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Sensitivity analysis
The Indigenous Expenditure Report method defines total expenditure on services to Indigenous Australians as the sum of:

· Indigenous specific expenditure — which includes expenditure on services explicitly targeted at Indigenous Australians, plus any expenditure on more broadly targeted services that can be identified as relating to Indigenous Australians
· the Indigenous share of mainstream expenditure — the proportion of expenditure on mainstream services that is estimated to relate to services for Indigenous Australians.
Total Indigenous specific expenditure is assumed to relate solely to services for Indigenous Australians. As a consequence, the Indigenous share of this expenditure is known, and does not have to be estimated. The Indigenous share of mainstream expenditure is not known with certainty and must be estimated.
The Indigenous Expenditure Report proration method is based on approaches used in similar exercises and benefits from the contributions of a wide-range of data and service delivery specialists. This method can therefore be expected to provide reliable estimates of the Indigenous share of mainstream expenditure. However, any estimation process contains an inherent level of uncertainty.
Understanding the nature, materiality and sources of this uncertainty is essential to the informed interpretation of any estimates, and for identifying priority areas for ongoing improvement. To support these objectives the Steering Committee:
· has produced data quality statements — using the ABS data quality framework, qualitative information about the input data is presented in appendix D
· has produced qualitative information on the reliability of estimates — an assessment of the appropriateness of service use measures and their corresponding data sources for each published expenditure category is presented in appendix E
· is pursuing Monte Carlo analysis — in the future, Monte Carlo simulation techniques will be used to provide a range of statistics to better understand the quantitative extent and source of uncertainty.
The sources of uncertainty and benefits of sensitivity analysis are explored in section 8.1. The Monte Carlo simulation technique is described in section 8.2. In section 8.3, the limitations of sensitivity analysis are discussed. An overview of data quality statements and qualitative assessments of the appropriateness of service use measures and data sources is presented in section 8.4.
	Box 8.

 SEQ Box \* ARABIC 1
Estimating the Indigenous share of mainstream expenditure on a hypothetical service

	Total mainstream expenditure on the hypothetical service is $100 million, which is known with certainty. Administrative information systems also indicate that 20 per cent of service users were Indigenous. 

However, the Indigenous status of a number of service users was not identified. Some of these were Indigenous and some were not. As a consequence, the Indigenous share of service users should be adjusted. The exact adjustment is unknown, however information based on expert judgement suggests that the adjusted Indigenous share is most likely to be 122 per cent. However, it could be as low as 120 per cent, or as high as 130 per cent.

Further information also suggests that it costs more to provide the hypothetical service to Indigenous recipients. Once again the exact cost difference is uncertain, but is most likely to be 150 per cent. The available data suggests that this could be as low as 130 per cent or as high as 160 per cent.

	
	
	
Total
expenditure
	Service
use
measure
	Under-identification adjustment
	Cost differential adjustment
	Estimated Indigenous expenditure
	

	
	
	$m
	%
	%
	%
	$m
	

	
	Known
	100
	20
	..
	..
	..
	

	
	Low
	..
	..
	120
	130
	31
	

	
	Most likely
	..
	..
	122
	150
	37
	

	
	High
	..
	..
	130
	160
	42
	

	

	This information suggests that the Indigenous share of expenditure on the hypothetical service could be as low as $31 million ($100 million ( 0.2 ( 1.2 ( 1.3) or as high as $42 million ($100 million ( 0.2 ( 1.3 ( 1.6). There are actually a further seven ‘what if’ scenarios that fall between these bounds, given the available data. The combination of the most likely estimates would be $37 million ($100 million ( 0.2 ( 1.22 ( 1.5).

	


8.1
Why do sensitivity analysis?

Benefits of sensitivity analysis

An example of the potential impact of uncertainty is provided in box 8.1. In the example, the Indigenous Expenditure Report proration method is employed to estimate the Indigenous share of government mainstream expenditure for a single hypothetical service.

This example suggests that the ‘most likely’ estimate of the Indigenous share of expenditure is $37 million. However, because of the uncertainty associated with the under‑identification and cost differential factors, it is possible that the Indigenous share of expenditure could be as low as $31 million or as high as $42 million. 

