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Decision making in a climate changed world




SimCLIM FOR DESKTOP TRAINING EXERCISE
CLIMATE CHANGE AND THE RAINFOREST 
OF THE BORDER RANGES WORLD HERITAGE AREA
THE PROBLEM

Major concerns have been raised about the effects of climatic changes on Australia’s tropical forests (Williams et al., 2003).  Many species are well-adapted to current climatic variability. However, many are restricted to geographic and climatic ranges and are vulnerable to long-term changes in average climate and associated increases in frequency or intensity of extreme events (Hennessy and Fitzharris, 2007).  

In this context, Australia’s rainforests are potentially at risk. The relationship between rainforest boundaries, climate and substrate in Australia has been examined empirically (Ash, 1988). In general, observations suggest that rainforest boundaries are associated with mean annual rainfall, but moderated by the underlying substrate.

Your mission is to conduct a first-order assessment of the effects of future rainfall change on the Border Ranges World Heritage Area.  The Area is located on the higher and wetter elevations of the volcanic remnants in Southeast Queensland.  A mean-annual rainfall of 1200mm across substrate types has been identified and assumed to represent the threshold below which the rainfall is insufficient to sustain the rainforest.
Moreover, fire poses a risk. Various fire indices have been developed for Australia.  Daily maximum temperature is a key variable in these indices. In future, increases in the frequency of consecutive hot days could increase the risk of fire and threaten the rainforest.
TASK 1:  Assess the relationship between current baseline rainfall and the spatial extent of the Border Ranges Area:
How well is the 1200mm rainfall threshold associated with the area covered by the Border Ranges World Heritage Area? 
Steps for Using SimCLIM:   
Make certain that you first select Queensland from the drop-down menu (far right-side of screen). 
Then choose the Scenario Generator option 
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and select Precipitation; and the year 1995 as the baseline year, and for the months Select All, then Generate.

You might have to wait a bit for the image to appear.  Then, on the left-hand side of the image, choose the Overlays option:
Right-click in the overlays box, select QLD_WORLDHERTAREA.shp from the available vector and shapefiles list, and click Overlay. The Border Ranges appears on the bottom of the image. Note: you can change the colour of the boundary if you wish by clicking on the following:
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Once this is done, enlarge the area. To do this, go to Image from the main, drop-down menu, and choose the Zooming, then Zoom In options, which looks like this:
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Put the cursor on the top-left corner of the QLD World Heritage area boundary, left-click, hold and drag to the bottom-right corner in order to enlarge the selected region. You should now have an enlarged image of the mean-annual baseline precipitation of the Border Ranges area. 

In order to identify the threshold precipitation value of 1200mm, select the Image drop-down from the main menu, then the Display Options.
In the new Image Display Options window, enter a Minimum Value of 1200 and click OK.
On the image the grey areas are “dry” and the areas with colour are “wet”. The boundary between them is the 1200mm threshold line. 

How well does this threshold line correspond to the boundaries of the Border Ranges? 
Leave this image on the screen! 

Task 2:   Assess the effects of future climate change.
You are requested to assess the climate suitability for rainforest vegetation within the Border Ranges Area under climate change.  Most GCMs predict a decrease in annual rainfall for this region.  A best-estimate scenario for the future might be represented by:  

L
GCM:  Ensemble of GCMs (for Queensland area)*
Global Projection (emission scenario):  RCP4.5 (for a future with a medium increase in the concentration of greenhouse gases in the atmosphere)
Climate sensitivity:  Mid 

*An Ensemble is the average result of a selected group of GCMs. The procedure for creating an Ensemble scenario is outlined below:
To create the ensemble:

Go to Tools, then Options and click on the Ensembles tab. Click on the Add option at the bottom of the Manage ensembles window. In the new window, enter an ensemble name, such as ‘Queensland’ that identifies the area that the ensemble relates to; click on Climate change in the Ensemble type; then Select All GCMs in the Patterns list; and then OK. Subsequently, when you try to use the climate change scenario generator, this new ensemble will appear in your ensemble drop-down list.

