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ABSTRACT  

This report is an assessment of the UK Met Office's (UKMO) GloSea5-GC2 (Global Seasonal 
Forecast System version 5 with Global Coupled 2.0 science configuration) hindcasts that will 
ultimately form part of the ACCESS-S1 (the seasonal prediction version of the Australian 
Community Climate and Earth-System Simulator) hindcast set. ACCESS-S1 will be the Bureau 
of Meteorology's next generation seasonal prediction system, replacing the current operational 
system, POAMA-2. ACCESS-S has considerable enhancements compared to POAMA-2, 
including higher resolution of the component models and state-of-the-art physics 
parameterisation schemes. In this report we have evaluated the GloSea5-GC2 skill and 
compared it to POAMA-2 for forecasts of Australian climate on seasonal and multi-week 
timescales, focussing on nine key regions of importance to the horticultural industry. 
 
The GloSea5-GC2 forecasts have much more regional detail than the POAMA-2 forecasts and 
in terms of the mean climate, GloSea5-GC2 has a considerably better simulation of seasonal 
mean rainfall, maximum temperature (Tmax) and minimum temperature (Tmin) over Australia. 
We have examined the correlation skill for seasonal forecasts of rainfall, Tmax and Tmin 
anomalies for the late autumn (AMJ), winter (JJA) and spring (SON) seasons, and multi-week 
skill for fortnights within the first month of the forecast during the autumn (MAM) and winter 
(JJA) months. Overall the results are positive, with GloSea5-GC2 exhibiting forecasts that are 
generally more skilful than POAMA-2. For the nine horticulture regions considered together, 
there is overall more improvement in skill with GloSea5-GC2 compared to POAMA-2 than 
there is degradation, in all except three cases. These exceptions are for forecasts of seasonal 
mean Tmax for late autumn (AMJ) and winter (JJA), and forecasts of fortnightly mean Tmax 
for fortnight 3 (weeks 3+4 of the forecast) in autumn months (MAM), where POAMA-2 is 
better than GloSea5-GC2. It is not clear why GloSea5-GC2 has lower skill for these Tmax 
forecasts and this requires further investigation. Where GloSea5-GC2 is less skilful than 
POAMA-2 (for rainfall, Tmax or Tmin), it tends to be focussed on the southeastern horticulture 
regions. The GloSea5-GC2 forecasts are clearly more skilful than POAMA-2 for the first two 
fortnights of the forecast (i.e. weeks 1+2, weeks 2+3) for all three variables and regions.    
 
The results provide us with an indication of the level of skill that we might expect with 
ACCESS-S1. The results are, however, preliminary because the size of the GloSea5-GC2 
hindcast set is too small to make robust estimates of skill (the sampling errors are large); the 
ensemble size is too small to assess probabilistic forecast skill (particularly on the multi-week 
timescale); and not all hindcast months are available from the UKMO and so certain seasons 
have not yet been assessed (particularly summer months). However, the available hindcasts are 
of sufficient size in order to assess basic performance and to infer some strengths and potential 
weaknesses of the GloSea5-GC2 system. A more comprehensive analysis will be undertaken 
once the full ACCESS-S1 hindcast set is available. 
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1. INTRODUCTION 

In recent years the Bureau of Meteorology seasonal climate outlooks have become more skilful, 
more useful and more popular, particularly with the agricultural sector. Resent research has also 
extended the Bureau's capability to include multi-week prediction, filling the gap between 
weather forecasts and seasonal outlooks (Hudson et al. 2011a, Hudson et al. 2013). Many 
farmers currently respond to climate variability through flexibility in their practices. Reliable 
multi-week and seasonal forecasts are valuable for both strategic and tactical decision-making, 
such as scheduling of planting and harvesting, as well as within-season decisions, such as 
managing irrigation demand and application of fertiliser or pesticides.  
 
However, the Bureau's current operational multi-week and seasonal prediction system, 
POAMA-2, has a fairly low-resolution (250 km grid boxes) and is somewhat dated relative to 
systems operated by the leading meteorological centres abroad. As such, the Bureau is 
developing a new seasonal forecasting system referred to as ACCESS-S (the seasonal prediction 
version of the Australian Community Climate and Earth-System Simulator). ACCESS is a 
collaboration between the Bureau, CSIRO, Australian Universities and several international 
organisations to produce a national modelling system for applications from weather forecasting 
to seasonal prediction and climate change projections. This upgrade to ACCESS-S will bring 
seasonal prediction into the national ACCESS modelling framework, which utilises the latest 
local and overseas developments.  
 
One of the key partners in ACCESS is the UK Met Office (UKMO), with whom the Bureau has 
strong collaboration in weather forecasting. ACCESS-S will use the latest coupled model 
available from the UKMO. Table 1 highlights some of the key model differences between 
POAMA-2 and ACCESS-S. One of the most obvious improvements that ACCESS-S will have 
over POAMA-2 is higher horizontal and vertical resolution in both the atmosphere and ocean. 
The ACCESS-S atmospheric model will have a 60 km horizontal resolution, compared to the 
250 km resolution of POAMA-2. At this higher resolution the model will be able to, for 
example, differentiate between the climates of western and eastern Tasmania and will better 
represent the Great Dividing Range, which plays a key role in the spatial distribution of rainfall. 
Increased resolution will also likely improve the representation of important large-scale climate 
drivers, like ENSO, including how they affect Australian climate in the model, potentially 
leading to increased multi-week and seasonal forecast skill over Australia. The higher resolution 
of the ocean model (25 km in GloSea5-GC2 versus 200 km in POAMA) means that impacts on 
local weather and climate of narrow features (i.e. ~100 km in width) of the coastal currents 
(such as the Leeuwin Current on the west coast and the Australian Current on the east coast) can 
be resolved. 
 
Rather than simply importing the UKMO seasonal prediction system, the aim is to jointly 
develop the system with the UKMO under the ACCESS framework. In order to satisfy key 
stakeholders and meet Bureau service needs, both a larger hindcast set and ensemble size than 
used at the UKMO is required, and the forecasts will need to be extended out to at least 
9 months (UKMO forecasts only go out to 6 months). The locally developed Bureau data 
assimilation and ensemble generation scheme will also be implemented into the system. Data 
assimilation can be at least as complex as the model itself and can have a big impact on forecast 
skill and reliability (e.g. Hudson et al. 2013). 
 
The first version of ACCESS-S is a 'fast-track' option, as it will include a number of 
compromises (e.g. it will not include the locally developed coupled assimilation strategy), but 
the benefit is earlier delivery of higher resolution forecasts for Australia. In ACCESS-S1 we 



COMPARISON OF GLOSEA5-GC2 SKILL WITH POAMA-2 FOR KEY HORTICULTURAL REGIONS 

 

 

Page 3 

will share hindcasts with the UKMO, running extra hindcasts locally to increase the ensemble 
size and hindcast period.   
 
Horticulture Innovation Australia is funding a project to evaluate the impact of the 
improvements of ACCESS-S for regions and timescales relevant to the Australian vegetable 
industry. This report is a preliminary evaluation of the UKMO hindcasts from their GloSea5-
GC2 system that will form part of the hindcast set for ACCESS-S1. We compare the skill for 
forecasts of rainfall and maximum and minimum temperature over Australia with that of the 
current operational system, POAMA-2, and focus our analysis on key horticultural regions. 
 

