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Abstract

This document lists the CSIRO Mk3 Climate System Model experimental
data that have been contributed to the Climate Model Intercomparison Project
(CMIP), and in particular, a realisation of CMIP known as CMIP2+ (the posi-
tive sign indicating an expansion on the original CMIP2 proposal). Included are
a brief description of the monthly and daily fields that form the list of the core
variables required for acceptance of a individual coupled climate model. Two
experiments are described, one a control experiment with fixed constituents
(CO4, ozone, sulfate aerosols) and the other where the CO4 level is increased at
one percent per annum compounding. Together they both form an eighty year
archive of model experiments following the COORDS netCDF convention. An-
nual, winter and summertime fields from the control experiment are compared
to a climatology of the NCEP/NCAR R-1 reanalysis, where possible. Details

on accessing fields are given in Section [6]
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1 Technical aspects of the CSIRO Mk3 CSM

Technical aspects of the CSTRO Mk3 Climate System Model (hereafter CSIRO
Mk3), have been comprehensively described in |Gordon et al.| (2002)), and where
relevant, details will be reiterated here. Topics on weather and climate have been
addressed from detailed analysis of the CSTRO Mk3 CSM (Cai et al., 2002, 2003,
2004; | Watterson and Dig, [2004) and it is expected that a (stepwise improving)
version of CSIRO Mk3 CSM will be active for several years to come. CSIRO has
been involved in the Climate Model Intercomparison Project (CMIPED activity
since its inception in 1995, as it provides a unique international forum for the
collection and objective comparison of simulations from global coupled climate
models (Meehl et al.l |2003).

1.1 Anthropogenic forcings
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Figure 1: Actual COs concentration scenario for 1% per annum compounding

compared with that for equivalent CO45 for commonly used scenarios.

The CMIP transient experiment uses a 1% per annum compounding carbon-
dioxide series, as indicated in Figure The rate of increase in the CMIP

experiment is larger than of the SRES cases. However when other greenhouse

Thttp://www-pcemdi.llnl.gov/cmip/
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gases (methane, nitrous oxide, chloro-fluorocarbons) are taken into account, the
CMIP radiative forcing is quite similar to the A2 total GHG forcing. All other

forcing, namely ozone and sulfate aerosols, are held constant.

1.2 Model component spin-up and coupled model initial-

isation

A general discussion on CSIRO Mk3 CSM initialisation and spin-up is covered
in |Gordon et al| (2002, Section 20), and will be briefly reexamined here. The
oceanic component of CSIRO Mk3 CSM was integrated for about 1500 years us-
ing asynchronous time-stepping. That is, time-steps for the tracer integration (8
hours) were chosen to be much larger than the dynamics (15 minutes) to reduce
wall clock time to reach a quasi-equilibrium thermohaline solution. Monthly
climatological forcings of zonal and meridional wind stress, precipitation (or
salt equivalent) and solar radiation were generated off-line by the atmosphere
model and interpolated to the ocean model time-step during model integration.
The ocean model was integrated for a further 10 years with synchronous time-
stepping. The AGCM spinup used seasonally varying climatological sea-surface
temperatures for about 100 years. The coupled model was then initialised us-
ing the spun-up ocean fields, and integrated for 120 years to allow the coupled
climate to recover from the initial “shock” and reach a new, relatively stable,
climate state. The CMIP simulations described here are commenced from the

atmospheric and oceanic conditions at the 120 year mark of the coupled run.

1.3 Coupled model grid

A detailed description of the atmospheric and ocean model grids are described
in |Gordon et al| (2002, Section 7, 20.1, 20.2 and 20.3), only pertinent details
are presented here and tabulated in Section [d] The oceanic component of the
CSIRO Mk3 CSM has a horizontal grid referred to as an Arakawa “B-grid”,
where the tracer and velocity variables are solved on separate staggered grids,

the ocean bathymetry is shown in Figure [2p.
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Figure 2: Outline of the CSIRO-Mk3 T63_2 (192 x 196) a) ocean and b) at-
mosphere model component grid, with bathymetry and topography shaded for

each.
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The real depth values of these so called kmt levels (shaded in the figure) can
be looked up in the table headed “Depth levels” in Section For example, a
kmt level of 6 corresponds to a depth of 78.54 metres for both tracer and velocity
grids. Note that all ocean columns have a minimum of 6 levels depth. The ocean
depths were chosen to enhance the seasonally varying part of the upper ocean
(13 of the 31 vertical levels represent the upper 400 metres), and to aid in
better communication of exchanges of heat, moisture and momentum with the
atmosphere. The ETOPOb5 5-minute data set was used in the initial bathymetry
construction. The automatically generated oceanic component bathymetry was
then modified to ensure realistic depths of key sills not well resolved in the

original construction.

The atmospheric component features dynamics at spectral truncation T63
and physics grid of approximately 1.875° longitude by 1.875° latitude, and 18
vertical levels. The ocean component has the horizontal resolution of 1.875°
longitude by 0.9375° latitude. The horizontal resolution of the ocean compo-
nent matches the atmospheric component in the zonal direction, but twice that
in the meridional direction. Several variables are computed (e.g. cloud amounts
and surface radiative and turbulent heat fluxes) on the so-called physics grid of
the atmospheric model. Key model variables (e.g. temperature and velocities)
represented in the model are defined in spectral space, however, are transformed
to the physics grid for further caluclations in physics space and written out to
average and instantaneous files for post-processing. History files, used primarily
for initialisation of the coupled model, have a combination of spectral and hor-
izontal fields so that, if necessary a model can be rerun from any point in the

model experiment and replicate the results on any given machine architecture.

Because two ocean grid points match a single atmosphere grid point, an
average of the fields (wind, heat and water) is communicated between the cor-
responding model component grid-points during coupling. The land-sea mask
for both the ocean and atmosphere match exactly to avoid any inaccurate inter-
polation of data that would be otherwise required. As the atmospheric model is
spectral, the mountains are spectrally analysed from raw high resolution grid-
point data, this data transformed back into grid-point space is shown in Fig-
ures 2b. When spectral topography is transformed to a regular horizontal grid
small negative values appear. The model physics includes a parameterisation
for sub-grid scale topography (gravity-wave drag) and adjustment of lowest level
temperature fields to compensate for the spurious effects of series truncation on

the topography field.
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1.4 Land surface characteristics

Parameterization of the land-surface scheme has been significantly improved in
the CSIRO Mk3 CSM compared with Mk2 |McGregor et al.| (1993), an overview
is presented in |Gordon et al| (2002, Section 7, 9 and 19). The snow model has
three snowpack layers where temperature, density and thickness are computed.
The soil model has six layers where temperature, liquid water amount and
ice amount are computed. Each land grid box has surface properties derived
from the products of |[Dorman et al.| (1989), including monthly albedo, stomatal

resistence and roughness length.

