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So you want to simulate CFC-11 and CFC-12 in your ocean model according to standard OCMIP-2
protocols? This document provides step-by-step information to do just that.
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1 Recuperation of OCMIP-2 files by ftp:

To comply with OCMIP-2 guidelines, all modelers must make simulatecording to OCMIP-2 standard boundary
conditions. To do so, one must first recuperate the following filaghis Web page (you can save a file to disk by
clicking a link while holding down the Shift key).

e rgasxocmip2.f

e gasxocmip2.nc.gz

e vgasxocmip2.jnl

e readcfcatm.f

o cfc_interp.f

e cfcl112.atm

e sccfc.f

e solcfc.f

After transferring the filgasx _.ocmip2.nc.gz  (binary mode), one must then uncompress it:

gunzip gasx_ocmip2.nc

Other files are text and need no special treatment after transfer. Use of theisedfdssribed below.

2 Model runs

2.1 Gas exchange flux

For simulations of CFC-11 and CFC-12, we will directly model thé@diair-sea flux-. In other words, surface CFC
concentrations will NOT be set equal to temperature-derived equilibriunesaletermined from the solubility.
Modelers must use the formulation for the standard OCMIP-2 asetflux,

(1a) F=Kw (Csat - Csurf)
with
(1b) Csat =alpha* pCFC * P/Po

where

e Kw is the gas transfer (piston) velocity [m/s] ;
e Csurf is the modeled surface ocean CFC-11 (or CFC-12) concentration [moj/m~3]

¢ alphais the CFC solubility for water-vapor saturated air [mol/(m”3 * picogt
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e pCFC is the partial pressure of CFC-11 (or CFC-12) in dry air at one athergptotal pressure [in picoatm],
which is the same as the dry air mixing ratio of CFC-11 or (CFC-12l}iplied by 10712 ;

e Pisthe total air pressure at sea level [atm], locally;

e Pois 1 atm.

All right hand terms, except P and Po, in equations (1a) and (1b) areaiiffer CFC-11 and CFC-12, as well as
other tracers.

2.2 The Piston Velocity Kw

For simulations of CFC-11 and CFC-12, modelers must use the sth@dzviIP-2 formulation for the piston
velocity Kw. The monthly climatology oKw, to be interpolated linearly in time by each modeling group, is
computed with the following equation adapted from Wanninkhof (1862 3):

(2) Kw=(1- Fice) [Xconv * a *(u2 + v)] (Sc/660)**-1/2

where

e Ficeis the fraction of the sea surface covered with ice, which varies from 0.@t@dd is given as monthly
averages from the Walsh (1978) and Zwally et al. (1983) climatology (FCRimodelers must resdsice
values less than 0.2 to zero, after interpolation to their model grid)

e U2is the instantaneous SSMI wind speed, averaged for each month, then sqndredbsequently averaged
over th e same month of all years to give the monthly climatology. (s2©CMIP-1 README.satdat for
further details);

¢ Vv is the variance of the instantaneous SSMI wind speed computed over otie termmporal resolution And 2.5
degree spatial resolution, and subsequently averaged over the sameofradhyiears to give the monthly
climatology. Again, see the OCMIP-1 README.satdat for further dstail

e ais the coefficient of 0.337, consistent with a piston velocity in cm¥e.adjusted the coefficieatfor
OCMIP-2, in order to obtain Broecker et al.'s (1986) radiocarbon-cakblraglobal CO2 gas exchange of
0.061 mol CO2 /(m™2 * yr * uatm), when using the satellite SSMI wimfrmation (12 + v) from Boutin and
Etcheto (pers. comm.). Our computed valuedds similar to that determined by Wanninkhaf£ 0.31), who
used a different wind speed data set and assumptions about wind speed varéause;the observed variance.

e Xconv=1/3.6e+05, is a constant factor to convert the piston velocity fromHdrtd [m/s]. This conversion
factor is already included in the forcing fiek&kw, provided below.

e Scis the Schmidt number which is to be computed using modeled SST, tharigrmulation from Zheng et al
(1998). The function scfc.f computes the Sc’s (unit-less) for both CFC-11 and CFC-12.

Practically speaking, to use equation (2) each group will interpolate @MI@-2 standard information to their own
model grid. The standard information is provided by IPSL/LSCE a®athly climatology on the 1 x 1 degree grid
of Levitus (1982) in netCDF format (in file ga®ocmip2.nc). Gridded variables in that file include



2. Model runs 4

the variableFice,

the second ternfXconv * a * (U2 + v)], denoted agKw [m/s]

the maskrmask (1 if ocean; O if land),

the total atmospheric pressure at sea |€vgitm]

the longitudd_on at the center of each 1 x 1 degree grid box,

the latitudeLat at the center of each 1 x 1 degree grid box.

For the variable&ice andxKw, continents on the 1 x 1 degree standard grid have been flooded with adjaeant
values. Such an approach avoids discontinuities at land-sea boundaimgsidi@rpolation. See the Fortran program
rgasxocmip2.f for an example of how to read the information in cfc1112.atmyour interpolation routines. After
compilation, to link and use rgasocmip2.f, one must have already installed netCDF.

<http://www.unidata.ucar.edu/packages/netcdf/>

The filegasx _ocmip2.nc  may also be inspected with software that uses netCDF format, such as ncdump o
Ferret. Ferret will be used for some of the analysis during OCMIP-@ eW¢ourage participants to become familiar
with Ferret now

<http://ferret.wrc.noaa.gov/Ferret/>

After installation, one can visualize maps of the standard informatigl$xocmip2.nc, by using the Ferret script
vgasxocmip2.jnl.

After launching Ferret, simply issue the following command (at Fexiggs?” prompt)

yes? go vgasx_ocmip2.jnl

2.3 Oceanic and Atmospheric Components

Apart from Kw, there are two other terms in equation (1a). The ocean comp@aerf [in mol/m™3] is computed by
the model each timestep; the atmospheric compo@eatis specifieda priori via the three remaining terms:

1. alpha: The CFC solubilityalpha is to be computed using modeled SST and SSS, both of which vary in time at

each grid point. For OCMIP-2 we use the solubility formulatioredetined by Warner and Weiss (1985, Table
5 for solubility in [mol/(I * atm)]). The function saktfc.f determines alpha accordingly, for both CFC-11 and
CFC-12, but changes the units to [mol/(m~3 * picoatm)] so that moé€} €oncentrations can then be carried
in Sl units [mol/m~3].

2. pCFC: Extrapolated records for observed CFC-11 and CFC-12 [in picoatm]rcmtet at 41S and 45N
(Walker et al., pers. comm.). For OCMIP-2, each station will be treated asseuative of its own
hemisphere, except between 10S and 10N where those station values widifpelated linearly as a function
of latitude. Thus there are 3 zones:

e 90S-10S, where CFC's are held to same value as at the station at 41S;
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e 10S-10N, a buffer zone where values are interpolated linearly; and

¢ 10N-90N where values are held to the same value as at the measuring stdébh at

3. P: Is the total atmospheric pressure [atm] from the monthly mean cliogy@f Esbensen and Kushnir (1981).
The latter, given originally on a 4 x 5 degree grid (latitude x londd) in bars, is converted to atm by
multiplying by (1/1.101325). Land and sea ice values in the origiatd set were filled with average values
from adjacent ocean points. These monthly mean arrays were then linearlplatedxo the 1 x 1 degree grid
of Levitus (see netCDF file gasscmip2.nc).

Technical notes:

1. The Fortran subroutine ciaterp.f interpolatepCFC spatially following the above algorithm. The code
allows, in one pass, to spatially interpolate atmospheric pCFC-1p@R€-12, at a given timestep, to all grid
points as a function of latitude.

2. The ASCII file cfc1112.atm provides mid-year values of atmosphespCl and pCFC-12 [in picoatm] at
both stations for the period from 1931 to 1997. See the programafeatin.f.

3. Temporal interpolation of atmospheric pCFC-11 and pCFC-12 is todde linearly for each time step, based
on mid-year values (file cfc1112.atm).

3 Duration of simulation

Following the atmospheric record, the standard OCMIP-2 simuldtin@FC-11 and CFC-12 will begin at the
beginning of 1931 with zero concentrations in the atmosphere and oce@rsi@Hlations will stop at the end of
1997.

