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Background

Population projection model for Queensland — State & large regions

In 2011 new statistical geography introduced

Queensland Government requested model extension to handle small areas

Undertook a review of small area projection methods
— recommended empirical testing of selected models

Comprehensive study:

3 countries

introduced new model

large no. of averaged and composite models
went beyond just assessment of forecast accuracy
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The Qld Cntr for Pop Res, where I work, build a multi-regional cohort-comp proj model for the Qld Govt over 10 years ago.

It produced projections for the State and about a dozen large regions & was used for the govt’s official population projections.

In 2011 the Aus Bur of Stats radically redrew the statistical geography of Aus, creating spatial units at the same geographical level with populations within a fairly narrow range.

The Qld Govt decided it wanted projections based on this new stat geog - and at three levels: State, large regions, and local areas (of which there are 526). 
25 yr horizon. Constrained to regional projections.

We undertook a review of small area projection methods based on the available literature.

Because almost no empirical testing of simple models in Aus, that review recommended empirical testing of the more promising of the reviewed models.

Rather than a fairly basic set of retrospective projection tests for the study area, I took the opportunity to undertake a more comprehensive study.

Included 3 countries; introduced a new simple projection model; tested large no. of averaged and composite models; went beyond just assessing forecast accuracy



Approach

Case study countries: Australia; New Zealand; England & Wales

Obtained 1991, 2001 and 2011 population estimates

Country Area type No. of areas Median pop, 2001
Australia SA2

New Zealand Area Unit
England & Wales  CAS ward

Fitted 10 simple models to 1991-2001 population change

Produced projections from 2001:
e “Projected” out to 2011 and compare against actual populations
* Projected further to 2031 to assess characteristics of projections
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This investigation used new small area population datasets for Australia, New Zealand, and England & Wales - countries where small area population models have rarely been tested.

I obtained population estimates for 1991, 2001 & 2011 for
SA2 areas in Aus – median pop 7,700
Area units in NZ – median pop 2,100
Census Area Statistics wards in E&W – median pop 4,800
All pop figures were based on consistent sets of boundaries.

I applied simple projection models which forecast total pop only. Now I fully appreciate that many demographers don’t like these models.
But at the small area scale the cohort-component model is less easily applied. The amount of data required to implement these models for large numbers of small areas is substantial and simply may not be available. Even in cases where data are accessible, data quality issues or high costs may prevent their use. And when reliable data are readily available, they will often prove too sparse to yield robust age schedules of rates. Although indirect estimation methods have been developed to tackle some of these data challenges the resource and timeframe constraints faced by many practitioners means they often cannot be implemented. Furthermore, several studies have shown that for forecasting small area population totals, cohort-component models do not appear to possess a clear advantage over simpler methods in terms of forecast accuracy.

I fitted 10 simple models (listed in the next slide) to 1991-2001 pop change.

Then I produced projections from 2001:
* to 2011 and compare against actual populations
* further to 2031 to assess characteristics of projections



Simple projection models

LIN Linear
EXP Exponential
LIN/EXP Linear/Exponential
Linear if positive base period change; exponential if negative
MEX Modified Exponential
Growth rate dampened if pop very high or low
CGD Constant Growth Rate Difference
CSP Constant Share of Population
FSP Forecast Share of Population
CSG Constant Share of Growth
CSG+  Constant Share of Growth
Positive shares only
VSG Variable Share of Growth
Initial growth forecast using LIN/EXP
Then adjusted to State growth using plus-minus method
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These are the 10 models I chose.
Only simple total population models which could be easily fitted in an Excel spreadsheet were selected for assessment. 
Models requiring fitting to lengthy annual time series and/or considerable additional socio-economic data were not considered because such data are often unavailable. 
Many of these models are common to the literature though, to the best of my knowledge, the Variable Share of Growth model is presented for the first time.

First 4 make use of small area’s population numbers only; the following 6 require an independent projection of a national/State pop.

LIN	Linear
EXP	Exponential
LIN/EXP	Linear/Exponential
	     Linear if positive base period change;  exponential if negative
MEX	Modified Exponential
	     Growth rate dampened if pop very high or low
CGD	Constant Growth Rate Difference
CSP	Constant Share of Population
FSP	Forecast Share of Population
CSG	Constant Share of Growth
CSG+	Constant Share of Growth
	     Positive shares only
VSG	Variable Share of Growth
	     Initial growth forecast using LIN/EXP
	     Then adjusted to State growth using plus-minus method



Models tested

Individual
10 individual models

Averaged
Average of 2, 3, 4 and 5 of every individual model. Total of 627 models.

