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Report summary

At a glance

Building on a preliminary evaluation which identified temperature, rainfall, radiation and
circulation biases in the ACCESS climate model, Earth Systems and Climate Change Hub
researchers conducted further simulations to understand the cause of the identified biases and
the potential modifications required to improve the ACCESS climate model. This will improve
the ability of ACCESS to realistically simulate our climate, resulting in better climate information

to inform decisions and policy.

The ACCESS climate model

The Australian Community Climate and Earth System Simulator (ACCESS) is a comprehensive
climate model comprised of atmosphere, ocean, land surface and sea-ice models. These models

are ‘coupled’ to more realistically represent the climate system.

While ACCESS is among the top performing climate models internationally, like all models it has
different biases (also referred to as model systematic errors) in its simulation of the climate. To
improve the performance of the model, these biases in key climate variables need to be documented,
the processes causing them need to be identified and modifications to improve the biases need to
be tested. This will allow improvements in how the climate variables are represented in the model,
so simulations better match the observed climate.

Assessing the ACCESS atmospheric model
Preliminary evaluation of the ACCESS model conducted by Rashid et al (2017; see Earth Systems

and Climate Change Hub Report 1) showed that, overall, the high-resolution atmospheric model
does a better job of realistically simulating the major surface and atmospheric climate features than
the low-resolution version. However, the preliminary evaluation found that there were still significant

biases that need to be investigated further to understand their causes.

Building on these preliminary findings, Earth System and Climate Change Hub researchers
conducted further simulations on the latest ACCESS climate model to understand the causes of
biases identified. These investigations focused on the simulation of tropical rainfall including the
diurnal (daily) rainfall cycle and Madden-Julian Oscillation (MJO); surface heat fluxes; surface wind

speeds and radiation fluxes.

In this evaluation, model systematic errors in the recent versions of the ACCESS climate model
using the GA7 and GA7.1 atmospheric model physics are compared and documented. The ACCESS
Singular Column Model (SCM) (with the GA6 model physics package) is also used in this evaluation
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to identify the model systematic errors and test possible modifications to model representations of

tropical convection to reduce those errors.
Evaluation findings

Rainfall biases

The representation of rainfall in ACCESS models is generally wetter than observed over the tropical
western Pacific and Indian Oceans, and drier than observed over the Maritime Continent (the region
between the Indian and Pacific Oceans). This evaluation found that by increasing model resolution,
both these biases are reduced. This also leads to improved Madden-Julian Oscillation model

simulations.
Diurnal rainfall cycle biases

The diurnal cycle of rainfall over tropical land is not well represented in the model. A modification to
the parameterised convection scheme by implementing the convective memory scheme resulted in
a reduction in the drying bias over the Maritime Continent and, due to the interconnections through
the Walker Circulation, a reduction to the wet biases in the Indian Ocean and West Pacific Ocean.

The representation of diurnal rainfall cycles over tropical land also improved.
Surface heat fluxes and surface wind speeds biases

Surface heat fluxes and surface wind speeds show consistency with other climate models. The high-
resolution model performs better in representing global energy exchanges at the surface and surface

winds.
Biases in radiation and heat fluxes

Southern Ocean shortwave radiation biases in the ACCESS climate model with the GA7.1 physics
package are much improved compared to previous versions of the model. This may also lead to

improvements in sea surface temperature simulations.

Increased spatial resolution reduces the relatively large positive biases occurring in lower resolution
models in sensible and latent heat flux in the polar regions, however biases are increased in the

equatorial and southern mid-latitude oceans.
ACCESS Singular Column Model experiments

The ACCESS SCM is used in this evaluation to test possible modifications to the model
representation of tropical convections with an aim to reduce model systematic errors. Using
ACCESS SCM to examine the maodifications to the elements of deep convection representation in
the ACCESS model showed that implementing a different trigger to the convection reduces the
intermittency of rainfall. A preliminary investigation using ACCESS SCM was also undertaken to
determine the potential cause for the wet bias over the tropical ocean, and the role of shallow

convection in the representation of water transport from the sub-tropics into the tropics. Due to the
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lack of the large-scale circulation feedbacks, the SCM experiments require further investigation using

a full climate model.
Next steps

Although modifications to the convection scheme in this evaluation resulted in improvements in the
representation of the diurnal rainfall and the reduction in rainfall biases, some rainfall biases
associated with the model variability still persist. Future investigations will be conducted to further
improve the model biases and its impacts will be documented.

The modifications to deep convection and shallow convection conducted with the ACCESS SCM
model is currently being tested using a full climate model.



1. Introduction

This report presents a comprehensive documentation of model systematic errors in the atmospheric
component of the ACCESS climate model using the two most recent atmospheric physics packages,
the Global Atmosphere 7.0 (GA7) and 7.1 (GA7.1) model physics (Walters et.al. 2017). GA7.1 is
expected to be used in the ACCESS-CM2 coupled climate model to be utilised for CMIP6. The
present evaluation is mainly focused in the following areas: the simulation of tropical rainfall including
spatial biases and realism of the diurnal cycle, the Madden-Julian Oscillation (MJO), surface heat
fluxes, surface wind speeds and radiation fluxes. Also sensitivities to some modifications of the

convection scheme are explored.