4 Output type and frequency

1. Early Output: prior to 1982 (no oceanic CFC data are available).

e Frequency: monthly averages every 10 years (1940, 1950, 1960, 1950), 1
e Type:
— 3-D Fields:
x CFC-11 and CFC-12 tracer distributions [mol/m”~3]
— 2-D Fields:
x Monthly mean flux of CFC-11 and CFC-12 [mol/(m”2*s)]
x Cumulative flux of CFC-11 and CFC-12 [mol/m"2]
x Model SST (online models every year; offline models year 1940 only) [C]
* Model SSS (online models every year; offline models year 1940 only] [ps

2. Late Output: from 1982 to 1997
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e Frequency: monthly averages every year

e Type: same as above
3. Transport Output: in 1990 (just one year)

e Frequency: monthly averages
e Type:
— The rate of change of each tracer ([mol/m~3*s] at tracer grid points) duevgctdn, diffusion, and
convection,
Split according to process and direction
x Total rate of change dC/dt
x Rate of change due to advection (from x, y, and z directions, separately),
x Rate of change due to diffusion (from X, y, and z directions, separateiy)
+ Rate of change due to convection (from z direction), if modeled
— Tracer fluxes (3-D) [mol/m~2*s]
Split according to process and direction
x advective fluxes (from x, y, and z, separately) at advection grid points,
x diffusive fluxes (from x, y, and z, separately) at diffusion grid psi@stnd
x convective fluxes (z), if modeled, at "convection” grid points
Conventionsfor the direction of fluxes:
x rectangular grid: positive from the west, from the south, and frefow
x curvilinear grid: postive from, |, k directions
x other grids (e.g., AWI, MPI, and ULG): contact orr@cea.fr

4. Equilibrium Output: All models provide first output year (19400nline models also provide output for the
year 1990

e Frequency: monthly averages
e Type:

— Active tracers (T and S) in 3-D

— Advection field (u,v,w) [m/s] as separate scalar values at advection gricsgaintw), which usually
do not coincide

— Tracer diffusion coefficient [m"2/s] as separate values at diffusion giittpo

5 Output Format

Each modeling group must provide their output in the standard O€MtiPmat. Model output that does not follow
these formatting conventions cannot be included for analysis duringl®@. Model groups must use the standard
routines that we have developed specifically for writing output indseshform for OCMIP-2.
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5.1 Spatial information

Some of the models participating in OCMIP-2 dreegular, which means that one 1-D array in latitude and one 1-D
array in longitude are insufficient to describe the position of al gaints. Models with an irregular grid require a
2-D array in latitude and a 2-D array in longitude to describe the hot@@ositioning of grid points. During
OCMIP-2, regularly spaced models (those for which 1-D arrays in tiand longitude are sufficient), will still

write their output in the samieregular format. This will allow consistency between models for analysis, aljhat

the price of somewhat larger output files.

Following the GDT conventions, all OCMIP-2 models will providgitude and longitude information at the center of
each tracer grid box and on all four corners (lower left, lower right, uppeatet upper right) that are associated
with each tracer grid point. Here is an example of a 2-D array in longitudétagorresponding boundary array
(both with indices at their maximum values):

lon(imt,jmt)
bounds_lon(imt,jmt,2,2)

where

e bounds _lon(i,j,1,1) is the longitude of théower left corner of the grid box,j, where the meanings of
lower andleft are obvious for rectangular grids; for curvilinear grids, those teronespond to the direction
from grid boxes with smallgrand smaller, respectively;

e bounds _lon(i,j,2,1) is thelower right corner;
e bounds _lon(i,j,1,2) is theupper left corner; and
¢ bounds _lon(i,j,2,2) is theupper right corner.

Analogous arrays are needed for latitude.

5.2 Output routines

For 1 and 2 each modeling group must use the three routines listedfwiltveing table. Input to these routines
consists of your model’s output and characteristics. The first routiite _nc _MaskAreaBathy.f  must be
called only once (for the 1st output year—1940). The second rowtite _nc _CFCyear.f must be called for
every output year (see previous section 4). The third rowtiite _nc _SurfTS _year.f must also be called for
every output year for online models, but only once (the first oupat) for offline models.

Routine Input Units Comments
write_nc_MaskAreaBathy.f Tracer Mask Land=0/Ocean=1 (1)
Surface Area m"2

Bathymetry m
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write_nc_CFC_year.f Conc. of CFC-11 mol/m”3
Conc. of CFC-12 mol/m”3
Mean Flux of CFC-11 mol/(m"2*s)
Mean Flux of CFC-12 mol/(m"2*s)
Cum. Flux of CFC-11 mol/m™2
Cum. Flux of CFC-12 mol/m™2

write_nc_SurfTS_year.f Sea Surf. Temp. degrees C (2)
Sea Surf. Salinity  psu

(1) Also includes other input arguments, as necessary to define
position of grid boxes (latitude, longitude, and depth specifications)
(2) For online models, monthly SST and SSS should be saved each year
for which other output is written (with write_nc_CFC_year.f);
for offline models, monthly SST and SSS may be saved for just one year,

since there is no year-to-year variation.

Please send e-mail now (orr@cea.fr) concerning whether you have an offtnéra model.
Conventions
1. Longitudes must be expressed in degrees as eastward positived@W.islto be expressed as -120; 120E is
to be expressed as +120).

2. Latitudes must be expressed in degrees as northward positive9(sds, to be expressed as -90; 90N is to be
expressed as +90).

3. Depth must be expressed in meters as positive downward (e.g., theol@P00 m is to be expressed as 1000).

4. For irregular model grids which must be stored as a 1-D vector insfead-D array (e.g., model AWI), you
must set jmt=1, and not imt=1.

5. You must provide model output on a grid without overlappingdso For example, if for longitudes of your
model

e i=1isthe same asi=imt-1and
e i=2isthe same asi=imt,

then you must only provide model output for values from i=2 to i=limFuture reference to i during OCMIP-2
analysis will thus be shifted by one, relative to that used in your model

5.3 Downloading the output routines
The output routines for your model class can be found in

<http://lwww.ipsl.jussieu.frfOCMIP/phase2/simulations/CFC/distrib/> or, in the HTML
version of this document, by clicking on the three links below, whiéling down the Shift key.
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¢ write_nc_MaskAreaBathy.f
e write_nc_CFC.year.f

e write_nc_SurfTSyear.f

Routines for writing out results for 3 and 4 will be made availablenso

You will also need to transfer the subroutine hanelteors.f to properly deal with errors while you are writing your
netCDF files.

5.4 Compiling the output routines

Here is a an example of how you would compile one of the outputnesiti

f77 -c -O -Llusr/local/lib -Inetcdf -l/usr/local/include \
write_nc_MaskAreaBathy.f

Because we have made these routines F77 compatible, you may need a figrction.f (from F90), which we also
provide and which returns the length of a character string (after negidgcifing blanks).

5.5 Using the output routines

These routines write out your model results following the namirarnput conventions (netCDF, COARDS, GDT)
chosen for OCMIP-2. The output filename is constructed automaticalyneach routine from three of the
arguments: the tracer name, the year, anditifraard model code
<http://lwww.ipsl.jussieu.frfOCMIP/phase2/#modgroups> used during OCMIP-2 to identify your
group.

For example, after compiling and linking the OCMIP-2 output roesinwve add the following code to the IPSL
routines to store output in standard OCMIP-2 form

call write_nc_CFC_year("IPSL","NGL46_SI",
imt, jmt, kmt,

1985, 60*60*24*365, 1200,

CFC11, CFC12,

MF_CFC11, MF_CFC12,

CF_CFC11, CF_CFC12)

Ro Ro Ro Ro Ro

By line, the arguments include

1. the OCMIP-2model code AND your ownmodel version indicator (in GDT 1.2 terminology, these 2 variables
refer to theinstitution andproduction, respectively);

2. dimensions;
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3. the year, the number of seconds per year (in your model), and the nuhtineesteps per year;
4. the 12 monthly means for the 3-D tracer arrays for CFC-11 and CFC-12;
5. the 12 monthly means for the 2-D air-sea flux for CFC-11 and CFGui®

6. the end-of-year 2-D cumulative flux (from t=0) for CFC-11 and CFxC-1

All arguments are input. The only output is the final netCDF flllR$L _CFC1985.nc" ), which contains the
information for analyzing the IPSL results for 1985. This file alavith all others from the 3 routines above should
be 6. Filenames should NOT be changed. At IPSL, files will subsequentli)liested for consistency, (2) included
in the OCMIP-2 data base, and (3) processed for base analysis.

5.6 Need more details?

See <http://www.ipsl.jussieu.frfOCMIP/tech> . for additional information about the format netCDF
and other conventions (COARDS, GDT) chosen for storing OCMIP-2ahouatput.

If you have other questions, please contact Patrick.Brockmann@gsstjufr, or orr@cea.fr

6 Transfer of output

All files written by the OCMIP-2 output routines should be groupedording to type of analysis ( 1, 2, 3, and 4). To
do so, just recuperate the shell script stocmip2.sh, copy it to tketdiny where you have stored your standard
OCMIP-2 outputcd to that same directory, and issue the following two commands:

Jstocmip2.sh
gzip *.tar

If gzip is not available on your machine, the alternative is toatsapress .