Sensitivity analysis will help Indigenous Expenditure Report users to understand:

· the extent of uncertainty — by defining the range of values that the Indigenous share of expenditure is likely to take

· the comparability of estimates — by providing the information to determine whether Indigenous expenditure is significantly different to other estimates (for example, the expenditure of another jurisdiction)

· the source of uncertainty — by determining which data contribute the majority of the uncertainty in the Indigenous expenditure estimates.
8.2
Measuring uncertainty
Over the longer term, the Indigenous Expenditure Report Working Group will employ Monte Carlo methods to statistically assess the level of uncertainty (box 8.2).
The Indigenous Expenditure Report method uses a relatively simple proration method. The Indigenous share of the mainstream expenditure is estimated using a service use measure (chapter 3): 
	Indigenous 
mainstream 
expenditure
	=
	Total 
mainstream
 expenditure
	×
	Service 
use 
measure
	[1]


The service use measure is adjusted for:

· Indigenous under‑identification — the degree to which Indigenous service users are not correctly identified or recorded in data collections
	Box 8.

 SEQ Box \* ARABIC 2
Comparison of ‘what if’ and Monte Carlo analysis

	An extension of the example in box 8.1 to three government services is presented below. Methods of assessing the sensitivity of estimates to model parameters include:

· ‘what if’ analysis — expenditure is estimated for a series of scenarios to determine the possible different combinations of model parameters.a For the example, total expenditure can range between $98 million and $171 million. Although the ‘modal’ (most likely) outcome is $130 million, there is no information about the likelihood of other outcomes (that is, $171 million is as likely as $131 million).

· Monte Carlo analysis — is similar to the ‘what if’ approach, however it includes information about the probability that model parameters will take certain values. This allows a range of possible values for expenditure to be estimated, as well as the likelihood that any particular value of estimated expenditure will be ‘true’.

	

	
	
	Total exp
	Service Use
Measure
	Under-identification adjustment
	Cost differential adjustment
	

	
	
	
Known
	
Low
	Most 
likely
	
High
	
Low
	Most 
likely
	
High
	
Low
	Most 
likely
	
High
	

	
	Service 1
	100
	20
	25
	30
	120
	125
	130
	200
	215
	220
	

	
	Service 2
	150
	15
	18
	20
	100
	100
	110
	105
	118
	120
	

	
	Service 3
	86
	15
	16
	20
	105
	106
	120
	195
	210
	220
	

	Comparison — the figure below compares the ‘what if’ and Monte Carlo analysis results. The probability information incorporated into Monte Carlo analysis illustrates that while the extreme values of $98 million and $171 million are possible, they are far less likely than implied by ‘what if’ analysis.
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	a The number of possible scenarios is defined as (possible valuesProration factors)Services. For the example above this is (33)3 = 19 683 possible ‘what if’ scenarios.

	


· Indigenous cost differential — to account for the fact that the average cost of providing a government service to Indigenous Australians may be more/less than the cost of providing the same service to non‑Indigenous Australians.
	Indigenous 
mainstream 
expenditure
	=
	Total 
mainstream
 expenditure
	×
	Service 
use 
measure
	×
	Under
-identification
	×
	Cost differential
	[2]


The Monte Carlo analysis assumes that the total mainstream expenditure is known with certainty.
 If the proration factors (the service use measure, Indigenous under‑identification and Indigenous cost differential) are known with absolute certainty, there is no need for Monte Carlo analysis. 
Imperfect data (or the absence of data) mean that, in some cases, the values of the proration factors are estimates. While these data are the best available, the lack of knowledge regarding the precise value of the proration factors introduces uncertainty into the estimated Indigenous share of expenditure.

Reliable data on proration factors can be limited for a number of reasons, including:

· mainstream services are broadly focused — there might not be an imperative to collect information on Indigenous services users where the service or programs are targeted at all Australians. As a consequence, government administrative systems do not necessarily record the number of Indigenous users, or the cost of services to Indigenous Australians
· some services are not directly targeted to individuals — it is administratively more difficult to capture information on service recipients when the service targets the community (police services), families (some welfare services, community amenities) or people with a transient involvement with the service (some health services, some emergency services) 

· information on Indigenous service users might not be a priority — where information is collected, the quality of the Indigenous data can be poor as the imperatives for collecting high quality data may not be apparent to those delivering the service
· reliable survey information can be difficult to obtain — supplementary statistical collections provide an alternative to administrative data collections, but also have limitations (and costs). Where the Indigenous population is small, it is more difficult to collect high quality statistics as:
· service providers may be less attuned to collecting Indigenous statistics

· sample surveys are less likely to produce reliable Indigenous estimates, unless they have been specifically designed to do so.
A more detailed analysis of the material sources of uncertainty (those that have a significant impact on the reliability of the expenditure estimates) will be important for prioritising areas for improvement.

