ ed; and
model without the insignificant variables gave worse predictions than a mode l with the
insignificant variables; the insignificant variables were left in the model.
Base Model. This model makes no correction for the autoregressive nature of the time

series data. The results from the regression on expenditure in the 1994 Upda te (1994-95
Year of Application) are show n in Table 5-1.
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Table 5-1

RESU LTS FROM BASE MODE L, EXPE NDITU RE
Coeffici ents3

Model: 1
Unstand ardized
Coefficients

95% Confidence Interval for B
Lower Bound
Upper Bound
-.657
.398

B
-.130

Std. Error
.257

t
-.505

Siq.
.618

5.236E- 02

.006

9.384

.000

.041

.064

-6.882

5.825

-1.181

.248

-18.855

lndig_p c

5.092

8.472E- 02

.002

38.576

.000

.080

SFD_P C

.089

3.401

3.152

1.079

.291

-3.079

Studen ts_pc

9.881

1.773

1.183

1.499

.146

-.658

UVL_PC

4.204

2.856

1.060

2.695

.012

.677

5.035

34.219

5.632

6.076

.000

22.642

45.796

-.114

.090

-1.266

.217

-.300

.071

4.740E- 03

.001

6.330

.000

.003

Growth

.006

1.120

.759

1.474

.152

-.441

ACT

2.681

-.393

.081

-4.828

.000

-.560

-.226

.116

.020

5.751

.000

.074

.157

8.817E- 02

.012

7.573

.000

.064

.112

(Consta nt)
A65 PC
CE_pc

VAMin PC
Vehicle s PC
PopDen

SMALL ST
MEDST

a. Depend ent Variable: Exp_Fa ct

The chart of the error terms, with similarly sized states grouped, is shown in Figure 5-1.
While 5 observ ations makes it very difficult to identif y any trend, it can be seen that the
errors are fairly random , with NSW and Victor ia trendin g upwards. This trend suggests
that there may be some autoco rrelati on in the error terms.

This could be expect ed,

given that most of the data are time series econom ic data, which would probably be
autocorrelated. It sugges ts that a model which takes this into account will give better
results than a model that does not. Howev er, given the short time series for identifying
the autocorrelati on, and the fact that it only affects 2 states, there may be nothing
significant to take into accoun t, and a model that takes the autocorrelation into account
may not give any better estima tes than a model that does not.
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The other interesting point to note about the errors is that the NT has more erratic error
terms than the other states. This may be due to some of the judgem ents made by the
CGC in the NT's factors, which make it very hard to predict.

Fi b0 ure 5-1
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The results for the Revenue model are shown in Table 5-2.

Table 5-2

RESULTS FROM BASE MODEL, REVENUE
Coefficie nt~

Model: 1
Unstandardized
Coefficients
B

95% Confidence Interval for B
Lower Bound
Upper Bound
-.680
2.058

.689

Std. Error
.666

t
1.035

Si~.
.310

-2.70E-02

.014

-1.866

.073

-.057

.003

-13.119

15.107

-.868

.393

-44.172

17.933

lndig_pc

-7.73E-03

.006

-1.358

.186

-.019

.004

SFD PC

22.469

8.176

2.748

.011

5.663

39.276

Students_pc

1.436

3.067

.468

.643

-4.869

7.742

UVL PC

8.336

2.749

3.032

.005

2.685

13.987

33.937

14.607

2.323

.028

3.912

63.962

Vehicles PC

4.271 E-02

.234

.182

.857

-.438

.524

PopDen

8.430E-05

.002

.043

.966

-.004

.004

Growth

-2.43E-02

1.970

-.012

.990

-4.073

4.024

-.273

.211

-1.291

.208

-.706

.161

SMALLS T

-9.85E-02

.052

-1.889

.070

-.206

.009

MEDST

6.619E-03

.030

.219

.828

-.055

.069

(Constant)
A65 PC
CE_pc

VAMin PC

ACT

a. Dependent Variable: rev_fact

The R2 of 0.975 for the Revenue model was not as high as it was for the Expenditure
model, although it is still high for an economic regression. Again, the high R2 may be
because of the type of data being used (economic time series over 5 years).
The error terms are graphed in Figure 5-2.