Table 1: This table highlights some of the key model differences between POAMA-2 and ACCESS-S. 
Further details of the modelling systems are provided in Section 2. 

 POAMA-2 ACCESS-S 

Atmospheric 
model 

Bureau Atmospheric Model (BAM) 
~10 years old 

Latest UKMO atmospheric model (GC2) 

Atmospheric 
resolution 

Horizontal: 250 km (T47) 
 
Vertical: 17 levels (does not extend 
into the stratosphere) 

Horizontal: 60 km in the midlatitudes (N216) 
 
Vertical: 85 levels (extending into the 
stratosphere) 

Land surface 
model 

Simple bucket model for soil 
moisture and 3-layers for soil 
temperature. 

State-of-the-art land surface model (Joint UK 
Land Environment Simulator; JULES) with 4 
soil levels.  

Ocean model Modular Ocean Model (MOM 
version 2).  
~13 years old 

Latest European ocean model (Nucleus for 
European Modelling of the Ocean; NEMO) 
which is part of the UKMO coupled model 
GC2. 

Ocean 
resolution  

Horizontal: ~200 km x 100 km  
 
Vertical: level thicknesses range 
from 15 m near the surface to almost 
1000 m near the bottom  

Horizontal: 25 km 
 
Vertical: level thicknesses range from 1 m 
near the surface to about 200 m near the 
bottom (6000 m depth) 

Sea ice model No sea ice model (climatological sea 
ice is prescribed). 

Latest sea ice model developed by the USA 
and UK (Los Alamos sea ice model; CICE) 
which is part of the UKMO coupled model 
GC2. 

Model Physics >10 years old Latest from UKMO and collaborators 
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2. MODEL CONFIGURATIONS, DATA AND HORTICULTURE 
REGIONS 

2.1 POAMA-2 

POAMA-2 is the system that currently produces the Bureau of Meteorology’s operational 
seasonal forecasts (available at www.bom.gov.au/climate/ahead/), but it remains experimental 
for forecasts on the multi-week timescale. For full details of the model, data assimilation and 
ensemble generation refer to Hudson et al. (2013; note, we are using the system referred to in 
their paper as P2-M).  
 
POAMA is a fully coupled ocean-atmosphere model and data assimilation system. The 
atmospheric model component of POAMA is the Bureau’s Atmospheric Model version 3 
(BAM3; Colman et al. 2005) and has a T47 horizontal resolution, which equates to about 
250 km, and 17 levels in the vertical (these levels do not extend into the stratosphere). This 
horizontal resolution, together with the grid configuration, means that Tasmania, is not resolved 
as land. The land surface component is a simple bucket model for soil moisture (Manabe and 
Holloway, 1975) and has three soil levels for temperature. The ocean model is the Australian 
Community Ocean Model version 2 (ACOM2; Schiller et al., 1997; 2002), and is based on the 
Geophysical Fluid Dynamics Laboratory Modular Ocean Model (MOM version 2). The ocean 
grid resolution is 2° in the zonal direction and 0.5° in the meridional direction at the Equator, 
which gradually increases to 1.5° near the poles. The ocean model has 25 vertical levels. The 
atmosphere and ocean models are coupled using the Ocean Atmosphere Sea Ice Soil (OASIS) 
coupling software (Valcke et al., 2000). POAMA has no sea ice model and there are no time-
varying greenhouse gases. The CO2 level is fixed to 345ppm and ozone and sea ice are 
climatological. 
 
Forecasts are initialised from observed atmospheric and oceanic states. POAMA obtains ocean 
initial conditions from the POAMA Ensemble Ocean Data Assimilation System (PEODAS; Yin 
et al., 2011) and atmosphere and land initial conditions from the Atmosphere-Land Initialisation 
scheme (ALI; Hudson et al., 2011b). The ALI assimilation consists of a nudging of the model 
atmospheric fields (u, v, T, and q) towards an existing analysis every 6 hours. For the period 
1980–2002, the ERA-40 reanalyses (Uppala et al. 2005) are used, and for the period 2003–
onward the analyses from the Bureau’s operational numerical weather prediction are used. 
Through this nudging process the land surface is realistically initialised in response to the 
surface fluxes generated in the atmosphere.  
 
PEODAS, the ocean assimilation, is an approximate form of an Ensemble Kalman Filter and 
generates an ensemble of ocean states each day including a central unperturbed ocean analysis 
(Yin et al 2011). PEODAS is based on the multivariate ensemble optimum interpolation system 
of Oke et al. (2005), but uses covariances derived from the time evolving model ensemble. In-
situ temperature and salinity observations are assimilated into the central unperturbed analysis, 
and corrections to currents are generated based on the ensemble cross-covariances with 
temperature and salinity. The ensemble of ocean states is generated by perturbing the surface 
fluxes within a possible range of observational errors.  
 
To further address model and observational uncertainty, POAMA has adopted a multi-model 
ensemble strategy using three different configurations of the atmospheric model. A 33-member 
ensemble, generated in ‘burst’ mode (i.e. all initial conditions are valid for the same date and 
time, with no lagged initial conditions), is run for each start date. The 33-member ensemble 
comprises an 11-member ensemble for each model version. Perturbations to the atmosphere and 
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ocean initial conditions are produced by a coupled-model breeding scheme (Hudson et al. 
2013). 

2.2 GloSea5-GC2 

GC2 (Global Coupled configuration 2) is the global coupled model currently used at the UKMO 
for operational seasonal forecasting and climate change prediction (Williams et al. 2015). The 
seasonal forecasting system that uses GC2 is called GloSea5-GC2. The previous version of the 
seasonal system was also GloSea5, but based on older components and is referred to as 
GloSea5-GA3 (MacLachlan et al. 2014). For brevity, in much of the report we will refer to the 
current seasonal system (GloSea5-GC2) as GC2. Compared to GloSea5-GA3, GC2 has a major 
change to the atmosphere dynamical core and a number of physics parametrization changes, but 
has the same component model resolutions (Williams et al. 2015). 
 
The GC2 coupled model is comprised of the following model configurations: Global 
Atmosphere 6.0 (GA6.0), Global Ocean 5.0 (GO5.0), Global Land 6.0 (GL6.0) and Global Sea 
Ice 6.0 (GSI6.0). The atmospheric model (GA6.0) has a N216 horizontal resolution, which 
equates to about 60 km in the mid-latitudes, and there are 85 levels in the vertical, including a 
well-resolved stratosphere (Walters et al. 2014). The ocean model (GO5.0) is based on the 
NEMO3.4 (Nucleus for European Modelling of the Ocean) model and has a 0.25° horizontal 
resolution with 75 levels in the vertical (with a 1 m thick top level; Madec 2008, Megann et al. 
2014). The land surface model (GL6.0) is the JULES (Joint UK Land Environment Simulator) 
model (Best et al. 2011; Walters et al. 2015) and has 4 soil levels. It has a sophisticated 
representation of soil and surface hydrology and of fluxes of heat and moisture within the soil 
and to the atmosphere. Land cover heterogeneity is represented. The sea ice model (GSI6.0) is 
based on the CICE4.1 model (Rae et al. 2015). Climate forcings for greenhouse gases (e.g. CO2 
and methane) are set to observed  values  up  to  the  year  2005 and after this the emissions 
follow the Intergovernmental Panel on Climate Change (IPCC) RCP4.5 scenario (MacLachlan 
et al. 2014). For ozone, the observational seasonally varying climatology is used. 
 
