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Introduction
It is recognised that future climate change has a significant potential to impact coastal communities and ecosystems. In addition to sea level rise, variations in the local wave climate, resulting from climate change, are likely to modify long-shore and cross-shore sediment transport patterns. This has the potential to increase the risk of severe coastal inundation and erosion in some locations. There is also the possibility that changes to rainfall patterns resulting from climate change may cause significant changes to estuarine ecosystems, water quality and hydrodynamics.

Although it is thought that climate change may have significant negative economic, environmental and social consequences on coastal regions a systematic study of climate change impacts on the NSW coastline and estuaries has not been undertaken to date.

The NSW Department of Environment and Climate Change is currently coordinating the first such study of this kind.  The aim is to quantify the environmental and economic impact of future climate change for some representative coastal and estuarine systems, and in doing so provide a benchmark for future studies of this nature in NSW.

The study has been split into three stages.  The aim of the first stage, undertaken by CSIRO, was to identify the project changes to climatological forcings for coastal and estuarine dynamics.  The second stage aims to quantify the physical impacts of climate change on some representative coastal ane estuarine systems.  Stage 2 is being undertaken through a collaboration between the University of Queensland and BMT WBM. 

This paper gives a brief description of the background behind the project in addition to some of the methodology to be applied throughout Stage 2 the study.
Study Background
It is thought that climate change is likely to increase the risk of severe coastal inundation, and erosion whilst possibly causing significant changes to estuarine ecosystems, water quality and hydrodynamics. In NSW, it is conservatively estimated that the value of coastal properties at risk from coastal erosion/inundation resulting from climate change is worth $1 billion over a one hundred-year planning period (DECC, 2007).

Some of the climate change scenarios which may cause these changes include:

· Sea level rise; 

· Increased frequency of storms; 

· Increased severity of storms; and 

· Changes in rainfall patterns. 

Climate Change Study - Stage 1

Part one of the study, recently completed by the CSIRO, identified the projected changes to the climatological forcings for coastal erosion. The study utilised two climate models available to the CSIRO using the projected IPCC A2 CO2 emission scenario to drive the models.  The two selected models were chosen from 5 suitable model types. It was considered that the selected models best represented the highest and lowest ranked responses to climate change. This selection method ensures that the full range of atmospheric responses to climate change was assessed by the DECC study. The A2 CO2 emission scenario input into the models represents an atmospheric CO2 concentration increase from 370ppm (present day) to 880ppm by 2100.  

The aim of the CSIRO study was to investigate how the variables responsible for coastal erosion may change as a result of climate change due to the enhanced greenhouse effect for the 2030 and 2070 planning horizons. In particular changes to wind and wave climate, storm surges, and the regional variations in mean sea level rise were investigated. (McInnes et al, 2007). 

In addition to predicting the projected changes on the climatological forcings for coastal erosion, the CSIRO also drew upon existing literature to provide information on changes in climate variables likely to impact on estuarine processes resulting from climate change. This included comments on the likely changes to average daily temperatures, annual rainfall totals, rainfall event recurrence intervals and solar radiation predicted for the 2030 and 2070 planning horizons.
Climate Change Study - Stage 2

Results from the CSIRO study (Stage 1) form the basis of the second component of the study, to which this paper relates. 

Stage two of the three studies has been titled, “A Preliminary Assessment of the Climate Change Impacts and Adaptation options for Coastal New South Wales“. For consistency and brevity this study will be referred to as Stage 2 for the remained of this paper. The overall aim of the Stage 2 study will be focused on quantifying the impacts of climate change on coastal and estuarine processes. 

For the coastal issues, changes in shoreline position due to climate change induced long term trends such as Sea Level Rise (SLR) and variations in net littoral sediment transport patterns resulting from changes to ‘mean’ wave climate will be identified for the low, medium, high, and PM level impact events for the 2030 and 2070 planning periods. The combined impact of long term and short term processes (i.e storms) on shoreline change by superimposing short term fluctuations of shoreline position due to storm erosion will also be determined.

