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Executive Summary

Context

Regional planning for water futures by ACT government / ACTEW necessitates assessment of the likely water yield in ACT catchments under climate change scenarios. 

Here we examine the likely climate in the ACT region for the next 70 years. We examine first the regional projections for temperature, rainfall and potential evaporation from global climate models. These projections do not provide information about variation of rainfall within a region. We then examine projections for variation of the rainfall in the Cotter, Googong and Tantangara catchments using statistical downscaling techniques. 

We report the consequences of these climate projections for water yield in the catchments in a companion report (Bryson C. Bates, Stephen P. Charles, Francis Chiew, Kate Harle, Mark Howden, Mac Kirby, Murray Peel, Lionel Siriwardena and Neil R. Viney, 2003. Catchment water yield and water demand projections under climate change scenarios for the Australian Capital Territory. CSIRO Land and Water, CSIRO Sustainable Ecosystems and Melbourne University Private.).
A. Regional projections from global climate models

Climate change projections for the ACT region (a 100 km ( 100 km square centred on 35.5ºS 149º E), are given here using simulations from 13 climate change models. There are uncertainties in projections, particularly variations in climate due to local topography (which we discuss in the downscaling section below). The uncertainty introduced in the simulated changes in local climate is unlikely to be large relative to other uncertainties such as the differences between models in their simulated changes.

The latest climate change projections for the ACT region indicate an annual increase of 0.4º to 1.6º in mean temperature by 2030 and of 1.0º to 4.8º by 2070. There are slight variations among the seasons. Table 1 gives ranges of projected annual and seasonal average temperature change for the ACT region for both 2030 and 2070. Projected changes in temperature can be applied to both daily maximum and minimum temperatures. 

Table 1. Temperature change (ºC) for the ACT by 2030 and 2070, relative to 1990.

	Season/Year
	2030
	2070

	Annual
	0.4 to 1.6
	1.0 to 4.8

	Summer
	0.4 to 1.8
	1.0 to 5.6

	Autumn
	0.4 to 1.5
	1.0 to 4.6

	Winter
	0.3 to 1.3
	0.9 to 4.1

	Spring
	0.4 to 1.7
	1.1 to 5.3


Increases in temperature will lead to changes in the frequency of extreme temperatures in the ACT Region. 

Table 2 shows seasonal and annual ranges of projected average percentage rainfall for the ACT for both 2030 and 2070. The simulated direction of rainfall changes are not clear during summer and autumn, but decreases predominate in winter and spring. 

Table 2. Rainfall change in percentage for the ACT by 2030 and 2070, relative to 1990.

	Season/Year
	2030
	2070

	Annual
	-9 to 2
	-29 to 7

	Summer
	-9 to 12
	-28 to 36

	Autumn
	-5 to 5
	-17 to 15

	Winter
	-11 to 2
	-34 to 6

	Spring
	-11 to 0
	-34 to -1


Changes in rainfall under climate change conditions will have a significant affect on the frequency of extreme dry and wet years. During wet years, the effectiveness of rainfall would be reduced by higher evaporation associated with higher temperatures. Models also simulate an increase in the frequency and intensity of extreme rainfall under enhanced greenhouse conditions. The intensity of extreme rainfall may increase even under average or declined mean rainfall conditions.

Table 3 gives present and changes in annual point potential evaporation for the ACT for 2030 and 2070. Projected point potential evaporation values have been taken from nine climate models for annual and also for four seasons. Greater increase in potential evaporation is expected as a result of increased temperature. 

Table 3. Projected point potential evaporation for the ACT for 2030 and 2070, relative to 1990. Present values are in mm and projected values in percentage.

	Season/Year
	Present (mm)
	2030 (%)
	2070 (%)

	Annual
	1575
	+1.4 to +9.1
	+3.8 to +28.0

	Summer
	626
	+0.5 to +11.0
	+1.5 to +33.8

	Autumn
	329
	+0.8 to +10.8
	+2.2 to +33.3

	Winter
	184
	+2.2 to +12.8
	+5.9 to +39.4

	Spring
	436
	+2.1 to +12.0
	+5.8 to +36.8


Interpolation for other years.

To interpolate between the present and 2030, and between 2030 and 2070, we may use curves from the global climate change models. An alternative, slightly poorer but quick method is to note the 2070 results are all slightly greater (about 1.3 times) than a linear extrapolation of the 2030 results. We may assume that interpolating linearly between 2003 and 2030 and then again between 2030 and 2070 yields answers which are not far wrong, and slightly conservative. (By slightly conservative we mean the linear interpolation lies above any curve that one might fit to points for 2003, 2030 and 2070 – that is the change is slightly overestimated except for those three dates, and the need for new dams or other water management measures is likewise slightly overestimated, so this is a conservative view of the management or investment action.) 