It can be seen that the error terms are

random for most states, although WA does seem to be trending up after the first year - it
is difficult to tell from so few observations. The NT's errors seem to be far more erratic
than the other states, suggesting there is something in the NT that cannot be predicted
using our current set of variables. This may be the judgement the CGC uses in their
process; or may be some of the revenue factors that were difficult to find proxies for.
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The R 2 from these regressions are very high. This means the within sample
predictions
(ie, for the 1994 Update in this case) are very good. While all the variables
have been
included in the model, it is interesting to see what effect removing the insig
nificant
variables has. This will also allow some reality check of the coefficients,
since if all
variables are included, some of the coefficients may not be accurate
due to
multicollinearity.

The coefficients for the model with a minimum and full set of

variables is shown in Table 5-3 (Expenditure) and Table 5-4 (Revenue).
The reduced set was derived by removing any variables that were insignificant
(assessed
as having a significance level above 10%), with the first variables removed
being those
whic h were insignificant and had a weaker theoretical link to the model.

Table 5-3

MODEL RESULTS FOR FULL AND MINIMUM SET OF
VARIABLES, EXP END ITUR E

Varia ble
Const ant
State Final Dema nd
Comp ensati on of Employees
Value Adde d of Mining
Unim prove d Value of Land
Popul ation Density
Propo rtion aged over 65
Propo rtion of Indigenous
Propo rtion of Students
Vehicles per capita
ACT Dumm y
Small State Dumm y
Mediu m State Dumm y
Population Growth

Full Set
Coefficient
-0.1 2961
3 .40068
-6.88151
34.21876
2.85633
0.00474
0.05236
0.08472
1.77272
-0.11425
-0 .39286
0.11562
0.08817
1.11977

Sig.
0.618
0.291
0.248
0.000
0.012
0.000
0.000
0.000
0.146
0.217
0.000
0.000
0.000
0.152

Minim um Set
Coefficient
-0 .24574

Sig.
0.182

28.69357
3.18114
0.00393
0.05148
0.08553
1.86197

0.000
0.000
0.000
0.000
0.000
0.027

-0.32552
0.12239
0.08612
1.78703

0.000
0.000
0.000
0.003

A basic analysis of the reduced set of results shows that higher expenditure
needs are
associated with:
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A higher proportion of people aged over 65.

•

This was expe cted , and may be

associated with hospital expenditure;
A higher percentage of indigenous persons.

•

This was expected , given the CGC

weights for indigenous persons.
Higher proportion of students per capita.

•

This was expected, although it was

ber of vehicles
insignificant in the full model. It became significant once the num
of data, possibly
was removed, suggesting some collinearity between these two series
re, a significant
associated with the number of households in an area. For expenditu
the states.
relationship was expected, given the size of education expenditure by
A higher Unimproved Value of Land per capita.

•

This was main ly a revenue

nditure, it may
variable, but is significant in the expenditure equation also. For expe
will the need for
be measuring economic growth. As economic growth increases, so
depreciation
expenditure on roads and infrastructure, which will affect the CGC
assessments.
ble, but is also
A higher value added of mining per capita. This is a revenue varia

•

e of land, it is
significant in the expenditure equation. As with the unimproved valu
measuring economic growth.
•

scale disabilities
A 1nore densely populated state. This is a measure of some of the
not a positive.
assessed by the CGC, so a negative relationship was expected,
s, whic h are
However, the population density is also a measure of urban area
Commission's
recognised as having higher expenditure needs in 1nany of the
assessments.

•

d with lower
States other than the ACT. The ACT dummy variable was associate
of factors which
expenditure needs. This was unexpected, since there are a number
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the Commission assesses whic h are ACT specific, and incre
ase the ACT's
expenditure disability (the Nati onal Capital factor). The negative asso
ciation may be
beca use these needs were reflected in transitional allowances in
the 1993 Review
meth ods. The 1999 Rev iew meth od re-as sess ed many of the ACT
's allowances, and
incre ased their factor substantially (see Chap ter 2, Figure 2-1).
•

Less populous states.

This was expected, since it is a measure for many of the

econ omie s of scale disabilities that the Commission assesses. The
medium sized
states also suffer econ omie s of scale disabilities compared to the large
states, but the
effec t is not as great as the less popu lous states, resulting in a lowe r
coefficient.
•

Fast er population growth. This was expected. Faster growing state
s will have a
grea ter need for more roads, infrastructure and services, compared
to slower growing
states.