The atmospheric initial conditions for the GloSea5-GC2 real-time forecasts are taken from the 
UKMO numerical weather prediction analysis (which has the same grid as the GC2 atmospheric 
model) and the hindcasts use the ERA-Interim reanalysis (Dee et al. 2011) that are interpolated 
onto the GC2 grid. The ocean and sea ice are initialised in the real-time forecasts and the 
hindcasts using the NEMO 3-dimensional variational ocean data assimilation (NEMOVAR; 
Mogensen et al. 2009, 2012). Sea surface temperature, sea level anomaly, sub-surface 
temperature, salinity and sea ice concentration are assimilated. Soil moisture is initialised with 
climatological mean values in both the real-time forecasts and the hindcasts. 
  
The UKMO GC2 system simulates initial condition uncertainty using lagged initialisation and 
simulates model uncertainty using the Stochastic Kinetic Energy Backscatter (SKEB2) scheme 
(Bowler et al. 2009). There are no perturbed initial conditions. The stochastic physics scheme 
(SKEB2) is designed to represent unresolved processes and to provide grid-scale perturbations 
during the model run (MacLachlan et al. 2014). 
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2.3 Hindcast data and skill analysis 

2.3.1 Hindcast data available data from POAMA-2 and GC2 

The comparison between POAMA-2 and GloSea5-GC2 is limited by the number of GC2 
hindcasts, which is only a subset of that available from POAMA-2. This is highlighted in 
Table  2. 

Table 2: POAMA-2 and GloSea5-GC2 hindcast design. 

POAMA-2 hindcasts GloSea5-GC2 hindcasts

1981–2010 (30 years) 1996–2009 (14 years)

33 ensemble members 3 ensemble members

Start dates: 1st, 6th, 11th, 16th, 21st, 26th of 
every month 

Start dates: 1st, 9th, 17th, 25th of every 
month (NOTE: hindcasts are run 'on-the-fly' 
and are only available once they have been 
run to support the real-time forecasts) 

 
In order to make a fair comparison, the analysis is performed over the 14 common hindcast 
years (1996–2009), using the four closest matching start dates (i.e. the 1st, 11th, 16th, 26th from 
POAMA-2) and only three ensemble members from POAMA-2. As noted in the introduction, 
for ACCESS-S1 we plan to increase the size of the forecast ensemble and the length of the 
hindcast period by running additional hindcasts at the Bureau. Another limitation of the 
GloSea5-GC2 hindcasts is that they are only run as they are needed to support the bias-
correction of the real-time forecasts. This means that the entire hindcast set will only be 
available once the system has been operational for a year. The UKMO started running GloSea5-
GC2 operationally during February 2015 and thus the first full calendar month of available 
hindcasts is for March. At the time of the analysis done for this report, hindcasts were available 
up to the end of August. This has restricted the analysis in this report to certain times of the 
year, as will be clear in the sections below.  

2.3.2 Seasonal hindcasts 

For forecasts on the seasonal timescale, we assess the skill of forecasting the AMJ (April-May-
June), JJA (June-July-August) and SON (September-October-November) seasons. We were not 
able to assess forecasts of the autumn (MAM) and summer (DJF) seasons owing to the 
unavailability of the GC2 hindcasts. We include the AMJ season as it is the closest we have to 
the standard autumn season MAM.  
 
In order to increase the ensemble size, we create a 12-member time-lagged ensemble using the 
four forecast start dates immediately prior to the target season. For example, for forecasts of JJA 
from GC2 the 12-member ensemble comprises the three-member ensembles from the forecast 
start-dates on 9 May, 17 May, 25 May and 1 June (for POAMA the start dates are slightly 
different, as mentioned previously, and are 11 May, 16 May, 26 May and 1 June). We refer to 
the target season as the first season of the forecast. 
 
To assess the skill, we use the ensemble mean of the 12-member ensemble and compare the 
forecast outcome to what was observed (discussed in section 2.3.4 below). This is done for the 
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14 years of the common hindcast period for each model respectively, therefore comprising a 
sample size of n=14 cases. 

2.3.3 Multi-week hindcasts 

For forecasts on the multi-week timescale we assess the skill of forecasting fortnight 1 (weeks 
1+2), fortnight 2 (weeks 2+3) and fortnight 3 (weeks 3+4) of the forecast. Unlike the seasonal 
hindcasts, we do not create a lagged ensemble because the magnitude of the available lag would 
impact negatively on the skill of forecasts on multi-week timescales. The size of the ensemble 
for creating the ensemble mean is thus three members. We calculate the skill for all forecast 
start dates in autumn (MAM) and winter (JJA) respectively, in other words we are assessing 
how well the multi-week forecasts perform in those seasons. Therefore, the number of cases that 
go into the skill calculation is 168 (i.e. 4 start dates per month x 3 months per year x 14 years). 

2.3.4 Measuring skill and addressing sampling issues 

To assess the performance of the forecasts we have used correlation of the ensemble mean 
forecast anomaly with the observed anomaly. It is common-practice in seasonal prediction to 
bias-correct the forecasts and assess anomalies (e.g. Stockdale, 1997). Here we evaluate 
forecasts of rainfall, maximum temperature (Tmax) and minimum temperature (Tmin) 
anomalies over Australia. These anomalies are created by producing a climatology from the 
ensemble mean hindcasts that is a function of both start date, lead time and grid box. The 
climatology is then subtracted from a given ensemble mean forecast to produce the forecast 
anomalies, and in so doing a first-order linear correction for model bias or drift is made. This is 
done for each model with respect to its own hindcast climatology. We compare the forecasts 
with the observations, as provided by the 0.25° resolution Australian Water Availability Project 
(AWAP) gridded datasets (Jones et al. 2009), and observed anomalies are calculated using the 
AWAP climatology for the 14 year period assessed (1996–2009).  
 