1.5 Ocean and sea-ice model

The sea-ice model resides in the atmospheric model code and simulates both ice
dynamics and ice thermodynamics as described in |Gordon et al.| (2002, Section
19). Model grid points with sea-ice are allowed to have a fraction of open water
(leads/polynyas) to improve the simulation of the effects of turbulent heat fluxes
from the ocean to the atmosphere. The oceanic code of the CSIRO Mk3 CSM
is based on version 2.2 of the GFDL Modular Ocean Model (MOM) and the
implementation is described in |Gordon et al.| (2002}, Section 20).

2 CMIP contribution

Listed in tables in Section [2.1] are the main set of variables, available in CO-
ORDSE| conforming netCDF form, which are further examined in subsequent
sections of this paper. We have chosen as our set the same set of variables as is
required by the 20" Century Climate in Coupled Model (20C3M) pilot project,
originally specified in November 2002@ We make this choice because the 20C3M
project requires more comprehensive set of fields than the original CMIP2, but
a much smaller set of fields when compared to the CMIPZ—J—E project. The
CMIP2+ charter required all archive monthly data from a one century control
and transient experiment, and daily data for limited decades. These were an

extremely large and difficult collection of data to assemble and submit.

2http://www.unidata.ucar.edu/packages/netcdf/conventions.html
3http://www-pcmdi.llnl.gov/cmip/ann_20c3m.html
4CSIRO was involved in this project, which is now closed to new submissions. CSIRO

expects to make contributions to future CMIP activities
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In Section the CSIRO Mk3 CSM CMIP control experiment is described
by way of diagrams of ANN (annual average), DJF (December, January and
February) and JJA (June, July and August) ocean and atmosphere climatolo-
gies, both for horizontally defined variables and cross-sections of variables that
are a function of height or depth. These have been compared, where possible, to
the NCEP/NCAR R—lﬂreanalysis climatologies (Kalnay et al., {1996; [Kanamitsu
et al.l [2002; Kislter et al., 2001} |Collien, [2000L 2004)) in the case of atmospheric
variables, and against the NODC World Ocean Atlas (WOA) for the oceanic
variables (Conkright et al., |2002; |Collier, |2003). In Section time-series of
results averaged over the globe surface (or land or ocean-only, or where they are
defined) are averaged with a 121-month running mean to illustrate the response
to changing atmospheric forcings and compared to the control experiment to

provide an indication of inter-annual variability and model sensitivity.

2.1 Core variables

It is not possible to provide all variables exactly as requested by the 20CM3
activity. The absence of some variables is due to a CSIRO Mk3 CSM diagnostic
limitation or a treatment of certain physical processes in the model which dosen’t
allow for it. Three-dimensional cloud amounts are predicted by the model,
however, only lower, middle and upper cloud amounts are available as monthly
averagesﬂ Sea-level rise is not predicted in the model (a rigid-lid approximation
is employed in the ocean component, where the surface vertical velocity is zero),

however, techniques are available to diagnostic it implicitly.

In the comparison with NCEP/NCAR R-1 reanalysis, it may not be possible
to find the equivalent CSIRO Mk3 CSM model variable. This is particularly
true for a number of variables described by the land-surface scheme. Lower and
upper level soil moistureﬂ fall into this category and therefore in Section
of this paper figures are drawn for qualitative purposes and no difference field
figures, model versus observations, are generated. Ice depth is not available

in NCEP R-1 and so ice concentration is presented in the comparison instead.

5the original 1996 reanalysis. The version released in 2002 is referred to as R-2 “Reanalysis-
277
6these are derived using a random overlap approach for cloud amounts at the atmospheric

levels 1-6, 7-11 and 12-18 listed in Section respectively
7in NCEP soil moisture is described by volumetric ratio i.e. ratio of water volume to

total soil volume. In Mk3 soil moisture is describe by volumetric ratio of water available for
evapotranspiration i.e. ratio of water volume minus wilting point to total soil volume. For
NCEP and Mk3 upper is a value averaged over 0-0.10 and 0-0.022 m of the soil model column,

respectively, and lower averaged over 0.10-2.0 and 0-4.6 m, respectively
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The spatial patterns of fields which cannot directly be compared, may still be
of interest to readers, and to some degree give an indication of model sensitivity
to external forcings. However, in Section [3.1] the control and transient response
of the CSTRO Mk3 CSM core variables are compared through a set of x-y time-
series. The control and transient experiments have the experimental label of
ct3 and cm3, respectively. The variables presented in the tables found in this
section have been extracted from model diagnostic history files. A full set of

variables contained in these history files is presented in Section

For each monthly diagnostic field, either from the atmosphere or ocean com-
ponent, there are 960 temporal fields (80 years of monthly data). Note that this
model has a fixed year length of 365 days (i.e. no leap years). The atmosphere
pressure level variables have 18 levels, 192 longitudes and 96 latitudes listed in
Section The ocean depth level variables have 31 levels, 194 longitudes and
189 latitudes on the tracer grid, and 194 longitudes and 189 latitudes on the
velocity grid as shown in Section Note that all CSIRO Mk3 CSM vari-
ables described within this paper are available at the full vertical and horizontal

resolution of the coupled model.

For each daily diagnostic field, for which there are only atmospheric vari-
ables, there are 29200 temporal fields 80 years of daily data, with underlying
calendar years of 1961-2040 E[) The horizontal resolution remains at 192 by 96.

