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ACTEW Corporation Limited (ACTEW) is an unlisted public company that owns and operates the water 

and sewerage assets and business in the ACT. The company is owned by the ACT Government and has 

two voting shareholders: the Chief Minister and Deputy Chief Minister of the ACT.  

ACTEW has two subsidiary companies: ACTEW Retail Limited and ACTEW Distribution Limited. 

Investments include 50 per cent ownership of ActewAGL.
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The Industry Panel’s information request 

On 5 August 2014, the Industry Panel (Panel) requested the following information. 

1. Actual data for 2012-13 and 2013-14 for the following parameters: 

a. Water sales in the ACT and a breakdown of these sales into tier 1 and tier 2 consumption 

levels; 

b. sewerage volumes; 

c. sewerage fixture numbers; and 

d. water and sewerage customer numbers. 

2. ACTEW’s water sales forecasts for the 2014-15 to 2017-18 period and a breakdown of these 

forecasts into tier 1 and tier 2 consumption levels. If these forecasts are derived using the 

Breusch-Ward model, then this model should be provided along with the assumptions that have 

been used to derive the demand forecasts for these four years (including the dam release 

forecasts). The Panel also requested that ACTEW provide: 

a. the model in a manner that enables the Panel to readily confirm the forecasts proposed 

by ACTEW with the output of the model; 

b. a short summary (1-2 pages) of the key assumptions used in the model and any changes 

that have been made to these assumptions since ACTEW’s response to the ICRC’s draft 

report was submitted; and 

c. an analysis of the sensitivity of the water sales forecasts generated by the model to 

changes in key assumptions (sensitivity analysis). 

3. Information on the linkages between ACTEW’s water sales and sewerage volume demand 

forecasts and its forecast operating and capital expenditure. 

The information requested in items 1 and 2 is provided in this document and its attachments. In 

accordance with the Panel’s request that responses to these items be provided as a matter of priority, 

ACTEW will provide a separate response to item 3 via email to the Panel’s secretariat as soon as 

reasonably possible. 
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1 Actual data for 2012-13 and 2013-14 

The Industry Panel requested actual data for 2012-13 and 2013-14 for the following parameters: 

 Water sales in the ACT and a breakdown of these sales into tier 1 and tier 2 consumption levels; 

 Sewerage volumes; 

 Sewerage fixture numbers; and 

 Water and sewerage customer numbers. 

These data are provided in the remainder of this section. 

1.1 Water sales 
Table 1.1 provides the actual water sales in the ACT for 2012-13 and 2013-14, broken into water 

consumed at Tier 1 and water consumed at Tier 2.  

Table 1.1: Water sales in the ACT (kL) 

 2012-13 2013-14 

Tier 1  23,031,648 23,758,826 
Tier 2  17,396,375 18,169,030 
Total 40,428,023 41,927,856 

 

1.2 Sewerage volumes 
Table 1.2 provides the actual sewerage volumes as measured at the Lower Molonglo Water Quality 

Control Centre (LMWQCC) for 2012-13 and 2013-14.  

Table 1.2: Sewerage volumes (GL) 

 2012-13 2013-14 

Sewerage volumes at LMWQCC 31.78 32.06 

 

1.3 Sewerage fixture numbers 
Table 1.3 provides estimates of the number of sewerage fixtures attracting a fixtures charge in 2012-13 

and 2013-14.  

Table 1.3: Estimated number of fixtures charges 

 2012-13 2013-14 

Estimated number of fixtures charges (p.a.)  59,726   60,274  

 

1.4 Water and sewerage customer numbers 
Table 1.4 provides the estimated number of water and sewerage supply charges paid each financial year 

historically. These figures differ from the number of customers, since some customers pay no supply 

charge (for example, standpipes) and others pay multiple supply charges (for example, flats and dual 

occupancies).  
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ACTEW has also taken this opportunity to update past customer number figures supplied to ICRC.  The 

updated figures provided in Table 1.4, particularly those for sewerage, differ from the historical data 

provided to the ICRC in 2012 due to the correction of errors in the process used to derive estimates from 

ACTEW’s consumer count data.1   

Table 1.4: Estimated number of supply charges 

 2008-09 2009-10 2010-11 2011-12 2012-13 2013-14 

Water 144,165 146,853 149,794 153,256 158,258 162,951 
Sewerage 143,707 146,397 149,406 152,870 157,922 162,609 

1.5 Revenue 
Although these data have not been requested by the Panel, ACTEW notes that under the ‘unders and 

overs’ mechanism proposed in its Statement of Facts and Contentions the Panel would also require actual 

revenue from ACT tariffs in 2013-14. These figures are provided in Table 1.5. 