Given the requested fields and frequencies specified in section (4) above, mipdelcould be quite large,
depending upon model resolution. If output is larger than 200 Mb paulation, we request that it be written to tape
(DDS, DDS2, Exabyte, or DLT) and mailed to

James ORR - OCMIP

Laboratoire des Sciences du Climat et de I'Environnement
Unite mixte de recherche CEA-CNRS

L'Orme des Merisiers - Bat.709 - CEA Saclay

F-91191 Gif sur Yvette CEDEX

FRANCE

If smaller than 200 Mb, an attempt can be made to send this output via fipp@t®rr@cea.fr for details). The first
analysis will be undertaken at IPSL (France) and at Penn. State (U.S.A.).
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7 Who has submitted what?

For a record of who has submitted what model output, see
<http://www.ipsl.jussieu.frfOCMIP/phase2/progress/>
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10 Same document, another format?

This document is available in other formats:

e HTML ( <HOWTO-CFC.html>)

Postscript kHOWTO-CFC.psy

ASCII (<HOWTO-CFC.txt>)

LaTeX (<HOWTO-CFC.tex>)

DVI ( <HOWTO-CFC.dvi>)

e RTF - as 2 files
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1. Table of Contents <HOWTO-CFC.rtf>
2. Body <HOWTO-CFC-0.rtf>
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1 Recuperation of OCMIP-2 files by ftp:

To comply with OCMIP-2 guidelines, all modelers must make simulateecording to OCMIP-2 standard boundary
conditions. To do so, one must first recuperate the following filaghis Web page. (you can save a file to disk by
clicking on its link while holding down the Shift key)

¢ Files concerning gas exchange (same for all OCMIP-2 runs)

— rgasxocmip2.f
— gasxocmip2.nc.gz

— vgasxocmip2.jnl

¢ Files concerning atmospheric CO2 and C-14, for transient simulations

splco2.dat

— stab.dat

— cis92a.dat

— cl4nth.dat

— cl4equ.dat
— cl4sth.dat

— readco2atm.f
— readcl4atm.f
— c.interp.f

— try_c.interp.f

— locate.f
¢ Files concerning abiotic model

— scco2.f

— co2flux.f
¢ Files concerning standard carbonate chemistry (same for all OCMIP-2 canbgn r

— README.Cchem
— Makefile

— co2calc.f

— drtsafe.f

— taditer_1.f

— test.r

— test.out.gz
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After transferring these files (in binary mode), modelers must then upiass (gunzip) the file containing the gas
exchange boundary conditions (gasemip2.nc.gz):

gunzip gasx_ocmip2.nc

Other files are text and need no special treatment after transfer. Use of theisedidesribed below.

2 Model runs

2.1 Conservation equations

For the inorganic carbon and radiocarbon, both passive tracers, thevaimseequations carried in the model are
(1a) d[DIC)/dt = L([DIC]) +Jv +J

and

(1b) d[DIC14]/dt = L([DIC14]) - Lambda * [DIC14] + Jv14 + J14

where

¢ [DIC] is the model’s concentration (moles/m™3) of total dissolved inoeaiibon;

¢ [DIC14] is the model's DIC-normalized concentration (also in moles/m™3) af wissolved inorganic C-14
(see below);

L is the 3-D transport operator, which represents effects due to advedffasiah, and convection;

e Lambda is the radioactive decay constant for C-14 (In(2) / 5730 year = 1.209yed3-1), converted to s™-1
using the number of seconds/year in your particular model;

¢ Jvis the "virtual” source-sink term representing the changes in suff2i€g due to evaporation and
precipitation, which must be accounted for because of the relatively higlytmaokd concentration ¢DIC] ;

e Jvl4is the "virtual” source-sink term for changes in surfé§déC14]due to evaporation and precipitation (E-P
changes in background concentrations are of the same order as observedtyariabil

¢ Jis the the source-sink term due to air-sea exchange of CO2; and

e J14is the source-sink term due to air-sea exchange of 14CO2.

The source-sink termdv, Jv14, J, andJ14 are added only as surface boundary conditions. That is they are equal to
zero in all subsurface layers. These source-sink terms are equivalent taxie flescribed below, divided by the
surface layer thicknesiz1.

Jv = Fv/dzl
Jv14 = Fvl4/dz1
J=F/dz1

J14 =F14/dz1
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2.2 Virtual flux (Fv)

In models where surface salinity is restored to observed values, thitsriesa surface flux of salt, not a surface flux

of water as in the real world. Such surface salt fluxes are typically founaatets with a rigid lid, and even in some
models with a free surface (e.g., the OGCM from Louvain-la-Neuve)siroplicity, we categorize both classes of
models as "rigid-lid-like”. Conversely, non-rigid-lid-like moadhave a free surface and restore surface salinity by an
equivalent flux of water leading to dilution or concentration (e.g., thé M¥& model). Salinity in the latter type of
free-surface model is conserved; E-P fluxes are taken into account by theywB&dg and thus do not need to be
explicitly formulated in the transport model.

Yet for all rigid-lid-like models, we must explicitly take into acaaiithe concentration-dilution effect of E-P
(Evaporation minus Precipitation), which changes surfa¢€] and[Alk] . Thus we add the virtual flux to the
surface layer, each time step according to

(2a) Fv=DICg* (E-P)
(2b) Fv14 =DIC14g* (E-P)

where DICg and DIC14g are the model’s globally averaged surface concensrafiDIC and DIC14, respectively.
Both global averages must be computed at least once per year. For rigjicelidedels with only salinity restoring,
we suggest that (P - E) be computed as

(3) P-E=(S-5")/Sg*dzl [Tau

whereS’ is the observed local salinity to which modeled local salifitg being restoredsgis the model’s globally
averaged surface salinityz1is the top layer thickness, afddu is the restoring time scale for salinity. For
rigid-lid-like models which in addition include explicit P - E watfurxes, that term must of course also be added to

eq (3).

2.3 Air-sea gas exchange fluxes (F and F14)

For simulations of DIC and DIC14, OCMIP-2 simulations will difganodel the finite air-sea fluxdsandF14,
respectively. Modelers must use the formulation for the standard ®@c\ir-to-sea flux,

(4a) F=Kw (Csat - Csurf)

(4b) F14 = Kw (14Csat - 14Csurf)

with

(5a) Csat = alphaC * pCO2atm * P/Po

(5b) 14Csat = Csat * Ratm

where

e Kw is the CO2 gas transfer (piston) velocity [m/s] ;

e Csurf is the surface aqueous [CO2] concentration [mol/m~3], which is comgrdgedthe model’s surface
[DIC], T, S, and [AIK] (see section 2.5);

e 14Csurfis the surface ocean [14C0O2] (see section 2.5);
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alphaC is the C solubility for water-vapor saturated air [mol/(m”3 * uatm)];

pCO2atm s the partial pressure of CO2 in dry air at one atmosphere total pegfgisumicroatm], which is the
same as the dry air mixing ratio of CO2 multiplied by 1076 ;

¢ Pisthe total air pressure at sea level [atm], locally;

Pois 1 atm; and

Ratm is the normalized atmospheric ratio of C-14/C-12, which for our pses we divide by the analogous
ratio for the standar&std

(6) Ratm = (1 + D14Catm/1000)

whereD14Catmis the atmospheric Delta C-14, the fractionation corrected ratio of/C-12, given in permil (see
below).

Those familiar with C-14, may be surprised that in equation (6) we e&faim, without multiplying the right hand
term byRstd (1.176e-12). Instead, we prefer to be able to comfial€14] to [DIC], directly, in order to simplify
early interpretation and code verification. With the above formulatiothi® OCMIP equilibrium runs (where
pCO2atm=278 ppm and D14Catni&), if both tracers are initialized identically, the only difference betwesdtsun
for the[DIC] and[DIC14] tracers will be due to radioactive decay. For the anthropogenic runs,\hiéalso be
contributions due to differences between atmospheric recorg&CioRatm andD14Catm.

2.4 The Piston Velocity Kw

For simulations of DIC and DIC14, modelers must use the standardl®@@Nbrmulation for the piston velocitgw
for CO2. The monthly climatology dfw, to be interpolated linearly in time by each modeling group, is computed
with the following equation adapted from Wanninkhof (1992, eq. 3):

(7) Kw = (1 - Fice) [Xconv * a *(u2 + v)] (Sc/660)**-1/2

where

¢ Ficeis the fraction of the sea surface covered with ice, which varies from 0.@t@ad is given as monthly
averages from the Walsh (1978) and Zwally et al. (1983) climatology (FCRmodelers must resEice
values less than 0.2 to zero, after interpolation to their model grid)

e u2is the instantaneous SSMI wind speed, averaged for each month, then squdredbsequently averaged
over th e same month of all years to give the monthly climatology. (E©CMIP-1 README.satdat for
further details);

¢ Vv is the variance of the instantaneous SSMI wind speed computed over otie termporal resolution And 2.5
degree spatial resolution, and subsequently averaged over the sameofradhylears to give the monthly
climatology. Again, see the OCMIP-1 README.satdat for further dstail

¢ ais the coefficient of 0.337, consistent with a piston velocity in cmAfe.adjusted the coefficieatfor
OCMIP-2, in order to obtain Broecker et al.'s (1986) radiocarbon-cakblaglobal CO2 gas exchange of
0.061 mol CO2 /(m™2 * yr * uatm), when using the satellite SSMI wimfrmation (12 + v) from Boutin and
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Etcheto (pers. comm.). Our computed valuedds similar to that determined by Wanninkhaf£ 0.31), who
used a different wind speed data set and assumptions about wind speed vareause the observed variance.

e Xconv = 1/3.6e+05, is a constant factor to convert the piston velocity fromHdrd [m/s]. This conversion
factor is already included in the forcing fiekiKw, provided below.

e Scis the Schmidt number which is to be computed using modeled SST, th&rigrmulation from

Wanninkhof (1992). The function scco2.f computes the Sc (uni}-fes€£0O2.