Vari able s that were remo ved beca use they were insignificant
were the State Final
Dem and, Com pens ation of Emp loye es and Veh icles per capita.
All are used at some
poin t in the CGC assessments, and are variables which shou
ld be included in a
pred ictiv e model.
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Table 5-4

MOD EL RESU LTS FOR FULL AND MINI MUM SET OF
VARI ABLE S, REVE NUE

Variab le
Consta nt
State Final Deman d
Compe nsation of Employees
Value Added of Mining
Unimp roved Value of Land
Popula tion Densit y
Propor tion aged over 65
Propor tion of Indigenous
Propor tion of Students
Vehicl es per capita
ACT Dumm y
Small State Dumm y
Mediu m State Dumm y
Popula tion Growt h

Full Set
Coeffi cient
0.6893 2
22.469 40
- 13.11915
33 .93668
..,.., -6..,.J
8 . .J.J)
0.00008
-0 .02700
-0.0 0773
1.43636
0.04271
-0.272 54
-0.09851
0.0066 2
-0.02431

Sig.
0.310
0.011
0.393
0.028
0.005
0.966
0.073
0.186
0.644
0.857
0.208
0.070
0.828
0.990

Minim um Set
Coeffi cient
1.02269
20.717 88
-13.25515
35.838 35
8.3097 7

Sig.
0.000
0.000
0.094
0.000
0.000

· -0.02983
-0.00841

0.003
0.009

-0.216 19
-0.087 17

0.024
0.000

ue
Interpreting the coefficients for reven ue, a positi ve coefficient mean s a highe r reven
ue
factor, which means lower total financial assist ance requi red (TFAR) , since the reven
for
factor is subtracted from the expenditure factor to get the TFAR (see the equat ion
the TF AR in Chapter 2).
(ie,
A basic analysis of the reduc ed set of results show s that a highe r reven ue factor
lovver TFA..R) is associated with:

•

Highe r state final demand. This is a measu re of econo mic Vlell-being. A state that
is economically better off v-.rill have highe r econo mic revenue bases , and theref ore
more own-source re ·enue and less need for financ ial assistance.

•

Lowe r salaries (comp ensat ion of employees).

This direction v-. as unexp ected,

although the coefficient is insignificant.. The expec ted direction for this variab le was
positive, since one of the main sources of state revenue is payroll taxes. As salari es
increase, the re ·enue base, and therefore the reven ue factor , should increase.
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•

Higher mining industry value added. Value added for the mining industry is a large
contributor to the revenue base for many states, through the mining revenue
assessment. A higher value added should be associated with a higher revenue factor.

•

Higher unimproved value of land. The unimproved value of land is used as a
revenue base for the land revenue category. A higher value should be associated
with a higher revenue factor.

•

Lower proportion of people aged over 65.

These people will usually earn less

(being retired), so contribute less to payroll tax; drive less, so contribute less to
vehicle registrations; and buy fewer houses, so contribute less to land revenue and
stamp duty on property transactions. A negative relationship was expected.
•

Lower proportion of indigenous persons. Indigenous persons generally have lower
incomes, so a negative relationship was expected.

•

Not being in the ACT. The ACT has a lower revenue factor taking all other data
into account. This could be because the ACT doesn't have the same level of natural
resources that many of the other states have - not only mining revenue (which is
taken into account in the model), but other natural resources like forests, farming,
etc. These natural resources are not in the model.

•

Not being a less populous state. The less populous states are associated with lower
revenue factor, or higher TF AR. This may be due to CGC judgement.

Lagge d Depen dent Varia ble model.

The graphs of the error terms for the

normal model (Figure 5-1 and Figure 5-2) suggest that there may be some
autocorrelation in the models. It only seemed to affect some states, and it is difficult to
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identif} becau se of the short time series (5 years). Howe ver, the natur e of the data used
( economic time series ) ma> be autocorrelated.
a
One way to test for, and take into accou nt autoc orrela tion in a mode t is to introd uce
the
lagged dependent variab le. This techn ique introduces into the explanato 0 variab les
this
dependent \ ariable from the last year. The full metho d is outlined in Chap ter 3. If
ariable is significant in the mode l, then this sugge sts the depen dent \ ariable for this
ear is partl

explained by the depen dent \ ariable from last year, so there is some

autocorrelation in the models. The lagge d depen dent variab le also correc ts the time
series correlation.