Table 1.5: Revenue from ACT tariffs (incl CSOs) ($’000s) 

 2013-14 

Water  165,578  
Sewerage  110,523 

 

                                                             
1
 ACTEW notes that no additional revenue in present value terms would be generated as a result of any 

inaccuracy in the numbers used by the ICRC under the ‘unders and overs’ mechanism proposed by ACTEW in 
its Statement of Facts and Contentions (or under other potential price setting approaches, such as using actual 
revenue in 2013-14 and 2014-15 as part of a five-year revenue stream that is equated to a 5-year revenue 
requirement in present value terms). 
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2 Water sales forecasts 

The Panel requested ACTEW’s water sales forecasts for the 2014-15 and 2017-18 period and a 

breakdown of these forecasts into tier 1 and tier 2 consumption levels, along with dam releases forecasts. 

ACTEW’s proposed water sales forecast for 2015-16 is set out in Table 2.1. 

Table 2.1: ACTEW proposed water sales forecast (ML) 

 2015-16 

Water sales at tier 1 price   24,865  
Water sales at tier 2 price   17,687  
Total water sales  42,552  

 

Forecasts of water sales for other years can also be derived from ACTEW’s model and these forecasts are 

set out in Table 2.2. It is important that it be noted that these forecasts are supplied in response to the 

request of the Panel and do not represent an ACTEW proposal, since the form of control as proposed in 

ACTEW’s Statement of Facts and Contentions is to update demand forecasts annually for new data.  

Table 2.2: Other water sales forecasts (ML) 

 2014-15 … 2016-17 2017-18 

Water sales at tier 1 price   24,867  …   24,863   24,862  
Water sales at tier 2 price  17,691  …  17,682   17,680  
Total water sales  42,558  …  42,545   42,542  

 

The water releases forecast that was the basis for the expenditure forecasts provided to the ICRC in April 

2013 is set out in sections 1.2.1 (p 35) and 1.4.3.1 (p 66) of ACTEW’s response to the ICRC Draft Report. 

Updated releases forecasts, based on the same periods of data as the sales forecasts above, are set out in 

Table 2.3. 

Table 2.3: Water releases forecasts 

 2014-15 2015-16 2016-17 2017-18 

Water releases (ML)  50,922   51,077   50,907   50,904  

 

The following chart illustrates the level of the water sales forecasts relative to recent observations. 
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Figure 2.1: Recent observed and forecast water sales (ML) 

 

In relation to these forecasts, the Panel also requested: 

i. the model in a manner that enables the Panel to readily confirm the forecasts proposed by 

ACTEW with the output of the model; 

ii. a short summary (1-2 pages) of the key assumptions used in the model and any changes that 

have been made to these assumptions since ACTEW’s response to the ICRC’s draft report was 

submitted; and 

iii. an analysis of the sensitivity of the water sales forecasts generated by the model to changes in 

key assumptions (sensitivity analysis). 

This requested information is set out in the remainder of this section. 

2.1 Forecasting model 
The water volumes forecasts set out above are derived from the Breusch-Ward demand forecasting 

models described in ACTEW’s submissions to the ICRC: 

 ACTEW (2012), ACTEW main submission to the Independent Competition and Regulatory 

Commission Regulated water and sewerage services 2013-18, July. 

o Chapter 6 

o Attachment 12 

 ACTEW (2013), Response to the Draft Report Regulated Water and Sewerage Services, 

Submission to the Independent Competition and Regulatory Commission, April. 

o Sections 1.2 and 2.2 

o Attachments 17.5, 17.6, 17.7, and 17.8 
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ACTEW notes that in relation to this model the ICRC’s technical consultant, Cardno, stated that, “ACTEW 

is to be commended in its attempt to forecast demand over the next few years using quite sophisticated 

statistical analyses.”2 

The data and models used to derive the forecasts in this information return are provided in the following 

attached spreadsheets: 

1. Daily observed data and predictors 

2. Releases regression 

3. Billed regressions 

4. Ex post AR error process adjustment 

5. Releases forecast 

6. Billed forecast 

The following chart illustrates the steps in the forecasting process and indicates which of the attached 

spreadsheets relate to each step. The numbers labelling the shaded areas correspond with the 

numbering in the spreadsheet list above. 