Practically speaking, to use equation (2) each group will interpolate @I@-2 standard information to their own
model grid. The standard information is provided by IPSL/LSCE agathly climatology on the 1 x 1 degree grid
of Levitus (1982) in netCDF format (in file gacmip2.nc). Gridded variables in that file include

¢ the variabldFice,

the second ternjXconv * a * (U2 + v)], denoted agKw [m/s]

the maskimask (1 if ocean; 0 if land),

the total atmospheric pressure at sea |&/gltm]

the longitude_on at the center of each 1 x 1 degree grid box,

the latitudeLat at the center of each 1 x 1 degree grid box.

For the variable&ice andxKw, continents on the 1 x 1 degree standard grid have been flooded with adjaeant
values. Such an approach avoids discontinuities at land-sea boundaigsiai@rpolation. See the Fortran program
rgasxocmip2.f for an example of how to read the information in gasmip2.nc.gz into your interpolation routines.
After compilation, to link and use rgascmip2.f, one must have already installed netCDF.

<http://www.unidata.ucar.edu/packages/netcdf/>

The filegasx .ocmip2.nc  may also be inspected with software that uses netCDF format, such as ncdump o
Ferret. Ferret will be used for some of the analysis during OCMIP-@eWtourage participants to become familiar
with Ferret now

<http://ferret.wrc.noaa.gov/Ferret/>

After installation, one can visualize maps of the standard informatigl$xocmip2.nc, by using the Ferret script
vgasxocmip2.jnl.

After launching Ferret, simply issue the following command (at Ferfggs?” prompt)

yes? go vgasx_ocmip2.jnl

2.5 Oceanic and Atmospheric Components

Apart from Kw, there are a total of four other terms in equation (4a) abjghich require further development.
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2.5.1 Ocean

The oceanic term&surf and14Csurf[in mol/m”~3] are not carried as tracers, so they must be computed each
timestep to determine gas exchange

Csurf is the surface [CO2] concentration [mol/m~3], which is computed freemnhodel’s surfacfDIC], T, S, and
[AlK] through the equations and constants found in the subroutine co2éadérfput, we must provide alkalinity,
which we determine as a normalized linear function of salinity.

(8) [AIK] = Alkbar * S/Sbar

where[Alkbar] is 2310 microeqg/kg an8bar is the model’'s annual mean surface salinity, integrated globally
(horizontally). Two other input arguments, both nutrient concemnatiare needed as input. Although accounting
for both of their equilibria makes a difference, neither nutrient is idetliin the solubility pump run. Hence we take
concentrations of both as being constant, equal to the global mean of susfmseations: 0.5 micromol/kg for
phosphate and 7.5 micromol/kg for silicate. Note that for the later @ERIrun which includes the biological pump,
we will use observed seasonal distributions of surface phosphate.

IMPORTANT: The carbonate chemistry subroutine co2calc.f was originally designedtire tracer inpufDIC] ,

[AlK] , [PO4], and[SiO2]) on a per mass basis (umol/kg); however, for OCMIP-2 co2calc.f has bedifieddo pass
tracer concentrations on a per volume basis (mol/m~3), as carried in ocearsnmiadb so, we use the mean surface
density of the ocean (1024.5 kg/m~3) as a constant conversion factog WO# use model-predicted densities. For
example, OCMIP-2 modelers should used SiO2 = 7.7e-03 mol/m”3 andBd4-04 mol/m”~3 as input arguments;
again both are constant for the abiotic simulation. The output argisrme®star (Csurf) anddco2star (Csat - Csurf)

are also returned in mol/m”3.

14Csurfis the surface ocean [14C0O2], defined as

(9) 14Csurf = Csurf * Rocn,

where

(10) Rocn = [DIC14)/[DIC] .

Furthermore, for comparison to ocean measurements, we compute
(11) D14Cocn=1000*(Rocn- 1)

Following equation (4), we do not includ®std when calculatindd14Cocnin the model.

2.5.2 Atmosphere

The atmospheric componer@isatand14Csatin equations (4a) and (4b) are specifeegriori via four remaining
terms:

1. alphaC: The CO2 solubilityalphaC is to be computed using modeled SST and SSS, both of which vary in
time at each grid point. For OCMIP-2 we use the solubility formalabf Weiss (1974), corrected for the
contribution of water vapor to the total pressure (Weiss and Price,, Ta®@ IV for solubility in [mol/(l *
atm)]). The solubilityalphaC is calculated within the routine co2calc.f.

2. pCO2atm: For theEquilibriumrun, pCOZ2atm is held constant at 278 ppm. For the anthropogenic
perturbation, we define the equilibrium state as year 1765.0. Thehdbtistorical run, the model must be
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integrated until the end of 1999, following the observed record 1880.5 (splco2.dat) and IPCC scenario
S650 (stab.dat) until 2000.0 (Enting, 1994). That same scerfaitiore run S650, will be continued from
2000.0 to 2300.0. Similarly, a secoRdture run CIS92A (see also cis92a.dat) will be run from 1990.0 to
2100.0, after initializing with model output from théistorical runin 1990.0. Additionally &ulse run will be
made, where preindustrial atmospheric CO2 is doubled and allowed toel&mlih000 years. Finally to
eliminate effects due to model drift, we will make essentially @amtrol runs: (1) the first will be held to the
same atmospheric boundary conditions asBtyailibriumrun , carrying both DIC and DIC14 during
1765-2000 but only DIC from 2000-2300; (2) the second will be agalis to the Pulse run, made in forward
mode for 1000 years, except that atmospheric CO2 will not be doublétedirst time step.

. D14Catm: is atmospheric Delta C-14 [in permil]. For tiguilibriumrun, D14Catm is held constant afQ

For theHistorical run, we define the equilibrium state as year 1765.0. Then the model musgeated until
the end of year 1999 following the observed record (Enting, 1994 .0fiserved atmospheric C-14 record is
given for three latitudinal bands:

e 90S-20S

e 20S-20N

e 20N-90N

There will be NO future or pulse simulations for C-14.

. P: Is the total atmospheric pressure [atm] from the monthly mean cliogyt@f Esbensen and Kushnir (1981).

The latter, given originally on a 4 x 5 degree grid (latitude x lond&) in bars, is converted to atm by
multiplying by (1/1.101325). Land and sea ice values in the origiatd set were filled with average values
from adjacent ocean points. These monthly mean arrays were then linearlpiatedxo the 1 x 1 degree grid
of Levitus (see netCDF file gasscmip2.nc).

Technical notes:

1. The ASCII file splco2.dat provides values of atmospheric pCO2 [anoatm], every half year, for the period

from 1765.0 to 1990.5. Thereafter, there are two files used for futemesios: folscenario 650, the ASCII

file stab.dat provides half-year values of atmospheric pCO2 [in micrdatrttje period from 1990.5 to 2300.5;
for scenario CIS92A, the ASCII file cis92a.dat provides yearly values of atmospheric pCORéxperiod from
1990.5to 2100.5. The subroutine reaaRatm.f reads atmospheric CO2 information from all three files.

. The ASCII files c14nth.dat, cl4equ.dat, and c14sth.dat provideegdvalues of atmospheric D14Catm [in

permil] for the period from 1764.5 to 2000.0. See the subroutadcl4atm.f

. The Fortran subroutineiaterp.f temporally interpolates (linearly) batitO2atm andD14Catmat a given

timestep. That routine is called by the demonstration prograratnyerp.f, which spatially assigrid14Catm
to the three latitudinal bands for C-14 (see above). Thus both esitirgether effect (1) temporal interpolation
for bothpCO2atm andD14Catmand (2) spatial "interpolation” fob14Catmas a function of latitude.

