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Abstract

In this report, we describe a new version of the BMRC/CMR coupled general circulation
model for seasonal predictions. It consists of a T47L17 version of the BMRC Atmospheric
Modd (BAM 2c¢2) and aversion of the ACOM2 ocean model developed by CSIRO Marine
Research (Schiller, et al., 1997). The atmospheric model incorporates a physically-based
prognostic stratiform cloud scheme and a modified short-wave radiation scheme of Lacis
and Hansen (1974). The ocean component has an enhanced meridional grid spacing to give
arealigtic smulation of ocean physics at low latitudes. The Indonesian Throughflow area
includes a parameterisation of strong tidal mixing over this region. The sea-ice component
of the coupled model and ocean data assimilation scheme are as in the previous version of
the coupled forecast system (Wang et al., 2000).

The atmospheric, oceanic and seaice components interact through the Ocean
Atmosphere Sea Ice Soil (OASIS) coupling software (Valcke et al., 2000). OASIS is
employed to synchronise the coupled model components, and interpolate fields exchanged
between the model components. The fields provided by one model to OASIS are processed
and transformed so that they can be read and used directly by the receiving model. To
exchange the coupling fields between the model components and the coupler, the Global
Memory (GMEM) Inter-Process-Communication technique is used for the synchronisation
performed on the NEC SX machines.

Results from the hindcasts in each season of the period 1982 to 1999 (seventy-two
cases), for lead times of up to eight months, are described. No flux corrections are applied
in the coupling procedure. The coupled model is alowed to evolve freely during the
forecast. The climate drift is estimated and subtracted from each forecast. The bias a
posteriori in SST forecasts over the Nino3 region is roughly less than 1°C, which is
generaly smaller than that in the previous version. The modd shows significant skill in the
central Pacific. SST forecast skill in the Nino3 region is slightly improved in this version.
The Nino3 SST anomaly correlation coefficient (ACC) skill for the first 3 months remains
around 0.9, which is comparable to other GCM forecast systems.






1. Introduction

The El Nifio/Southern Oscillation (ENSO) phenomenon is the most important seasona to interannual
climate variation in the tropical Pacific, and involves coupled interactions between the ocean and
atmosphere (Bjerknes, 1969, Wyrtki, 1985). Over the last couple of decades, considerable progress has
been made in the understanding and prediction of the ENSO phenomenon. Many different prediction
schemes have been developed, ranging from pure statistical models to more sophisticated coupled GCMs.
Results have shown that there can be considerable skill in predicting Nino3 SST anomalies a up to one
year lead time (e.g., Latif et al., 1994).

The ENSO phenomenon has profound impacts on Australia’ s climate, with significant consequences
on agriculture and the economy (Nicholls, 1992). Successful predictions of drought or prolonged wet
events several months ahead would be of great benefit to Australia’s agriculture industry. In order to
improve seasonal forecasts of Australia' s climate, a coupled ocean-atmospheric general circulation model
has been developed at the Bureau of Meteorology Research Centre (BMRC), as a joint project with
CSIRO Marine Research and supported by the Climate Variability and Agriculture Program (CVAP). This
report describes a preliminary version of the coupled model and some hindcast experiments.

This report is organised as follows. Section 2 provides a description of the atmospheric genera
circulation model. Brief descriptions of the oceanic genera circulation model and the sea-ice model are
presented in Sections 3 and 4, respectively. Section 5 describes the coupling procedure, using the OASIS
coupler. The hindcast experiments are described in Section 6 and results are given in Section 7. Thisis
followed by a discussion and conclusionsin Section 8.

2. The Atmospheric General Circulation Model (BAM2c2)

The atmospheric mode used in this version of the coupled system is the Bureau of Meteorology Research
Centre's Atmospheric Model (BAM 2C2). This model is developed as a unified version of the
atmospheric model which is being used for operational weather prediction, seasona forecasting and
climate studies. It evolved from a previous BMRC Atmospheric General Circulation Model (AGCM)
version as described in Bourke et al. (1977), McAvaney et al. (1978) and Hart et al. (1990). Zhong et al.
(2001) gives a detailed description of the model and its Atmospheric Model Intercomparison Project 1
(AMIP1) simulation. The spectral truncation is triangular 47 (2.5 x 2.5 degrees). The discrete vertical
coordinate system is the traditional sigma coordinate system of Phillips (1957), with 17 unequally spaced
levels at o = 0.991, 0.9657, 0.9259, 0.8738, 0.8114, 0.7407, 0.6639, 0.5830, 0.50, 0.417, 0.3361, 0.2592,
0.1886, 0.1262, 0.074, 0.0343 and 0.0089. A sample of the namelist used is given in Appendix 1.