Composite

Different models applied for

e 5 categories of base period growth rates, and
e 5 categories of launch year population size.
Total of 100,000 x 2 models

Two sets of projections

(a) Forecast-constrained: small area projections adjusted to sum to
State/national medium series projection for 2001-31

(b) Estimate-constrained: small area projections adjusted to sum to
State/national population estimate in 2011
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First, I assessed the 10 individual models 

Then I took simple averages of 2, 3, 4 and 5 of every combination of the 10 models.
Gave 627 averaged models in total. 
Forecasts averaged first & then constrained to State/national populations.

Composite forecasting models were created by using different models for different categories of base period growth and jump-off year population size. 
Five categories were distinguished for both growth rate and population size.
Gave 2 lots of 100,000 models.

Two sets of forecasts were created. 

The forecast-constrained set adjusted all small area forecasts so that they summed to the official principal series State or national population forecasts available at around the time of the jump-off year (2001). However, all three countries’ populations were under-forecast by 3-4% after 10 years.

The estimate-constrained set removed the effect of incorrect official population forecasts by constraining to 2011 population estimates, thus revealing the degree of distributional error.



Assessment

Forecast accuracy
Median Absolute Percentage Error (MedAPE)

Credibility

(i) Proportion of small areas with negative populations

(ii) Ratio of the sum of unconstrained small area projections to the State or
national total
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Error was assessed by the Median Absolute Percentage Error (MedAPE).

The ability of a model to give low average error values is undoubtedly welcome, but if it generates implausible or, worse, nonsensical forecasts for a proportion of small areas then its value is severely compromised. 

Whilst manual intervention or rules automated in a spreadsheet or projection code can be implemented to fix up undesirable forecasts, it is preferable to use a model which has no need for such interventions. 

Credibility was assessed by the following measures:
(1) the proportion of small areas with negative populations, and
(2) the ratio of the sum of the unconstrained small area projections to the national projection.



Results: individual models: Australia

Table 2: Performance of individual models at 10 and 30 vear forecast horizons
10 vear horizon 30 vear horizon

Forecast-

Forecast-constrained Estimate-constrained .
constrained

AModel AMedAPE %0 -ve ratio MedAPE %0 -ve ratio %0 -ve ratio

Australia
LIN 8.5 0.00 0.99 0.00 0.95 0.39 1.02
EXP 21, 0.00 1.40 8.4 0.00 1.34 0.00 1424.64
MEX 0.5 0.00 1.05 8.5 0.00 1.00 0.00 1.12
LIN/EXP 3.3 0.00 1.00 7.7 0.00 0.95 0.00 1.03
CGD 22, 0.00 1.41 0.00 1.41 0.00 127351
CSP 7.9 0.00 1.00 0.00 1.00 0.00 1.00
FSP 0.5 0.05 1.00 0.05 1.00 3.57 1.00
0.00 1.00 2.2 0.34 1.00 0.29 1.00
0.00 1.00 0.00 1.00 0.00 1.00
0.00 1.00 8.5 0.00 1.00 0.00 1.00
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Here are the results of the individual model tests for Australia.

In terms of forecast accuracy after 10 years, the CSG+ model performed fairly well. CLICK

The EXP and Const Gr Rate Diff model proved quite inaccurate. CLICK

In terms of credibility, the LIN, FSP and CSG models produced negative populations in a small % of areas. CLICK

The EXP and CGD models required severe constraining to sum to State projections. CLICK
As you’d expect, caused by runaway growth in a few areas with v high base period growth rates.