Normally for multi-week and seasonal forecasting we would also assess the accuracy and 
reliability of probabilistic forecasts, but three ensemble members in the multi-week set are not 
enough to do probabilistic forecasts and verification. For simplicity, we have chosen correlation 
as the common metric used for both the seasonal and multi-week assessment. Another problem 
with having so few ensemble members (i.e. three for a given start date) is that it is difficult to 
get a robust measure of skill or forecast performance, that is, there are sampling issues. Three 
ensemble members are not enough to characterise the uncertainty in the initial conditions and 
thus the uncertainty in the forecast outcomes. In other words, if we see differences in skill 
between POAMA-2 and GC2 skill, we do not know whether the differences are real, or whether 
they are just due to sampling. If we randomly sampled different combinations of three member 
ensembles from the 33 members of POAMA-2, we might expect to see slightly different 
answers (note that these 33 ensemble members are all equally likely forecast outcomes). These 
differences indicate the uncertainty in our skill estimate. If the difference in skill between the 
GC2 and the POAMA-2 skill is within this range of uncertainty, then we cannot, with any 
confidence say that there is a significant difference in the forecast performance between the two 
systems, given the limited sample size. In order to give some indication of this uncertainty we 
calculate the skill of the POAMA-2 forecasts 10 times, using different randomly selected three-
member ensembles (these three members are then used to create the larger time-lagged 
ensemble for the seasonal hindcasts). Thus, for example, for a given horticulture region, this 
gives us 10 estimates of skill such that we can indicate the uncertainty range (minimum to 
maximum skill estimate) around the average, as is shown in the plots in Appendix B. 
Interpretation of these plots is discussed later. The POAMA-2 skill shown or used for the maps 
in Sections 4 and 5, and Appendix A is the average of the 10 skill estimates. This average 
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represents our best estimate of the skill from POAMA-2 using a three-member ensemble per 
start date. 
 
Lastly, we note that a 14-year hindcast period is typically regarded as too short for obtaining a 
robust estimate of the skill for forecasts on the seasonal timescale. A long enough hindcast set is 
necessary for including sufficient cases of the low frequency influences on Australian climate, 
like the El Niño Southern Oscillation and for knowing how that skill may vary based on the 
state of these climate drivers. We will be increasing the length of the hindcast period to 23 years 
by running additional hindcasts at the Bureau. In this report, we only address sampling issues 
due to the short hindcast period analysed, by indicating which correlations are statistically 
significant given the sample size.   

2.4 Horticulture regions 

Nine horticulture regions, defined on the 0.25° (~25 km) AWAP observations grid (Jones et al. 
2009) have been represented on both the 250 km POAMA-2 and 60 km GC2 model grids. 
These regions were selected in consultation with the horticultural industry (specifically Will 
Gordon, Industry Services Manager, Horticulture Innovation Australia). Figure 1 shows the 
horticulture regions represented on the 3 grids (AWAP, POAMA-2 and GC2). 
 
Given that both POAMA-2 and GC2 have grid boxes larger than 25 x 25 km, the model grid 
boxes are weighted depending on their contribution to a given region. These weights are used 
when creating the average for a given region. On Fig. 1 the fractional contribution of a 
particular model grid box is indicated by shading, with lighter shades showing boxes that have 
lower weights (this is particularly clear for the regions on the POAMA-2 grid). Note that in 
POAMA-2, owing to the grid configuration and resolution, Tasmania is not represented as land. 
This means that for the Devonport Region the grid boxes from POAMA-2 are actually sea-
points. In this study, the rainfall, Tmax or Tmin is first averaged over the region of interest and 
then the skill is calculated. 
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Fig. 1 The nine horticulture regions shown are defined on the 25 km AWAP observations grid (first 

column). These regions are then represented on the ~250 km POAMA-2 grid (second column) 
and the ~60 km GC2 grid (third column). Fractional contribution of a particular model grid box to 
the region defined on the AWAP grid is indicated by shading that is slightly less bright. 

AWAP POAMA-2    GC2 

Adelaide Plains Region 

Bowen Region 

Bundaberg Region 

Carnarvon Region 

Devonport Region 

Mildura Region 

Southern WA Region 

Sydney Basin Region 

Werribee/Gippsland  
Region 
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3. AUSTRALIAN MEAN CLIMATE 

We begin by comparing climatological seasonal mean (first season) rainfall (Fig. 2), Tmax (Fig. 
3) and Tmin (Fig. 4) between observations, GC2 and POAMA-2 for the AMJ, JJA and SON 
seasons. The results are shown on their respective native grids and the 'blockiness' of the 
shading on maps is indicative of the respective resolution and size of a grid box. 
   
The higher resolution afforded by GC2 is immediately apparent (Fig. 2), with a much more 
realistic rainfall climatology in GC2 compared to POAMA-2 throughout Australia. Tasmania is 
not resolved as land in POAMA-2 (not shown on the POAMA maps in Fig. 2), whereas it is 
resolved in GC2 and the model is clearly able to differentiate between the very different rainfall 
climatology of western and eastern Tasmania (Fig. 2). GC2 better captures the high rainfall 
associated with the Great Dividing Range over southeastern Australia in all seasons. POAMA-2 
has a strong dry bias over northern Australia in the shoulders of the wet season (AMJ and 
SON), which is greatly reduced in GC2. GC2 also has a better representation of south-western 
Australian rainfall in winter (JJA) and spring (SON), where POAMA-2 is again too dry. 
  
GC2 also provides more regional detail for Tmax in the three seasons (Fig. 3). This is most 
obvious with the improved representation of the coldest temperatures along the east coast and 
the Great Dividing Range in GC2. However, both GC2 and POAMA-2 suffer from a general 
cold bias in AMJ and JJA compared to observations (Fig. 3). In contrast, for Tmin POAMA-2 
has a large warm bias in all three seasons and GC2 is much better in that regard (Fig. 4). 
Overall, GC2 has a much improved Tmin climatology compared to POAMA-2.  

 

Fig. 2 Mean rainfall (mm/day) for AMJ (top row), JJA (middle row) and SON (bottom row) seasons from 
AWAP observations (left column) and the first season of the forecasts from GC2 (middle column) 
and POAMA-2 (right column). The results are shown on the respective native grids of the 
observations and models. 

GC2 Obs POAMA-2 

AMJ 

JJA 

SON 
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Fig. 3 As for Fig. 2 but for Tmax (°C). 

 

 

Fig. 4 As for Fig. 2 but for Tmin (°C). 
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This section has highlighted that the most obvious improvement that we can expect with 
ACCESS-S will be forecasts with more regional detail and a greatly improved depiction of the 
mean climate over Australia. Many of the key horticultural regions in Australia, as defined in 
this study, are relatively small and are represented by only one or two POAMA grid-boxes, 
whereas they are much better resolved in GC2 (Fig. 1).  Having more locally relevant multi-
week and seasonal forecasts would be highly beneficial to the horticultural industry, assuming 
the forecasts are skilful. However, having a good climatology, as GC2 generally does for 
Australian climate, does not necessarily ensure that forecasts of departures from normal will be 
skilful. The skill of the multi-week and seasonal forecasts is addressed in the following sections. 

4. SKILL FOR SEASONAL FORECASTS 

4.1 Rainfall 

For evaluation of the first season forecasts for the AMJ, JJA and SON seasons, the observations 
and the POAMA-2 data have been interpolated to the GC2 grid. Figure 5 shows the difference 
in the correlation between GC2 and POAMA-2 for forecasts of rainfall for these seasons. The 
corresponding maps of correlation skill for each model are shown in Fig. A1 in Appendix A.  
 