                                                             
2
 Cardno 2012, Review of ACTEW’s Capital and Operating Expenditures Draft Report, September 2012, p v. 



10 
 

Figure 2.2: Steps in the forecasting model 
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2.2 Key assumptions  
This section provides a short summary of the key assumptions in the model and notes changes that have 

been made to assumptions since ACTEW’s response to the ICRC’s Draft Report.  

The key assumptions in the models include: 

 Model specification, including choice of variables; 

 Selection of the period over which the model coefficients are estimated;  

 Forecast levels for the predictors; and 

 The selection of a sample of billing data and the choice of the type of distribution used to 

estimate the proportion of consumption billed at each price tier. 

A description of each assumption is presented below. 

2.2.1 Model specification and variable selection 

Six predictors of water consumption were selected by Breusch-Ward using robust model selection 

criteria: 

1. A cumulative evaporation index (cumevap). 

2. A cumulative rainfall index (cumrain2). 

3. Being under water restrictions of PWCM or greater (stage0). 

4. Further, being under water restrictions of Stage 2 or greater (stage2). 

5. During water restrictions of PWCM or greater, a seasonal index ‘summer’ as defined in 

equation 2 (stage0_s), reflecting reduced seasonal water use under restrictions. 

6. During Stage 3 or greater restrictions, a multiplicative interaction between the summer index 

and the cumulative rainfall index (cumrain2_3_s), reflecting reduced sensitivity of summer 

consumption to rainfall during severe restrictions. 

The rainfall and evaporation data are drawn from observations by the Bureau of Meteorology at 

Canberra Airport Comparison weather station 070014 and Canberra Airport weather station 070351.  

The process used to arrive at these predictors is discussed in detail in Attachment 12 to ACTEW’s main 

submission to the ICRC of July 2012. ACTEW has made no changes to the specification or variable 

selection. However, recent observations of evaporation in Canberra were unavailable and a regression 

model utilising other, available weather data was developed by ACTEW to predict evaporation for these 

missing observations. Further detail of this model is provided in Attachment A. 

The water volumes forecasting model also incorporates an ex post adjustment for an autoregressive (AR) 

error process. This adjustment was very small in the forecasts provided in this information return (for 

example, 0.03 per cent in 2015-16), since the in-sample predictions over the past 12 months are very 

close to actual consumption. As discussed in ACTEW’s April 2013 submission to the ICRC, the model had 

previously been over-predicting consumption in the period since temporary water restrictions were lifted 

in late 2010 – possibly as a result of a carryover of consumption habits under restrictions. The absence of 

significant residuals over the past 12 months indicates that some transition or ‘bounce back’ in 

consumption following restrictions has now taken place. This transition is illustrated as the closing gap 

between the two lines shown in Figure 2.3. 
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Figure 2.3: Observed releases and static in-sample predictions (ML/day, 91-day moving average) 

 

 

2.2.2 Selection of the period over which the model is estimated 

The relationships between water consumption and the predictors are estimated using data since 2001. 

This is the longest period over which the billing data used in the water sales forecasting model are 

available. The same period is used for the releases forecasting model for consistency. 

2.2.3 Forecast levels of predictors 

To generate a forecast of water consumption, assumptions must be made in relation to the forecast 

levels of the predictors. ACTEW has: 

 assumed continuation of Permanent Water Conservation Measures throughout the forecast 

period (effectively zero probability of temporary water restrictions); and 

 taken the mean of consumption forecasts derived from weather conditions (evaporation and 

rainfall) observed over the period 1967 to present. 

2.2.4 Customer sample 

The model for forecasting billed consumption assumes log normal distributions of consumption over 

customers for the purpose of estimating the amount of consumption charged at each price tier. These 

distributions are estimated on a sample of billing data for around 5,500 customers. The model results are 

scaled to a forecast for the full population by applying a factor, alpha, calculated as the ratio of historical 

observed total water sales over the in-sample predictions for the sample.  