The mode’s boundary layer and vertical diffusion scheme is based on the stability dependent
formulations of Louis (1979) and modified by McAvaney and Hess (1996). Evaporation over the ocean is
enhanced by employing a modified exchange coefficient at low wind speeds (Miller et a., 1992). Gravity-
wave drag is from Pamer et a. (1986). Long-wave radiation is a modified version of the Fels-
Schwarzkopf scheme developed a8 GFDL (Fels and Schwarzkopf, 1975, 1981) and the short-wave
radiation scheme is a CSIRO-modified version of Lacis and Hansen (1974). Penetrative convection is
parameterised by the “mass flux” scheme formulated by Tiedtke (1989). The flux of mass into the cloud



baseis controlled by the large-scale moisture convergence in the layer between the surface and cloud base.

One of the main differences between BAM and the previous BMRC AGCM is that BAM uses a
physically-based prognostic stratiform cloud scheme (Rotstayn, 1998) (with the CSIRO cloud optical
properties). The cloud scheme incorporates prognostic variables for cloud liquid water and cloud ice.
Prescribed critical relative humidity controls the onset of cloud formation. It is set to be 0.90 over land
and 0.95 over sea. The same values were used in the BAM stand-alone run of Zhong et a. (2001). They
were chosen primarily to maintain a global mean radiation balance close to zero at the top of the
atmosphere. There may be a need to tune these values in a coupled system to avoid surface temperature
drift. Such an exercise has not been carried out at this stage.

Prognostic soil moisture is represented by a single-layer “bucket” model. It implements synchronous
surface flux treatment as in the European Centre for Medium-Range Weather Forecasts (ECMWF)
system. Time stepping isimplicit, but with explicit calculation of the nonlinear diffusion coefficients.

3. The Ocean General Circulation Model (ACOM2)

The ocean general circulation model component is ACOM2 (Australian Community Ocean Mode)
developed by CSIRO Marine Research and based on a global version of the GFDL Modular Ocean M odel
(Pacanowski, 1995, Schiller et a., 1998). Compared with the ocean component of the previous coupled
system (Wang et a., 2000), its meridional resolution has been increased to give more realistic smulation
of low to mid-latitude ocean dynamics and physics. The meridiona spacing is 0.5° within 9° of the
equator, increasing gradually to 1.5° near the poles. The meridional grid spacing is described in Figure 1.
The grid spacing is 2° in the zona direction. There are 182 grid points from south to north and 196 grid
points from west to east. There are 25 vertical levels, with 12 of these in the top 185m. The maximum
depth is 5000m. The level thicknesses range from 15m near the surface to nearly 1000 m near the bottom.
The individual mid-depth, level thickness and depth at the bottom of each level arelisted in Table 1.

The bathymetry of the model is a smoothed approximation based on the high resolution data set of
Gates and Nelson (1975). The modd’s topography is modified to simulate the Indonesian Throughflow.
Since islands are computationally expensive, only the Philippines, Kalimantan, Celebes, the Lombok-
Flores idands, Australia (combined with New Guinea), New Zealand and Antarctica are separated from
the remaining land points. The Bering Strait, Torres Strait, Red Sea and Mediterranean Sea are not
represented. The flow of the Red Sea into the Indian Ocean and the Mediterranean Sea into the Atlantic
Ocean significantly change the water-mass structures of these oceans. Their effects on the oceans are
simulated by restoring salinity to observed values (Levitus, 1982) at the points of exchange with the
Indian and Atlantic Ocean throughout the whole water column. The sea-surface temperature that is passed
back to the atmospheric model over the Mediterranean Sea is aso corrected using the Reynolds SST
climatol ogy.
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Figure 1: Global map of temperature grid



Table1: Vertical Temperature Grid (unit: m) of the ocean model

level mid-depth level thickness depth of bottom

1 75 15.00 15.00
2 225 15.00 30.00
3 375 15.00 45.00
4 52.5 15.00 60.00
5 67.5 15.00 75.00
6 82.5 15.00 90.00
7 97.5 15.00 105.00
8 1125 15.00 120.00
9 127.56 15.12 135.12
10 142.84 15.44 150.56
11 158.66 16.19 166.75
12 175.71 1791 184.66
13 195.45 21.57 206.23
14 220.66 28.86 235.09
15 256.33 42.48 277.57
16 310.71 66.28 343.85
17 396.41 105.12 448.97
18 531.08 164.22 613.19
19 737.11 247.83 861.02
20 1039.76 357.34 1218.49
21 1463.03 489.36 1707.77
22 2024.91 634.44 2342.20
23 2730.80 777.32 3119.50
24 3569.10 899.14 4018.60
25 4509.30 981.38 5000.00




The vertica diffusion in the ocean model is based on the mixing scheme of Chen et a. (1994). Strong
mixing is assumed to occur within the surface layer, as in the Niiler and Kraus (1977) model. Below the
mixed layer, ocean internal mixing is parameterised by a gradient Richardson-number-dependent mixing
by Peterset a. (1988).