It is extremely important not to over interpret the differences shown in Fig. 5, particularly for 
small differences and over relatively small regions (this is true for all the results in Sections 4 
and 5). This analysis is a preliminary indication of the performance that we might expect with 
ACCESS-S compared to POAMA-2. As mentioned in Section 2.3.4, we do not have a large 
enough sample (hindcast) size (in terms of both period length and ensemble members) to make 
inferences about small differences in skill. Figure A1 highlights that with the small sample size 
(n = 14) only correlations greater than 0.5 can be considered statistically significant (at the 95% 
confidence level).  
 
Nonetheless, in general, for the three seasons, rainfall is better predicted with GC2 (more 
coverage of warm colours in the maps on Fig. 5). From the individual correlation maps (Fig. 
A1) it is evident that the area of statistically significant correlations (>0.5) is larger in each of 
the seasons in GC2 compared to POAMA-2. Most notably, for the late autumn season (AMJ) 
GC2 better predicts rainfall over northern Australia and for winter (JJA) over most of Western 
Australia (Fig. A1, Fig. 5). The differences between GC2 and POAMA-2 for forecasts of the 
spring season (SON) are less marked. 
 
As mentioned above, Fig. A1 indicates which correlations are statistically significant, given the 
sample size (i.e. n = 14 years in the hindcast). However, there is still uncertainty in the estimate 
of skill due to the small number of ensemble members (see Section 2.3.4). Figure B1 shows the 
correlation skill for first season rainfall for the 9 horticulture regions. The bars on the graphs 
illustrate the uncertainty in the skill estimate, showing the minimum (bottom of the bar), 
average (cross-bar) and maximum (top of the bar) skill calculated from 10 estimates of 
POAMA-2 skill using different randomly selected three-member ensembles. The red cross-bar, 
representing the average correlation from POAMA-2, and the blue dot for GC2 (Fig.B1) are 
equivalent to what is mapped in Fig.A1. So, for example, from the maps (Fig. 5, Fig.A1) it 
looks like GC2 is much better at predicting rainfall in the Bowen region for the late autumn 
(AMJ) season. However, from the top left plot of Fig.B1 it is evident that the GC2 skill falls 
within the range of skill obtained from POAMA-2. This means that we cannot say, with much 
confidence, that GC2 is definitely better than POAMA-2. If the GC2 skill lies above, and 
outside the range of the POAMA-2 skill, as it does for example for the Werribee/Gippsland 
region for predicting winter (JJA) rainfall, then we can say, with some confidence, that GC2 is 
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outperforming POAMA-2. The reason we cannot be completely confident, is that there are also, 
theoretically, error bars around the GC2 estimate of skill and we do not know how the 
distribution of skill from GC2 would overlap with that of POAMA-2 (i.e. whether the two 
distributions are statistically significantly different). These sampling issues highlight the 
complexity of demonstrating system improvements with small sample sizes. 
 

 

Fig. 5 Difference in the correlation skill between GC2 and POAMA-2 (GC2 minus POAMA-2) for first 
season forecasts of seasonal mean rainfall anomalies for the AMJ, JJA and SON seasons. The 
warm colours indicate that GC2 has a higher correlation. The corresponding maps of correlation 
skill for GC2 and POAMA-2 are shown in Appendix A. 

The relationships between the skill estimates from POAMA-2 and GC2 shown for the different 
regions and seasons (Fig.B1) have been summarised in Fig.6. The blue blocks on the figure 
indicate that GC2 skill is better than POAMA-2; the green blocks indicate that the models are 
exhibiting similar skill; and the red blocks indicate that GC2 skill is worse than POAMA-2. 
GC2 is better or similar to POAMA-2 in virtually all horticulture regions and seasons (Fig.6). 
The exception is for forecasts of rainfall for late autumn (AMJ) in the Sydney Basin and 
Werribee/Gippsland regions, where GC2 skill is worse than POAMA-2. However, for the 
Sydney Basin region the skill from GC2 is very close to the POAMA-2 estimates (Fig.B1) and 
the difference may not be significant, and for the Werribee/Gippsland region, the actual skill in 
both models is already very low and so any difference is not particularly meaningful (Fig.B1).  
 
For forecasts of late autumn (AMJ), the biggest improvement of GC2 over POAMA-2 is for the 
Adelaide Plains region (Fig.B1), where the correlation estimates from POAMA-2 range from 
being negative to just above zero and the correlation from GC2 is about 0.4 (and the difference 
between GC2 and any POAMA-2 correlation estimate is larger than the POAMA-2 error bars). 
GC2 is also better in the Mildura and Southern WA regions for this season (Figs 6 and B1). 
Figure 6 also indicates better performance in GC2 for the Devonport region, but this is not 
significant since there is no skill (correlation near or less than zero) at this time of year in that 
region in either model (Fig.B1). 
 
For forecasts of the winter (JJA) rainfall season, GC2 is significantly better for the 
Werribee/Gippsland region, and somewhat better in the Bowen, Mildura and Adelaide Plains 
regions (Fig.6, Fig.B1). For forecasts of the spring rainfall season GC2 is better over the Sydney 
Basin and Southern WA regions (Figs 6 and B1).   

JJA AMJ SON 
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Fig. 6 A nine (regions) by three (seasons) plot summarising the relative comparison of the correlation 
skill between GC2 and POAMA-2 (aka. E24) for the nine horticultural regions (shown on the x-
axis) for forecasts of seasonal mean rainfall for AMJ, JJA and SON (shown on the y-axis). A block 
is shaded blue if the GC2 correlation is higher than the maximum correlation calculated from the 
10 estimates of POAMA-2 skill. A block is shaded green is the GC2 correlation lies between the 
minimum and maximum correlations calculated by the 10 estimates of POAMA-2 skill. A block is 
shaded red if the GC2 correlation is less than the minimum correlation calculated from the 10 
estimates of POAMA-2 skill. See section 2.3.4. for the method of calculating the estimates of 
POAMA skill. 

4.2 Tmax 

Seasonal forecasts of Tmax are usually more skilful than forecasts of rainfall. This is true for 
POAMA-2 for all three seasons (Fig.A1 and A2) and POAMA-2 shows good skill for 
forecasting Tmax (Fig.A2). For GC2, Tmax is also in general more skilful than rainfall for late 
autumn (AMJ) and spring (SON), but not so for winter (JJA). 
  
For the forecasts of Tmax for the winter (JJA) season, and to a lesser degree the late autumn 
(AMJ) season, GC2 is in general less skilful than POAMA-2, particularly over eastern and 
southeastern Australia (Figs A2 and 7). This is also clear in the summary (Fig.8) and bar graphs 
(Fig.B2), where all mainland eastern and southeastern horticulture regions have worse skill in 
GC2 for the winter (JJA) season, with the most significant difference for the Sydney Basin 
region, such that the GC2 correlation is near zero and the POAMA-2 correlation ranges from 
about 0.5 to 0.8. GC2 is better than POAMA-2 for winter (JJA) in the Devonport and Carnarvon 
regions (Fig.B2 and Fig.8). 
 
There are similar patterns and magnitudes of skill between the models for forecasts of Tmax for 
the spring (SON) season (Fig.A2). On average, GC2 is slightly more skilful than POAMA-2 for 
this season (Figs 7 and 8). In particular, it is better over the Bundaberg, Sydney Basin, Adelaide 
Plains and Carnarvon regions (Figs 7, 8 and B2).   
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Fig. 7 As for Fig.5, but for Tmax. 