In this report, the ACCESS Singular Column Model (SCM) with the previous GA6 model physics is
also used to identify and test possible modifications to the model representation of tropical
convection with the aim to reduce model systematic errors. The SCM simulations are used to study
the model sensitivities to the convective entrainment, cloud base parcel properties, cloud base mass-

flux closures, convection trigger and settings of shallow convection.

The report is organised as follows. The UM model and data used for model evaluation are described
in Section 2. Comprehensive evaluations of model systematic error for the latest ACCESS climate
model are discussed in Section 3. In Section 4, sensitivities to convection scheme settings using

ACCESS SCM are presented. Conclusions and discussion are contained in the final section.



2. Models description and data

For the evaluation, simulations using the atmospheric component of the ACCESS climate model with
alternatively the GA7 and GA7.1 model physics packages (Walters et.al. 2017) are conducted. An
experimental protocol conforming to the style of the Atmospheric Model Intercomparison Project
(AMIP) (Gates et. al., 1998) is adopted, where the atmospheric model is run with prescribed
observed monthly and interannually varying sea surface temperature and sea ice extent. For both
the GA7 and GA7.1 cases, simulations with two horizontal model resolution, N96 and N216, about
135 and 60 km grid spacing respectively, are carried out with 85 vertical levels, and the details of
the experiments are detailed in Table.1. The model uses a modified mass flux convection scheme
based on Gregory and Rowntree (1990).

The model uses the prognostic cloud fraction and prognostic condensate (PC2) scheme of Wilson
et al. (2008). For the boundary layer scheme, turbulent fluxes of heat, moisture and horizontal
momentum in the boundary layer are represented by a first-order K profile closure as described by
Lock et al. (2000). Model radiation is represented by a modified version of Edwards and Slingo
(1996) scheme based on rigorous solution of the two-stream scattering equations including partial

cloud cover. The climate model simulations use observed daily SST and sea ice distributions.

Model Resolution | Time period
GA7 N96 1989-2008
GA7 N216 2003-2006
GA7.1 N96 1989-2008
GA7.1 N216 2003-2006

Table 1. The experiment lists for the AMIP experiment with GA7 and GA7.1 model physics.

The GA7.0 physics package includes a number of incremental developments and targeted
improvements over GA6.0 including deficiencies in the model's numerical conservation. These
changes include further developments in the model’s microphysics and incremental improvements
to the implementation of the dynamical core. In combination with the bottom-up developments, these
changes result in some reduction in some of the model biases, namely rainfall deficits over India
during the South Asian monsoon, temperature and humidity biases in the 20 tropical tropopause

layer, and surface flux biases over the Southern Ocean (Walters et. al., 2017).

In addition to the improvements in GA7, GA7.1 reduces an overly negative anthropogenic aerosol
effective radiative forcing in GA7.0, whilst maintaining the quality of simulations of the present-day

climate. The differences between GA7.1 and GA7.0 model physics are:
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1. A new parametrisation of spectral dispersion for the cloud droplet size distribution following
Liu et al. (2008). This parametrises the impact of the droplet number (and hence the aerosol
loading) on the dispersion relation, as opposed to 15 the simpler approach adopted in GA7.0,
in which the spectral dispersion in continental and maritime clouds is specified according to

the model’s land sea mask

2. Anupdate to the complex refractive index of black carbon from 1:75-0:44i to the more recent
estimate of 1:85-0:71i,

3. Inclusion of more detailed look-up tables for aerosol optical properties in UKCA-Radaer,

enabling more accurate spectral resolution of aerosol solar absorption;

4. Replacement of the climatological oceanic dimethlysulphide (DMS) concentration of Kettle et
al. (1999) with the updated climatology of Lana et al. (2011);

5. Multiplicative scaling of the parametrised marine emission of DMS in GLOMAP-mode by
(1+0:7), where the factor 0.7 is designed to account for a missing source of primary marine

organic aerosol in GLOMAP-mode;

6. Several improvements to the calculation of the TKE data passed to UKCA-Activate: (i) an
explicit bug in the level indexing was corrected; (ii) the minimum value of TKE used was
reduced by an order of magnitude and (iii) an explicit estimate of TKE in cumulus clouds was

introduced:;

7. Retuning of the parameters mp_dz_scal and cca_sh_knob back to their originally proposed
values of 2.0 and 0.5 respectively.