8the year range in the control experiment ct3 is purely for convenience as the choice is

arbitrary and not fixed to our real calendar
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Field Variable | Unit Experiment label | z xy x z x t
total cloud clm fraction ct3/cm3 192 96 1 960
ice concentration ico fraction ct3/cm3 192 96 1 960
mean sea level pressure psl hPa ct3/cm3 192 96 1 960
surface screen temperature tsc °C ct3/cm3 192 96 1 960
surface temperature tsu °C ct3/cm3 192 96 1 960
lower level available soil moisture | wib volumetric ratio | ct3/cm3 192 96 1 960
upper level available soil moisture | wig volumetric ratio | c¢t3/cm3 192 96 1 960
air temperature t4d °C ct3/cm3 192 96 18 960
ocean salinity Salt ppt ct3/cm3 194 189 31 960
ocean in-situ temperature Temp °C ct3/cm3 194 189 31 960

Table 1: Eighty years of monthly data from the CSIRO Mk3 CSM CMIP control

(ct3) and transient (cm3) experiments.

Field Variable | Unit | Experiment label | x X y X z X t
mean sea level pressure psl hPa | ct3/cm3 192 96 1 29200
total precipitation rnd mm | ct3/cm3 192 96 1 29200
maximum surface temperature | thd °C ct3/cm3 192 96 1 29200
minimum surface temperature | tld °C ct3/cm3 192 96 1 29200

Table 2: Eighty years of daily data from the CSIRO Mk3 CSM CMIP control

(ct3) and transient (cm3) experiments.

A full list of variables available from the CSIRO Mk3 CSM CMIP experi-
ments is given in Sections and From these raw variables, the variables

found in Tables[l] and 2| have been created. Core variables are an improved ver-

sion of the raw variables, specifically in terms of the netCDF conventions that

are used, designed to be easy to read by CMIP investigators. Other diagnostic

variables may be derived from the core or raw variables, for example, merid-

ional overturning stream-function on a basin basis, or pressure level variables

at specific levels other than those already available.
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2.2 CSIRO Mk3 CSM CMIP control climatology
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Figure 3: CSIRO-Mk3 CMIP control experiment (top), NCEP reanalysis (mid-
dle) and difference (bottom) of ANN total cloud climatology (fraction).
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ANN ice concentration (fraction)
0° 60°E 120°E 180° 120°W 60°W 0°

1
0.9

0.8

0.7

0.6

0.5

0.4

30°S 0.3
60°S rm = - 02

B = E———— . 0.1

90°5 — - - 0
Mk3—NCEP > — !
=T 0.8

60°N 0.6

o 0.4
= S0°N 0.2
3 0.1
SclY 0
© ~0.1
— 30°S -0.2
0.4

60°S — -0.6
-0.8

90°S T T 1 T T 1 T T T ] =1

0°  B0°E  120°E  180° 120°W 60°W  0°
Longitude

Figure 4: CSIRO-Mk3 CMIP control experiment (top), NCEP reanalysis (mid-
dle) and difference (Mk3-NCEP, bottom) of ANN ice concentration climatology
(fraction).
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ANN sea level pressure (hPa)
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Figure 5: CSIRO-Mk3 CMIP control experiment (top), NCEP reanalysis (mid-
dle) and difference (Mk3-NCEP, bottom) of ANN mean sea level pressure cli-
matology (hPa).
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Figure 6: CSIRO-Mk3 CMIP control experiment (top), NCEP reanalysis (mid-
dle) and difference (Mk3-NCEP, bottom) of ANN precipitation climatology (mm
day~1).
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ANN screen temperature (°C)
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Figure 7: CSIRO-Mk3 CMIP control experiment (top), NCEP reanalysis (mid-
dle) and difference (Mk3-NCEP, bottom) of ANN surface screen temperature
climatology (°C).
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Figure 8: CSIRO-Mk3 CMIP control experiment (top), NCEP reanalysis (mid-
dle) and difference (Mk3-NCEP, bottom) of ANN maximum screen temperature
climatology (°C).
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Figure 9: CSIRO-Mk3 CMIP control experiment (top), NCEP reanalysis (mid-
dle) and difference (Mk3-NCEP, bottom) of ANN minimum screen temperature
climatology (°C).
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Figure 10: CSIRO-Mk3 CMIP control experiment (top), NCEP reanalysis (mid-
dle) and difference (Mk3-NCEP, bottom) of ANN surface temperature clima-
tology (oC).
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Figure 11: CSIRO-Mk3 CMIP control experiment (top) and NCEP reanalysis
(bottom) of ANN lower level available soil moisture climatology (volumetric
ratio). In CSIRO-Mk3 and NCEP, the soil depth range is 0-4.6 and 0.1-2.0 m,

respectively.
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Figure 12: CSIRO-Mk3 CMIP control experiment (top) and NCEP reanalysis
(bottom) of ANN upper level available soil moisture climatology (volumetric
ratio). In CSIRO-Mk3 and NCEP, the soil depth range is 0-0.02 and 0-0.1 m,

respectively.
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Figure 13: CSIRO-Mk3 CMIP control experiment (top), NCEP reanalysis (mid-
dle) and difference (Mk3-NCEP, bottom) of ANN atmosphere temperature cli-
matology (°C).
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Figure 14: CSIRO-Mk3 CMIP control experiment (top), WOA observations
(middle) and difference (Mk3-WOA, bottom) of ANN ocean salinity climatology

(ppt).
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Figure 16: CSIRO-Mk3 CMIP control experiment (top), NCEP reanalysis (mid-
dle) and difference (bottom) of DJF total cloud climatology (fraction).
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Figure 17: CSIRO-Mk3 CMIP control experiment (top), NCEP reanalysis (mid-

dle) and difference (bottom) of DJF ice concentration climatology (fraction).
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Figure 18: CSIRO-Mk3 CMIP control experiment (top), NCEP reanalysis (mid-

dle) and difference (bottom) of DJF mean sea level pressure climatology (hPa).
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Figure 19: CSIRO-Mk3 CMIP control experiment (top), NCEP reanalysis (mid-
dle) and difference (bottom) of DJF precipitation climatology (mm day~!).
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Figure 20: CSIRO-Mk3 CMIP control experiment (top), NCEP reanalysis (mid-
dle) and difference (bottom) of DJF surface screen temperature climatology