Results: individual models: England & Wales

Table 2: Performance of individual models at 10 and 30 vear forecast horizons
10 year horizon 30 vear horizon

Forecast-

Forecast-constrained Estimate-constrained .
constrained

AModel AMedAPE %o -ve ratio MedAPE %o -ve ratio o0 -ve ratio

England & Wales
LIN 6.7 0.01 1.00 6.7  0.01 0.96 0.19 1.00
EXP 7.5 0.00 1.02 5.7 0.00 (.98 0.00 2.19
MEX 6.3 0.00 1.00 0.00 0.97 0.00 1.02
LIN/EXP 6.6 0.00 1.00 0.00 0.96 0.00 1.01
CGD 7.5 0.00 1.02 5.7  0.00 1.02 0.00 2.19
CSP 0.00 1.00 0.00 1.00 0.00 1.00
FSP 0.01 1.00 0.01 1.00 0.31 1.00
0.01 1.00 0.09 1.00 0.23 1.00
0.00 1.00 0.00 1.00 0.00 1.00
0.00 1.00 5.8 0.00 1.00 0.00 1.00
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NZ’s results don’t differ too much from Australia’s. However, those for E&W do.

Although the CSG+ model does fairly well, it is beaten by the CSP model. CLICK
In other words, the best small area forecasts over a 10 year horizon are obtained by assuming all small areas grow at the projected rate of the country.

The only poorly performing model was CSG when constrained to estimates. CLICK

Negative projections were occasionally produced by LIN, FSP and CSG. CLICK

Only in the long-run did some constraining ratios become large: for EXP and CGD. CLICK

The strong performance of CSP for England & Wales but not the other two countries may be related to the relatively narrow distribution of growth rates across its small areas. The inter-quartile range of 2001-11 annual average growth rates was 0.95% in England & Wales compared to 1.67% in Australia and 1.72% in New Zealand. If growth rates do not deviate too much from the average then an assumption of national projected growth rates (CSP) is probably reasonable. The difference in growth rate distributions may well be related to slower national population growth in the UK, the relative maturity of its settlement system, and different residential planning controls and processes.


Results: averaged models

Table 5: Percentage of averaged models more accurate than the best individual model ata 10
year forecast horizon

Forecast- Estimate-
constrained constrained

Australia
England & Wales

New Zealand
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How accurate were the averaged models? 

The table reveals what percentage of averaged models proved more accurate than the best individual model at a forecast horizon of 10 years. 

In the forecast-constrained set, 7.0% of the averaged models for Australia proved more accurate, whilst for England & Wales it was just 0.2%, and for New Zealand 0.6%. 

In the estimate-constrained set these percentages increased to 13.7% for Australia, 2.1% for England & Wales, and 1.3% for New Zealand. 
In other words, when the state or national populations were ‘forecast’ accurately, the averaged models performed better.



Best averaged models: Australia

Table 6a: Lowest MedAPE averaged and individual models: Australia

Average of:

10 year horizon

30 year horizon

MedAPE

%% -ve

ratio

Yo -ve

ratio

Forecast-constrained
Best individual model

Best averaged models

Estimate-constrained
Best individual model

Best averaged models

CS5G+
CSP.VSG
CSP.CSG
LIN/EXP.CSP
CSP.CSG+
LIN.CSP

C5G+
LIN/EXP.CS5P.CSG+.VSG
CSP.CSG+VSG
LIN.MEX.CSP, CSG+
MEX.CSP.C5G~+
MEX.LINEXP.CSP.CS5G+

7.1
6.4
6.4
6.5
6.5

7.0
6.8
6.8
6.8
6.8

0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00

1.00
1.00
1.00
1.00
1.00
1.00

1.00
0.99
1.00
0.99
1.00
0.99

0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00

1.00
1.00
1.00
1.01
1.00
1.01

1.00
1.01
1.00
1.03
1.04
1.04
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This table lists the averaged models which gave the lowest MedAPEs at a forecast horizon of 10 years.
For reasons of space only the top five models for each set of forecasts are shown.

The best averaged model in the forecast-constrained set, CSP VSG, achieved about a 10% lower MedAPE than the best individual model. CLICK
Although not one of the top five models in the estimate-constrained set, it also achieved a 4% improvement over the best individual model.

The best averaged model of the estimate-constrained set, LIN/EXP CSP CSG+ VSG, also achieved a MedAPE about 10% lower than the best individual model. CLICK



Best averaged models: England & Wales

Table 6b: Lowest MedAPE averaged and individual models: England & Wales

Average of:

10 vear horizon

30 year horizon

MedAPE

% -ve

ratio

% -ve

ratio

Forecast-constrained
Best individual model

Best averaged models

Estimate-constrained
Best individual model

Best averaged models

CSP

CS5P.CSG+
MEX.CSP.CS5G~+
MEX.CSP
LIN/EXP.CSP.CSG+
CSP.CSG+VSG

CSP

EXP.CSP
CGD.CSP
CSP.CS5G+
MEX.CSP.CS5G+
MEX.CSP

4.6
4.9
4.9
5.0
5.0

0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00

1.00
1.00
1.00
1.00
1.00
1.00

1.00
0.99
1.01
1.00
0.99
0.98

0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00

1.00
1.00
1.01
1.01
1.00
1.00

1.00
1.60
1.59
1.00
1.01
1.01
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For England & Wales few averaged models out-performed CSP, the best individual model. 