Model simulations are evaluated against a range of climatic reanalysis and observational data sets.
These datasets for verification in this report are the GPCP daily precipitation (Huffman et al., 2001);
TRMM 3 hourly precipitation (Huffman et al.,, 2007) ; NCEP-DOE AMIP-II reanalysis data
(NCEP2,Kanamitsu et al. 2002); Modern-Era Retrospective Analysis for Research and Applications
project (MERRA, Rienecker et al. 2011); ECMWF ERA-Interim archive reanalyses (ERA-INT,
Berrisford et al. 2009); ECMWF ERA-40 reanalyses (ERA-40,Uppala et al. 2005). The global
climatology of inter-annually varying air—sea flux data set (COREvZ2, Large and Yeager 2009); NCEP
Climate Forecast System Reanalysis (CFSR, Saha et al. 2010); and the Japanese 25-year
Reanalysis (JRA25, Onogi et al. 2007). In addition, an observational shortwave radiation dataset,
the NASA GEWEX Surface Radiation Budget (SRB, https://gewex-

srb.larc.nasa.gov/icommon/php/SRB_about.php), is also utilised for evaluation.

A set of case studies for use with the Single Column Model (SCM) version of the Unified Model
(UM) is set up. These include the versions of the TOGA-COARE and TWP-ICE cases for studying

deep and shallow convection.


https://gewex-srb.larc.nasa.gov/common/php/SRB_about.php
https://gewex-srb.larc.nasa.gov/common/php/SRB_about.php

3. AMIP experiment Results

3.1 Tropical rainfall biases and MJO simulation.

Climate models face a significant challenge in the realistic simulations of rainfall climatology. The
rainfall bias for the latest GA7 and GA7.1 model are compared in Figure.1a and b with dry bias over
the Maritime Continent (MC) region and wet bias over the western Indian Ocean and western Pacific
regions. A dry bias also exists in the north Australia and Indian monsoon region. The difference of
average rainfall rate between GA7 and GA7.1 model are neutral with no obvious improvement (See

Figure 1c).

The MC is a region where global climate models struggle to realistically represent the spatial
distribution of rainfall and its variability (Jourdan et al. 2013). The deficient rainfall over the MC could
be a driver for other systematic errors, such as the excess precipitation over the western Indian
Ocean. The MC dry bias has been persistent in recent global versions of UM. Biases in rainfall over
the MC region have also been reported to adversely affect simulation of the eastward propagation
of the MJO across the region (e.g., Neale and Slingo, 2002; Klingamann and Woolnhough, 2014).
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Figure 1 Annual mean rainfall bias (mm/day) with respect to the GPCP rainfall observations in a low
resolution (N96) version of the ACCESS model with GA7 (a) and GA7.1 (b) model physics. (c) shows the
difference of the annual mean rainfall rates (mm/day) between the above two simulations. (1989-1998).

Rainfall bias is sensitive to the model resolution. With increased resolution (N216), the modelled
rainfall increases mainly over the MC regions (See Figure 2). Due to teleconnections through the
Walker circulation, the wet biases over the Indian Ocean and Western Pacific regions have been
reduced. Increased resolution also helps to reduce the model dry bias for the Indian Monsoon region.

With the improvement of the mean precipitation distribution in the MC, the eastward propagation of
organized convection associated with MJO has also been improved. To demonstrate the ability of
the model to simulate eastward propagating intraseasonal variability, we calculate the lead-lag OLR
correlation coefficients between 20-100 days bandpass filtered data from a central Indian Ocean
time series and the associated 100N-100S averaged fields at all longitudes (Figure 3). For the
experiment with N96 resolution, convection fails to propagate eastward from the Indian Ocean. In
the experiment with N216 resolution, with the improvement of the mean precipitation distribution in
the MC region, the model exhibits slightly improved eastward propagation across the Indian and the

west Pacific Oceans, but still needing more improvement comparing to the observation (Figure 3c).

Figure 2 For GA7 model, the annual mean rainfall difference (mm/day) between N216 and N96 simulations.
(2003-2006)
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Figure 3 For GA7 model, the lag correlation of equatorial intraseasonal OLR onto a reference zonal OLR
time series at 90E in (a) N96 resolution, (b) N216 resolution and (c) observation.

A similar sensitivity to resolution is also observed in GA7.1 model. Figure 4 shows the rainfall
difference between N216 model and N96 model and the lead-lag bandpass filtered OLR correlation
coefficients are presented in Figure 5. With increased resolution, the rainfall rate increases over MC
region and north Australia. As a result, the model shows more persistent eastwards propagating

convection cross central Indian Ocean region and MC region.
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Figure 4 For GA7.1 model, the difference in annual mean precipitation (mm/day) between the high- and low-
resolution versions (N216 and N96, respectively).
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Figure 5 For GA7.1 model, the lag correlation of equatorial intraseasonal OLR onto a reference zonal OLR
time series at 90E in the simulations with N96 resolution (left panel) and N216 resolution (right panel).

3.2 Diurnal cycle

The Met Office Unified Model has been shown to have considerable difficulty in capturing the
observed phase of the diurnal cycle in convection, which suggests some fundamental difficulties in
the model's physical parametrisations (Yang and Slingo 2001). To evaluate the simulation of diurnal
cycle, we use 3 hourly TRMM data as the source of comparative observations. Figure 6 compares
the diurnal cycle of rainfall rate for the GA7 model with N96 and N216 resolutions for the Borneo
Island (defined as 113°-127° E, 5° S—-2 ° N, land only).