For the estuarine component of the Stage 2 study, changes in mean estuarine circulation, mixing and flushing times due to climate change will be assessed. This assessment will evaluate the estuarine responses to SLR in addition to variations in extreme events such as prolonged hot and/or drought conditions, and variation in the intensity of storms resulting from climate change. The assessment of the estuarine processes will focus on predictions extending to the 2030 and 2070 planning horizons.

More details describing the components of the Stage 2 assessment are outlined below in Methodology.
Climate Change Study - Stage 3

Stage 3 of the study aims to assess the economic impact of climate change based on the findings of Stage 2 of the study for the 2030 and 2070 planning horizon.
Study Locality
The response of any beach or estuary to a given set of environmental forcing functions (eg. storm waves, storm surge, rainfall events, tidal range, and salinity regime) will depend on the site-specific geomorphic features.  This would require a comprehensive study covering the entire 1000km long NSW coastline, This scale of project is not possible within the budget and time constraints of the study.  

It is, however, recognised that the NSW coastline has traditionally been considered as two distinct units based on littoral drift characteristics. The southern and central NSW coastlines are typically low-littoral drift coastlines (ie. Swash/ Cross-shore dominated) whereas the northern NSW coastline is typically a high-littoral drift coastline (ie. Drift/ Long-shore dominated) with measured littoral drift rates up to 500,000 m3/yr.  NSW estuaries generally reflect the differences in rainfall, geology and wave climate along the coast and may be categorised into three main types; drowned river valleys, wave dominated barrier estuaries and intermittently closed and open lakes and lagoons (ICOLLs). 

As part of this study two representative sites, one representing a low-littoral drift coastline and the other representing a high-littoral drift coastal, have been selected as case studies.  The Clyde River/Batemans Bay system is a drowned river valley on the NSW south coast (low-littoral drift) and the Wooli Wooli River system is a barrier estuary on the NSW north coast (high-littoral drift).  

It is envisaged that the results obtained for these two selected study areas will characterise the potential climate change impacts likely in these two geographically diverse systems.  The relative impacts associated with various climate change scenarios will be qualitatively and, to some extent, quantitatively indicative of impacts likely to be observed at other locations along the NSW coastline.
Study Methodology
The coastal and estuarine modelling to be undertaken as part of Stage 2 of the climate change project are strongly dependent upon the results of the Stage 1 study completed by the CSIRO. 

Stage 2 of the project utilises various modelling packages to quantify the impact of climate change on future coastal erosion and the estuarine processes in Wooli Wooli and Batemans Bay. These modelling scenarios will include wave propagation modelling, cross-shore modelling, longshore modelling, hydrodynamic estuarine modelling and advection dispersion estuarine modelling. 

As a precursor to the investigations at Wooli Wooli and Batemans Bay, the modelling systems to be used in this study are being established and validated for the Gold Coast.  A relative abundance of historical data is available for the Gold Coast, including both offshore and inshore wave recordings and beach profile surveys.  This lead up work should ensure that the modelling systems used in this study are sufficiently well tested and robust.

Wave Propagation Modelling

Variations in wave climate will be one of the most important drivers of shoreline change for both the Bateman’s Bay and Wooli Wooli beach systems.  SWAN Models of wave propagation from offshore to nearshore will be developed for both locations.

As a method of verification the wave propagation model will firstly be applied to recorded deepwater directional wave data from the Byron Bay and Batemans Bay Waverider buoys. Where available, nearshore wave transformation results will be compared with corresponding available nearshore buoy data. The results of the simulations will be used to establish wave transformation tables for the two study sites. These will in turn be used to derive historical nearshore wave climates, which\ will be used during the calibration simulations for the cross-shore profile modelling and longshore shoreline evolution modelling, discussed below.