(°C).
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Figure 21: CSIRO-Mk3 CMIP control experiment (top), NCEP reanalysis (mid-

dle) and difference (bottom) of DJF maximum screen temperature climatology

(°C).
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Figure 22: CSIRO-Mk3 CMIP control experiment (top), NCEP reanalysis (mid-
dle) and difference (bottom) of DJF minimum screen temperature climatology

Q).
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Figure 23: CSIRO-Mk3 CMIP control experiment (top), NCEP reanalysis (mid-
dle) and difference (bottom) of DJF surface temperature climatology (°C).
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Figure 24: CSIRO-Mk3 CMIP control experiment (top) and NCEP reanalysis
(bottom) of DJF lower level available soil moisture climatology (volumetric ra-
tio). In CSIRO-Mk3 and NCEP, the soil depth range is 0-4.6 and 0.1-2.0 m,

respectively.
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Figure 25: CSIRO-Mk3 CMIP control experiment (top) and NCEP reanalysis
(bottom) of JJA upper level available soil moisture climatology (volumetric
ratio). In CSIRO-Mk3 and NCEP, the soil depth range is 0-0.02 and 0-0.1 m,

respectively.
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Figure 26: CSIRO-Mk3 CMIP control experiment (top), NCEP reanalysis (mid-
dle) and difference (bottom) of DJF atmosphere temperature climatology (°C).
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Figure 27: CSIRO-WOA CMIP control experiment (top), WOA observations
(middle) and difference (bottom) of DJF ocean salinity climatology (PPS).
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Figure 28: CSIRO-WOA CMIP control experiment (top), WOA observations
(middle) and difference (bottom) of DJF ocean temperature climatology (°C).



40 CSIRO Atmospheric Research Technical Paper No. 69

2.2.3 JJA
JJA total cloud (fraction)
0° 60°E  120°E 180° 120°W 60°W 0°
Mk3
60°N
30°N
OO
30°S
60°S
90°S
NCEP 1
0.9
60°N 0.8
3OON O.7
0.6
0° 0.5
0.4
30°S 0.3
60°S 02
0.1
90°S 0
Mk3-NCEP Ny
. 0.8
o0 0.7
o 0.6
o 30°N 0.5
= 0.4
< 0.3
= 0 0.2
= 0.1
— 30°S 0
0.1
' 0.2
60°S 03
—0.4
90°S -0.5

0°  B0°E 120°E  180° 120°W 60°W  0°
Longitude

Figure 29: CSIRO-Mk3 CMIP control experiment (top), NCEP reanalysis (mid-
dle) and difference (bottom) of JJA total cloud climatology (fraction).



CMIP experimental results from the CSIRO Mk3 Climate System Model 41

JJA ice concentration (fraction)
0° 60°E 120°E 180° 120°W 60°W 0°

60°S S - ry— 0.2

90°S - - 0
Mk3—-NCEP

60°N —{ @i TRE L S R 0.6

30°N .. VO 0.2

Latitude
(@]

o
o
o
wn
|
o
N

0°  B0°E  120°E  180° 120°W 60°W  0°
Longitude

Figure 30: CSIRO-Mk3 CMIP control experiment (top), NCEP reanalysis (mid-

dle) and difference (bottom) of JJA ice concentration climatology (m).
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Figure 31: CSIRO-Mk3 CMIP control experiment (top), NCEP reanalysis (mid-

dle) and difference (bottom) of JJA mean sea level pressure climatology (hPa).
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Figure 32: CSIRO-Mk3 CMIP control experiment (top), NCEP reanalysis (mid-
dle) and difference (bottom) of JJA precipitation climatology (mm day~1!).
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Figure 33: CSIRO-Mk3 CMIP control experiment (top), NCEP reanalysis (mid-
dle) and difference (bottom) of JJA surface screen temperature climatology

Q).
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Figure 34: CSIRO-Mk3 CMIP control experiment (top), NCEP reanalysis (mid-
dle) and difference (bottom) of JJA maximum screen temperature climatology

(°C).
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Figure 35: CSIRO-Mk3 CMIP control experiment (top), NCEP reanalysis (mid-
dle) and difference (bottom) of JJA minimum screen temperature climatology

(cC).
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Figure 36: CSIRO-Mk3 CMIP control experiment (top), NCEP reanalysis (mid-
dle) and difference (bottom) of JJA surface temperature climatology (°C).
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Figure 37: CSIRO-Mk3 CMIP control experiment (top) and NCEP reanalysis
(bottom) of JJA lower level available soil moisture climatology (volumetric ra-
tio). In CSIRO-Mk3 and NCEP, the soil depth range is 0-4.6 and 0.1-2.0 m,

respectively.
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Figure 38: CSIRO-Mk3 CMIP control experiment (top) and NCEP reanalysis
(bottom) of JJA upper level available soil moisture climatology (volumetric
ratio). In CSIRO-Mk3 and NCEP, the soil depth range is 0-0.02 and 0-0.1 m,

respectively.

o 50000
OO0 ——— —=." NNNN
ONPOODNDOOONN SO

COO0O0 SJO0000

@ o
SR
> ©

0.33

0.3
0.27
0.24
0.21
0.18
0.15
0.12
0.09
0.06
0.03



50 CSIRO Atmospheric Research Technical Paper No. 69

JJA temperature (OC)

90° 60°S  30°S 0° 30°N  60°N O°N

MkS_
200 —
400::
600 :
800 :
1000._

NCEP
200
400

1000 |"‘I||!!!!::::::::::::::::::::::!!!!!

600
800

Mk3-NCEP

200

hPa
5

600

800

Pressure (

1000

60°S 0° 60°N

Latitude

Figure 39: CSIRO-Mk3 CMIP control experiment (top), WOA observations
(middle) and difference (bottom) of JJA atmosphere temperature climatology
(°0).
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Figure 40: CSIRO-WOA CMIP control experiment (top), WOA observations
(middle) and difference (bottom) of JJA ocean salinity climatology (PPS).
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Figure 41: CSIRO-WOA CMIP control experiment (top), NCEP reanalysis
(middle) and difference (bottom) of JJA ocean temperature climatology (°C).
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3 CSIRO Mk3 CSM CMIP transient results

3.1 CSIRO Mk3 CSM Temporal response
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Figure 42: Area weighted monthly anomaly of global total cloud (fraction, upper
panel), northern (fraction, middle panel) and southern (lower panel) hemisphere
ice concentration for control (black curve) and transient (red curve) experiments.