Now…
Please assess the changes in mean-annual rainfall in relation to the Border Ranges Area for the years 2030, 2065 and 2100.

2a:   Year 2030  

As in Task 1 above, select Spatial Scenario Generator and in the Generate a scenario window, select Precipitation from the drop-down box.  Select the Linked model for the type of scenario generation, and enter 2030 for the year of your future scenario. Chose Ensemble, and then select the Queensland ensemble from the drop-down list; RCP4.5 for the global emission scenario, and Mid for the climate sensitivity. For months, again Select All, then Generate. As in Task 1, enlarge the Border Ranges Area using the Zoom tool, and then isolate the 1200mm minimum rainfall threshold using the Image Display Options.  
Leave the image on the screen.
2b: Year 2040 

Repeat the above steps, except this time enter 2065 for the future year.  Leave the image on the screen.
2c:  Year 2100
Repeat the above steps, except this time enter 2100 for the future year.  Leave the image on the screen.

Questions:  How has the spatial climate suitability for rainforest vegetation changed over time in relation to the existing boundaries of the Border Ranges Area?  Any suggestions for management?
TASK 3:  Assess the changes in frequency of maximum daily temperature extremes in relation to fire risk
As the region becomes warmer and drier the risk of fire will increase and could threaten protected areas such as the Border Ranges.  Prolonged drought increases the risk of fire. Forest fires are more likely when the soil is dry and when a lot of forest fuel (e.g. tonnes of wood per square km) is available. Once a fire has started (e.g. by lightning), the main atmospheric variables that determine the size and longevity of this fire in drought-stricken bush are daily maximum temperature, humidity and windspeed.  Once the soil is dry, the fire risk increases exponentially with daily maximum temperature (BoM, 1999).
The situation becomes worse with consecutive days of very hot temperatures.  In this Task, you are asked to assess the “return periods” of four consecutive days of daily maximum temperatures over a threshold value 37 degrees C, using daily time-series of temperature data from a site just to the west of the Border Ranges Area.  Please assess the risk for the baseline climate, and then for the years 2030, 2065 and 2100 under the scenario used above for Task 2. 
3a:  Under current baseline climate
Open SimCLIM, make sure you have selected Queensland, and from the Tools drop-down menu select the Extreme Value Analysis.  Select Daily and you then see all the sites containing daily time-series data for Queensland. In the Site List, type Hermitage. For the Date Range for Simulation, choose Month and Select All.  With the Tmax tab selected, choose 4 days; Event type, High and under the Multiple sample event distribution, select on consecutive. Click Run and then click anywhere on the parameter table to get the graph. 
This graph shows the four consecutive hottest days for each year from the record 1965-1999 (red squares).  A Generalised Extreme Value (GEV) curve was fit to the data in order to estimate the return periods of these extreme temperature values.   In order to obtain the return period for the 37 degree threshold, enter 37 into the “Extreme Event Value” in the box below the graph.  
Enter the return period here: ______.

What is the return period of four consecutive days exceeding 37 degrees under the current climate?  How do you interpret this return period?

3b:  Scenario for the year 2030.

Repeat the procedure as above, but before you Run click on the Scenario button. Enter 2030 for the Year; Select the same scenario that you used for Task 2 above -- i.e. Queensland, RCP4.5 and Mid, and click Generate.   Now click Run.  Bring up the graph as previously.  Enter 37 into the Extreme Event Value box and read the return period.
Enter the return period here: ______.

In relative terms, what has been the increase in the return period?

Almost a three-fold increase in the return period

3c:  Scenario for the year 2065.

Repeat as above for the scenario year 2065.
Enter the return period here: ______.

3d:  Scenario for the year 2100.

Repeat as above for the scenario year 2100.

Enter the return period here: ______.

Overall, how has the risk change under climate change?  Significant increase in return periods. What do you think are the implications for adaptation and management?
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