5-5
The results from the mode ls Vlrith a lagge d depen dent -ariable are shoVlrn in Table
is
and Table 5-6. In the expen diture equat ion, the lagge d depen dent ariabl e (lag_e xp)
hat
significant, suggesting there is some autoc orrela tion in this model. This confi rms \~
VI-as seen in Figure 5-1, v\ith NSW and

ictori a errors trending. In the reven ue equat ion

(lag_rev), it is onlv just insign ifican t at the 10% le -el. This confirms Vlihat

V11as

seen in

Figur e ,. --, that there didn t appear to be much autoc orrela tion for reven ue . These
1

results sugge st that the mode ls that take into accou nt the structure of the data over time
in the expenditure equat ion shoul d give better results.
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Table 5-5

RESU LTS FROM LAGG ED DEPE NDEN T MODEL, EXPENDITURE

C oeffi c ie nts='

Model: 1

(Constant)
LAG EXP
SFD PC

Unstandardized Coefficients
B
Std. Error
-.148
.256
.290
.132

t
-.579

Sig.
.570

2.197

.042

.592

3.778

.157

.877

CE_pc

-2 .313

8.451

-.274

.788

VAMin PC
UVL PC

60.049

8.149

7.369

.000

1.399

1.431

.977

.342

PopDen

3.951 E-03

.001

4.258

.001

A65 PC

6.657E-02

.007

9.846

.000

lndig_p c

6.385E-02

.010

6.085

.000

Student s_pc

-1.178E -03

1.352

-.001

.999

Vehicle s PC
ACT

-.235

.097

-2.412

.027

-.128

.117

-1.094

.289

SMALL ST

9.244E-02

.025

3.764

.002

MEDST

2.51 0E-02

.022

1.121

.278

.921

.782

1.178

.255

Growth

a. Depend ent Variable: Exp_Fact

The error terms are graphed in Figure 5-3.

Note that because a lagged dependent

variab le is in the model, the first year is missing. This is because in estimating the
model , the depend ent variable for the first year of estimation is used as an independent
variable in the second year of estimation; so there is always a lag of one year.
It can be seen that after the lagged depend ent variable was included, the error terms for

NSW, Victoria, WA, Tasma nia and the NT are all trending. The other states (Qld, SA
and the ACT) appear to show no trend. This suggests that the properties of the error
terms in this model are more correlated than they were in the base model. However,
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this is based on a

ery short time frame (4 years), and it is difficult to make any

conclusions about the trend ing of the error terms over this period.

e 5-3
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The scale for the first two charts is the same. Howe ver, the error for the NT in the first
year out was so high that a differ ent scale was used in the final chart.
The error for the NT in the first year is high becau se the factor (the dependent variab
le)
for the NT is fairly high (double any other states factor), so it takes a few years for
the
lagge d depen dent variab le to start havin g a correc ting effect on the prediction.

Table 5-6

RESU LTS FROM LAGG ED DEPE NDEN T MOD EL, REVE NUE
Coeffi cient~

Model: 1
Unstan dardize d
Coeffic ients
(Constant)

B
1.763

Std . Error
.594

t
2.967

Sig.
.009

LAG REV

.312

.183

1.704

.107

SFD PC

10.416

9.776

1.065

.302

CE_pc

15.000

20.049

.748

.465

VAMin PC

46.911

18.119

2.589

.019

1.916

3.763

.509

.617

PopDe n

-1.40E -03

.002

-.617

.546

A65 PC

-1 .62E-0 2

.021

-.762

.456

lndig_p c

-9.26E -03

.006

-1 .595

.129

Studen ts_pc

-5.860

2.992

-1.958

.067

Vehicle s PC

-.316

.233

-1 .359

.192

ACT

9.965E -02

.252

.396

.697

SMALL ST

-2.06E -02

.059

-.352

.729

MEDS T

-5.74E -02

.040

-1.453

.164

-.670

1.876

-.357

.726

UVL PC

Growth

a. Depen dent Variab le: rev_fa ct

Again , revenue has a slight ly lower R 2 of 0.974, sugge sting that the estimates
of
revenue factors will not be as good as estimates of expenditure. It is also lower than
the
base model, possi bly becau se there are now only 32 observations for the model. The
error terms are plotte d in Figur e 5-4. It can be seen that for revenue, the errors
are
trend ing for N SW, Victo ria and Tasm ania. This suggests that the lagged dependent

106

than it was wit h the bas e mod el
variable has mad e the autocorrelation pro blem worse
5-2) .
(where there wasn't a pro blem with revenue - see Figure
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Figu re 5-4
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This anal ysis has show n that ther e may be som e auto corr
elati on in the expe ndit ure
mod el; how ever , it is diffi cult to tell, beca use ther e is only
5 years of data, and it is
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difficult to observe any trend over this time frame.