Initialization and duration of simulations

1. Equilibrium run :
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¢ |nitial Conditions: These don’t really matter for the Abiotic Equilibrium run. Thattise final
steady-state distributions for DIC and DIC14 do not depend on thaliconditions because exchange
with the atmosphere will ultimately determine their final steady-stateritories. However, a judicious
choice of initial conditions can reduce the integration time requireddch steady-state. Unfortunately,
initial conditions must be quite close indeed to the steady-statiéicolf there is to be a significant
reduction in computing time. The choice of initial conditions is lefthe discretion of each of the
modeling groups. For initial debugging, groups may prefer todlite DIC14 to the same 3-D field as
used for DIC. That way the only difference between the two tracers is driveadioactive decay.
¢ Duration: The Equilibrium run for abiotic DIC and DIC14 should be contadwntil at least both the
following criteria are reached:
— For DIC, we recommend that the globally integrated air-sea flux shauleds than 0.01 Pg Clyr
— For C-14, we recommend that 98% of the ocean volume should have afdefts than 0.00%/year
(Aumont et al., 1998, p. 105). In terms of C-14 age, this drift is eajent to a change of 8.27 yr per
1000 years of simulation.
For most models, these criteria can be reached only after integrationeasafdw thousand model
years.

2. Historical run:

¢ Initial Conditions: The historical abiotic simulation for both DIC and DIC14 will betialized with final
output (on Dec. 31) from thEquilibrium run or "steady-state” simulation.
¢ Duration: The historical simulation will begin at the beginning of 17681, i.e., 1765.0). The
anthropogenic simulation will be continued until the year 2000.0.
— CO2: Until 1990.5pC0O2atm will follow the splco2.dat; then from 1990.5 to 2000.0, the
atmosphere will follow IPCC scenario S650 in stab.dat.
— C-14: Atmospheri®14Catmwill follow values in c14nth.dat, c14equ.dat, and cl4sth.dat (for
90S-20S, 20S-20N, and 20N-90N, respectively) until 2000.0. & bf data, atmospheric C-14
between 1995.5 and 2000.0 is held constant a#1.07

3. Future runs (DIC only):

e Futurerun CIS02A:
— Initial Conditions: 3-D DIC field, 2-D Cumulative Fluxes and 2-D Cumulative Virtual ¥fields to
be initialized with output from the Historical run at 1990.0
— Duration: to be continued using atmospheric CO2 from IPCC Scenario CIS92kthmyear 2100.0

e Futurerun S650:
— Initial Conditions: 3-D DIC field, 2-D Cumulative Fluxes and 2-D Cumulative Virtual ¥fields to
be initialized with output from the Historical run at 1990.0
— Duration: to be continued using atmospheric CO2 from IPCC Scenario S65Chmtiear 2300.0

4. Pulse input response function (DIC only)

¢ Initial Conditions: Ocean DIC is to be initialized with final output from the Equilibriurom;
Atmospheric CO2 is to be doubled (556 ppm, where 1 ppm = 2.123 RgtED, and then be controlled
only via air-sea fluxes. Thus the model is then to be run in forwardenatinospheric CO2 is
calculated). The Injection HOWTO describes other forward simulationsoire rietail.
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¢ Duration: The total integration will be for 1000 years (1765.0 - 2765.0).

5. Control Runs

e Historical Control (DIC and DIC14); and~uture Control (DIC only)/:
— Initial Conditions: Ocean DIC is to be initialized with final output from the Equilibriumm;
Atmospheric CO2 and C-14 are to be held at preindustrial conditiat&ggm, () throughout the
duration of the simulation.

— Duration: The total integration for DIC will be for 535 years (1765.0 - 23)0However the
integration including DIC14 is only necessary for the first 235 yddrsi¢rical Control run 1765.0 -

2000.0).

— Higtorical-Future transistion: If run separately, th&uture Control run should be initialized with the
3-D DIC fields AND the 2-D Cumulative Fluxes (i.e., both air-sea gasudative flux and virtual
cumulative flux) from the last time step of 1999 (endHi$torical Control run).

e Pulse Control (DIC only):

— Initial Conditions: Ocean DIC is to be initialized with final output from the Equilibriumm;
Atmospheric CO2 is to be initialized with the quantity of CO2 equewko 278 ppm (1 ppm = 2.123
Pg C) at t=0, and then be controlled only via air-sea fluxes. Thus the nsaddbe run in forward
mode (atmospheric CO2 is calculated). The Injection HOWTO describesfotiaard simulations
in more detail.

— Duration: The total integration will be for 1000 years (the equivalent of 1862765.0).

There are nd-uture or Pulse simulations for DIC14.

4 Output type and frequency

1. Equilibrium Output : steady-state "natural” simulation

¢ Type: (N.B. Below, the terms 3-D, 2-D, and 0-D refer to spatial dimensiansther dimension must be
added for time).
3-D fields:
(a) Concentrations for both passive trad®&C] and[DIC14] (both in mol/m~3); and
(b) Alk (in eg/m™3), as determined from equation (8);
2-D fields
(a) pCO2surf = Csurf/alphaC (uatm);
(b) dpCO2 = (Csurf - Csat*P/Po)(uatm);
(c) Air-sea DIC gas exchange flix(mol/(m™2 * s));
(d) Air-sea DIC14 flux=14 (mol/(m™2 * s));
(e) Virtual DIC flux Fv (mol/(m~2 * s));
(f) Virtual DIC14 flux Fv14 (mol/(m™2 * s));
¢ Freguency: Monthly means and annual mean for the final year of equilibrium simulation
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2. Historical Output : for anthropogenic run for CO2 and C-14 (1765.0-2000.0)

¢ Type: Same as for the Equilibrium run (except Alk, which is the same), plus

2-D fields
(a) SurfaceDIC concentration (mol/m”3);
(b) SurfaceDC14ocn(permil), see equation (11);
(c) Vertical Inventory of DIC (mol/m™2), i.e., the vertical integralitd concentration with depth,
throughout the water column.

(d) Vertical Inventory oDC14ocn(permil * m), i.e., the vertical integral of its level with depth,
throughout the water column (permil*m are strange but useful units)

(e) End-of-the-year cumulative air-sea gas exchange flexexiF14, accumulated every time step
since year=1765.0 (mol/m~2).

(f) End-of-the-year cumulative virtual fluxéss andFv14, accumulated every time step since
year=1765.0 (mol/m™2).

0-D fields
(a) Globally averaged atmosphep€0O2atm (uatm) anddC14atm (permil);
(b) Globally averaged air-sea fluxesandF14 (mol/(m"2 * s)
(c) Globally averaged virtual fluxesv andFv14 (mol/(m™2 * s)
(d) Globally average®IC andDIC14 (mol/m~3), i.e., aolumeintegral
(e) Globally averaged surfa@dC andDIC14 (mol/m™3), i.e., &Surface integral
(f) Globally averagegCO2surf (uatm)
(g) Globally averagedpCO2 (uatm)
(h) Globally averaged surfaé@Cl4ocn(permil), see equation (11);
(i) Globally averagedC14ocn(permil), see equation (11);
() Globally averaged cumulative air-sea fluxes (end-of-month) for FFfd(mol/m™2);
(k) Globally averaged cumulative virtual fluxes (end-of-month) foalRd Fv14 (mol/m”2)

¢ Frequency:

0-D fields:
(&) Monthly means during every year (1765-1999, inclusive)

2-D fields:
(a) Monthly means for 1838, 1839, 1900, and every year from 1948-(i9€8sive).

3-D fields:
(a) Monthly means for 1838, 1953, 1954, 1957, 1965, 1972, 1983},11977, 1978, 1981, 1982,

1983, 1985, 1986, 1987, 1988, 1989, 1991, 1993, 1995, 199D, 1

(b) Annual means for 1838, 1839, 1900, and every year from 1953-198agive).
3. Future Output: for future runs CIS92A and S650

¢ Type: Same as the Historical run, but only for the DIC component, not BIC1

e Frequency:
0-D fields:
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(a) CIS92A: Monthly means during every year (1990-2099, inclusive)
(b) S65Q Monthly means during every year (1990-2299, inclusive)
2-D and [3-D] fields:
x CIS92A
(a) Monthly means for 2000 and 2099.
(b) Annual means for 2000, 2010, every 20 years for 2020-2080, ar@dl 209
x S650
(a) Monthly means for 2000, 2100, 2200, and 2299.
(b) Annual means for 2000, 2010, every 20 years for 2020-2280, arfl 229

4. Pulse Output for OCMIP models to be included in next IPCC analysis

¢ Type: Same as the Future run for 0-D and 2-D fields;3-D fields!
e Freguency:
0-D fields
* 0.0-10.0 years: monthly means (12 x 10 = 120 records)
x 10.0-100.0 years: annual means (i.e., 90 records)
x 100.0-1000.0 years: annual means every 10 years (i.e., 90 records)
x Final year (999.0-1000.0): annual mean (i.e., 1 record)
2-D fields
x 0.0-10.0 years: annual means each year (11 records)
x 10.0-100.0 years: annual means every 10 years (90 records)
x 100.0-1000.0 years: annual means every 100 years (90 records)
x Final year (999.0-1000.0): annual mean (1 record)

5. Control Output :

o Type:
— Historical Control (1765.0 - 2000.0) -¢, Just like Historical run

— Future Control (2000.0 - 2300.0) -¢, Just like Future run—only DIC componeitDiC14.

