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About this document 

The intent of this document is to provide users with background input and guidelines for using the Consistent Climate Scenarios (CCS) AR5 
projections data. The User Guide aims to assist users in interpreting the data that have been provided.  

This addendum, which supplements the User Guide released in May 2015, and Addendum 2016 includes additional information about: 

• High resolution (daily output at ~10 km) data over Queensland derived using dynamical downscaling of selected CMIP5 models 
with CSIRO CCAM variable resolution climate model. 

• Bias correction of model outputs using a 1981 – 2010 baseline  

• Extraction and provision of point data files for users 
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Summary 
 

The Consistent Climate Scenarios (CCS) project was a research and development alliance between 
Commonwealth Scientific and Industrial Research Organisation (CSIRO) and the former Queensland 
Government Department of Science, Information Technology and Innovation (DES) now Department 
of Environment and Science (DES). The project was part of the “Filling the Research Gap: Evaluating 
transformative adaptation options for Australian extensive farming” project, a collaboration with the 
former Australian Government Department of Agriculture now Department of Agriculture and Water 
Resources, CSIRO and the Meat and Livestock Association (MLA). The recent inclusion of the latest 
high-resolution climate change data for Queensland was funded under the Department of 
Agriculture’s Drought and Climate Adaptation Program.  

The project provides researchers with ready-to-use projections data in a format suitable for 
biophysical modelling such as pasture and crop modelling.  

This addendum (No. 2) to the Consistent Climate Scenarios User Guide Version 2.2 covers technical 
changes made to incorporate high resolution dynamically downscaled data from 11 Climate Model 
Intercomparison Project Phase 5 (CMIP5) global climate models (Table 1). The data production 
method described in this addendum is fundamentally different from earlier methods. The earlier 
methods produced many variants of a year in the future e.g. 2030. This high resolution dataset is 



different in several ways: (a) these are transient data, representing all days from 1981 to 2099 with 
one run from each of 11 different GCMs; (b) instead of deriving the future daily climate projections 
based on the past observed climate data, which was modified by climate change signal (delta 
change) derived from monthly GCM projections, these data are directly derived from the 
downscaled simulations with statistical bias correction applied to three variables (maximum 
temperature, minimum temperature and rainfall). The remaining variables will be bias corrected in 
due time. Bias correction is done using observed gridded AWAP data from an overlapping period of 
measurement and modelling (1981-2010); (c) the GCM output is at a ~10 km scale for the 
Queensland region. The high resolution simulations provide data at high-spatial resolution 
accounting for more detailed topography, coastline, and vegetation and soil characteristics. In 
addition, the high-resolution model is better at resolving mesoscale circulation patterns including 
rainfall-cloud processes.  

Not all global models used in CMIP5 perform equally well over the Australian region and users 
should be aware of the characteristics of individual models. The eleven models used to derive this 
dataset were chosen because they simulate climate in the Australian region well and monthly data 
for sea surface temperature (SST) and sea ice was available for downscaling with the CSIRO Cubic 
Conformal Atmospheric Model (CCAM). Details of the CMIP5 models used are provided in 
Addendum 1 and further details of their performance can be found in the Climate Change in 
Australia technical report (refer to http://www.climatechangeinaustralia.gov.au/ for more 
information).  

2.0 Representative Concentration Pathways (RCPs)  

 
The Climate Change in Australia technical report (refer to 
http://www.climatechangeinaustralia.gov.au/ for describes data that is exclusively used for the high 
emission Representative Concentration Pathway 8.5 (RCP8.5; for more details see CCS Addendum 
No 1).  RCP8.5 scenario follows emissions resulting in an increase of 8.5 Watts/square meter (W/m2) 
of heat retention over the Earth’s surface and an estimated 936 ppm CO2 by 2100. 

The atmospheric equivalent CO2 concentrations which match each of the RCPs and previous SRES 
scenarios (Special Report on Emissions Scenarios) are supplied as annual values along with the AR4 
and AR5 climate data delivered from the CCS system. In the future, lower emission scenarios e.g. 
RCP4.5, will be available. 