Alpha corrects the total forecast both for the fact that only a fraction of customers were included in the 

sample and for the extent to which the sample may not be representative of consumption in the 
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population. However, the extent to which the sample is not representative of consumption in the 

population may still influence the allocation of the forecast to price tiers, since scaling by alpha takes 

place after the proportions of consumption at each price tier have been estimated.  

In the forecasts presented in this submission, ACTEW has scaled the consumption in the sample 

downwards so that its mean equates to the population mean of 300 kL per account per annum over the 

sample period (2001 to present). The resulting forecast of total consumption and proportion of 

consumption at each price tier is consistent with historical data, as illustrated in Figure 2.4. This scaling 

was not included in the data for the model submitted to the ICRC in April 2013. Sensitivity to this 

assumption is discussed in the following section. 

Figure 2.4: Observed and forecast consumption per supply charge by proportion charged at tier 1 price 

 

2.3 Sensitivity to key assumptions 

2.3.1 Selection of the period over which the model is estimated 

ACTEW has examined the sensitivity of water forecasts to the period over which the regression 

coefficients are estimated. The coefficients for the static releases regression model have been estimated 

using the following data from the following starting dates to the present: 

 1 April 2001 (ACTEW’s proposed model using data from when billing data is available) 

 1 November 2010 (the data since temporary restrictions were lifted) 

 1 January 2003, 2004, 2004, 2008 and 2010 (to explore the impact of various other periods). 

The following results were obtained. 
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Table 2.4: Regression results for different starting dates 

 1/04/2001 1/01/2003 1/01/2004 1/01/2006 1/01/2008 1/01/2010 1/11/2010 

intercept 148.65 113.21 110.36 103.78 103.04 101.89 101.66 
cumevap 0.85 0.57 0.59 0.61 0.54 0.62 0.64 
cumrain2 -6.54 -6.62 -6.07 -4.94 -4.69 -4.44 -4.75 
stage0 -40.34 0.00 0.00 0.00 0.00 0.00 0.00 
stage2 -14.94 -11.85 -9.35 -6.61 -3.55 -3.07 0.00 
stage0_s 11.17 32.61 27.83 23.74 22.00 15.05 15.52 
cumrain2_3_s -2.40 -2.74 -2.70 -2.86 -1.77 -0.11 0.00 

Note that some of the smaller data sets did not contain variation in stage2, stage0 or cumrain2_3_s and 

as a result coefficients for these parameters could not be estimated (listed as zero in the table above). 

These predictors each produce a different static release forecast for 2015 as shown in Figure 2.5. Each of 

the alternative starting dates produces a lower forecast than that used in ACTEW’s proposed model. 

Figure 2.5: 2015 static releases forecast sensitivity to regression data starting date (ML) 

 

The sensitivity of the in-sample predictions for various weather outcomes to the choice of starting date 
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Figure 2.6: Sensitivity of in-sample predictions to starting date for regression data (assuming PWCM) 
(ML) 

 

Similar results would be obtained by analysing the sensitivity of the billed forecast to these assumptions. 

2.3.2 Forecast levels of predictors 

This section demonstrates the sensitivity of the total releases forecast to changes in the forecast levels 

of: 

 water restrictions; and 

 weather (rainfall and evaporation). 

The sensitivity of the billed forecast to these assumptions would be similar. 

Water Restrictions 

Given that combined storage levels are at an all-time high, due to the completion of the Cotter Dam, it is 

highly unlikely that water restrictions will come into effect in the next four years. Storage projections 

indicate that restrictions will not be required if any climate sequence from observed historical data (from 

1871) repeats. Storage projections have also been made using 50,000 years of stochastic (synthetically 

generated) climate data. Restrictions could potentially be required in about two years if the worst 

drought in this 50 000 year sequence occurs. This model indicates the probability of entering restrictions 

at any time during the next three years is 0.07 per cent. 

Noting that the likelihood of alternative levels of restrictions is extremely low, Table 2.5 provides the 

total releases forecasts that would result from alternative assumptions about the level of water 

restrictions applying over the forecast period. 