Because of the nature of the

numb er of
economic time series data, some autocorrelation was expected, and a
e of the
different methods have been used to try to take into account the time series natur
dependent
explanatory variables. Some of these are at the modelling stage (the lagged
described in
variable described above); and some are at the estimation stage. These are
the next section.

Conclusion
2
. Part of the reaso n
R
the
of
terms
in
ts
resul
good
gave
Overall, the models estimated
2
of it is time
for the very high R may be the structure of the data we are using. All

series data.

The other reason may be the proc ess used in selecting the expla nator y

variables, °Vlrhich had as a starting point the CGC calculations.
one year's
1v1any of the explanatory variables used may be correlated over time, since
found in
economic data is usually dependent on the last year's . . Evidence of this was
time series
some states in the expenditure equation. In tryin g to take into account the
the model.
nature of the economic data, a lagged dependent variable was introduced into
This did not appear to improve the models.
Generally, the models of expenditure were better than the models of revenue.
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CH AP TE R6

CONCLUSIONS AND RECOMMENDATIONS

The predi ction s as a resul t of the mode ls estim ated in Chap ter 5 are summ
arise d in Table
6-1 to Table 6-4. The meth ods used to calcu late the predi ction s are
show n in Chap ter 3.
Usin g the MA ¾E as the criter ia, for the Repl acem ent mode l, the
best mode l is the
Auto regre ssive mode l. This gives an avera ge MA ¾E of 2.19% over
4 years. The wors t
affec ted state is WA, with an avera ge MA ¾E of 3 .6%. Usin g the diffe
rence from the CGC
mode l, the wors t affec ted state is Victo ria, whic h loses 3.78% of their grant
share over the 4
years .

With the Predi ctive mode l, the Base mode l gives the best esti1nates over
four years. The
NT has the wors t avera ge MA %E over 5 years of 2.23% . The diffe rence
betw een the CGC
estim ates and the mode l esti1nates are all less than 1% over 5 years , with
the wors t affec ted
state being WA, whic h the mode l estim ated as 0.9% highe r.
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Table 6-1

E FRO M
SUMMARY OF REP LAC EM ENT MODELS - % DIF FER ENC
CGC MODEL OVER 4 YEARS

Model
Base Mod el
Lagged Depe nden t
Autoregressive Mod el

Table 6-2

Vic

Qld

WA

SA

Tas

ACT

NT

Aus

2.24
2.23
2.47

-4.52
-4.05
-3.78

-1.39
-1.57
-1.98

3.74
6.52
3.25

1.54
-0.11
1.12

-0 .91
-1. 74
-1.11

-1.74
-7.05
-2 .33

2.58
0.91
2.32

2.32
2.22
2.21

ER 4 YEARS
SUMMARY OF REP LAC EM ENT MODELS - MA ¾E AFT

Mod el
Base Mod el
Lagged Depe nden t
Autoregressive Mod el

Table 6-3

NSW

NSW

Vic

Qld

1.40
2.51
1.26

2.61
4.70
2.34

2.89
3.96
2.91

4.04
3.60

SA

Tas

ACT

NT

Aus

1.26
2.41
1.35

2.43
3.98
2.39

2.36 2.65
6.89 · 2.57
2.37 2.87

2.40
3.88
2.39

E FRO M CGC
SUMMARY OF PRE DIC TIO N MODELS - % DIF FER ENC
MODEL AFT ER 4 YEARS

Model
Base Mod el
Lagged Depe nden t
Autoregressive Mod el
Exponential Aver age Mod el

Table 6-4

WA
') 6')
.J . .J

NSW
') ')
0 . .J.)
1.99
1.38
1.58

Vic

Qld

WA

SA

Tas

ACT

NT

Aus

-0. 71
-4.10
-1.54
-1.82

-0.30
-1.63
-1.05
-1.32

0.91
6.77
2.20
1.83

0.12
0.35
-0.06
-0.11

0.21
-1.25
-1.14
-0 .61

-0.67
-7.04
-3.19
-2.70

0.31
1.36
0.13
1.46

0.38
2.37
0.91
1.37

YEARS
SUMMARY OF PRE DIC TIO N MODELS - MA ¾E OVE R 4

Mod el
Base Mod el
Lagged Depe nden t
Autoregressive Mod el
Exponential Aver age

NSW

Vic

Qld

WA

SA

Tas

ACT

NT

Aus

0.95
2.05
1.37
1.07

1.14
3.66
1.65
1.29

1.16
3.24
2.32
1.85

1.70
3.32
4.00
1.91

0.92
1.98
1.45
1.00

1.31
3.25
2.20
1.63

1.69
5.67
2.36
1.77

2.23
2.40
6.96
2.76

1.39
3.20
2.79
1.66

Conclusions and Recommendations
to the state s whi ch wou ld take
This thesis has prop osed a way to estim ate the gran t shares
ld be muc h easi er to unde rstan d.
far less time than the Com1nission curr entl y take s, and wou
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A num ber of coefficients wou ld be appl ied to som e ABS data
, which are freely available to
all states.