1

precipitaiton rate (mm/day)
[ T 'S TR =S 4§ T 5 T I s < A (s T |

5 10 15 20 25

0
Iocal time (hour)
GA7-N96 GA7-N216 = OBS-TRMM --n

Figure 6 For GA.7 model, diurnal cycles of the rainfall rate (mm/day) over the Borneo Island with N96 and
N216 resolutions, comparing against TRMM observations.

Observation shows that rainfall rate has the minimum in the morning around 8 am when rainfall
mainly occurs over the ocean surrounding the island (Figure 7 top left). The rainfall starts to increase
in the afternoon and reaches its maximum in the late evening and early morning. In GA7 model with
N96 resolution, the rainfall rates reaches the maximum in the morning around 10am presumably
due to the CAPE closure setting in the convection scheme, which is designed to release the
convective instability whenever the instability is available. The rainfall rate minimum occurs in the

afternoon around 5pm. The observed convection tends to accumulate the instability, and then rains
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in the late afternoon and evening when the convective instability reaches the maximum. The
modelled rainfall rates increases over the night, but the amplitude is much weaker compared to the
observations. The N216 model has similar diurnal cycle of rain to the N96 model, but the amplitudes

are higher as a result of the higher resolution.

TRMM
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Figure 7 Morning (left) and evening (right) rainfall rate (mm/day) for TRMM observations, and model
simulation in GA7.1 model with N96 and N216 resolutions.

Figure 7 shows the precipitation map at 8am and 8pm for the observation and model simulations. In
the morning, the convection is already well developed in the model simulation, while the observed
convection is still active around the coastal lines. In the evening the modelled inland convection is
relatively weak because of lack of convective instability. This contrasts with the TRMM observations
that show that the convection is able to maintain its intensity over the main land region in the evening

time.
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Figure 8 Diurnal cycles of the rainfall rate (mm/day) over Borneo island with N216 resolution for GA7 and
GA7.1 models.

The diurnal cycle in GA7.1 is very similar to GA7 model except for a slight difference in the amplitude
as shown in Figure 8. As pointed out earlier, CAPE closure tends to release the instability when it is
available. Without changing CAPE closure, the convection still occurs too early in the higher
resolution ACCESS model, reaching the maximum around midday instead of the evening/night as
observed.

3.3 Sensitivities to convection changes

As discussed above, the diurnal cycle over tropical land remains poorly represented in GA7 and
GA7.1. A potential source of these errors is that the convection scheme is too tightly coupled to the
surface fluxes and CAPE, and too weakly coupled to the large-scale dynamics. Martin Willett and
Whitall (2017) presented a simple modification that allows the deep convective entrainment rate to
remain within a realistic range of values but be driven by the amount of convective activity within the
last several hours, as measured by a 3-dimensional prognostic field based on surface convective
precipitation. The underlying premise of the modification is that locations that have experienced high
levels of recent convective activity will be populated with relatively large convective clouds that have
low entrainment rates: conversely, locations that have experienced low levels of recent activity will

be populated with relatively small convective clouds (if any) that will have high entrainment rates.
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0.5

Figure 9 the difference in annual mean rainfall rate (mm/day) in GA7.1 model between the simulations with
and without the convective memory change. (10y, from 1989-1998, unit: mm/day)
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Figure 10 Diurnal cycles of the rainfall rate (mm/day) over the Borneo Island with N216 resolutions for GA7.1
model at N96 resolution with and without the convective memory change.

By implementing the convective memory change in GA7.1 model, the dry bias over the MC region
is reduced (see Figure 9). The dry bias over Maritime Continent region (MC) and the wet biases over
the Indian Ocean and West Pacific ocean are related through Walker circulation. Reducing dry bias
over MC is accompanied with reduced wet biases over the oceans to the east and west (Zhu et. al.
2017). Due to a better coupling with the large scale dynamics, the diurnal cycle of rainfall rates also
is much improved with more persistent convection over the land in the late afternoon and evening
(see Figure 10).

Though the rainfall rate over the tropics has been improved, the rainfall biases are not completely
alleviated. Figure 11 shows the rainfall rate bias for the experiment with convective memory change
added in GA7.1. There are still wet bias over the western Indian Ocean and Eastern Pacific Ocean
region. The dry bias has changed to wet bias over the MC land regions, but the dry bias remains in
the surrounding ocean. The lag correlation of equatorial intraseasonal bandpass filtered OLR signals
(Figure 12) shows slightly westwards propagation, which is not realistic. Further analysis and

improvement of the change aims to be documented in a future work.
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Figure 11 the annual mean rainfall rate (mm/day) bias for the experiment in N96 GA7.1 model with the
convective memory changes comparing to GPCP rainfall estimate.
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Figure 12 the lag correlation of equatorial intraseasonal OLR onto a reference zonal OLR time series at 90E
for the N96 GA7.1 model simulation with convective memory changes.