For each monthly time-series a 121-month running average has been overlaid.
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Figure 43: Global area weighted monthly anomaly of mean sea level pressure
(hPa, upper panel) and precipitation (mm day~!, lower panel) for control (black
curve) and transient (red curve) experiments. For each monthly time-series a

121-month running average has been overlaid.
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Figure 44: Global area weighted monthly anomaly of surface screen tempera-
ture anomaly (°C, upper panel) and maximum screen temperature (°C, lower
panel) for control (black curve) and transient (red curve) experiments. For each

monthly time-series a 121-month running average has been overlaid.
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Figure 45: Global area weighted monthly anomaly of minimum screen temper-
ature (°C, upper panel) and surface temperature (°C, lower panel) for control
(black curve) and transient (red curve) experiments. For each monthly time-

series a 121-month running average has been overlaid.
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Figure 46: Global area weighted monthly anomaly of lower (upper panel) and
pper (lower panel) level available soil moisture (volumetric ratio) for control
(black curve) and transient (red curve) experiments. For each monthly The soil
depth range is 0-0.022 and 0-4.6 m for the upper and lower soil moisture fields,
respectively.
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Figure 47: Global area weighted monthly anomaly of 500 hPa air temperature
(°C, upper panel) and level 15 salinity (ppt, middle panel) and temperature(°C,

lower panel) for control (black curve) and transient (red curve) experiments. For

each monthly time-series a 121-month running average has been overlaid.
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document or data described within, please contact the author, preferably by
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4 Appendix 1: Model grid details

4.1 Atmospheric component grid

Pressure levels

0 1 2 3 4 5 6 7 8 9

0 4.50 21.60 54.20 100.10 | 157.40 | 223.90 | 297.70 | 376.50 | 458.50 | 541.50

1 623.50 | 702.30 | 776.10 | 842.60 | 899.90 | 945.80 | 978.40 | 995.50

Longitudes

0 1 2 3 4 5 6 7 8 9
0 0.00 1.88 3.75 5.62 7.50 9.38 11.25 13.12 15.00 16.88
1 18.75 20.62 22.50 24.38 26.25 28.12 30.00 31.88 33.75 35.62
2 37.50 39.38 41.25 43.12 45.00 46.88 48.75 50.62 52.50 54.38
3 56.25 58.12 60.00 61.88 63.75 65.62 67.50 69.38 71.25 73.12
4 75.00 76.88 78.75 80.62 82.50 84.38 86.25 88.12 90.00 91.88
5 93.75 95.62 97.50 99.38 101.25 | 103.12 | 105.00 | 106.88 | 108.75 | 110.62
6 112.50 | 114.38 | 116.25 | 118.12 | 120.00 | 121.88 | 123.75 | 125.62 | 127.50 | 129.38
7 131.25 | 133.12 | 135.00 | 136.88 | 138.75 | 140.62 | 142.50 | 144.38 | 146.25 | 148.12
8 150.00 | 151.88 | 153.75 | 155.62 | 157.50 | 159.38 | 161.25 | 163.12 | 165.00 | 166.88
9 168.75 | 170.62 | 172.50 | 174.38 | 176.25 | 178.12 | 180.00 | 181.88 | 183.75 | 185.62
10 | 187.50 | 189.38 | 191.25 | 193.12 | 195.00 | 196.88 | 198.75 | 200.62 | 202.50 | 204.38
11 | 206.25 | 208.12 | 210.00 | 211.88 | 213.75 | 215.62 | 217.50 | 219.38 | 221.25 | 223.12
12 | 225.00 | 226.88 | 228.75 | 230.62 | 232.50 | 234.38 | 236.25 | 238.12 | 240.00 | 241.88
13 | 243.75 | 245.62 | 247.50 | 249.38 | 251.25 | 253.12 | 255.00 | 256.88 | 258.75 | 260.62
14 | 262.50 | 264.38 | 266.25 | 268.12 | 270.00 | 271.88 | 273.75 | 275.62 | 277.50 | 279.38
15 | 281.25 | 283.12 | 285.00 | 286.88 | 288.75 | 290.62 | 292.50 | 294.38 | 296.25 | 298.12
16 | 300.00 | 301.88 | 303.75 | 305.62 | 307.50 | 309.38 | 311.25 | 313.12 | 315.00 | 316.88
17 | 318.75 | 320.62 | 322.50 | 324.38 | 326.25 | 328.12 | 330.00 | 331.88 | 333.75 | 335.62
18 | 337.50 | 339.38 | 341.25 | 343.12 | 345.00 | 346.88 | 348.75 | 350.62 | 352.50 | 354.38
19 | 356.25 | 358.12
Latitudes

0 1 2 3 4 5 6 7 8 9

-88.57 | -86.72 | -84.86 | -83.00 | -81.14 | -79.27 | -77.41 | -75.54 | -73.68 | -71.81

-69.95 | -68.08 | -66.22 | -64.35 | -62.49 | -60.62 | -58.76 | -56.89 | -55.02 | -53.16

-51.29 | -49.43 | -47.56 | -45.70 | -43.83 | -41.97 | -40.10 | -38.24 | -36.37 | -34.51

-32.64 | -30.78 | -28.91 | -27.05 | -25.18 | -23.32 | -21.45 | -19.59 | -17.72 | -15.85

-13.99 | -12.12 | -10.26 | -8.39 -6.53 -4.66 -2.80 -0.93 0.93 2.80

4.66 6.53 8.39 10.26 12.12 13.99 15.85 17.72 19.59 21.45

23.32 25.18 27.05 28.91 30.78 32.64 34.51 36.37 38.24 40.10

41.97 43.83 45.70 47.56 49.43 51.29 53.16 55.02 56.89 58.76

60.62 62.49 64.35 66.22 68.08 69.95 71.81 73.68 75.54 77.41

Q| |N|O ||k |W| N[~ |O

79.27 81.14 83.00 84.86 86.72 88.57
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4.2 Oceanic component grid