The wave propagation model will subsequently be used to model the effect of projected future changes to the offshore wave climate (both ambient conditions and storm statistics) on the nearshore wave climates at Bateman’s Bay and the Wooli Wooli River entrance (for the 2030 and 2070 year forecasting horizons).
Cross Shore Modelling

Long term and event (storm) based modelling of the cross-shore profile response to changes in mean sea level, predicted storm surge and wave climate, as defined by the CSIRO study, will be undertaken.  

A range of cross-shore models will be used as part of this study. These include equilibrium profile models such as the Bruun and the Kriebel and Dean cross-shore models, to more detailed numerical modelling using SBEACH.

The cross-shore models will be used to predict the long-term trend in shoreline erosion due to sea level rise.  The magnitude of short-term shoreline change due to storm erosion (waves plus storm surge) will also be modelled in a deterministic sense.  The combined statistics of long-term and short-term variations in shoreline position will be determined by applying the deterministic cross-shore models in ‘Monte Carlo’ type simulations over a 100 year year planning periods.  This type of approach is necessary because of the large number of degrees of freedom associated with potential climatic changes and the stochastic nature of the processes involved.
Longshore Sediment Transport and Shoreline Response Modelling

The shoreline response due to longshore transport gradients at the Bateman’s Bay Beaches and Wooli Beach will be modelled using a combination of wave propagation models, longshore sediment transport models and shoreline evolution model.

Longshore sediment transport will be modelled using the CERC formula. Shoreline evolution modelling will be undertaken using GENESIS. Due to parallel contour assumptions inherent within the shoreline evolution model GENESIS, a nested nearshore wave propagation model will be used to account for the shoaling and refraction of the deepwater wave data into just offshore of the breaker zone. 

The shoreline evolution simulations will be used to evaluate the long-term impacts of projected wave climatology variations on shoreline position and alignment.  

Some feedback between cross-shore profile change and longshore gradient driven shoreline change may need to be accounted for.
Estuarine modelling

2D modelling of the estuarine hydrodynamics for this study will be conducted using RMA2.  Advection/Dispersion and water quality will be modelled in 2D using RMA11.  These models are capable of simulating estuarine circulation, mixing and flushing processes.

To estimate the climate change impacts, such as rainfall and temperature changes, to estuary inflows and resultant runoff and pollutant loads the e2 catchment model will be used.

It is recognised that a factor of key importance in estuaries is the entrance morphology and its effect on the tidal regime and water quality processes within the estuary.  These morphological processes are highly non-linear with respect to flows through the mouth.  Assessment of these processes will be incorporated into the estuarine modelling undertaken.
Conclusions

Future climate change has a significant potential to impact coastal communities and ecosystems. These changes primarily relate to changes in local cross-shore and longshore sediment transport characteristics and modified estuarine processes. Some of the climate change scenarios which may cause these changes include:

· Sea level rise;

· Increased frequency of storms; 

· Increased severity of storms; and 

· Changes in rainfall patterns.

To address the future issues that may arise resulting from climate change, the NSW Department of Environment and Climate Change is currently coordinating the first such study of its kind.  The aim of the study is to quantify the environmental and economic impact of future climate change for some representative coastal and estuarine systems, and in doing so provide a benchmark for future studies of this nature in NSW.

The study has been split into three stages.  The aim of the first stage, undertaken by CSIRO, was to identify the project changes to climatological forcings for coastal and estuarine dynamics.  Drawing on the results of the first stage of the study, the second stage aims to quantify the physical impacts of climate change on some representative coastal and estuarine systems. Due to their representative characteristics to other regions within NSW the Clyde River/Batemans Bay and Wooli Wooli River regions have been selected as the representative coastal locations for the study. Stage 3 of the study aims to assess the economic impact of climate change based on the results of Stage 2.  

This paper provided a brief description of the background behind the overall project whilst also outlining the methodology to be applied throughout Stage 2 of the study. Within the discussion for the methodology the main theoretical components to be applied during Stage 2 included;

· Wave propagation modelling;

· Longshore modelling; 

· Cross shore modelling; and

· Estuarine modelling.
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