3.4 Sensitivity to rainfall over land

As discussed earlier, ACCESS climate models have large positive systematic rainfall errors over the
Western Indian and Western Pacific Ocean with a negative error over the Maritime Continent. To
reduce the rainfall bias over the Indo-Pacific region, we also conducted sensitivity studies that
increase the likelihood of convection to be triggered over land. To do so we add a positive
temperature perturbation to the updraft parcel calculation in the convection code for all the grid
points. We then carry out an ensemble of 4-months simulations initialized on 1 November, the start
of warm seasons in the south hemisphere, of the years 2006 to 2010. Figure 13 shows the effect of
this modification on the model rainfall climatology. Rainfall over land is increased, especially over
the Maritime and African Continent, while rainfall over the Western Indian Ocean and the Western
Pacific are reduced, especially in the SPCZ region. This is an encouraging result that we are currently
investigating further. It also confirms the likely need to develop a parametrization for coastal

convection. Work to do so is currently under way at Monash.
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3.5 Evaluation of GA7.1 AMIP surface fluxes

3.5.1 Meridional distribution of the zonal-mean fluxes.

Momentum and energy exchanges between the surface and the atmosphere are crucial to climatic
dynamics. Realistic representation of the exchanges is essential to a valid climatic modelling
system.
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Figure 13 Observed DJF rainfall (top), Rainfall errors of the control (middle) and rainfall changes in the
experiment (bottom). See text for details. (GA6 model physics).

Figure 14 shows meridional profiles of the zonal averaged surface fluxes and surface wind
components of N96 GA7.1 AMIP run as described above. For the sensible heatflux, the GA7.1 AMIP
results show good agreements with MERRA, ERA-INT, CFSR fluxes (within £10 W/m?2in the northern
hemisphere and at latitudes < 60°S in the southern hemisphere), but are systematically larger than
the NCEP2 flux, especially over the high latitudes and polar regions. Over Antarctica and its
surrounding oceans (latitudes>60°S), the modelled downward transferred sensible heat flux is

underestimated against all the reanalyses, especially for NCEP2 and CFSR. For the latent heat flux,
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the GA7.1 AMIP results also show good agreement with all the reanalyses at high latitudes (>50°S
and 50°N). The differences between the GA7.1 AMIP and the MERRA, ERA-INT reanalyses profiles
are within £10 W/m2. On the equator itself the fluxes from all the reanalyses and the GA7.1 AMIP

runs are in good agreement.
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Figure 14 Meridional profiles of zonally averaged (a) sensible heat, (b) latent heat, (c) net shortwave radiative,
(d) net longwave radiative fluxes at the surface (W/m?), and surface (e) zonal, (f) meridional wind (m/s). Profiles
in the frames with subtitle (1) denote the field from N96 GA7.1 AMIP runs (black solid line), the comparison
reanalysis data sets of MERRA (solid purple line), NCEP2 (solid red line), ERA-INT (solid blue line), ERA40
(solid light blue line), COREV2 (solid green line), CFSR (dashed black line), JRA25 (dashed purple line), and
the observational shortwave radiation data of SRB (solid red line). Profiles in the frames with subtitle (2) denote
the difference between the field from N96 GA7.1 AMIP runs and the one from the comparison data sets (with
the above defined colour/labelling).
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For the shortwave radiative (SW) flux at the surface, at high latitudes there is close agreement
between all the reanalysis products, the SRB observational data set, and the GA 7.1 AMIP
simulation. For low to mid latitudes, there is considerable spread in the reanalyses and SRB
observations, however, the agreement between model simulation and SRB observations remains
close. Indeed, across all latitudes, the difference between the model simulation and SRB
observations remains within +/- 15 W/m2, which is less than the model "error" measured against any
of the reanalyses (Figure 14c2).

Similar results are also shown in the net longwave radiative (LW) flux comparison (Figure 14d1 and
14d2). Amongst all the reanalyses, the model "error" is least when measured against ERA-INT. The
SW from the reanalysis data ERA-INT is very close to the observational data SRB, which further

demonstrates that ERA-INT is more a more reliable date source.

The profile of the zonal wind from the GA7.1 AMIP runs matches very closely with the profiles from
all the reanalysis datasets for almost all latitudes, except over Antarctica where those from NCEP2
and JRA25 show larger easterly winds than the others. The differences between the GA7.1 AMIP
and the reanalyses profiles are relatively small, mainly within £0.5m/s, though around 0.75m/s in the
high westerly wind zone over the southern oceans (~7m/s). For the meridional winds component,
the profile from GA7.1 AMIP shows very good agreements with all the reanalyses profiles (mostly
within 0.2m/s) in the northern hemisphere, with the exception of NCEP2. Where significant biases

occur, they are mostly in the southern oceans and Antarctica.