If the Com miss ion had used this met hod for the 1994 to 1998
Updates, the worst affected
state wou ld have been Victoria, whi ch wou ld have lost 3.8%
of its grant share (about $175
per capi ta over the 4 years predicted).
The Com miss ion could use the regr essi on mod el to predict
what the grant share will be,
befo re they pub lish it in February. The grant share could be
predicted in December, whe n
all the ABS data are available. If this was the aim, over the
4 years, the worst affected state
wou ld be WA, with a pred icted gran t share 0.9% higher
than wha t the CGC calculated.
Not e that the WA would not have got O.9% more, since the
estimates would not have been
used to distribute the funds; they wou ld have been used
to give WA some idea of how
n1uch they wou ld be getting.
Cha pter 2 brou ght up some crite ria on whi ch to rate a gran
t distribution system. The y
were:

•

Fairness;

•

Stability of funding;

•

Predictability of funding;

•

Clarity in expl aini ng any changes;

•

Transparency; and

•

Responsiveness.
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against some of thes e
In this section, we assess both the CGC and regression models
criteria.
each one is fairl y stable,
In tern1s of stability over time , graphs of each method shows that
use they are both stabl e
giving state governments some pred ictab ility in their funding. Beca
over time , they are both fairly predictable.
the effect each varia ble
The regression models results can be deco mpo sed fairly easily into
muc h the data affects
has on the final state outcome. The regre ssion coefficients tell how
over the curre nt CGC
the revenue or expenditure disabilities. This is a simplification
gran t distribution.
model, which uses a complicated simu latio n mod el to decompose the
have the aver agin g that a
Because the CGC model uses a wide rang e of data; and it does n't
ge than the regre ssion
regression model uses ; it will prob ably be more resp onsi ve to chan
of any chan ge or new
model is. However , this responsiveness is nega ted by the introduction
data over 5 years.
el quite com plex; the
The large amount of data used by the CGC mod el also makes the mod
d to 5 0 variables used in
regression models suggested here use 13 varia bles overall, compare
rstand. The tech niqu es
a CGC update, so the regression mod els are muc h easier to unde
the tech niqu e used to
used (linear regression) are also welr unde rstoo d, compared to
to popu latio ns for
estimate the CGC model (calculating w eights and appl ying these
expenditure; and calculatin g reve nue bases for revenue) .
Overall, we think that:
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•

both mod els are stable over time;

•

neither mod el is more predictable than the other;

•

the Regr essio n model is able to explain any changes more clear
ly
and is more transparent; and

•

the CGC mod el is more responsive to state's circumstances, but the
value of this is questioned when any change is phased in over 5
years.

Recommendations
Give n the advantages of clarity and transparency outlined above,
we wou ld recommend
that the Commission use the repla cem ent model to estimate Upda
tes between the Review
years. This gives more time for the Com miss ion to work on the Revi
ew methods, since 3
Mon ths of every year is currently take n up doing an Update.
If the Commission decides not to use the replacement model, we
would recommend using
the estimation model to estimate the grant shares in December,
before the official grant
shares come out in February each year. This wou ld give the state
s some idea of what the
gran t shares will be before they com e out, and will give them some
time to prepare for any
significant changes in funding.
On a final note, we were surprised that some of the models whic
h took into account the
time series nature of the data did not give better estimates than mod
els that did not take this
into account. We think that the prob lem may be that there are not
enough data to estimate
the autoregressive coefficients (the Rho ) for an autoregressive mod
el. If the Commission
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ld give 15 yea rs wit h whi ch
wou
this
then
k,
bac
rs
yea
15
for
dels
mo
r
thei
e
were to estimat
mea n the time seri es natu re of the
ld
wou
s
Thi
.
ient
ffic
coe
ive
ress
reg
auto
an
e
to estimat
er estimates.
data could be taken into account, and wou ld give bett
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