Since the Indonesian Throughflow is included in this version of the model, warm Pecific water is
allowed to flow to the Indian Ocean. Previous studies have identified that the tidally-induced vertica
mixing in the Indonesian archipelago can cause enhanced mixing of deep and surface waters and therefore
is able to change the water-mass structure of the Indian Ocean significantly (Ffield and Gordon, 1996).
Thus to simulate the strong tidal mixing over the Banda Sea, the vertical mixing coefficients for diffusion
and momentum are increased in the whole water column in the Indonesian area (Schiller et al., 1998) (see
also Appendix 2).

4. The Sea-lce Model

The sea-ice model component is a version of the so-called “zero-layer” thermodynamic model of Semtner
(1976). This mode specifies a ssmple uniform slab of ice without leads. The temperature at the bottom of
the ice is specified as sea water freezing point, i.e. brine zero (271.18K). The top surface temperature of
the ice is determined by the AGCM through solving the surface heat balance equation for each sea ice
point. Snow is allowed to be formed above the ice point. Surface temperature is kept below the freezing
point of freshwater and excess heat is used to melt snow or ice.

The heat flux from the ocean to the seaice is proportiond to the internal temperature gradient. Ice
formation and ablation at the ice bottom surface results from the sum of the through flux and the diffusive
flux (Colman et a., 1992). The change in sea ice thickness and the melting of snow is converted to an
equivalent fresh water flux and passed through to the ocean model. When new ice forms, the original sub-
freezing temperature from the ocean model is used to calculate the thickness of new ice. The equivalent
fresh water flux due to ice formation is passed back to the ocean model (Power et al., 1998). A new land-
searice mask is calculated every timestep and passed back to the AGCM.

5. The Coupling Scheme: OASIS

The latest version of the Ocean Atmosphere Sea Ice Soil (OASIS) coupling software version 2.4 (Valcke
et a., 2000), has been used in the atmosphere-ocean-sea ice coupling process of the new coupled system.
The main task of the OASIS coupler is to synchronise the fields between two or more model components
and to process and interpolate these coupling fields to appropriate grids. Asit has a modular structure, the
OASIS coupler has a high flexibility for coupling different AGCM, OGCM and other components in the
coupled system. Modd resolution can be chosen freely and different interpolation techniques can be
specified for the exchanged fields. The OASIS input file namcouple is listed and explained in Appendix
3. The gridded auxiliary data files, including grids, masks and areas, are dways read by OASIS at its
initialisation stage. All these files are written in binary format following the same format: a character
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variable is first written to the file alocating a data set for a given model and the data is then written
sequentially after its locator. Restart binary input filesin the initial run have to be provided to OASIS. At
the end of the simulation, OASIS generates output files after the interpolation in the same format as the
input file. These output files will serve as new restart files for the next simulation.

In this new version of the BMRC coupled system, the AGCM has a timestep of 720s (120 timesteps
per day), the OGCM has atimestep of 900s (96 timestep per day) and the ice model has a timestep of one-
day. The coupling occurs daily, with the atmospheric model running for one day with fixed SSTs and sea
ice extents, accumulating relevant time-mean fields for forcing the ocean model. The fields used to drive
the ocean model are: total surface heat fluxes, net surface short-wave radiative flux, surface wind stress
and fresh water flux (precipitation minus evaporation). The penetrative component of the solar radiation
(45%) is vertically re-distributed using the scheme of Paulson and Simpson (1977). The ocean model
passes SSTsto the ice model before they are reset to brine zero in order to cdculate the formation of new
ice and heat fluxes. SSTsfrom the OGCM after being reset to brine zero are then provided to the AGCM.
The net freshwater flux is passed between the atmospheric model and ocean model each simulation day.
However, the surface layer of the ocean model (15m thick) isrelaxed to the Levitus seasonal mean surface
salinity with a 17 day timescale in order to reduce model drift.

6. Description of Hindcast Experiments

In the coupled model forecasting experiments, atmospheric initial conditions are taken from an AGCM
component stand-alone run, which is forced by observed surface forcing up to the start time of the
forecast. In the stand-alone run, SST data comes from Reynolds and Smith (1994) and the sea-ice
distribution is estimated from the SST data.

Oceanic initia conditions are provided by driving the ocean model, ACOM2, with estimates of the
observed surface fluxes, which consist of monthly wind stress and short-wave radiation flux. The wind
stress data is from Florida State University (FSU) pseudostresses for the tropical Pacific (30°N-30°S)
(Legler et al., 1989, Stricherz et al., 1992). The shortwave radiation is from the National Centers for
Environmental Prediction (NCEP) reanalyses (Kalnay et d., 1996). The SST is relaxed to the Reynolds
and Smith (1994) monthly analyses with a timescale of 3 days. Ocean sub-surface observations are
assimilated into the model every 10 days using the BMRC optimum interpolation scheme (Smith et a.,
1991).