3.0 Downscaling model (CCAM) 
 

Background  

The Conformal Cubic Atmospheric Model (CCAM) developed by CSIRO is an open source variable 
resolution global climate model (https://confluence.csiro.au/display/CCAM/CCAM).  

CCAM is a semi-implicit, semi-Lagrangian atmospheric model developed at CSIRO (McGregor, 2005; 
McGregor and Dix, 2008); these simulations utilise the hydrostatic primitive equations. CCAM 
employs a reversible staggered grid that improves the dispersive properties of the simulation 
(McGregor 2005) and includes a fairly comprehensive set of physical parameterizations. The GFDL 

http://www.climatechangeinaustralia.gov.au/
http://www.climatechangeinaustralia.gov.au/
https://confluence.csiro.au/display/CCAM/CCAM


parameterizations for long-wave and short-wave radiation (Lacis and Hansen, 1974; Schwarzkopf 
and Fels, 1991) are employed, with interactive cloud distributions determined by the liquid and ice-
water scheme of Rotstayn (1997). The model employs a stability-dependent boundary layer scheme 
based on Monin–Obukhov similarity theory (McGregor et al., 1993). A canopy scheme is included, as 
described by Kowalczyk et al. (1994), having six layers for soil temperatures, six layers for soil 
moisture (solving Richard’s equation), and three layers for snow. The cumulus convection scheme 
uses mass-flux closure, as described by McGregor (2003), and includes downdrafts, entrainment and 
detrainment. CCAM is well-suited to regional climate modelling due to its variable-resolution global 
grid (McGregor et al., 2016, Katzfey et al., 2016). This allows it to be used in a quasi-uniform mode or 
with a stretched grid for a regional focus, by utilising the Schmidt (1977) transformation, thereby 
avoiding lateral boundary conditions (see Figure 1).   

 

CCAM has a nested grid approach with the global variable resolution grids that allows for interaction 
between the regional and global scales, as well as, takes larger jumps between resolutions compared 
to a limited area approach (e.g. 50:2km).  Since there are no lateral boundary conditions, the nested 
grid is constrained by a scale-selective filter (Thatcher and McGregor 2009), which perturbs the  
simulation winds, air temperature, water vapour and surface pressure above 900 HPa with 
wavelengths larger than the width of the high-resolution region.  

Dynamical downscaling using global variable resolution CCAM provides an attractive modelling 
approach (Syktus and McAlpine, 2016; Salazar et al., 2016; Corney et al., 2013). CCAM with 27 
vertical levels and 50 km global uniform resolution and 10 km stretched resolution cantered over the 
Queensland region (Figure 1) was used to produce data described in this report. The downscaling 
process consisted of two steps. In the first step, global 50 km uniform resolution simulations with 
CCAM were completed using bias- and variance-corrected (see Hoffman et al., 2016) sea surface 
temperature as well as sea ice concentrations from eleven Global Climate Models for the period 
1950 to 2099. This approach is different from other downscaling approaches as it does not use any 
atmospheric fields from the global climate models (Katzfey et al., 2016), except for sea surface 
temperature and sea ice at monthly intervals produced by global climate models used in CMIP5 
project. The global 50 km CCAM simulations were further downscaled in step two using global 
stretched version of CCAM with spatial resolution of ~10 km over Queensland region.  These high 
resolution simulations were completed for the period 1980 to 2099. 

We selected eleven CMIP5 global models (Table1) representing a range of simulated changes over the 
Australian region and used their sea surface temperature (SSTs) and sea ice to drive the CCAM model 
at 50 km global resolution. SSTs were bias corrected for mean and variance to reduce systematic bias 
introduced by CMIP5 global coupled climate models (Hoffman et al. 2016). CMIP5 time varying 
radiative forcings for RCP8.5 such as concentration of greenhouse gases, solar, ozone change and 
aerosols emissions were used in addition to SSTs and sea ice to complete simulations at global uniform 
resolution of 50 km. Subsequently, global stretch version of CCAM was used at ~10 km spatial 
resolution over the Queensland region. Eleven simulations were completed for the period 1980 to 
2099 using 6-hourly 3-D data from 50 km and 1-D spectral nudging approach (Thatcher and McGregor, 
2008). 