 

 

Fig. 8 As for Fig.6, but for Tmax. 

4.3 Tmin 

In general, Tmin is better predicted with GC2 for the three seasons compared to POAMA-2 
(Figs A3, 9 and 10). From the individual correlation maps (Fig.A3) it is clear that the area of 
statistically significant correlations (>0.5) covers much larger areas in each of the seasons in 
GC2 compared to POAMA-2.  
 
For forecasts of the late autumn (AMJ) season, the regions of highest skill for Tmin are over the 
western half of Australia (Fig.A3), including the southern Western Australia and Carnarvon 
horticulture regions. In both these regions GC2 has high skill (~0.6 correlation) and is better 
than POAMA-2 (Figs 9, 10 and B3). GC2 skill is, however, worse than POAMA-2 over the 
Sydney Basin and Werribee/Gippsland regions (Figs 9, 10 and B3). These are the same two 
regions that had lower skill in GC2 for the forecast of rainfall for this season (Fig.6), suggesting 
that the poor Tmin forecast may be due to the poor rainfall forecast, given the strong 
relationship that often exists between rainfall and Tmin. 

JJA AMJ SON 
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Forecasts of Tmin for the winter (JJA) season are most skilful over northern and northeastern 
Australia (Fig.A3), including the Bowen and Bundaberg horticulture regions. In both these 
regions GC2 has high skill (>0.6 correlation) and is better than POAMA-2, particularly for the 
Bundaberg region (Figs 9, 10 and B3). Forecasts of Tmin for spring (SON) are most skilful and 
over the northern tropics (Fig.A3). GC2 is significantly more skilful than POAMA-2 for the 
Bowen, Bundaberg and Carnarvon regions (Figs 9, 10 and B3). However, GC2 is less skilful 
than POAMA-2 over the southern regions of Werribee/Gippsland, Devonport and Adelaide 
Plains (Figs 9, 10 and B3). 

 

Fig. 9 As for Fig.5, but for Tmin. 

 

Fig. 10 As for Fig.6, but for Tmin. 

5. SKILL FOR MULTI-WEEK FORECASTS 

5.1 Rainfall 

We have assessed the correlation skill for forecasts of fortnightly mean rainfall anomalies for 
fortnight 1 (week 1+2), fortnight 2 (weeks 2+3) and fortnight 3 (weeks 3+4) for forecasts during 
the autumn (MAM) and winter (JJA) seasons respectively (Figs A4 and A5). At both times of 

JJA AMJ SON 
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year and for both models, there is a clear reduction in skill with forecast lead time, that is, going 
from fortnight 1 to fortnight 3. Overall, GC2 has better skill than POAMA-2 at all lead times in 
autumn (MAM; Figs A4 and 11) and in winter for the first two fortnights (JJA; Figs A5 and 12). 
For the horticulture regions, GC2 is better than POAMA-2 for virtually all regions for fortnights 
1 and 2 (Fig.13). As for the analysis of the seasonal forecasts, Fig.13 is a summary of the results 
of graphs for each horticulture region, but we do not show this large set of graphs. However, 
when noting significant differences in skill between the two models in the discussion below, we 
have obtained that information from these graphs. 
 
High multi-week rainfall skill during autumn (Fig.A4) tends to be focussed over northern 
Australia, although GC2 has more extensive areas of good skill compared to POAMA-2. For 
forecasts of the first fortnight GC2 is more skilful than POAMA-2 over all the horticulture 
regions (Fig.13), with the most significant increases for the Bowen, Bundaberg, Sydney Basin 
and Carnarvon horticulture regions (Fig.11, but graphed detail not shown). For fortnight 2, the 
biggest increase in skill in GC2 compared to POAMA-2 for the horticulture regions is for the 
Bowen and Bundaberg regions, and for fortnight 3 it is for the Carnarvon region (Fig.11, but 
graphed detail not shown). 
 
Multi-week rainfall skill in winter (JJA) is also much better in GC2 in fortnights 1 and 2 (Figs 
A5 and 12). Forecasts for all the horticulture regions are better with GC2 in these fortnights, 
apart from the Carnarvon region (fortnights 1 and 2) and the Bowen region (fortnight 2) where 
the skill is similar to that of POAMA-2's (Fig.13). Biggest increases in skill in fortnight 1 with 
GC2 are found for the Bowen and southern WA regions and in fortnight 2 for Bundaberg, 
Devonport, Adelaide Plains and Southern WA (Fig.12, but graphed detail not shown). For 
forecasts of fortnight 3, GC2 is less skilful than POAMA-2 over northern regions, affecting the 
Bowen horticulture region, and over the far southeast, affecting the Werribee/Gippsland region, 
although the skill for the latter is generally low in both models (Figs 12 and 13). 
 

 

Fig. 11 Difference in the correlation skill between GC2 and POAMA-2 (GC2 minus POAMA-2) for 
forecasts of fortnightly mean rainfall anomalies for fortnight 1 (weeks 1+2), fortnight 2 (weeks 
2+3), and fortnight 3 (weeks 3+4) in MAM forecast start months. The warm colours indicate that 
GC2 has a higher correlation. 

Fortnight 2 Fortnight 1 Fortnight 3 
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Fig. 12 As for Fig.11, but for JJA forecast start months. 

 

Fig. 13 A nine (regions) by three (lead times) plot summarising the relative comparison of the multi-week 
correlation skill between GC2 and POAMA-2 (aka. E24) for the nine horticultural regions (shown 
on the x-axis) for forecasts of rainfall anomalies for fortnight 1 (weeks 1+2), fortnight 2 (weeks 
2+3), and fortnight 3 (weeks 3+4) (shown on the y-axis) in MAM (left) and JJA (right) forecast 
start months. A block is shaded blue if the GC2 correlation is higher than the maximum 
correlation calculated from the 10 estimates of POAMA-2 skill. A block is shaded green is the 
GC2 correlation lies between the minimum and maximum correlations calculated by the 10 
estimates of POAMA-2 skill. A block is shaded red if the GC2 correlation is less than the minimum 
correlation calculated from the 10 estimates of POAMA-2 skill. See section 2.3.4. for the method 
of calculating the estimates of POAMA skill. 

5.2 Tmax 

Multi-week skill for Tmax is generally higher than that for rainfall at all lead times (Figs A4-
A7). Skill for Tmax forecasts is high in fortnights 1 and 2 in both models for forecasts during 
autumn and winter (Figs A6 and A7). Furthermore, for these fortnights GC2 improves upon 
POAMA-2 skill in both seasons (Fig.14 and 15) and skill is better in GC2 for all horticulture 
regions (Fig.16). 
  
For forecasts of fortnight 3 in the autumn (MAM) months, GC2 is generally less skilful than 
POAMA-2 (Fig.14), particularly impacting the southern horticulture regions (Fig.16). In 
contrast, forecasts of fortnight 3 in the winter (JJA) months tend to be more skilful in GC2 over 
much of the country, particularly the west, and are more skilful over 6 of the horticulture 
regions (the other three regions have similar skill to POAMA-2) (Fig.16).  