— Pulse Control (0.0 - 1000.0) -¢, Just like Pulse run—only DIC component.
e Freguency:
0-D fields:
(a) Historical Control: Monthly means during every year (1765-1999, inclusive)
(b) Future Control: Monthly means during every year (2000-2300, inclusive)
(c) Pulse Control: just like Pulse run
x 0.0-10.0 years: monthly means (12 x 10 = 120 records)
x 10.0-100.0 years: annual means (i.e., 90 records)
x 100.0-1000.0 years: annual means every 10 years (i.e., 90 records)
* Final year (999.0-1000.0): annual mean (i.e., 1 record)
2-D fields:
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(a) Higtorical Control: Annual means for 1838, 1839, 1900, and every year from 1948-1999
(inclusive).

(b) Future Control: Annual means for 2000, 2010, every 20 years for 2020-2080, 2099, 20er
years for 2100-2280, and 2299.

(c) Pulse Contral: just like Pulse run

0.0-10.0 years: annual means each year (11 records)

10.0-100.0 years: annual means every 10 years (90 records)

*

*

x 100.0-1000.0 years: annual means every 100 years (90 records)
x Final year (999.0-1000.0): annual mean (1 record)
3-D fields:
(a) Historical Control: Annual means for 1838, 1839, and every year from 1953-1999 (inclusive)

(b) Future Control: Annual means for 2000, 2010, every 20 years for 2020-2080, 2099, 20er
years for 2100-2280, and 2299.

(c) Pulse Control: None!

5 Output Format

Each modeling group must provide their output in the standard O€Mt*Pmat. Model output that does not follow
these formatting conventions cannot be included for analysis duringl®@. Model groups must use the standard
routines that we have developed specifically for writing output indseshform for OCMIP-2.

If this is the first OCMIP-2 simulation you have made, you will needgcuperate the routine
write_nc_MaskAreaBathy.f to write out characteristics of your model grid, mask jatiolymetry using the standard
OCMIP-2 format. Use of this routine is detailed in the CFC HOWTéx(mn 5.1).

Otherwise if you have submitted OCMIP-2 model output previgyaiu will only need to resubmit the output file
produced by writenc_ MaskAreaBathy.f under two conditions:

1. either your model’s grid, mask, or bathymetry have changed; or

2. you have been naotified by the OCMIP-2 analysis center at IPSL that ybputdfile from this subroutine did
not pass the routine integrity tests.

5.1 Output routines

Each modeling group must use the routines listed in the follovabtgtto store results in standard OCMIP-2 format
for the Equilibrium Output, Historical Output, Future OutpBulse Output, and Control Output.

Input to these routines consists of your model’s output and charditterishe first routine

write _nc _Abiotic _equil.f  must be called ONLY once, at the end of model spin-up. We define the finaliout
of that run to be the initial conditions (at 1765.0) for the transians. The Historical routines

(write  _nc _Abiotic _hist _year _3D.fwrite _nc_Abiotic _hist _year _2D.f ) must be called for the
appropriateutput years of the Historical run (see previous section Output type and freqyecogversely the
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Historical routine yrite _nc _Abiotic  _hist _year _OD.f is called only once, after builiding a 1-D time series of
global mean information. The same strategy holds for the outptinesifor the other Abiotic transient runs:

e Future runs\frrite _nc_Abiotic _futr _year _3D.f ,write _nc_Abiotic _futr _year 2D.f ,and
write _nc _Abiotic _futr _year _OD.f );

e Pulse runwrite _nc_Abiotic _puls _year _2D.f ,andwrite _nc_Abiotic _puls _year _OD.f ); and
¢ Control runs
— Historical Control: write _nc _Abiotic _ctrlH _year _3D.f ,

write _nc _Abiotic _ctrlH _year _2D.f , andwrite _nc_Abiotic _ctrlH _year OD.f ;

— Future Control: write _nc _Abiotic _ctrlF _year _3D.f ,
write _nc_Abiotic _ctrlF _year _2D.f , andwrite _nc_Abiotic _ctrlF _year OD.f ;and

— Pulse Control: write _nc _Abiotic _ctrlP _year _2D.f , and
write _nc _Abiotic _ctrlP _year _OD.f ).

The routinewrite _nc _Abiotic _TS_year.f should be called only once for offline models; for online models, it
should also be called a second time, in the year 1990.

Routine Input Units Comments
write_nc_Abiotic_equil.f 1) Conc. of DIC mol/m~3 *

2) Conc. of DIC14 mol/m”3

3) Alk from eq. (8) eqg/m"3

4) Surf. ocean pCO2 uatm

5) Delta pCO2 (dpCO2) uatm

6) Gas Exch. Flux of DIC mol/(m”2*s)

7) Gas Exch. Flux of DIC14 mol/(m~2*s)

8) Virtual Flux of DIC mol/(m"2*s)

9) Virtual Flux of DIC14  mol/(m™2*s)

write_nc_Abiotic_hist_year 3D.f 1) Conc. of DIC mol/m™3

2) Conc. of DIC14 mol/m”3
write_nc_Abiotic_hist_year 2D.f 1) Surf. ocean pCO2 uatm

2) Delta pCO2 (dpCO2) uatm

3) Gas Exch. Flux of DIC mol/(m~2*s)
4) Gas Exch. Flux of DIC14 mol/(m 2*s)
5) Virtual Flux of DIC mol/(m~2*s)
6) Virtual Flux of DIC14 mol/(m™2*s)
7) Surface DIC mol/m”3
8) Surface Delta C-14 permil
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9) Vert.
10) Vert.

11) Cum.
12) Cum.
13) Cum.
14) Cum.

write_nc_Abiotic_hist_year 0D.f
2)
3)
4)
5)
6)
7)
8)

Gm
Gm
Gm
Gm
Gm
Gm
Gm
9) Gm
10) Gm
11) Gm
12) Gm
13) Gm
14) Gm
15) Gm
16) Gm
17) Gm
18) Gm

write_nc_Abiotic_futr_year_3D.f 1) Conc. of DIC

write_nc_Abiotic_futr_year_ 2D.f

1) Glob_mean (Gm) pCO2atm

1) Surf. ocean pCO2

Integral of DIC mol/m~2
Integral of DC-14ocn permil*m
Gas Flux of DIC mol/m~2 1765->
Gas Flux of DIC14 mol/m™2 1765->
Virt. Flux of DIC mol/m~2 1765->
Virt. Flux of DIC14 mol/m™2 1765->
uatm
Delta C-14 atm permil
Gas Ex. Flux of DIC mol/(m”2*s)
Gas Ex. Flux of DIC14 mol/(m™2*s)
Virtual Flux of DIC mol/(m~2*s)
Virtual Flux of DIC14 mol/(m"2*s)
DIC mol/m”3
DIC14 mol/m”~3
Surface DIC mol/m"3
Surface DIC-14 mol/m"3
pCO2surf uatm
Delta pCO2 (dpCO2) uatm
Surface Delta C-14 permil
Delta C-14 permil
Cum. Gas Flux of DIC mol/m~2 1765->
Cum. Gas Flux of DIC14 mol/m™2 1765->
Cum. Virt. Flux of DIC mol/m™2 1765->
Cum. Virt. Flux of DIC14 mol/m"2 1765->
mol/m"3
uatm

2) Delta pCO2 (dpC0O2) uatm

3) Gas Exch. Flux of DIC mol/(m~2*s)

4) Virtual Flux of DIC mol/(m"2*s)

5) Surface DIC mol/m”3

6) Vert. Integral of DIC mol/m~2

7) Cum. Gas Flux of DIC mol/m~2 1765->

8) Cum. Virt. Flux of DIC mol/m~2 1765->
write_nc_Abiotic_futr_year OD.f 1) Glob_mean (Gm) pCO2atm uatm

2) Gm Gas Ex. Flux of DIC mol/(m~2*s)

3) Gm Virtual Flux of DIC mol/(m~2*s)