Depth levels

0 1 2 3 4 5 6 7 8 9
0 5.00 15.00 28.25 42.02 59.66 78.54 102.11 127.88 159.47 194.56
1 236.97 284.64 341.69 406.38 483.19 570.87 674.86 793.76 934.08 1095.21
2 1284.65 | 1502.91 | 1758.77 | 2054.29 | 2400.00 | 2800.00 | 3200.00 | 3600.00 | 4000.00 | 4400.00
3 4800.00
Tracer longitudes

0 1 2 3 4 5 6 7 8 9
0 -1.88 0.00 1.88 3.75 5.63 7.50 9.38 11.25 13.13 15.00
1 16.88 18.75 20.63 22.50 24.38 26.25 28.13 30.00 31.88 33.75
2 35.63 37.50 39.38 41.25 43.13 45.00 46.88 48.75 50.63 52.50
3 54.38 56.25 58.13 60.00 61.88 63.75 65.63 67.50 69.38 71.25
4 73.13 75.00 76.88 78.75 80.63 82.50 84.38 86.25 88.13 90.00
5 91.88 93.75 95.63 97.50 99.38 101.25 103.13 105.00 106.88 108.75
6 110.63 112.50 114.38 116.25 118.13 120.00 121.88 123.75 125.63 127.50
7 129.38 131.25 133.13 135.00 136.88 138.75 140.63 142.50 144.38 146.25
8 148.13 150.00 151.88 153.75 155.63 157.50 159.38 161.25 163.13 165.00
9 166.88 168.75 170.63 172.50 174.38 176.25 178.13 180.00 181.88 183.75
10 185.63 187.50 189.38 191.25 193.13 195.00 196.88 198.75 200.63 202.50
11 204.38 206.25 208.13 210.00 211.88 213.75 215.63 217.50 219.38 221.25
12 | 223.13 225.00 226.88 228.75 230.63 232.50 234.38 236.25 238.13 240.00
13 | 241.88 243.75 245.63 247.50 249.38 251.25 253.13 255.00 256.88 258.75
14 | 260.63 262.50 264.38 266.25 268.13 270.00 271.88 273.75 275.63 277.50
15 | 279.38 281.25 283.13 285.00 286.88 288.75 290.63 292.50 294.38 296.25
16 | 298.13 300.00 301.88 303.75 305.63 307.50 309.38 311.25 313.13 315.00
17 | 316.88 318.75 320.63 322.50 324.38 326.25 328.13 330.00 331.88 333.75
18 | 335.63 337.50 339.38 341.25 343.13 345.00 346.88 348.75 350.63 352.50
19 | 354.38 356.25 358.13 360.00
Tracer latitudes

0 1 2 3 4 5 6 7 8 9
0 -87.19 -86.26 -85.33 -84.40 -83.46 -82.53 -81.60 -80.67 -79.74 -78.80
1 -77.87 -76.94 -76.01 -75.08 -74.14 -73.21 -72.28 -71.35 -70.41 -69.48
2 -68.55 -67.62 -66.68 -65.75 -64.82 -63.88 -62.95 -62.02 -61.09 -60.15
3 -59.22 -58.29 -57.36 -56.42 -55.49 -54.56 -53.63 -52.69 -51.76 -50.83
4 -49.90 -48.96 -48.03 -47.10 -46.16 -45.23 -44.30 -43.37 -42.43 -41.50
5 -40.57 -39.64 -38.70 -37.77 -36.84 -35.91 -34.97 -34.04 -33.11 -32.18
6 -31.24 -30.31 -29.38 -28.45 -27.51 -26.58 -25.65 -24.71 -23.78 -22.85
7 -21.92 -20.98 -20.05 -19.12 -18.19 -17.25 -16.32 -15.39 -14.46 -13.52
8 -12.59 -11.66 -10.73 -9.79 -8.86 -7.93 -6.99 -6.06 -5.13 -4.20
9 -3.26 -2.33 -1.40 -0.47 0.47 1.40 2.33 3.26 4.20 5.13
10 | 6.06 6.99 7.93 8.86 9.79 10.73 11.66 12.59 13.52 14.46
11 15.39 16.32 17.25 18.19 19.12 20.05 20.98 21.92 22.85 23.78
12 | 24.71 25.65 26.58 27.51 28.45 29.38 30.31 31.24 32.18 33.11
13 | 34.04 34.97 35.91 36.84 37.77 38.70 39.64 40.57 41.50 42.43
14 | 43.37 44.30 45.23 46.16 47.10 48.03 48.96 49.90 50.83 51.76
15 | 52.69 53.63 54.56 55.49 56.42 57.36 58.29 59.22 60.15 61.09
16 | 62.02 62.95 63.88 64.82 65.75 66.68 67.62 68.55 69.48 70.41
17 | 71.35 72.28 73.21 74.14 75.08 76.01 76.94 77.87 78.80 79.74
18 | 80.67 81.60 82.53 83.46 84.40 85.33 86.26 87.19 88.11
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Velocity longitudes