Fortnight 2 Fortnight 1 Fortnight 3 

MAM JJA

Fort 1 

Fort 2 

Fort 3 
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Fig. 14 As for Fig.11, but for Tmax in MAM forecast start months. 

 

Fig. 15 As for Fig.11, but for Tmax in JJA forecast start months. 

 

Fig. 16 As for Fig.13, but for Tmax. 

5.3 Tmin 

As for Tmax, GC2 has higher skill than POAMA-2 for forecasts of fortnights 1 and 2 during 
autumn (MAM) and winter (JJA) months over virtually the whole of Australia (Figs 17, 18 and 
19). The increases in skill for Tmin are, however, bigger than those seen for Tmax. In autumn 
(MAM) months in fortnights 1 and 2 the biggest skill increases for the horticulture regions are 
for the three east coast regions and the two west coast regions (Fig.17, but graphed detail not 
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shown). In winter (JJA) months there is a particularly big increase in skill in the Carnarvon 
region in both fortnights (Fig.17, but graphed detail not shown). 

For forecasts of fortnight 3 in autumn (MAM) months there is an increase in the area of 
Australia experiencing significant skill in GC2 compared to POAMA-2 (Fig.A8). However, for 
most of the horticulture regions, the skill from GC2 is not significantly different from POAMA-
2 (Fig.19). In contrast, for forecasts of fortnight 3 in winter (JJA) months GC2 is overall better 
than POAMA-2 (Figs A9, 18 and 19). The biggest increases in skill in GC2 compared to 
POAMA-2 in the horticultural regions are for Bowen, Bundaberg, Sydney Basin, Southern 
Western Australia and Carnarvon (Fig.18, but graphed detail not shown). For the southern 
mainland regions of Werribee/Gippsland, Mildura and Adelaide Plains the skill estimates are 
near or below zero for both models (Fig.A9, but graphed detail not shown). 

 

Fig. 17 As for Fig.11, but for Tmin in MAM forecast start months. 

 

Fig. 18 As for Fig.11, but for Tmin in JJA forecast start months. 

Fortnight 2 Fortnight 1 Fortnight 3 
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Fig. 19 As for Fig.13, but for Tmin. 

6. DISCUSSION AND CONCLUSIONS 

This report is a preliminary assessment of the GloSea5-GC2 hindcasts that will ultimately form 
part of the ACCESS-S1 hindcast set. It provides us with an indication of the level of skill we 
might expect with ACCESS-S1. ACCESS-S1 will be the next version of the Bureau of 
Meteorology's seasonal prediction system, replacing the current operational system, POAMA-2. 
ACCESS-S1 will have considerable enhancements compared to POAMA-2, including higher 
resolution of the component models and state-of-the-art physics parameterisation schemes. In 
this report we have evaluated the GloSea5-GC2 skill and compared it to POAMA-2 for 
forecasts of Australian climate on seasonal and multi-week timescales, focussing on nine key 
regions of importance to the horticultural industry. 
 
This assessment is preliminary for a number of reasons. Firstly, the UKMO run a small set of 
hindcasts, both in terms of the ensemble size, that is. three members, and the length of the 
hindcast period, that is, 14 years. This can be compared to the POAMA system, which has an 
ensemble size of 33 members and a hindcast period of 30 years. With this small GloSea5-GC2 
hindcast it is not possible to obtain stable, trustworthy measures of the skill, as the sampling 
errors can be large. We have shown this by randomly sub-sampling three-member ensembles 
from POAMA and calculating the skill for each sample. The result is that the skill estimates can 
vary substantially. In terms of the hindcast period, 14 years is typically regarded as too short for 
robust estimates of the skill for forecasts on the seasonal timescale. A long enough hindcast set 
is necessary for including sufficient cases of the low frequency influences on Australian 
climate, like ENSO, and for knowing how the skill may vary based on the state of these climate 
drivers. As part of building ACCESS-S1, we will be increasing the number of ensemble 
members and the lengthening the hindcast period by running additional hindcasts at the Bureau. 
Secondly, we cannot quantify the skill of probabilistic multi-week forecasts (and to lesser extent 
seasonal forecasts) with such small ensemble sizes. This is problematic since the real-time 
forecast products that will be issued will almost certainly be based on probabilities. Thirdly, we 
have only considered certain times of the year, because the UKMO hindcasts are only produced 
when they are required to bias-correct the real-time forecasts. This means that the entire 
hindcast set will only be available once the system has been operational for a year. The UKMO 
started running GloSea5-GC2 operationally during February 2015. Therefore, the first full 
calendar month of available hindcasts is for March and at the time of the analysis for this report, 
hindcasts were available for months up to the end of August. This means that we have not done 
any evaluation for the summer months.   
 

MAM JJA

Fort 1 

Fort 2 

Fort 3 
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Our results have shown that GloSea5-GC2 has a much better simulation of seasonal mean 
rainfall, Tmax and Tmin over Australia compared to POAMA-2. Much of this is due to the 
increased horizontal resolution of the atmospheric model in GloSea5-GC2 (60 km in GC2 
compared to 250 km in POAMA-2). For example, the higher resolution of GC2 means that the 
model is able to differentiate between the climates of western and eastern Tasmania and better 
represent the Great Dividing Range, which plays a key role in the spatial distribution of rainfall. 
Having multi-week and seasonal forecasts with more regional detail will be highly beneficial to 
the horticultural industry, assuming the forecasts are skilful. However, having a good 
climatology, as GloSea5-GC2 generally does for Australian climate, does not always translate 
into skilful forecasts. One reason for this is that biases in the processes that drive Australian 
climate variability, like ENSO and the Indian Ocean Dipole, also need to be considered, since 
their representation can affect the teleconnections to Australian climate. An assessment of the 
climate drivers is being considered in a separate report.  
 
In order to take into account sampling errors in our assessment of forecast skill, we randomly 
sub-sample three ensemble members from the larger POAMA ensemble and generate 10 
estimates of the correlation skill for POAMA. The range in these estimates gives us an 
indication of whether the skill differences between the two models are real, or whether they are 
within the realm of sampling variability. If the GC2 skill is higher than the maximum skill from 
the POAMA estimates, then we have some confidence in saying that GC2 is better. If the GC2 
skill lies within the range of estimates from POAMA, then we cannot say that one system is 
better than the other. If the GC2 skill is less than the minimum skill from the POAMA 
estimates, then indications are that GC2 is worse than POAMA.  
 
We have examined the correlation skill for seasonal forecasts of rainfall, Tmax and Tmin for the 
late autumn (AMJ), winter (JJA) and spring (SON) seasons. In general, seasonal mean rainfall 
is better predicted with GC2. In virtually all the horticulture regions and seasons, GC2 has 
correlations that are higher than or comparable to POAMA-2. The exceptions are for forecasts 
of rainfall for late autumn (AMJ) in the Sydney Basin and Werribee/Gippsland regions, where 
GC2 skill is slightly worse than POAMA-2 (although in the latter region the skill is very low in 
both models). However, GC2 is noticeably more skilful for the Adelaide Plains, and to a lesser 
degree the Mildura and Southern Western Australia horticulture regions for this season. For 
forecasts of winter rainfall (JJA), GC2 is significantly better for the Werribee/Gippsland region 
and somewhat better in the Bowen, Mildura and Adelaide Plains regions. For forecasts of the 
spring (SON) rainfall season, GC2 is better over the Sydney Basin and Southern Western 
Australia horticulture regions.     
 