Table 2.5: Static annual releases forecast under different assumptions about water restrictions 

Water restrictions No restrictions PWCM Stage 2 Stage 3 

Annual forecast (ML) 63,873 50,713 45,715 42,863 
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Weather 

Historical in-sample predictions, controlling for restrictions, illustrate the impact of different weather 

outcomes on the demand forecast (see Figure 2.7). 

Figure 2.7: Model predictions of releases for each year assuming PWCM (ML) 

 

Predicted releases have a standard deviation of about 3666 ML per annum. A ±1 standard deviation 

provides a forecast band of 47,256 ML to 54,588 ML. Assuming a normal distribution, around one third of 

observations would be expected to fall outside this band. This highlights the significant impact of weather 

uncertainty in demand forecasting. 

ACTEW has conditioned the forecast on all weather data since 1967. Figure 2.8 illustrates the sensitivity 

of the forecast to the alternative of using a shorter, more recent period. The line shows the forecast that 

would result from alternative starting dates for the period (assuming in all cases that the period 

concludes in the present). Starting dates from 1967 through to about 2006 result in similar outcomes. 

However, using a small sample with a starting date of 2007 or later would result in a lower forecast (since 

recent weather conditions have been wetter than historical averages). The blue markers show the in-

sample predictions for each year assuming PWCM. 
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Figure 2.8: Forecasts by climatic averaging period (ML) 
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data. 
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2.9 for the 2014-15 forecast. 
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Figure 2.9: Observed and forecast consumption per supply charge by proportion charged at tier 1 price 
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Attachment A: Predicting missing evaporation observations 
Historical weather observations are obtained from the Bureau of Meteorology. Observations are from 

the Canberra Airport Comparison weather station 070014 and Canberra Airport weather station 070351. 

Since 1967 the Bureau of Meteorology reported daily pan evaporation readings. However the reporting 

of observations became unreliable in 2013, with no reported readings after July 2013. In the revised 

submission to the ICRC in April 2013 a small number of missing observations were replaced by data from 

ACTEW’s Googong and Pierce’s Creek weather stations or estimated evaporation calculated using a linear 

regression model and historical climatic data from 1967. 

By August 2014, the BOM data contained a sustained period of missing evaporation observations. In 

order to apply the Breusch-Ward model, ACTEW developed a regression model to predict evaporation 

where observations are missing.  

A model was constructed to make use of data from Burrinjuck Dam and Evapotranspiration calculations 

from Canberra airport. 

Input data was limited to the overlap from available Burrinjuck Dam data, the Canberra airport 

evaporation data and the evapotranspiration calculations on the Bureau’s website. The evaporation 

model was estimated on daily data from September 2012 to June 2013, excluding days for which there 

were missing variables. 

Various combinations of explanatory variables were selected and evaluated using the Akaike Information 

Criterion (AIC). Variables used in the Breusch-Ward predictors were avoided. 

The following model was selected: 

Canberra pan evaporation =   +    Burrinjuck rainfall +    Burrinjuck evaporation +    Canberra 

minimum temperature +    Canberra Maximum Temperature +    Canberra Evapotranspiration 

+    Lagged Temperature +    Lagged rainfall 

The regression results were as follows: 

Variable Coefficient T value 

Intercept 0.17852 0.288 

Burrinjuck rainfall -0.11146 -3.803 

Burrinjuck evaporation 0.43579 4.110 

Canberra minimum temperature -0.07347 -2.303 

Canberra Maximum Temperature -0.29366 -7.309 

Canberra Evapotranspiration 0.74345 6.159 

Lagged Temperature 0.32426 8.271 

Lagged rainfall 0.04918 1.714 

Model fit   

Observations  177 

Adjusted R-squared  0.7339 

Akaike information criterion  644.67 
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Some 20 of negative predictions were substituted with zeros. The data is provided in spreadsheet 1. Daily 

observed data and predictors. Some 25 missing Burrinjuck evaporation observations were replaced by 

observations from the previous day. 

The selected model had the following residuals, which appear to be unrelated to time. 

Scatter plot of residuals versus time 
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Attachment B: Data and models 
1. Daily observed data and predictors.xlsx 

2. Releases regression.xlsx 

3. Billed regressions.xlsx 

4. Ex post AR error process adjustment.xlsx 

5. Releases forecast.xlsx 

6. Billed forecast.xlsm 
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