0 1 2 3 4 5 6 7 8 9

0 -0.94 0.94 2.81 4.69 6.56 8.44 10.31 12.19 14.06 15.94

1 17.81 19.69 21.56 23.44 25.31 27.19 29.06 30.94 32.81 34.69

2 36.56 38.44 40.31 42.19 44.06 45.94 47.81 49.69 51.56 53.44

3 55.31 57.19 59.06 60.94 62.81 64.69 66.56 68.44 70.31 72.19

4 74.06 75.94 77.81 79.69 81.56 83.44 85.31 87.19 89.06 90.94

5 92.81 94.69 96.56 98.44 100.31 | 102.19 | 104.06 | 105.94 | 107.81 | 109.69
6 111.56 | 113.44 | 115.31 | 117.19 | 119.06 | 120.94 | 122.81 | 124.69 | 126.56 | 128.44
7 130.31 | 132.19 | 134.06 | 135.94 | 137.81 | 139.69 | 141.56 | 143.44 | 145.31 | 147.19
8 149.06 | 150.94 | 152.81 | 154.69 | 156.56 | 158.44 | 160.31 | 162.19 | 164.06 | 165.94
9 167.81 | 169.69 | 171.56 | 173.44 | 175.31 | 177.19 | 179.06 | 180.94 | 182.81 | 184.69
10 | 186.56 | 188.44 | 190.31 | 192.19 | 194.06 | 195.94 | 197.81 | 199.69 | 201.56 | 203.44
11 | 205.31 | 207.19 | 209.06 | 210.94 | 212.81 | 214.69 | 216.56 | 218.44 | 220.31 | 222.19
12 | 224.06 | 225.94 | 227.81 | 229.69 | 231.56 | 233.44 | 235.31 | 237.19 | 239.06 | 240.94
13 | 242.81 | 244.69 | 246.56 | 248.44 | 250.31 | 252.19 | 254.06 | 255.94 | 257.81 | 259.69
14 | 261.56 | 263.44 | 265.31 | 267.19 | 269.06 | 270.94 | 272.81 | 274.69 | 276.56 | 278.44
15 | 280.31 | 282.19 | 284.06 | 285.94 | 287.81 | 289.69 | 291.56 | 293.44 | 295.31 | 297.19
16 | 299.06 | 300.94 | 302.81 | 304.69 | 306.56 | 308.44 | 310.31 | 312.19 | 314.06 | 315.94
17 | 317.81 | 319.69 | 321.56 | 323.44 | 325.31 | 327.19 | 329.06 | 330.94 | 332.81 | 334.69
18 | 336.56 | 338.44 | 340.31 | 342.19 | 344.06 | 345.94 | 347.81 | 349.69 | 351.56 | 353.44

19 | 355.31 | 357.19 | 359.06 | 360.94

Velocity latitudes

0 1 2 3 4 5 6 7 8 9

0 -86.72 | -85.79 | -84.86 | -83.93 | -83.00 | -82.07 | -81.14 | -80.20 | -79.27 | -78.34
1 -77.41 | -76.47 | -75.54 | -74.61 | -73.68 | -72.74 | -71.81 | -70.88 | -69.95 | -69.01
2 -68.08 | -67.15 | -66.22 | -65.28 | -64.35 | -63.42 | -62.49 | -61.55 | -60.62 | -59.69
3 -58.76 | -57.82 | -56.89 | -55.96 | -55.02 | -54.09 | -53.16 | -52.23 | -51.29 | -50.36
4 -49.43 | -48.50 | -47.56 | -46.63 | -45.70 | -44.77 | -43.83 | -42.90 | -41.97 | -41.04
5 -40.10 | -39.17 | -38.24 | -37.31 | -36.37 | -35.44 | -34.51 | -33.57 | -32.64 | -31.71
6 -30.78 | -29.84 | -28.91 | -27.98 | -27.05 | -26.11 | -25.18 | -24.25 | -23.32 | -22.38
7 -21.45 | -20.52 | -19.59 | -18.65 | -17.72 | -16.79 | -15.85 | -14.92 | -13.99 | -13.06
8 -12.12 | -11.19 | -10.26 | -9.33 -8.39 -7.46 -6.53 -5.60 -4.66 -3.73

9 -2.80 -1.87 -0.93 0.00 0.93 1.87 2.80 3.73 4.66 5.60

10 | 6.53 7.46 8.39 9.33 10.26 11.19 12.12 13.06 13.99 14.92
11 | 15.85 16.79 17.72 18.65 19.59 20.52 21.45 22.38 23.32 24.25
12 | 25.18 26.11 27.05 27.98 28.91 29.84 30.78 31.71 32.64 33.57
13 | 34.51 35.44 36.37 37.31 38.24 39.17 40.10 41.04 41.97 42.90
14 | 43.83 44.77 45.70 46.63 47.56 48.50 49.43 50.36 51.29 52.23
15 | 53.16 54.09 55.02 55.96 56.89 57.82 58.76 59.69 60.62 61.55
16 | 62.49 63.42 64.35 65.28 66.22 67.15 68.08 69.01 69.95 70.88
17 | 71.81 72.74 73.68 74.61 75.54 76.47 77.41 78.34 79.27 80.20

—_
o]

81.14 82.07 83.00 83.93 84.86 85.79 86.72 87.65 88.57
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5 Appendix 2: Full list of raw monthly and daily

data

5.1 Atmospheric variables

Field Variable | Unit Experiment | z X y X z X t | monthly | daily
label

surface albedo als ratio ct3/cm3 19296 1t yes no
convective cloud cle 0-1 ct3/cm3 19296 1t yes no
total cloud cld 0-1 ct3/cm3 19296 1t yes no
average total cloud clda 0-1 ct3/cm3 19296 1t no yes
high cloud clh 0-1 ct3/cm3 19296 1t yes no
low cloud cll 0-1 ct3/cm3 19296 1t yes no
middle cloud clm 0-1 ct3/cm3 19296 1t yes no
tmlo error dtm K ct3/cm3 19296 1t yes no
evaporation evp mm day~! | ct3/cm3 19296 1 ¢ yes once
monthly ice growth gro m ct3/cm3 19296 1 t yes no
sensible heat flux hfl W m~?2 ct3/cm3 19296 1 t yes no
ice depth x concentration icd m ct3/cm3 19296 1 ¢ yes no
ice advection ich m ct3/cm3 19296 1 t yes no
ice concentration ico 0-1 ct3/cm3 19296 1t yes no
ice zonal velocity icu ms~! ct3/cm3 19296 1t yes no
ice meridional velocity icv ms~! ct3/cm3 19296 1t yes no
ice redistribution ire m ct3/cm3 19296 1t yes no
ice-ocean salt flux isf m ct3/cm3 19296 1t yes no
ice-ocean heat flux itf W m—2 ct3/cm3 19296 1 t yes no
ice water path iwp kg m~—?2 ct3/cm3 19296 1t yes no
liquid water path lwp kg m~—2 ct3/cm3 19296 1t yes no
soil percolation per mm day ! | ct3/cm3 19296 1t yes no
potential evaporation pev mm day~! | ct3/cm3 96 48 1t yes once
moisture puddles pmc mm ct3/cm3 19296 1 ¢ yes no
name psf unit ct3/cm3 96 48 1t no twice
sea-level pressure psl hPa ct3/cm3 19296 1t yes once
precipitable water pwce mim ct3/cm3 19296 1t yes no
specific humidity at q01-q18 | kg kg~! ct3/cm3 19296 1t yes twice
pressure/sigma level k

relative humidity at r01-r18 | percent ct3/cm3 19296 1 ¢ yes no
pressure/sigma level k