3.5.2 Global distributions of the mean fluxes

On average, sensible heat is transferred from the earth to the atmosphere in the low and mid-
latitudes, and from the atmosphere to the earth in the polar and high latitude regions (Figure.15a).
The Antarctic continent is a sensible heat sink for all the three distributions shown in Figure 15al-3,
but this sink is weakest in GA7.1 AMIP. In the distribution for GA7.1 AMIP small scattered heat sink
patches appear in the middle of the southern oceans. These patches also appear in the ERA-INT
distribution, but are much large in the NCEP2 distribution. As major moisture sources to the
atmosphere, the tropical and low latitude oceans supply the largest latent heat flux. As shown in
Figure. 15b1-3, those regions are also where there is the largest differences between the GA7.1
AMIP, NCEP2 and ERA-INT distributions. On the equator, the differences are relatively small.
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Figure 15c¢5 shows that the Southern Ocean SW positive biases almost disappear in the GA7.1 AMIP
simulations (Figures 15c4 and c¢5). This is a remarkable improvement comparing to results from the
earlier versions of model, which could lead to a significant improvement in the SST simulation by a
coupled model.

There are strong similarities in the global distribution patterns of both the zonal and meridional
surface winds from GA7.1 AMIP and the other two reanalyses data sets (Figure 16e and f). These
include the strong westerly over the southern oceans with the high centred in the southern Indian
Ocean, and strong easterlies in the tropical and low latitudes caused by the subtropical Highs arising
through descendent motions of the Hadley Cells.

3.5.3 The high resolution N216 GA7.1 AMIP test

We further evaluate the mean surface fluxes and surface winds from runs with the higher-resolution
version (N216) of GA7.1 AMIP. Here we compare the simulated shortwave radiation with SRB data,
and the other fields are compared with ERA-INT. As shown in Fig. 17a, the increased spatial
resolution in the N216 GA7.1 AMIP improves the meridional profile of the zonally averaged sensible
heat flux in the Polar Regions. Here differences appear on the edges of Antarctic continent where
relatively large positive biases occurring in the N96 simulation are greatly reduced in the N216
simulation. Over the Arctic region, the positive bias in sensible heat flux in the N96 simulation is
slightly reduced in the N216 simulation. As shown in Fig. 17b, N216 GA7.1 AMIP runs perform
unevenly in improving meridional profile of the mean latent heat flux. The N216 runs mitigate the
positive biases of the flux from the N96 runs at the polar latitudes; even eliminating the biases over
the Antarctic regions. The biases around the edges of the continent are much reduced. However,

the biases are increased in the equatorial and southern middle latitude oceans.
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Figure 15 Global distributions of the surface fluxes and from N96 GA7.1 AMIP runs, the selected reanalyses
and the observational data sets. The distributions are shown with (a) the sensible, (b) the latent heat flux and
(c) the net long wave radiative flux (W/m2) at the surface from (1) N96 GA7.1 AMIP runs, (2) NCEP2 and (3)
ERA-INT reanalyses. The observational net short wave radiative flux from SRB and the difference of the flux
from N96 GA7.1 AMIP runs to the one form SRB are shown in (c4) and (c5), respectively.
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Figure 16 Global distributions of the surface fluxes and the surface winds from N96 GA7.1 AMIP runs, the
selected reanalyses and the ERA-INT reanalyses. The distributions are shown with (d) the net longwave
radiative flux at the surface (W/m2), (e) the surface zonal and (f) meridional wind (m/s) from (1) N96 GA7.1
AMIP runs, (2) NCEP2 and (3) ERA-INT reanalyses.
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Figure 17 Comparisons of the mean surface fluxes and surface winds from N96 and N216 GA7.1 AMIP runs.
Subtitles (a),the surface sensible, (b) latent heat, (c) net shortwave, (d) longwave radiative flux,€ zonal wind
and (f) meridional wind .. Subtitle (1) denotes the differences of the zonal mean flux or wind from N96 GA7.1
AMIP (N216 GA7.1 AMIP) runs to the one from ERA-INT reanalyses with solid (dashed) blue line. Subtitle
(2) and (3) denotes the difference of the flux or the wind global distribution from (2) N96 GA7.1 AMIP or (3)
N216 GA7.1 AMIP runs to the one from ERA-INT reanalyses. In (c) the differences are to the shortwave
radiative flux from observational SRB data set (green lines). Unit for the flux is (W/m2) and unit for the wind
is m/s.
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Fig 17c shows that the net downward solar radiative flux is improved with the N216 runs in the
southern hemisphere, especially in the southern high latitudes, which would tend to favour the easing
the southern ocean warm bias of sea surface temperature that widely exists in coupled climate
models. The N216 simulation shows some mitigation of overestimated intakes of solar heating in
the N96 simulation in the oceans off Peru and Chile coasts, and off the West African coast around
20 °S. It also shows mild mitigation of the overestimated flux in the maritime continent in the Asian
tropics. As shown in figure 17d, the N216 simulation of the meridional profile of the mean longwave
radiative flux has less bias than the N96 one almost along all the latitudes except the southern
oceans (40-60 °S), although the differences of the biases are relatively small. The biases are notably
reduced in regions around the Ross Sea in Antarctica, some large bias centres over oceans, and

interestingly a spot on the northern part of Capsule Sea.