Coupled model hindcasts were carried out, one per season, for the period of 1982 to 1999 (72 casesin
total). The hindcasts started from the last day of February, May, August and November, representing four
different seasons. The model forecasts were made out to alead time of eight months.

Since no total heat flux corrections were used, biases in simulating the mean state occur. We use a
simple method of removing the linear part of the bias a posteriori according to Stockdale (1997). The bias
is estimated as the difference between the mean of the model forecasts and observed climatology. It is
calculated separately for forecasts starting at each given month, and as a function of forecast lead time.



7. Preliminary Results from the Hindcast Experiments

In this section, we will describe results from the 72 hindcasts for the period of 1982 to 1999. Model bias
and forecast skill will be analysed as a preliminary assessment of the performance of the new coupled
model.

Figure 2 shows the modelled and observed SST Nino3 index climatologies (SST averaged over 5°S to
5°N and 90°W to 150°W) for each starting month as a function of lead time. Solid lines represent observed
SST Nino3 climatologies and dashed lines are the model forecast climatologies. The model mean bias is
calculated as the differences between the observed SST climatology and the coupled model SST
climatology. Overall, the model forecasts of Nino3 SST are generaly cooler than those in the
observations, but the seasonal variation of Nino3 SST is well represented, especially for the forecasts
starting in February and November. The cold biases in Nino3 SST climatology are generally less than
1°C. The magnitudes of bias are smaller than those of the previous version of the coupled model (Wang et
al., 2000).

The modelled and observed SST Nino4 climatologies (SST averaged over 5°S to 5°N and 160°E to
150°W) are shown in Figure 3. All the model predictions show consistent cooling over the Nino4 region
during the whole forecast period. This genera cooling pattern was not seen in the previous version of the
coupled model. This could be due to the different cloud schemes used in the two versions of the coupled
model. Some tuning of the diagnostic cloud scheme used in the AGCM of the previous coupled model
may have helped to avoid or mask large cold biases. Such tuning has not been done in this new version of
the coupled modd. It is also worth noting that the observed seasonal cycle of Nino4 SST is relatively
weak. While the coupled model Nino4 SST for the starting months of August and November show
reasonable simulations of the seasond cycle when compared to observations, the simulations from
February and May drift significantly through September and October, with the maximum cold bias being
about 2.5°C.

Figure 4 shows the spatial pattern of the coupled model’s systematic error of SST simulations and the
observed SST climatology (Reynolds and Smith, 1994) in the tropical Pacific region. The four panels
show the SST bias at a lead time of 8 months for each starting month. Results show that the model has a
cold bias through most of the tropical Pacific with the exception of a warm bias in the far eastern tropical
Pacific. Such cold and warm biases appear to be bigger in the predictions initialised in February. The
general cooling in the tropical Pacific region is consistent with the model errors in zona windstress and
total heat flux from an AGCM stand-alone run (Zhong et al., 2001).

The commonly used measures of skill of coupled models are the anomaly correlation coefficients
(ACC) and root-mean-sguare error (rmse) between the predictions and observations of area-averaged SST
anomalies (e.g., Wang et al., 2000). These skill measures for Nino3 SST anomalies are shown in Figure 5,
based on the 72 hindcasts for the entire period from March 1982 to July 2000. In addition, skill curves
assuming persistence of initial SST anomalies are shown for comparison. It is noted that the coupled
model forecast exhibits higher skill than that of the persistence forecast in terms of ACC and rmse
measurements. For the lead time of up to three months, the ACC skill is around 0.9, which is higher than
that in the previous version of the coupled model. If an ACC value of 0.6-0.7 is considered as a useful
level of prediction, then the coupled model forecast is skillful at al lead times.
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Individual 8-month forecasts are shown in Figures 6 and 7. There are 72 8-month predictions. The
solid line shows the observed Nino3 SST anomalies. The asterisk symbols are the individua forecasts.
The top panel of Figure 7 depicts al the predictions initiated in February of each year for the entire
hindcast period and the bottom panel shows the predictions initiated in May. The common feature from
the predictions initiated in February and May is that the model forecasts initiated before the strong peak
phases of the 1982/1983 and 1997/1998 ENSO events could not capture the large amplitudes of the
observed anomalies. The model forecasts initiated in February produced a warming during late 1984
which did not actually occur, and overestimated the cooling in late 1988 and 1991. Two forecasts initiated
in May did not predict the observed warming in 1987-1988, but incorrectly predicted a cooling in 1989-
1990. Figure 7 shows the predictions starting in August (top panel) and November (bottom panel),
respectively. The model predicted the cooling after the warm ENSO events reasonably well, particularly
during 1983, 1988 and 1997. It is worth noting that the new version of the coupled model predicted the
onset of 1997 ENSO events quite well for forecasts initiated in both August and November, 1996.