In the forecast-constrained set only CSP CSG+ gave a marginally lower MedAPE - CLICK -  whilst in the estimate-constrained set a small number of models out-performed CSP by the slimmest of margins. 

However, some of these models, such as EXP CSP and CGD CSP proved problematic for long-term forecasts because of high constraining ratios.
The best averaged model which avoided excessive constraining was CSP CSG+. CLICK


Results: composite models

Table 7: Percentage of composite models more accurate than the best individual model at a

10 year forecast horizon
Model type Forecast-
Country constrained

Growth rate composite models

Australia 1.5
England & Wales
New Zealand
Population size composite models
Australia
England & Wales

New Zealand

Estimate-
constrained

12
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Composite models proved a mixed bag. 
There was some promise shown by the growth rate composites, but the population size composites were disappointing.

For forecast-constrained growth rate category composites, only 1.5% of the composite models for Australia proved more accurate than the best individual model, whilst for England & Wales and New Zealand it was 0.0%. 

In the estimate-constrained forecasts these percentages improved to 2.1% for Australia, 3.2% for England & Wales, and 1.3% for New Zealand. For the population size category composite models, almost none proved more accurate than the best individual model.


Results: growth rate composite models, Australia

Table 8a: Lowest MedAPE growth rate composite and individual models: Australia

Model (by base period growth rate) 10 year horizon 30 vyear horizon

<05% -0.50.5% 05-15% 15-25% 2.5%%+ MedAPE % -ve ratio % -ve  ratio

Forecast-constrained

Best individual model CSG+ 7.1 0.00 1.00 0.00 1.00

Best composite models CSG+ CSG+  CSG+ 0.00 1.03 0.00 1.08
CSG+ MEX CSG+ ). 7 0.00 1.04 0.00 1.09
CSG+ LIN CSG+ .7 0.00 1.04 0.00 1.09
CSG+ LIN/EXP CSG+ ). 7 0.00 1.04 0.00 1.09
CSG+ CSP CSG+ .7 0.00 1.03 0.00 1.07

Estimate-constrained

Best individual model CSG+ 7.6 0.00 1.00 0.00 1.00

Best composite models CSG+ MEX LIN 0.00 0.97 0.00  1.06
CSG+ MEX LIN/EXP 0.00 0.97 0.00 1.06
CSG+ LIN LIN 0.00 0.97 0.00 1.06
CSG+ LIN LIN/EXP 0.00 0.97 0.00 1.06
CSG+ LIN/EXP LIN 0.00 0.97 0.00 1.06
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For Australia, the best forecast-constrained composite was – CLICK – 
CSG+ (<-0.5% annual average growth in the base period), CSP (-0.5-0.5%), CSP (0.5-1.5%), CSG+ (1.5-2.5%) and CSG+ (2.5%).

In this model previously declining areas are forecast to experience no population change, low and medium base period growth areas are forecast with State growth rates, whilst previously fast growing areas are projected with gradually declining growth rates. 

In the estimate-constrained set the best model acts similarly, CLICK with MEX and LIN gradually reducing growth rates.


Conclusions

Individual models CSG+, CSP, VSG, LIN/EXP & MEX shown to avoid credibility
problems and in many cases give low average errors.

Small proportion of averaged & growth rate composite models out-performed
the best individual models

Which models are recommended?

Best averaged models tended to include CSP and CSG+ or VSG
Australia & New Zealand: CSP, CSG+, VSG average

England & Wales: CSP, CSG+ average or CSP

These projections can be treated as a ‘base layer’ which can be improved in
certain places (e.g. using housing-unit model)

Age-sex projections can be created by constraining a cohort-component
model to totals generated by the simple methods.
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Thank you
Questions?

If you would like a copy of the full paper please email me:
tom.wilson@uqg.edu.au
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