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1.  Introduction

Global warming scenarios suggest that by 2030 mean annual temperature in the ACT will have risen by between 0.4 and 1.6 (C and between 1.0 and 4.8  (C by 2070 (relative to 1990 figures). These temperature increases will vary seasonally, with highest temperature increases in summer - up by 1.8 (C in 2030 and 5.6 (C by 2070 (see the companion report on climate change projections).  These temperature increases will result in higher evaporation and together they will have likely impacts on water demand for the region.  Obviously, being able to model such demand will have marked benefits for water managers, such as ACTEW-AGL. 

2. Water demand model

A water demand model has been developed for the ACT to predict the potential effects of future climate change.  It is an aggregated model combining daily water use data from ACTEW with a simple process based model that integrates user behaviour with different climate factors (maximum and minimum temperatures, solar radiation, rainfall and vapour pressure). The model approach can separate out climate related demand from base line demand not related to climatic factors (e.g. industrial use, general domestic use – Figure 1a).  The model has been parameterised for the period 1995-2000 (Figure 1b) taking into account obvious changes in water use (Figure 1a).  Validation of the model was carried out against data from earlier years, with results indicating a good fit (Figure 1c).  This approach provides a significantly better description of water use than an approach using single climate factors alone, such as evaporation  (Figure 1d). Historical climate files were adjusted to represent climate change scenarios and user behaviour adjusted to achieve the same level of utility from the water used.   Changes in demand were then expressed as proportions compared with base line usage.  
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	Figure 1.  Outputs from the modelled water demand for the ACT. 

a) the measure of the water-use efficiency for the ACT based on non-climate driven water demand from 1965 to 2000. The drop in water demand from around 1990 reflects behavioural changes in water use (in this case the switch to grey water for public lands).

b) The modelled versus simulated demand for the ACT for the period 1995 to 2000.  This was used to calibrate the model.

c) Validation of the model was carried by determining the goodness of fit of the simulated data to the observed data from 1965 to 1994.  The open diamond represent the calibrated period 1995-2000.

d) A simple water demand model for the ACT based on evaporation.  


3. Projected changes in water demand for the ACT

The range of climate change scenarios presented earlier in this report were used to assess likely changes in per capita water demand for the ACT for the years 2030 and 2070. The full range of possible changes for each time period was assessed by combining the lowest increase in temperature with the largest increase in rainfall and then the highest increase in temperature with the greatest reduction in rainfall. Consequently the demand scenarios range from the ‘best case’ to the ‘worst case’. In addition, mid-range values were calculated from the CSIRO 2001 scenarios (1.25 (C and 3 (C for 2030 and 2070 respectively). For 2030, the anticipated water demand increases from 1% to 5% with a mid-range value of 3%. By 2070 this range has increased to 1% to 16% with a mid-range value of 9%. 

These proportional increases do not take into account the effects of changes in population or water-use behaviour. Population growth could be significant for the ACT with mid-range increases of 10% by 2030 and 14% by 2070. Higher range population scenarios are for increases of 30% by 2030 and 84% by 2070. The effect of these population changes are multiplicative with the per capita water demand changes arising from climate change, leading to increased demand when combined. On the other hand, there are a range of possible demand-management strategies which may limit increases in water use.  It would be possible using the approach described here to assess the effects of all three factors combined as the method is based on per capita use and can alter user behaviour. 

An important caveat is needed in relation to the above results. Because of the limited time-frame in which they have been generated, they are based on temperature increase scenarios which raise historical daily maximum, minimum and dewpoint mean temperatures by a common fixed amount (e.g. 2oC). Implicitly this assumes that historical variability in temperature is maintained. However, this is not necessarily the case. For example, future warming might be expressed as an increase in the frequency of very hot periods rather than as a general increase in temperature each day. Historically, this type of variation discriminates those years with high demand from those with low demand: high demand years have a greater frequency of very hot days rather than being necessarily generally hotter. Some preliminary analysis indicates that if the warming trends are expressed by such a change in the variability of temperature rather than a change in the mean temperature, then the increases in demand could be approximately twice that above viz 1.4 to 14% by 2030 and 9 to 38% by 2070.  Clearly, there is a marked sensitivity to how any global warming is going to be expressed. 

There are several pathways that could be used to resolve this difference including downscaling the climate data generated using global climate models, the use of regional or nested climate models or the use of stochastic weather generators which incorporate climate change capabilities.  Coupling such analyses to the water demand assessment method described here could contribute to risk assessments which relate not only to long-term climate change analyses but also to short-term operational assessments such as those using seasonal climate forecasting.
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