Statistical down scaling applied in other areas of the CCS system relies on using the delta change in 
climate applied to ‘bump’ historical measured weather data to a future time which is a different 
approach to getting weather sequences directly from GCM model results. Section 4.0 describes the 
bias correction method used for the GCM model results.  

https://link.springer.com/article/10.1007/s13143-016-0011-2


The gridded un-bias corrected data is currently available from 
http://geonetwork.tern.org.au/geonetwork/srv/eng/catalog.search#/metadata/b587a6ee-cc1a-
4849-bee4-58fec60f0e9f. 

3. 1 Spatial extent and resolution 
 
The CCAM model takes model output grids from the 11 “low resolution global models” as input and 
runs with stretched grid cells then progressively finer scales down to 10 km for the region in 
question (Figure 1 & 2). The high-resolution spatial extend is delineated by the latitude 9.5oS to 32oS 
and longitude 132oE to 158oE. 

 

Figure 1 Dynamical downscaling approach implemented by DES (figure adapted from Hoffman et al. 
2013).  

  

Figure 2 Approximate spatial extent of CCAM 10 Km Grids. 

3.1 Temporal 
 
The daily output is calculated internally within CCAM for entire length of simulations (1980-2099). 
Rainfall is the total from UT 00:00 to 24:00 thus being slightly differently aligned to the measured 

http://geonetwork.tern.org.au/geonetwork/srv/eng/catalog.search
http://geonetwork.tern.org.au/geonetwork/srv/eng/catalog.search


rainfall data which is 24 hours to 9:00am local time. Maximum and minimum temperature occur on 
the same calendar day and do not have to be adjusted as occurs with measurement data.   

The date is also in UT which can be different from local time but of little consequence in bias 
correction or use of data. Other output variables include radiation, potential evaporation, specific 
humidity, wind etc. however these have not yet been bias corrected. GCM years are all 365 days 
long and output does not exist for the 29 February in leap years. These variables are nominally from 
1.5m height (10m for wind) and similar to measurements from a Stephenson screen.  

Rainfall is the variable that is most significantly improved by downscaling (Figure 3) with much better 
representation of rainfall especially in the wet tropics. 

 

Figure 3 Impact of downscaling for mean rainfall for February 1995 from one of the input GCM 
models. 

3.2 Notes on Models used as input to downscaling  
 

We recommend that users extract data from all of the 11 available models described in Table 1 to 
use in any application. The models were selected to work at least moderately well over Australia and 
have as output all the variables needed to drive the CCAM model including sea surface temperature 
and sea ice extent. 

Table 1. Model name and identification for the 10 CMIP5 (AR5) GCM models used in CCS high 
resolution downscaling over Queensland. The last four columns relate to Figure 1. PID is Pacific 
Indian Index, GW is Global Warming (projected 21st Century change, °C) under the RCP8.5 scenario 
up to 2100. 

CMIP5 (AR5) GCM model used in downscaling (name and status)  
Model CCS name Ensemble ID (RIP) Code Grid (km) GW (°C) PID  
  ACCESS1.0  ACCESS1-0Q 1 Acc 135 4.63 1.9 
  ACCESS1.3 ACCESS1-3Q 1 ac3 135 4.58 15 
  CCSM4 CCSM4Q 1 sm4 96 3.97 −1.8 
  CNRM-CM5 CNRM-CM5Q 1 cn5 125 3.98 0.7 
  CSIRO-Mk3.6.0 CSIRO-Mk3-6-0Q 1 m36 166 4.67 35.5 
  GFDL-CM3  GFDL-CM3Q 1 gm3 198 5.17 12 
  GFDL-ESM2M GFDL-ESM2MQ  1     
  HadGEM2-CC  HadGEM2Q 1 g2c 135 5.3 3.8 
  MIROC5  MIROC5Q 1 mc5 125 3.69 −10.9 



  MPI-ESM-LR ** MPI-ESM-LRQ 1 mpl 166 4.01 7.6 
  NorESM1-M  NorESM1-MQ 1 ncc 192 3.62 −12.6 