The spatia distribution of the SST forecast skill for six-month lead predictions is shown in Figure 8.
The anomaly correlation skill is calculated as the temporal correlation of the observed and the predicted
SST anomalies at each grid point. The top panel of Figure 8 shows the skill map of al the forecasts
starting at four different months. The middle and bottom panels show the skill of the predictions initiated
during the northern warm seasons from April to August and cold seasons from November to February,
respectively. Results indicate that the new version of the model has largest correlation skill over the
equatorial central to eastern Pacific, which is very similar to that seen from the previous version of the
coupled model (Wang et al., 2000). Comparing the model skill for the NH warm and cold seasons, the
model skill for the predictions initiated during the warm seasons is slightly higher and extends further east.
Some useful skill (ACC > 0.6) is found north of the equatorial central Pacific (0 - 10°N) for the
predictions initiated during the NH cold season.

8. Discussion and Conclusions

A preliminary version of the ACOM2/BAM coupled model has been described in this report. A number of
changes in both the atmospheric and oceanic models have been introduced into this new forecast system.
Compared with the previous BMRC coupled system (Wang et al., 2000), the cloud parameterisation, and
short-wave radiation schemes are different. The AGCM resolution is also increased from the previous
version from R21L9 to T47L17. A new version of the ocean model (ACOM2) based on MOM?2 is
employed in the new coupled system. The Indonesian Throughflow and a parameterisation of tidal
mixing are now included. The coupling scheme made use of the OASIS generalised coupler.

To assess the new coupled model system, particularly for seasonal forecasts, hindcast experiments
were carried out each season for the period of 1982 to 1999. The mode bias of SST simulations over the
Nino3 region is generaly less than 1°C during the forecast period (up to 8 months), which is less than that
of the previous version of the model. However, a significant model drift is found over the Nino4 region,
of around 2.5°C, which is worse than the previous version of the model (Wang et al., 2000). The mode!
prediction skill in the Nino3 region is dightly improved compared with that of the previous version. For
the first three months, the model SST correlation remains around 0.9, which is comparable with other
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published models and a significant improvement on Wang et al. (2000). The skillful regions are confined
between 10°S and 10°N in the equatorial Pacific and to the east of the date line. This is similar to the
previous coupled model and many other coupled dynamical forecast models. From a comparison of
predictions starting in the NH warm and cold seasons, we did not find significant seasonal dependence of
the modd skill, as found by Wang et al. (2000)

The hindcast results shown in this report are our first attempt to validate the model and we are seeking
further improvement by optimising our ocean and atmospheric initial conditions. We are trying to
improve our ocean data assimilation system by introducing geostrophic corrections to the currents for the
corrections to the temperature field and use more frequent 6-hourly surface forcing. The ocean
measurements will be ingested through a window of 3 days in the new assimilation system to provide
more synoptic oceanic initial conditions. Meanwhile, future work will be directed to improve some
physical parameterisations in the atmospheric model, such as the convection scheme. Further efforts to
improve the ocean initial condition, a coupled model data assimilation and a better coupled model should
improve our predictive skill.

It should be noted that this report has aimed to give a brief introduction of the new coupled system.
Continuing efforts are being made to further assess the new coupled model performance with more
detailed andysis. Options on how to improve the components in the coupled system and how to advance
the modd initialisation and data assimilation system are under consideration.
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Figure 2: SST Nino3 index climatologies from observations (solid line) and the average of hind-

casts for the indicated starting month (dashed line). The units are °C. Each case is constructed

from 18 cases.
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Appendix 1: Namelist of AGCM

&BEGIN

ISTDAT = 19820228, ISTTIM = 1100, ISTART =-1, KENDATE = 19821101, IEND =2
,MERGEANAL = .FALSE., VINTERP = .FALSE., NEWSTART = .FALSE.

JDUMPT =-24, NPRDAY =120, NPREC =-24, IGLOBE =2, INRAD =1

,KOUNTR =-3, LIMITA =999999, LIMITB = 999999, INHDR ="'FORC’

,MONOB = .FALSE., RADOUT = .FALSE., KOUNTM =-24, INTOP=0

,MGLMTA =0, NAMINITC = *$agcmRestartFile’, TYPINITC="NETCDF’,

&END

&SET

COMMENT = *bam 2c2°’

JEXPT ="2c2v’, IOGRID = 30, PACKIT = .FALSE., AVGFLG = .FALSE.

,CARTPM = .FALSE., HSPLIT = .TRUE., CART = .FALSE., RSPLIT = .FALSE.

,HDTIME ="SPLIT’, ISAVE = -720, IRESET =-720, NBAL =0, KKPINT = .FALSE.

WPBINT =.TRUE., JSN = 2, ITERMX = 3, ITRUNC = 3, HDFIMP = .TRUE.