The improvement to the simulated surface winds from N216 GA7.1 AMIP is evident in Antarctica for
both the zonal and meridional wind components (Fig. 17e, f). The N216 simulation reduces the large
biases on the edges of the continent with steep topography and the large biases on the central ridge
over inland Antarctica. Effects of subgrid orography induced wave drag and form drag, which is not
well represented in climate models, are reduced in the high-resolution version N216 of GA7.1 AMIP
model. We attribute the improvement of the surface wind simulation to these reduced dependency

on the parameterised component of drag.
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4. Single column model results

In this report, the ACCESS Singular Column Model (SCM) with GA6 physics is also used to identify
and test possible modifications to the model representation of tropical convection with an aim to
reduce model systematic errors.

4.1. Convective triggering

A major well-known flaw of the UM is its highly noisy (in time) triggering of deep convection. This has
been a long-standing issue and has been attributed primarily to the closure assumption under deep
convection. However, our investigations also revealed that the decision-making model for the
occurrence of convection (the trigger function) has design limitations that might contribute to the

noise.

In response, we have implemented a different trigger model, based on the work of Jakob and
Siebesma (2003). Contrary to the current model's buoyancy-based triggering, the new model is
based on the ascending parcel’s vertical velocity. The parcel is assigned temperature and humidity
perturbations at the surface, which are based on the strength of the turbulent surface fluxes. Then,
an entraining plume set of equations is solved, including an equation for vertical velocity. If the
vertical velocity at cloud base is upward, convection is deemed to occur, and the cloud top is
determined as the first level above cloud base where the vertical velocity reduces to zero.

Original buoyancy-based trigger, undilute parcel

Rain Rate (mm/h)

20/01 21/01 22/01 23/01 24/01 25/01

Original buoyancy-based trigger, dilute parcel

Rain Rate (mm/h)

20/01 21/01 22/01 23/01 24/01 25/01

JS083 vertical velocity-based trigger, dilute parcel

Rain Rate (mm/h)

20/01 21/01 22/01 23/01 24/01 25/01

Figure 18 Rainfall in the TWP-ICE simulation of the GA6 SCM for the control model (top), the control model
with a dilute parcel (middle) and the new vertical velocity trigger (bottom). Red line is for the time-step
rainfall, black line is for 3-hourly observed rainfall rates and think red line is for the 3-hourly model averaged
rainfall rate.
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The Tropical Warm Pool International Cloud Experiment (TWP-ICE) was a field campaign which
took place around Darwin in January and February 2006. SCM simulations were performed for the
period 03 UTC, 17/01/2006 to 21 UTC, 12/02/2006 with the domain centred on the Darwin ARM site.
Initial conditions and large-scale forcing were taken from the observational dataset. Horizontal
advective tendencies for temperature and moisture were prescribed but the vertical terms were
calculated by the model using the observed vertical velocity profile. Applying this change in the SCM
TWP-ICE case demonstrates that the noise in convective triggering is significantly reduced (Figure
18). As is evident from the Figure the control simulations both with an undiluted and diluted trigger
parcel show significant time-step to time-step noise in rainfall (thin red line), while the new trigger
significantly reduces the noisy behaviour. Note that differences in 3-hourly average precipitation
(black line = observed, thick red line = model) are small, as those are controlled by the large-scale

forcing of the model.

4.2 Sensitivity to shallow convection

Another potential reason for the large positive rainfall biases of the tropical oceans is that there is
too large a water transport from the sub-tropics into the tropics — in other words too much fuel (water)
is supplied to the fire (tropical deep convection). Much of the water vapour that ultimately becomes
rain in the tropics is extracted by evaporation over the sub-tropical oceans and transported into the
tropics by the trade winds. Due to the strong feedbacks between convection and the circulation,
subtle differences in the evaporation can lead to large changes in tropical rainfall (Tiedtke et al.,
1988).

Evaporation in the trades in turn is strongly controlled by the strength of shallow convection. This
can be understood through the role of shallow convection in entraining dry air from above the
boundary layer by exchanging mass trough the trade inversion. The strength, defined as the mass-
flux carried by the shallow clouds, of shallow convection affects this exchange in two ways. First,
stronger convection simply exchanges more mass through the inversion, thereby increasing the
import of dry air from above, which in turn increase the evaporation. Second, stronger convection
will detrain more liquid water into the inversion, where it evaporates. The cooling from the
evaporation will in turn weaken the inversion leading to a growth in the depth of the boundary layer
(Stevens, 2007). Due to the strong vertical gradient in atmospheric humidity above the inversion,

deeper cloud layers will entrain drier air from above, once again increasing evaporation.