 

** Not available for other methods in CCS (change factor or Quantile matching).  

 

4.0 Experimental bias correction 

Two methods of bias correction were employed, a parametric and a non-parametric method. 
Parametric bias correction is a statistical method (Piani et al. 2010) where observed and modelled 
daily data are fit to parametric distributions (e.g. normal distributions for temperature and gamma 
distributions for rainfall) over a base/calibration period (1981-2010). The parameters describing the 
distributions are then used to adjust model values for the entire time period of the model. This bias 
correction methodology has previously been applied in Europe and New South Wales (Argüeso et al. 
2013). 

The four variables processed by June 2017 were minimum, maximum and average temperature and 
rainfall. Other variables such as pan evaporation, solar radiation, and vapour pressure will be bias 
corrected in due course. Variables were processed for nearly the full extent of continental 
Queensland.  

Observed data for this version came from the Bureau of Meteorology's AWAP 5km dataset (up-
scaled to 10km to match the CCAM output grids) and not from SILO (future versions may use SILO 
data for the bias correction instead). 

The method of bias correction used for this version uses all days over the entire base/calibration 
period (1981-2010) to construct daily distribution curves. However, future versions of bias correction 
may be generated and applied seasonally or monthly as GCM bias may not be uniform across 
seasons. 

This bias correction method does not guarantee to maintain inter-variable correlation and the 
method itself has limitations with variables such as rainfall which follow very non-normal frequency 
distributions. This may result, in some cases, in the modelled precipitation value moving further 
away from the observed precipitation value after application of the methodology e.g. for extreme 
rainfall events. 

 
It is strongly recommended that users of this data run both bias corrected downscaled GCM and 
observed data (SILO/AWAP) through their models for the base/calibration period (1981-2010) to 
determine if significant biases in outputs exist. 

At a later stage (December 2017) a non-parametric method was used to perform bias correction of 
the raw model data. The method employed was similar to the parametric method, with the 
exception that the distribution of the variable being bias-corrected was not assumed e.g. a gamma 
distribution for rainfall. Instead an empirical transfer function was constructed which maps model 
values to observed values for daily data over a base/calibration period (1981-2010). The transfer 



function was constructed by placing the daily values for the observed and modelled data in 
ascending order (i.e. lowest to highest) and associating each model value with the corresponding 
observed value (i.e. the nth model value is associated with the nth observed value). A cubic spline 
was then fitted through the points to construct a transfer function that would map any model value 
to an observed value within the range of the observed and modelled values.  

When performing bias correction on the raw model values, model values that lay outside of the 
range of the transfer function were bias-corrected using two different methods depending on the 
variable. In the case of rainfall the corrected value was obtained by adding the difference between 
the maximum model value and the maximum observed value of the transfer function to the raw 
model value. This method, known as the delta change method, gives a conservative estimate for the 
bias corrected value. In the case of temperature, linear regression was used to find the gradient over 
the range of the transfer function which was used to extend lines with the gradient of the transfer 
function from the end points of the transfer function. This was carried out to in order to avoid any 
curving down/up at the end points of the transfer function that would result in unreasonably 
small/large corrected values. 

Only three variables were processed in the non-parametric case, these include rainfall and minimum 
and maximum temperature. The files for minimum and maximum temperature were averaged to 
derive the file for the mean temperature. 

5.0 Data extraction by the CCS system 
 

Point location data is extracted from the bias corrected 10km NetCDF files by the use of a nearest 
neighbour interpolation based on the latitude and longitude and SILO data is extracted either from 
the patched point or gridded data depending on the user selection. 

Missing leap days in GCM output are filled with values that are averages of the preceding and 
following day. 

The CCAM variables are extracted independently and processed to the same units as used for crop 
and pasture models (Table 1) 

Table 2.  Variables extracted from the CCAM downscaling model. 