,HDFCOR = .TRUE., HDCFL_THR = 0.8, IIPOWER = 6, KIHOUR = 6, KJHOUR = 3

,DDIFFI = 0.0, VDIFF =250, NEULER = 2, DFACT = 0.5, ALBVARY = .TRUE.

ZOVARY = .TRUE., SNOWFRAC = .TRUE.

AMXLSQ = -125.0,900.0,900.0,900.0,900.0,900.0,900.0,900.0,900.0

JKOUNTP=-24, KOUNTZ = -24, KOUNTH = -24, KOUNTD=-24, KOUNTQ =-24

,LSOILS =3, INITDG =.TRUE., LKUO = .FALSE., RHKUO = 0.9, RHSAT =1.0

,KUOCB =2, LOOPTC = 3, RHSHC = 0.75, BEFLAG = .TRUE., LMSFLX = .TRUE.

,LMFMID =.TRUE., LMFPEN =.TRUE., LMFDUDV = .TRUE., SCK1=5.

,SCK2 =1.0, JISCBSE = 2, JSCTOP = 8, GWDFLG = .TRUE., SFCOUT = .TRUE.

,LOWIND = .TRUE., TGG3A =271., ANTICE = 1.0, CHRNOK = 0.011

,OLDFLX =.FALSE., PBLHT =.TRUE., VMIN = 1.0E-08, VMINO = 1.0E-08

,VMINVD=1.0E-08, GZ1=0.05, GZ2=.5, GZ3=5.00, GZ4=11.0, NEWCLD = .TRUE.

,DCFLAG = .TRUE., CLDOUT = .TRUE., OLDSLVL =.TRUE.

,SWSCHEME ="SWR89DAR’, CLDSCHEME =’QCLOUDN’, BVFLIM = 0.00020

,QCLOUD =.TRUE., LWSCHEME ="FS89", RCRITS = 0.95, RCRITL= 0.90

,CLDLEV = 0.050,0.430,0.430,0.790, 0.790,0.955, SEASON ="VARY"

,CLWCOPT ="LWDAR’, CSWCOPT ="SWDAR’, SOLCON = 1365., CO2MIX = 345.0

,CO2FRC = .FALSE,, CLDFOR = .TRUE., CN1OUT = .FALSE., CN20OUT = .FALSE.

,DELTSS= 0.0, IPNT=1, FEEDBK = .TRUE., FIXSNOW = .FALSE.

,FIXSOIL = .FALSE., ADIMAS = .TRUE., ADMMIX =.TRUE., ZENITHFLG="DAR’
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,MRFLAG = .FALSE., AMIP = .FALSE., SMTHCONV = .FALSE., LMFSCV=.TRUE.
,CLD3DFLG=.TRUE., CLD_EXTRA=.TRUE., O3SCHEME="UGAMF

,COUPLED= .TRUE., maxcldfact=0.1, FLXTY P="implicit’, mfcontyp = 'ecmwf’
JLEVMH = 15, lcut= 2, OCNMASK = .TRUE., NATO = 120, NATI =1

JCEAGCM = .TRUE., TRANSIENT = .FALSE., FLUXCORRECT = .FALSE,,
UNIXDIR1 ="$UNIXDIRY’, UNIXDIR2 ="$UNIXDIR2’, UNIXDIR3 = "$UNIXDIR3’
&END

&NMIPAR

FLIMIT =0.00, IVMODE = 3, FFFAC = 1.0, NMVNMI = .FALSE.
,NMFFAC = .TRUE., NMLIN = .FALSE., NMITIM =100, TVIRT = .TRUE.
&END
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Appendix 2: Namelist of OGCM

cat > namelist.contrl << ENDNAMELIST
&contrl init=.fase., runlen=246, rununits='days’, restrt=.true., initpt=.false.,
segtim = 1.0, SNAMELIST_EOF

ENDNAMELIST

cat > namdlist.mbcin << ENDNAMELIST
&mbcin SNAMELIST _EOF
ENDNAMELIST

cat > namelist.tsteps << ENDNAMELIST
&tsteps dtts=900.0, dtuv=900.0, dtsf=900.0, SNAMELIST_EOF
ENDNAMELIST

cat > namelist.riglid << ENDNAMELIST
&riglid mxscan=2000, sor=1.60, tolrsf=1.0e8, tolrsp=1.0e-4, tolrfs=1.0e-4, SNAMELIST_EOF
ENDNAMELIST

cat > namelist.mixing << ENDNAMELIST
&mixing am=2.e7, ah=l.e7, ambi=1.e23, ahbi=5.e22, kappa m=20.0, kappa h=1.0,
aidif=1.0,
nmix=17, eb=.true., ncon=1, cdbot=0.0, acor=0.5, dampts(1)=7.0, dampts(2)=7.0,
dampdz(1)=15.00€2, dampdz(2)=15.00e2, SNAMELIST_EOF