4) Gm DIC mol/m~3

5) Gm Surface DIC mol/m”~3

6) Gm pCO2surf uatm

7) Gm Delta pCO2 (dpCO2) uatm
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write_nc_Abiotic_puls_year_2D.f

write_nc_Abiotic_puls_year 0D.f

write_nc_Abiotic_TS_year.f

write_nc_Abiotic_ctrlE_year 3D.f
write_nc_Abiotic_ctrlE_year 2D.f
write_nc_Abiotic_ctrlE_year_ OD.f

write_nc_Abiotic_ctrlL_year_3D.f
write_nc_Abiotic_ctrlL_year 2D.f
write_nc_Abiotic_ctrlL_year OD.f

write_nc_Abiotic_ctrlP_year 2D.f
write_nc_Abiotic_ctrlP_year OD.f

8) Gm Cum. Gas Flux of DIC mol/m~2 1765->
9) Gm Cum. Virt. Flux of DIC mol/m™2 1765->
1) Surf. ocean pCO2 uatm
2) Delta pCO2 (dpCO2) uatm
3) Gas Exch. Flux of DIC mol/(m”2*s)
4) Virtual Flux of DIC mol/(m~2*s)
5) Surface DIC mol/m”3
6) Vert. Integral of DIC mol/m~2
7) Cum. Gas  Flux of DIC mol/m™2  1765->
8) Cum. Virt. Flux of DIC mol/m~2 1765->
1) Glob_mean (Gm) pCO2atm uatm
2) Gm Gas Ex. Flux of DIC mol/(m~2*s)
3) Gm Virtual Flux of DIC mol/(m~2*s)
4) Gm DIC mol/m”3
5) Gm Surface DIC mol/m”3
6) Gm pCO2surf uatm
7) Gm Delta pCO2 (dpCO2) uatm
8) Gm Cum. Gas Flux of DIC mol/m™2  1765->
9) Gm Cum. Virt. Flux of DIC mol/m™2 1765->
1) Potential temperature degrees C (%)
2) Salinity psu
-> Same args as "write_nc_Abiotic_hist_year_ 3D.f"
-> Same args as "write_nc_Abiotic_hist_year 2D.f"
-> Same args as "write_nc_Abiotic_hist_year_OD.f"
-> Same args as "write_nc_Abiotic_futr_year 3D.f"
-> Same args as ‘"write_nc_Abiotic_futr_year 2D.f"
-> Same args as ‘"write_nc_Abiotic_futr_year OD.f"
-> Same args as "write_nc_Abiotic_puls_year 2D.f"
-> Same args as "write_nc_Abiotic_puls_year_ 0D.f"

(*) For the equilibrium run: for online models, all 2- and 3-D fields
should be averaged for each month over the last year of the

simulation.
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5.2 Downloading the output routines

The output routines can be transferred to your machine by clicking dimtssbelow, while holding down the Shift
key.

¢ write_nc_MaskAreaBathy.f (This routine is the same as linked to the CFC HOWH;, there is no need to
recuperate it if you have already contributed OCMIP-2 CFC results).

¢ write_nc_Abiotic_equil.f

¢ write_nc_Abiotic_histyear3D.f

e write_nc_Abiotic_histyear2D.f

e write_nc_Abiotic_histyearOD.f

e write_nc_Abiotic_futr_year3D.f

e write_nc_Abiotic_futr_year2D.f

e write_nc_Abiotic_futr_yearOD.f

e write_nc_Abiotic_pulsyear2D.f

e write_nc_Abiotic_pulsyear0D.f

e write_nc_Abiotic_TS_year.f

e write_nc_Abiotic_ctrlH_year3D.f

e write_nc_Abiotic_ctrlH_year2D.f

e write_nc_Abiotic_ctrlH_yearOD.f

e write_nc_Abiotic_ctrlF_year3D.f

e write_nc_Abiotic_ctrlF_year2D.f

e write_nc_Abiotic_ctrlF_yearOD.f

e write_nc_Abiotic_ctrlP_year2D.f

e write_nc_Abiotic_ctrlP_yearOD.f

You will also need to transfer the subroutine hanelteors.f to properly deal with possible errors while you are
writing your netCDF files.
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5.3 Compiling the output routines

Here is a an example of how you would compile one of the outputmesti

f77 -c -O -L/usr/local/lib -Inetcdf -l/usr/locall/include \
write_nc_Abiotic_equil.f

Because we have made these routines F77 compatible, you may need a fugrction.f (from F90), which we also
provide and which returns the length of a character string (after negiecsifing blanks).

5.4 Using the output routines
5.4.1 Equilibrium Output

The Abiotic-run output routines store your model results follapthe naming and output conventions (netCDF,
GDT version 1.2) chosen for OCMIP-2. The output filename is congtdustitomatically within each routine from
three of the arguments: the tracer name, the year, arslisthéard model code
<http://lwww.ipsl.jussieu.frfOCMIP/phase2/#modgroups> used during OCMIP-2 to identify your
group.

For example, after compiling and linking the OCMIP-2 output roesinve add the following code to the IPSL
routines to store output in standard OCMIP-2 form

call write_nc_Abiotic_equil("IPSL","NGL46_SI",

& imt, jmt, kmt,

& 60*60*24*365, 1200,
& MDIC, MDIC14, Ak,
& MpCO2surf, MdpCO2,
& MF, MF14,

& MFv, MFv14)

By line, the arguments include

1. the OCMIP-2model code AND your ownmodel versionindicator (in GDT 1.2 terminology, these 2 variables
refer to theingtitution andproduction, respectively);

2. dimensions;
3. the number of seconds per year (in your model), and the number ofdjpsgstr year;

4. the 12 monthly means for the 3-D tracer arrays for DIC (mol/m”3) al@llB (mol/m”3) and for the Alk
computed from eq. (8) (eg/m”3).

5. the 12 monthly means for the 2-D arrays for surface ocean pCO2 (p@QB&swatm) and the sea-air pCO2
difference (dpCO2, in uatm).

6. the 12 monthly means for the 2-D air-sea flux for F and F14 (bothali(m™2*s)); and
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7. the 12 monthly means for the 2-D arrays for the surface "virtual'gfuxv and Fv14 (both in mol/(m”~2*s));

When do | call the above Equilibrium output routine? It should be called only once, at the end of the simulation
after building monthly arrays (12 members) for each of the 2-D and 3-Desfiatds given as arguments.

5.4.2 Historical Output

We need to use a slightly different routines for saving transientteefsam the Historical run. Unlike the equilibrium
run, we separately store 3-D, 2-D, and 0-D data. The reason is that welstdnigher dimensional data less often, to
save space.

For your 3-D model output for the Abiotic Historical run, use

call write_nc_Abiotic_hist_year 3D("IPSL","NL46_SI",
& imt, jmt, kmt, nt,
& 1985, 60*60*24*365, 1200,
& MDIC, MDIC14)

Note that we have also added the dimensiban line 2. You must use nt to signal if you are passing annual means
(nt=1) or monthly means (nt=12). The argumenis used in the same fashion for routines that follow. The 3-D input
arrays MDIC and MDIC14 are as described for the Equilibrium run.

When do | call the above 3-D Historical output routine? It should be called for each of the following times:

e with nt=12 (monthly means, 12 records per year) for each of the years 1838, 1953,19854,1965, 1972,
1973, 1974, 1977,1978, 1981, 1982, 1983, 1985, 1986, 1988, 1989, 1991, 1993, 1995, 1997, 1999.

¢ with nt=1 (annual means, 1 record per year) for each of the years 1838, 1839, 1900, anykevdor
1953-1999 (inclusive).

For your 2-D Historical output, use

call write_nc_Abiotic_hist_year 2D("IPSL","NL46_SI",
imt, jmt, nt,

1985, 60*60*24*365, 1200,

MpCO2surf, MdpCO2,

MF, MF14,

MFv, MFv14,

Ms_DIC, Ms_DC14ocn,

Mi_DIC, Mi_DC14ocn,

CF_F, CF_F14,

CF_Fv, CF_Fv14)

RO R0 RO Ro R0 Qo Ro Ro Ro

For 2-D output, we no longer need the dimendiam, formerly in line 2. Conversely, we need supplemental 2-D
model output for the Historical run which was not included in the élgpiilm output. This supplemental 2-D output
is needed to due to the Historical run’s transient nature and our asyrthgsaving of its 2-D and 3-D output.
Supplemental 2-D Historical output includes
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¢ line 7: the mean surface DIC (mol/m~3) and DC14ocn (permil), see ey (11

¢ line 8: the mean vertical inventory of DIC (mol/m”2) and DC14ocn (pkfmi);

¢ line 9: the end-of-year 2-D cumulative flux for F (mol/m~2) and F14{(im"2);

¢ line 10: the end-of-year 2-D cumulative flux for Fv and Fv14 (both o/m~2)

Cumulative fluxes (lines 9 and 10 above) must be initialized to zero anglaita with respect to time (i.e., each
time step) from year=1765.0. Note that these values should be outiyatdhe end of each year, regardless of
whether nt=12 or nt=1.

When do | call the above 2-D Historical output routine? It should be called witimt=12 for each of the following
years: 1838, 1839, 1900, and every year for 1948-1999 (inclusive).

For 0-D (1-D with time) Historical output, use

RO R0 R0 Ro RO RO Qo RO Ro Ro

call write_nc_Abiotic_hist_year OD("IPSL","NL46_SI",
nrec, times,

G_pCO2atm, G_DC14atm
G_F, G_F14,

G_Fv, G_Fvl4,

Gv_DIC, Gv_DIC14,

G _DIC, G_DiIC14,
G_pCO2surf, G_dpCO2,
G_DC14ocn, Gv_DC14ocn,
G CF_F, G_CF_F14,

G _CF_Fv, G_CF_Fvi14)

By line, the arguments include

1. the OCMIP-2model code AND your ownmodel version indicator (in GDT 1.2 terminology, these 2 variables
refer to theingtitution andproduction, respectively);

2. the number of records saved and the array of the times (in decimal yeatsrhtthey were saved—for
monthly meanstimes should be set to the corresponding time at mid-month (see belowdot ealues).