8.3
Limitations of sensitivity analysis
Sensitivity analysis can not identify unknown errors in data or model specification
Sensitivity analysis can be used to assess the range of possible outcomes for estimates using the Indigenous Expenditure Report proration method. However, it can not identify uncertainty associated with:
· incorrectly specified estimation model — sensitivity analysis can not be used to identify whether one service use measure should be used over another, or whether the proration method itself is sound.
Sensitivity analysis assumes the model and proration factors are correctly specified

· unknown data errors — sensitivity analysis can not be used to identify incorrect choice of data sources, data coding and allocation errors or unknown variations in the data.
Sensitivity analysis assumes that the data are correct and accurate except for the information provided for each proration factor.
The Indigenous Expenditure Report method addresses these issues by engaging a wide-range of data and service delivery specialists in the development and specification of the estimation framework. The method also places a high priority on identifying areas and strategies for continual improvement in order to minimise errors in the current report and/or improve processes for future reports.
8.4
Qualitative description of uncertainty

Data quality statements

The Indigenous Expenditure Report uses the ABS Data Quality Framework to describe the level of uncertainty associated with the data that underpin the expenditure estimates.

The ABS Data Quality Framework is a general framework to enable a qualitative assessment of the quality of statistical data. The framework describes seven dimensions of quality:

· institutional environment — institutional and organisational factors which may have a significant influence on the effectiveness and credibility of the agency producing the statistics

· relevance — how well the statistical product or release meets the needs of users in terms of the concept(s) measured, and the population(s) represented
· timeliness — the delay between the reference period and the date at which the data become available

· accuracy — the degree to which the data correctly describe the phenomenon they were designed to measure
· coherence — the internal consistency of a statistical collection, product or release, as well as its comparability with other sources of information, within a broad analytical framework and over time
· interpretability — the availability of information to help provide insight into the data

· accessibility — the ease of access to data by users.
The ABS advises that all seven dimensions should be included for the purpose of quality assessment and reporting. However, the seven dimensions are not necessarily equally weighted, as the importance of each dimension may vary depending on the data source and context. 
Further information on the data quality framework can be found in the ABS Data Quality Framework, May 2009 documentation.

Appropriateness of service use measures and data sources

The Indigenous Expenditure Report prorates mainstream expenditure between Indigenous and non-Indigenous Australians using service use measures. Therefore, the quality of the estimates are dependant on the selection of appropriate service use measures (as proxies for the cost drivers) and relevant, good quality, data sources. 

The Indigenous Expenditure Report presents information on the reliability of estimates for all published expenditure categories by providing a qualitative assessment of the:

1. appropriateness of each service use measure — how well the service use measure for each expenditure category represents the link between service use and cost. The assessment of the appropriateness of service use measures was based on the strength of the link between the service use measure and the service costs. That is, whether the measure of service use provides a good proxy for the distribution of costs (expenditure) among service users (in particular, Indigenous users).

2. quality of the service use measure data source — does the data source provide good quality estimates of the service use measure, including Indigenous identification. The assessment of source data was based on the data quality statements prepared under the ABS Data Quality Framework described above (appendix D).

For each aspect, the Steering Committee has agreed on a rating of ‘A’ (Good), ‘B’ (Fair), ‘C’ (Poor), or ‘D’ (Very Poor). The assessment method is described in appendix E.1. The individual assessments for each published expenditure category are presented in appendix E, section E.2

The role of continual improvement
Sensitivity analysis can help identify which proration factors contribute the most to uncertainty. The Indigenous Expenditure Report Working Group will use this information to help develop the Indigenous Expenditure Report annual work plan. The work plan will identify the key sources of uncertainty and target these for data quality improvements. 
� 	The allocation of government expenditure to the appropriate ABS GPC categories is the key issue relating to expenditure data quality. The agreed guidelines for these allocations are set out in the 2012 Expenditure Data Manual. Over time, jurisdictions are expected to be able to improve their reporting against these guidelines, but this might require improvements in information systems and processes. In the interim, deviations from the agreed guidelines will be detailed in explanatory notes to the reported data.


�	ABS 2009, ABS Data Quality Framework, May 2009, ABS Cat. no. 1520.0, Canberra.
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