CCAM variable  Output variable  Note  Bias corrected (July 
2017) 

Sgdn_ave (rad total 
downwelling at surface) 

Solar Radiation Converted Watts to 
MJ 

NO 

Tmaxscr (max temp) Maximum 
Temperature 

 YES 

Tminscr (Min temp) Minimum 
Temperature 

 YES 

Rnd24 (precipitation) Rain (24 hour total)  YES 
Epan_ave (potential pan 
evaporation from 
penpan) 

Pan Evaporation Converted from 
Watts to mm  

NO 

Ps (surface pressure) Vapour pressure Used with mixing 
ratio to calculate VP 

NO 

Qgscrn (mixing ratio) Vapour Pressure Mixing ratio NO 



 

The two values TAAV and TAMP included in the Agricultural Production Systems sIMulator (APSIM) 
header are for the period 2020 -2090 and should be used with care with transient data containing 
significant shifts in temperature as they may influence the APSIM soil carbon sub-module. 

One climate file is supplied for each GCM selected for the fixed period 1980-2100 for each location 
selected.  

In addition, a SILO file for the location is supplied for the period 1980 to a recent year with actual 
date range being selected by the user in the “baseline” section of the web form. Note the different 
scale of these data sets, 5 Km vs 10 Km and bias correction source AWAP vs SILO.  

Topographic variability alone could make the extracted values different by several degrees. 

Annual CO2 concentration for RCP85, and other scenarios are included the file 
CO2_concentrations_annual.dat 

All data are compressed to a single file and placed on a FTP server with the user notified by email. 

5.1 Data file naming  
 

The output file names for the High Resolution QLD 10 km data extraction is as follows: 

LocationCode_Scenario_ProjectionYear_ModelName_Latitude_Longitude_HRQ10_VersionNumbe
r.SILOformat  

 
Sample file name for patched point station (APSIM format): 

039039_RCP85_2100_MPI-ESM-LRQ_-25.6258_151.6094_HRQ10_V1.1.met 

Sample file name for SILO data drill (APSIM format): 

000000_RCP85_2100_CCSM4Q_-23.5267_148.1617_HRQ10_V1.1.met 

Location Code is a six digit number (Bureau of Meteorology station code if patched-point, i.e. 
051039, or all zeros if drilled, i.e. 000000)  

Scenario (listed for one emissions scenario, i.e., RCP85)  

Projections year (2100, actually 20991231)  

Model Name (one of 11 GCMs: ACCESS1-0Q ACCESS1-3Q CCSM4Q CNRM-CM5Q CSIRO-Mk3-6-0Q 
GFDL-CM3Q GFDL-ESM2M HadGEM2Q MIROC5Q MPI-ESM-LRQ NorESM1-MQ). Note the Q 
identifies these are data deriving from high resolution modelling over Queensland. 

Latitude and longitude of the station or location in decimal degrees  

Version Number (V1.1 represents current version number for this methodology)  

SILO format (either ’met’ for APSIM or ’p51’ for GRASP. – Note DES’s northern Australian simulated 
pasture growth model (GRASP) will not be functional until other variables have been downscaled). 

The compressed file emailed to clients is similar to earlier versions, i.e.: 

ClientUserame_orderNo_clientJobName.zip 

https://www.longpaddock.qld.gov.au/silo-legacy/
https://www.longpaddock.qld.gov.au/silo-legacy/
https://www.longpaddock.qld.gov.au/aussiegrass/about/


John.Carter_its999_HRQ10job.zip 

 

5.2 Web User Interface  
 

The web user interface (version 3.0) allows for selection of the high resolution data. As pattern 
scaling is not used in this option it is pre-set at “medium”, only one RCP is available pre-set at 
“RCP8.5”. The baseline period selected is just for selecting historical data from SILO (Note the period 
for bias correction is set at 1981- 2017).  There is no averaging of GCM data, as available, for other 
methods, as fewer models are available for the new methodology. Data are optionally supplied with 
time series plots of GCM annual means for 1980 – 2099 showing trend lines (Figure 4). 

 

Figure 4 Data extracted for a 10 Km grid cell at Gayndah, Queensland, showing bias corrected 10 Km 
resolution data from the HADGEM2 model using RCP8.5. Variables pan evaporation, solar radiation 
and vapour pressure have yet to be bias corrected. 
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