net longwave ground clear rge W m~2 ct3/cm3 19296 1 ¢ yes no
downward longwave ground rgd W m—2 ct3/cm3 19296 1t yes no
net longwave at ground rgn W m~2 ct3/cm3 19296 1 ¢ yes no
precipitation rate rnd mm day~! | ct3/cm3 19296 1t yes once
screen level relative humidity | rhsa mm day~! | ct3/cm3 19296 1t yes once
convective precipitation rate | rnc mm day~! | ct3/cm3 19296 1t yes once
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Field Variable | Unit Experiment | x X y x z x ¢t | monthly | daily
label
longwave out clear sky rte W m—2 ct3/cm3 19296 1t yes no
net long-wave at rtu W m~2 ct3/cm3 19296 1 t yes once
top of atmosphere
runoff run mm day ! ct3/cm3 19296 1 t yes no
net shortwave ground clear sgc W m—2 ct3/cm3 19296 1t yes no
downward short-wave at surface | sgd W m~2 ct3/cm3 19296 1 ¢ no once
net shortwave at ground sgn W m—2 ct3/cm3 19296 1t yes no
sea-ice depth sid m ct3/cm3 19296 1t yes no
snow depth snd m ct3/cm3 19296 1 t yes no
snowfall sno mm day ! ct3/cm3 19296 1 ¢t yes no
shortwave out clear sky soc W m~2 ct3/cm3 19296 1 ¢ yes no
shortwave out at top sot W m~2 ct3/cm3 19296 1t yes no
temperature at t01-t18 K ct3/cm3 19296 1 t yes twice
pressure/sigma level k
surface stress east tax N m~—2 ct3/cm3 19296 1 ¢ yes no
surface stress north tay N m~2 ct3/cm3 19296 1t yes no
soil temperature level 2 th2 K ct3/cm3 19296 1 t yes twice
soil temperature level 3 th3 K ct3/cm3 19296 1 t yes twice
vegetation ground temperature | tgf K ct3/cm3 19296 1 ¢ yes no
bare ground temperature tgg K ct3/cm3 19296 1 t yes no
mean daily maximum thd K ct3/cm3 19296 1 t yes no
surface temperature
extreme maximum temperature | thm ct3/cm3 19296 1 t yes no
mean daily minimum tld ct3/cm3 19296 1 t yes no
surface temperature
extreme minimum temperature | tlm K ct3/cm3 19296 1 ¢ yes no
surface screen temperature tsc K ct3/cm3 19296 1 ¢ yes no
average screen temperature tsca K ct3/cm3 19296 1 t no once
maximum screen temperature tsh K ct3/cm3 19296 1t no once
minimum screen temperature tsl K ct3/cm3 19296 1 ¢ no once
surface temperature tsu K ct3/cm3 19296 1t yes twice
average screen temperature tsua K ct3/cm3 19296 1 ¢ no once
zonal wind at u0l-ul8 | ms™! ct3/cm3 19296 1t yes twice
pressure/sigma level k
meridional wind at v01-v18 | m st ct3/cm3 19296 1t yes twice
pressure/sigma level k
average 10m wind speed v10ma m s~! ct3/cm3 19296 1t no once
surface screen temperature tsc °C ct3/cm3 19296 1 t yes no
surface temperature tsu °C ct3/cm3 19296 1t yes once
available soil moisture lower wib volumetric ratio | ct3/cm3 19296 1 t yes twice
available soil moisture upper wig volumetric ratio | ct3/cm3 19296 1 t yes twice
surface height zht m ct3/cm3 1929611 n/a n/a
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5.2 Oceanic variables

Field Variable | Unit Experiment | x Xy x 2 X t
label
salinity Salt ppt ct3/cm3 194 189 31 960
potential temperature Temp °C ct3/cm3 194 189 31 960
meridional velocity uvel ms~! ct3/cm3 194 189 31 960
zonal velocity vvel m s ! ct3/cm3 194 189 31 960
verticl velocity wvel ms~! ct3/cm3 194 189 31 960
surface heat flux hflx W m~2 ct3/cm3 194 189 31 960
urface freshwater flux pme mm day ! ct3/cm3 194 189 31 960
zonal windstress taux dynes cm™2 ct3/cm3 194 189 31 960
meridional windstress tauy dynes cm™2 ct3/cm3 194 189 31 960
stream function psi Sv ct3/cm3 194 189 31 960
topography on T grid kmt levels ct3/cm3 194 189 31 960
topography on U grid kmu levels ct3/cm3 194 189 31 960
meridional overturning vms Sv ct3/cm3 0 191 31 960
streamfunction
kinetic energy per unit volume | ke gm cm~! sec™? | ct3/cm3 0 0 0 29200
global average temperature thar °C ct3/cm3 0 0 0 29200
global average salinity sbar ppm-0.035 ct3/cm3 0 0 0 29200
variance of temperature tvar °C? ct3/cm3 0 0 0 29200
variance of salinity svar (ppm-0.035)? ct3/cm3 0 0 0 29200
|dT/dt| abscht t | °Cs™! ct3/cm3 0 0 0 29200
|dS/dt] abs_chg s | ppm-0.035 s~! | ct3/cm3 0 0 0 29200
elliptic solver iterations scans number ct3/cm3 0 0 0 29200
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6 Appendix 3: Accessing monthly and daily data

All CSIRO Mk3 CSM CMIP data is located on the mass tape storage system
operated by the High Performance Computing and Communications Centre,
http://www.hpsc.csiro.au/ and accessed through the data server cherax.hpsc.csiro.au.

All data are found under the directory structure cherax:cec006/ocean/data/{cm3,ct3},
where ct3 and cm3 are the experiment labels referring to the control and tran-

sient experiments, respectively.

The basic filename for the monthly data have the following form
type_variable_ybeg_yend.run.nc

where
type is atmos (as in atmospheric) or ocean (as in oceanic)
variable valid CMIP variabld’]
ybeg is the begin year
yend is the end year

run is the experiment label.

The daily data follow a similar naming convention
type-dly_variable_ybeg_yend.run.nc

Monthly climatology and anomaly files are also available for specific vari-
ables, or subsets of variables that are not listed here. Please contact the lead

author of this paper for further information on this matter.

9found under the “Experiment label” column heading of the tables in Section
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