To investigate the effects of shallow convection on the UM systematic rainfall biases, we are in the
process of constructing a set of sensitivity studies that aim at varying the strength of shallow
convection in the model. We begin our investigations by changing the mass-flux at cloud base when
shallow convection is active in the model. Figure.19 shows some preliminary results of doing so in
the SCM for a two-day idealized simulation of subtropical shallow convection. The Figure shows

results from three experiments: i) a GA6 control, ii) the GA6 model with a trigger function that allows
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for the dilution of the parcel as it rises, and iii) version ii) with a reduction in the shallow convective

cloud base mass flux to 80% of its default value.

We carried out the SCM simulations using an idealised shallow cumulus test case (Grant and Lock,
2004). A fixed surface temperature (301 K), and roughness lengths for momentum and temperature
(1.5x10-4 m and 1.5 x 10-5 m respectively) were used in the simulations. Because the initial wind
profiles were not in geostrophic balance, the wind evolved throughout the simulations. The
synthetically created idealised forcing profiles were used. The method for obtaining the forcings and
initial conditions can be found in Grant and Lock (2004).
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Figure 19 Cloud water content in the control (top left), dilute parcel (bottom left) and dilute parcel with
reduced mass flux (top right) experiments as well as latent heat fluxes (bottom right). See text for details.

The control experiment develops deep convection when it should not and as a result, it cannot be
used for our studies (Figure.19, top left). Replacing the undiluted parcel updraft in the trigger function
with a dilute version, which is physically more realistic, alleviates this problem (Figure.19, bottom
left), so our further experiments will use this version as their control. Reducing the cloud base mass-
flux has the expected effect. It reduces the depth of the cloud layer (Figure.19, top right) and as
result less dry air is entrained into the cloud layer. This leads to the expected reduction on latent
heat flux (Figure.19, bottom right).

A drawback of the SCM approach is that there is no feedback to the large-scale circulation. The next
step is therefore to investigate the impact of reducing the mass-flux in the full model. Experiments to
do so are underway. The research work related to SCM simulations is future work on the model

development than cataloguing current systematic errors.
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5. Conclusions

Model systematic errors in the recent versions of the ACCESS climate model with GA7 and GA7.1
atmosphere model physics are compared and documented in this work. The evaluation of model
bias is focused primarily in the following areas: tropical rainfall biases and MJO simulation; diurnal
cycle; sensitivity to modification of convection scheme; surface heat fluxes and radiation fluxes.

For the tropical rainfall, the biases in GA7.1 are similar to that in GA7 model, with dry bias in the MC
region and wet bias to the east and west ocean regions. By increasing model resolution, the rainfall
bias in the Tropics is reduced in both GA7 and GA7.1 models, which in turn leads to improved MJO

simulation.

Capturing the diurnal cycle has been a challenging topic for AGCMs. The diurnal cycle in both the
GA7 and GA7.1 models, peaks too early due to the design of the convection scheme, which does
not allow for convective instability to properly accumulate. The diurnal cycle simulation over the MC
land region is improved in the N216 model in terms of the timing of peak rainfall, and its amplitude,
improvement we attribute to the better-resolved terrain in N216. Both N96 and N216 model

simulations have weaker offshore convection than indicated by TRMM observations.

To improve the coupling between model convection and the large-scale dynamics, a "convective
memory" scheme is introduced into the current convection parameterisation. This memory scheme
ties the deep convection entrainment rate to a proxy for the amount of convective activity within the
last several hours. Introduction of the convective memory scheme improves the model's diurnal
cycle. It has significantly reduced the rainfall dry bias in magnitude over the MC. However, impact
on the MJO simulation is negative, probably due to the change of the interaction between convection

and large-scale dynamics. Further improvement is needed and that is a topic for future work.

The sensible and latent heat and net radiative fluxes at the surface, and surface wind components
simulated by the N96 GA7.1 AMIP model show general similarity and consistency to their
counterparts from well known and established reanalysis data sets, this consistency also holds in
comparing GA7.1 simulated net shortwave radiative flux to the SRB observational radiation data set.
Though the bias of net long wave radiative flux at the surface is relatively large, it is not judgemental
given the large difference among the available reanalysis. The surface wind components are very
close to the reanalyses in its meridional profile of the zonally averaged fields, as well as the global
distribution patterns from the two selected reanalysis data sets (NCEP2 and ERA-INT). The high-
resolution N216 GA7.1 AMIP model generally performs better than N96 GA7.1 AMIP model, in terms
of the energy exchanges at the surface and the surface winds over the globe, especially in the

vicinity of the Antarctic coastal margins.
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The promising avenues for reducing the systematic errors identified from SCM experiments is
increasing rainfall rate over land, most likely by introducing a parametrization of coastal convection
as well as changing the strength of shallow convection. We will continue to investigate those while
also making some improvements to the model, such as an improved convection trigger model. We
are constructing an idealized case for deep convection, which aims at identifying convective
equilibria and the processes that control them for different strengths atmospheric forcing. In this
report, our SCM experimentation is limited to the GA6 version of the atmospheric model, but
progress has been made to set up an SCM version for UM7.1.
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