ENDNAMELIST

cat > namelist.isopyc << ENDNAMELIST
&isopyc SNAMELIST_EOF
ENDNAMELIST

cat > namdlist.bimix << ENDNAMELIST
&blmix SNAMELIST _EOF
ENDNAMELIST
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cat > namdist.himix << ENDNAMELIST
&hlmix SNAMELIST _EOF
ENDNAMELIST

cat > namelist.chmix << ENDNAMELIST
&chmix fricmx=0.0, diff_cbt_back=0.01, visc_cbu back=0.2, visc_cbu_limit=266.0,
diff_cbt_limit=199.0, SNAMELIST_EOF

ENDNAMELIST

cat > namelist.diagn << ENDNAMELIST
&diagn tsiint=1.0, tavgint=30.41666, itavg=.fa se., tmbint=30.41666, itmb=.false.,
trmbint=30.41666, itrmb=.false., snapint=1.0, snapls=-90.0, snaple=90.0, snapde=5000.0e2,
timavgint=1.0, glenint=30.41666, vmsfint=30.41666, stabint=1.0, zmbcint=30.41666,
gyreint=30.41666, extint=30.41666, prxzint=30.41666, dspint=10.0, trgjint=1.0,
xbtint=30.41666, exconvint=30.41666, cmixint=30.41666, SNAMELIST_EOF
ENDNAMELIST

cat > namelist.io << ENDNAMELIST
&io expnam="MOM2_GLOBAL’, iotavg=$iotavg, iotmb=$iotmb, iotrmb=$iotrmb,
iozmbc=$iozmbc, ioglen=$ioglen, iovmsf=$iovmsf, iogyre=$iogyre, ioprxz=$ioprxz,
ioext=$ioext, iodsp=$iodsp, iotsi=$iotsi, iotraj=$iotrgj, ioxbt=$ioxbt, SNAMELIST_EOF
ENDNAMELIST

cat > namelist.ictime << ENDNAMELIST
&ictime eqyear=.false., egmon=.false,, refinit=.true., year0=1982, month0=02, day0=28,
hour0=0, min0=0, sec0=0, SNAMELIST_EOF

ENDNAMELIST
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Appendix 3: An OASIS input file: namcouple

# Thisisthe OASIS input file (namcouple) for asimulation with global atmospheric

# model (BAM) coupled to global ocean model (ACOM2). This namcoupletells OASIS
# to run a 265-day simulation:

# 1) the two models run simultaneously.

#2) GMEM library is used as communication technique and computer is NEC.

# 3) the atmospheric model reads sea surface temperature before the ocean processes and
# pass to the ice model and reads SST again after the ocean processes for itself.

# 4) the ocean model needsfivefields: thetotal surface heat flux, surface solar radiative
# flux, zonal and meridional wind stress as well as the freshwater flux.

#5) dl these fields are exchange every day.

$SEQMODE

# It isrelated to the time strategy. |If all models are running simultaneously,
#it should be 1.

1

$END

$MACHINE

# This describes the type of machine that OASIS will berunon. If itisalEEE,
# |EEE should be specified.

IEEE

$END

$CHANNEL

# This describes the type of message passing to be used. If global memory NEC product
#isused, GMEM should be specified here.

GMEM

$END

$NFIELDS
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# Thisisthe tota number of fields being exchanged.
7
$END

$JOBNAME

# Thisisjust descriptive, it isaname of this coupled model simulation.
JR1

$END

$NBMODEL

# This gives the number of models running in this experiment and their names.
2 bamgcm ACOMv2

$END

$SRUNTIME

# This gives the total simulation time (246 days) for this run in seconds.
21254400

$END

SINIDATE

# Thisistheinitial date of therun. It isregularly updated by the program.
19820228

$END

$MODINFO

# Indicates if a header must be encapsulated within the field brick (YES or NOT).
NOT

$END

SNLOGPRT

# Gives the printing level for the oasis output file cplout, 2 isfor full ouput.
2

$END
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# The above variables are the general parameters for the experiment.

# Everything below has to do with the fields being exchanged. For each field,
# thefirst 2 lines are descriptors of the field, the related grid, the related

# model and datafiles. Thethird line givesthelist of analysisto be performed
# and the following lines give specific parameters for each analysis.

# See the OASIS manual for detailed description of the analysis.

# OCEAN > ATMOSPHERE #

$STRINGS
# FIELDS DEFINITION
#Field 1: SeaSurface Temperature for AGCM: after ocean processes

#H — ———— _— ——— — ——— _— [

T

#First line:

#1) and 2): symbolic names for the field before and after interpolation.

# 3): label number for internal oasis output.

#4). exchange frequency for the field in seconds (here 1 day).

#5). number of anaysesto be performed (here 4).