GC2 is in general less skilful than POAMA-2 for seasonal mean forecasts of Tmax for the 
winter (JJA) and late autumn (AMJ) seasons, particularly over eastern and southeastern 
Australia. More than half of the horticulture regions have a lower correlation skill with GC2 
compared to POAMA-2. It is not clear why the skill for Tmax for these seasons is lower in GC2 
and this requires further investigation. It may be related to the fact that the land surface is 
initialised using climatology in GC2 rather than using realistic soil moisture and temperatures, 
as was done in POAMA-2. We plan to modify this (i.e. properly initialise the land surface) with 
future versions of ACCESS-S. However, for the spring (SON) season, GC2 is on average 
slightly more skilful than POAMA-2. In particular, it is better over the Bundaberg, Sydney 
Basin, Adelaide Plains and Carnarvon regions.   
 
In general, seasonal mean Tmin is better predicted with GC2 for the three seasons compared to 
POAMA-2. For forecasts of late autumn (AMJ), GC2 has high skill over the western half of 
Australia and is noticeably better than POAMA-2 for the southern Western Australia and 
Carnarvon horticulture regions. GC2 has slightly less skill than POAMA-2 over a couple of the 
southeastern horticulture regions, but skill is generally low there in both models. For forecasts 
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of Tmin for winter (JJA), GC2 skill is high and much better than POAMA-2 over northeastern 
Australia, including the Bowen and Bundaberg horticulture regions. For forecasts of Tmin for 
spring (SON), GC2 skill is high over the northern tropics and is significantly more skilful for 
the Bowen, Bundaberg and Carnarvon regions than POAMA-2. However, GC2 is less skilful 
than POAMA-2 over the southeastern regions of Werribee/Gippsland, Devonport and Adelaide 
Plains. 
 
For the multi-week timescale we have assessed fortnightly mean forecasts initialised in the 
autumn (MAM) and winter (JJA) months. Overall, GC2 is more skilful than POAMA-2 for 
these multi-week forecasts. In particular, GC2 is more skilful than POAMA-2 for virtually all 
the horticulture regions for fortnights 1 (weeks 1+2) and 2 (weeks 2+3) for all three variables. 
For fortnight 3 (weeks 3+4) the results are a bit more mixed. Rainfall forecasts for fortnight 3 
during autumn (MAM) are overall better in GC2 for the horticulture regions, but during winter 
(JJA) GC2 is less skilful than POAMA-2 over northern regions, affecting the Bowen 
horticulture region. For Tmax for fortnight 3 the situation is reversed. GC2 is overall better for 
the horticulture regions in winter (JJA), but is worse than POAMA-2 over some of the southern 
horticulture regions during autumn (MAM). For Tmin, the fortnight 3 forecasts are better in 
GC2 compared to POAMA-2 for the winter months (JJA), and generally similar to POAMA-2 
during the autumn (MAM) months. 
 
Overall the results are positive, with GloSea5-GC2 exhibiting multi-week and seasonal 
forecasts over Australia that have more regional detail and that are generally more skilful than 
POAMA-2. For the nine horticulture regions considered together, there is overall more 
improvement in skill with GC2 compared to POAMA-2 than there is degradation, in all except 
three cases. These exceptions are for forecasts of seasonal mean Tmax for late autumn and 
winter, and forecasts of fortnightly mean Tmax for fortnight 3 (weeks 3+4 of the forecast) in 
autumn months, where POAMA-2 is better than GC2. When GC2 is less skilful than POAMA-2 
(for rainfall, Tmax or Tmin), it tends to be focussed on the southeastern horticulture regions. 
The GloSea5-GC2 forecasts are clearly more skilful than POAMA-2 for the first two fortnights 
of the forecast (i.e. weeks 1+2, weeks 2+3) for all three variables and regions.  
 
The results will be reassessed once the full ACCESS-S1hindcast set is available and a more 
robust estimate of forecast performance is possible. 
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APPENDIX A: SKILL MAPS FOR AUSTRALIA 

 

Fig A.1 Correlation skill for GC2 (top) and POAMA-2 (bottom) for first season forecasts of seasonal mean 
rainfall anomalies for the AMJ (left), JJA (middle) and SON (right) seasons. The dashed line 
indicates the correlation value above which the correlations are statistically significant (i.e. r>0.53 
is significant, 95% confidence level). 

 

Fig A.2 As for Fig.A1, but for Tmax. 
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Fig A.3 As for Fig.A1, but for Tmin. 

 

 

 

 

 

 

 

 

 

AMJ JJA SON 

GC2 

POAMA 



COMPARISON OF GLOSEA5-GC2 SKILL WITH POAMA-2 FOR KEY HORTICULTURAL REGIONS 

 

Page 28 
 

 

Fig A.4 Correlation skill for GC2 (top) and POAMA-2 (bottom) for forecasts of fortnightly mean rainfall 
anomalies for fortnight 1 (weeks 1+2; left), fortnight 2 (weeks 2+3; middle), and fortnight 3 (weeks 
3+4; right) in MAM forecast start months. Correlations greater than 0.15 (this value is shown with 
the dashed line) are statistically significant at the 95% confidence level. 

 

 

Fig A.5 As for Fig.A4, but for rainfall in JJA months. 

 

Fortnight 1 Fortnight 2 Fortnight 3 

GC2 

POAMA 

Fortnight 1 Fortnight 2 Fortnight 3 

GC2 

POAMA 



COMPARISON OF GLOSEA5-GC2 SKILL WITH POAMA-2 FOR KEY HORTICULTURAL REGIONS 

 

 

Page 29 

 

Fig A.6 As for Fig.A4, but for Tmax in MAM forecast start months. 

 

 

Fig A.7 As for Fig. A4, but for Tmax in JJA forecast start months. 
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Fig A.8 As for Fig.A4, but for Tmin in MAM forecast start months. 

 

 

 

Fig A.9 As for Fig.A4, but for Tmin in JJA forecast start months. 
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APPENDIX B: SKILL FOR HORTICULTURE REGIONS 

 

Fig. B.1 Each graph shows the correlation skill for predicting first season mean rainfall anomalies from 
GC2 (blue dot) and POAMA-2 (aka. E24; red bar) for the AMJ (left bar/dot), JJA (middle bar/dot) 
and SON (right bar/dot) seasons for a particular horticulture region (the region definitions are 
shown in Fig.1). The red bar from POAMA-2 represents the minimum, average and maximum skill 
calculated from 10 estimates of skill using different randomly selected three-member ensembles 
from the relevant forecast start dates (see Section 2.3.4 for more details). 
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Fig. B.2 As for Fig.B1, but for Tmax. 
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Fig. B.3 As for Fig.B1, but for Tmin. 
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