However, interpolation must be treated with caution. The historical rainfall in the Murrumbidgee catchment has shown considerable temporal variability. There is evidence of a shift in the last 20 years, with several locations (Michelago is an exception) near to Canberra showing a small decline in rainfall and a decrease in interannual variability after the mid to late 1980s. A similar shift has been well documented in the southwest of Western Australia. A point that emerges from this analysis is that simple interpolation of future scenarios might not be an accurate picture of future climates. It is possible that the climate will shift in a short period to a new state, rather than show a smooth progression. Such shifts are not picked up by global climate change models.

B. Downscaling to stations within the ACT catchments

We used observed rainfall data and an existing downscaling model developed for the Murrumbidgee River basin to characterise historical trends in rainfall climatology in the ACT region.  The results show weak evidence for a decline in rainfall over the region in the last 40 years and a decrease in interannual variability since the 1980s.  The seasonality of the region’s rainfall has also changed with increases in winter (April–September) rainfall and decreases in summer (October–March).  Analysis also suggests that patterns of atmospheric circulation over the Murrumbidgee basin have changed over the last 40 years, particularly in the summer half-year.

We also used downscaling to compare predicted with observed rainfall for 30 stations in and near the Cotter, Googong and Tantangara study catchments, and then to examine projected rainfall in future, climate change scenarios (broadly, the same scenarios reported above).  The downscaling model is presently at an embrionic stage, so the analyses presented herein are potentially subject to change.  Results (Figure 1) show that for the period 2035–2065, rainfall occurrence will decrease by about 6 % and annual rainfall amounts will decrease by about 8 %.  This suggests a slight overall decrease in rainfall intensity. 

The differences in the projected climate changes among the three catchments are negligible.  There is some evidence that sites at lower elevations will experience a greater reduction in the frequency of rainy days than sites at higher elevations, but elevation appears to have little impact on rainfall amount changes.  However, it is possible that a more localised weather states model that is more sensitive to local rainfall patterns could provide greater opportunity for investigating regional and subregional patterns of climate response.

The study has also highlighted differences in the seasonal patterns of rainfall occurrence and amount derived from NCEP/NCAR Reanalysis data and from GCM output.  These differences are attributed to problems with the prediction of seasonal changes in key atmospheric variables by the GCM used in this study.

The key recommendations from Part B are:

1. A detailed analysis of at-site rainfall and temperature data is required to characterise the region’s climatology and the detection of hydroclimatic shifts that may have taken place over the length of the instrumental record. This would reveal the extent to which changes in seasonality and interannual variability have occurred in the past, and the presence of any abrupt shifts or gradual transitions to different climatic regimes. 

2. Further work is needed to refine the selection of atmospheric grid points in the NCEP-NCAR Reanalysis dataset, the selection of atmospheric predictors and the rainfall amounts module for the stochastic downscaling model. The NHMM used in this study was developed for the Murrumbidgee River Basin and is in an embryonic stage of development. A new model can be developed explicitly for application to rainfall stations the ACT region. Such a model can be used for spatially- and temporally- detailed climate impact assessments and seasonal climate forecasting. 

3. An improved NHMM should be used to directly generate stochastic at-site weather sequences for locations in the ACT region for current and future climates.

4. The presence and magnitude changes in atmospheric circulation should be reassessed using the improved NHMM. 

5. Analysis of NHMM predictions based on climate changes predicted by GCMs should preferably include information from a range of GCMs rather than the single GCM used in this study.
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Figure 1.  Boxplots of rainfall response (future conditions as a fraction of current conditions) associated with the climate change scenario in predicted monthly rainfall occurrence and rainfall amount for the 30 sites in the ACT region NHMM model.  The boxes give the interquartile range, the whiskers are the extremes and the thick horizontal lines are the medians.  Also shown are the mean responses for each catchment.
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Introduction and scope of study
Regional planning for water futures by ACT government / ACTEW necessitates assessment of the likely water yield in ACT catchments under climate change scenarios. 

ACTEW has commissioned CSIRO and Melbourne University to conduct a study as follows
1. Undertake a desktop study to review existing climate change information relevant to the ACT and provide a report summarising the likely climate change scenarios relevant to the ACT, particularly in respect to impacts on future water supply. An initial draft is to be completed by the 9th September 2003 to provide input into the ACT’s draft Water Strategy. The final report is due at the end of September 2003.

2. Using existing climate change information, make an assessment of the likely changes to yield and any impacts on water quality for the ACT’s storages in both Cotter and Googong catchments, and in the Tantangara catchment. This assessment should take into account the different climatic patterns of the ACT’s catchments and historical rainfall information. Provide this report by September 2003.

3. Preliminary assessment of the likely impact of climate change on water demand in the ACT.
In this report we describe the results of part 1. Parts 2 and 3 are described in a companion report.

The study for part 1 was undertaken in two phases, the first dealing with the projections of global climate models for South-east Australia. The second phase used the results of the regional projections and statistical downscaling techniques to examine the likely variation of climate in the catchment of the Cotter, Googong and Tantangara Dams. 

The remainder of this report is in two parts, corresponding to the two phases of the study.
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