#6) 7) 8) and 9): input and output file names and related unit numbers for data transfer.
#10): flagindicating if the field has to be exported towards another model

# (EXPORTED = Yes, AUXILARY = No).

#

sstaoce sstaatm 1 86400 4 fisstoce fisstatm 61 91 EXPORTED

# — —_— _— —_— _— —_— _— — -

ka

# Second line:
#1) 2) 3) and 4): number of long. and lat. oninitial and final grids
#5) and 6): acronyms used to locate the relevant grid datain the global grid files
#7): index of the sequentia position of the model generating the SST field
#8): initialization flag: 0 means no delay the exchange of the given field
# while mode is running.
#9). flagto compute an extratimestep at the end (1 yes, 0 no)
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#10): flag to compute the field integral within analyses CHECKIN and CHECKOUT
# (1 yes, 0 no)

#

180194144 72 sstossta1 001

#H — —_— _— —_— _— —_— _— [

T

# Third line: periodicity of both source and target grids (Periodic or
# Regional) with non overlapped pointsif periodic.

#

#List of analysis

POPO

#H — ———— — ——— — ——— _— [

T

# Fourth line:

# CHECKIN and CHECKOUT: they correspond to last flag of second input line

# (1. perform the sourcefield integral and print the output).

#INTERP: Thisanalysisisrequired for this exchanged field.

# REVERSE: After inperpolation, change the orientation of the receiving model grid.
#

CHECKIN INTERP REVERSE CHECKOUT

#H — ———— — ——— — ——— _— [

T

# Fifth line:

# SURFMESH: it usesthe SURFMESH interpolation method.

#Z: gridtypeisa cartesian grid with a non-constant mesh.

# SCALAR: field typeis SCALAR or VECTOR.

# 1. istheidentificator for the relevant dataset of weights and address.

# within the file mweights build by OASIS based on all weight-and-address datasets.
# 35: isthe maximum number of neighbors used in the interpolation.

# 1. the weight-and-address dataset will be calculated by OASIS.

#

SURFMESH Z SCALAR 1351

#H — ———— — ——— — ——— _— [

T

# Sixth line:

#NORSUD: After interpolation, reverse ouput grids for increasing

# latitude from north to south

#WSTEST: convert output grids for increasing longitude from west to east.
#
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NORSUD WSTEST

# Field 2. Sea Surface Temperature for IM: before ocean processes
#

sstioce sstiatm 32 86400 4 fisstoce fisstatm 61 91 EXPORTED
180194144 72 sstossta1 001

POPO

#List of analysis

CHECKIN INTERP REVERSE CHECKOUT

SURFMESH Z SCALAR 1350

NORSUD WSTEST

# ATMOSPHERE = OCEAN
#

#* H#*

#Field 3: Net Heat Flux

#

hfxatm hfxoce 5 86400 4 ffluxatm ffluxoce 81 71 EXPORTED
144 72 180 194 hfxahfxo 100 1

POPO

#List of analysis

#H — ———— _— ——— — ——— _— [

T

# Forth line

#INVERT: recorder the field before interpolation process
#

CHECKIN INVERT INTERP CHECKOUT

NORSUD WSTEST

# _— —_— _— —_— _— —_— _— [

ka

# Sixth line

# BILINEAR: perform abilinear interpolation for thisfield
# G: gaussian grid covering the whole globe.

#

BILINEAR G SCALAR
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# Field 4 : solar shortwave radiation (swr) flux

#

sswatm sswoce 7 86400 4 ffluxatm ffluxoce 81 71 EXPORTED
14472 180 194 sswasswo 1001

POPO

#

# List of analysis

CHECKIN INVERT INTERP CHECKOUT

NORSUD WSTEST

BILINEAR G SCALAR

#Feld5: Freshwater Flux: (precipitation - evaporation)

#

pmeatm pmeoce 30 86400 4 ffluxatm ffluxoce 81 71 EXPORTED
14472 180 194 pmeapmeo 100 1

POPO

#List of analysis

CHECKIN INVERT INTERP CHECKOUT

NORSUD WSTEST

BILINEAR G SCALAR

#Field6: Zona Windstress:

#

taxatm taxoce 23 86400 4 ffluxatm ffluxoce 81 71 EXPORTED
14472 180 194 taxataxo 100 1

POPO

# List of analysis

CHECKIN INVERT INTERP CHECKOUT

NORSUD WSTEST

#H — ———— _— ——— — ——— _— [

T

# Sixth line:

# BICUBIC: perform abicubic interpolation using 16 neighbours.
#VECTOR: field typeisVECTOR

#

BICUBIC G VECTOR
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#Field 7 : Meridional Windstress:

#

tayatm tayoce 24 86400 4 ffluxatm ffluxoce 81 71 EXPORTED
14472 180 194 tayatayo 1001

POPO

# List of analysis

CHECKIN INVERT INTERP CHECKOUT

NORSUD WSTEST

BICUBIC G VECTOR

$END
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