3. the corresponding arrays of the history of the global mean atmas@@2 (model input, in uatm) and global
mean atmospheric C-14 (in permil, calculated from model input as an area aeigktan of your ocean grid
boxes that you have identified as being in the 90S-20S, 20S-20N, &8@N latitudinal bands);

4. the corresponding array of the history of the global mean air-se& fimol/m~2*s) and F14 (mol/m~2*s);

5. the history of the global mean virtual fluxes Fv (mol/m”2*s) and4{mol/m"2*s);

6. the history of the global mean concentrations of DIC (mol/m”3) alil®d (mol/m~3);

7. the history of the global mean surface concentrations of DIC (m8)/arid DIC14 (mol/m”3);
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8. the history of global mean surface ocean pCO2 (pCO2surf, in uatmjhamiobal mean sea-air pCO2
difference (dpCQO2, in uatm);

9. the history of global mean surface ocean DC14ocn (in permil), and tbievatean global mean DC140cn (in
permil);

10. the history of the global mean cumulative fluxes F and F14 (in nmia|/mtegrated since 1765.0) at the end of
each month, with each month indicated by its mid-month time given indjrasd

11. the history of the global mean cumulative fluxes Fv and Fv14 (idmi@| integrated since 1765.0) at the end
of each month, with each month indicated by its mid-month time givema2i

When do | call the above 0-D Historical output routine? It should be called only once, after constructing 1-D (in
time) arrays from all of your model output. The time storage frequé&nssgular: every month throughout the entire
run (i.e., all years 1765-1999, inclusive). Thus modelers mushiesse= 2820, and fill the 1-D temporal arrdiynes

with the appropriate values (i.e., 1765.04167, 1765.125, 1983,2765.29167, 1765.375, ... 1999.875, 1999.9583).

5.4.3 Future Output

Another similar set of 3 routines is needed for storing results frathture runs CIS92A and S650. Here we have
removed arguments related to C-14 and added an argument for indicating wiighrfun (CIS92A or S650) is
appropriate (see line 2). Note that this argument must be given ifcBRRse. These 3 routines are given below
(details of other arguments are the same as given above):

call write_nc_Abiotic_futr_year_3D("IPSL","NL46_SI",
"S650",

imt, jmt, kmt, nt,

2000, 60*60*24*365, 1200,

MDIC)

Ro Ro Ro Ro

call write_nc_Abiotic_futr_year 2D("IPSL","NL46_SI",
"S650",

imt, jmt, nt,

2000, 60*60*24*365, 1200,
MpCO2surf, MdpCO2,

MF,

MFv,

Ms_DIC,

Mi_DIC,

CF_F,

CF_Fv)

Ro R0 Ro Ro RO RO Qo Ro Ro Ro

When do | call the above 2-D and 3-D Future output routines?They should both be called for each of the
following times:
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o ForCIS92A

— with nt=12 for both of the following years: 2000 and 2099
— with nt=1 for each of the following years: 2000, 2010, 2020, 2040, 2060, 2&8d 2099.

e ForS650

— with nt=12 for each of the following years: 2000, 2100, 2200, 2299
— with nt=1 for each of the following years: 2000, 2010, 2020, 2040, 2060, 22800, 2120, 2140, 2160,

2180, 2200, 2220, 2240, 2260, 2280, 2299.

Ro R0 R0 Ro RO R0 Qo Ro Ro Ro

call write_nc_Abiotic_futr_year_ OD("IPSL","NL46_SI",
"S650",

nrec, times,
G_pCO2atm,

G_F,

G_Fv,

Gv_DIC,

G_DIC,

G_pCO2surf, G_dpCO2,
G_CF_F,

G_CF_Fv)

When do | call the above 0-D Future output routine?It should be called only once, after constructing 1-D (in
time) arrays from all of your model output. The time storage frequénmsgular: every month throughout the entire
run (i.e., all years 1990-2299, inclusive). Thus modelers mustigse= 3720, and they must fill the 1-D temporal
arraytimes) with appropriate corresponding values (i.e., 1990.04167, 12901990.2083, 1990.29167, 1990.375,
.y 2299.875, 2299.9583).

5.4.4 Pulse Output

Another set of 2 routines is needed for storing the 2-D and 0-D resaltsthe Pulse run; for that run thereN©
3-D output. Differences relative to the Pulse output routines are

¢ the scenario specification has been removed (only 1 pulse run is to be made); and

¢ thent term has been removed from the 2-D routine since 2-D output is to leel gy for annual means, not
monthly means.

R0 R0 Ro Ro Ro

call write_nc_Abiotic_puls_year 2D("IPSL","NL46_SI",
imt, jmt,

1, 60*60*24*365, 1200,

MpCO2surf, MdpCO2,

MF,

MFv,
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R0 Ro Ro Ro

Ms_DIC,
Mi_DIC,
CF_F,
CF_Fv)

When do | call the above 2-D Pulse output routinedt should be called using annual means, for each of the
following years: 0, 1, 2, 3,4, 5, 6, 7, 8, 9, 10, 20, 30, 40, 50,780,80, 90, 100, 200, 300, 400, 500, 600, 700, 800,
900, and 999. These details are given in a structured way in the presdotign (Output type and Frequency).

R0 R0 Ro Ro Ro RO Qo Ro Ro

call write_nc_Abiotic_puls_year OD("IPSL","NL46_SI",
nrec, times,

G_pCO2atm,

G _F,

G_Fv,

Gv_DIC,

G_DIC,

G_pCO2surf, G_dpCO2,

G _CF_F,

G _CF _Fv)

When do | call the above 0-D Pulse output routine?dt should be called only once, after constructing 1-D (in time)
arrays from all of your model output. The time storage frequency (spdm@tween individual members of the array
times) is NOT regularly spaced in time. For the OHDIse run, output as specified liymes must be given for

e every month from years 0.0 to 10.0 (i.e., 12 x 10 = 120 records), wittesponding monthly means provided
at mid-month (i.e., fotimes = 0.04167, 0.1250, 0.2083, 0.29167, 0.3750, ... 9.8758395

e every year from years 10.0 to 100.0 (i.e., 90 records), with correspgmginual means provided at mid-year
(i.e., fortimes=10.5, 11.5, 12.5, ... 99.5);

e every 10 years from years 100.0-991.0 (i.e., 90 records), with comdappannual means provided at
mid-year (i.e., fotimes = 100.5, 110.5, 120.5, 130.5, ... 990.5); and

¢ the final year (i.e., 1 record), with its corresponding annual means aetmid-year (i.e., faimes = 999.5).

Thus with this irregular spacing, models must nsee = 301 (i.e., 120 + 90 + 90 + 1).

5.4.5 Control Output

Finally we need to store output for the control run. The controlisurecessary because 3-D tracer fields and
associated fluxes in o@quilibrium run never reach perfect equilibrium. The associated drift affects resulisefor
transient runs. Correcting for drift may be important when compariadgehdifferences, particularly integrated
guantities, over long time periods. The control run is needed toaiftect models, before comparison. Itis
desirable that all groups make all three control runs, but this mayepbbsible for some, due to CPU requirements.
Below are a few guidelines to help you decide when the Control runs aresaegesd what shortcuts can be taken:
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1. If you will make thePulse run, you MUST also make the equivaldhilse Control run.

2. If you have NOT respected the Equilibrium drift criteria you MUS#&ke theHistorical Control andFuture
Control runs.

3. If you have respected the recommended Equilibrium drift criteriayay skip making thélistorical Control
andFuture Control runs. However, we do HIGHLY RECOMMEND that you make these simaoites] if you
can afford them, i.e., if they do not represent a large proportion of gonual CPU budget. Having this output
will simplify analysis and eliminate guess work.

4. If you have respected the Equilibrium drift criteria and choosemstibmitHistorical Control andFuture
Control output, you MUST still provide an indication of the drift of yoomodel. In other words, you must use
the three *ctrlH* routines (see below) to provide your output foother year. For instance, you could provide
output from the 0-D, 2-D, and 3-D *ctrlH* routines for the year 17¥¥% would then compute your model
drift and treat it as constant.

Those who will be making all the CO2 Injection simulations can economlitde. That is, with those runs, one
automatically makes make both thate Control and thePulse Control runs, simultaneoulsy. The first of the ten
Injection tracers is the control tracer. Unfortunately, thiection runs do NOT offer an opportunity to skip the
Historical Control run. For more details, see the final version of the Injection HOWTO.

Arguments of theControl output routines are the same as those used inlilterical, Future, andPulse output
routines, as described below.

1. Historical Control output (for 1765-1999, inclusive): We save both the DIC and Bi€&lated components.
We use 3 routines, with the same arguments as the 0-D, 2-D, andi3tdical output routines.

e When do | call the above 3-DHistorical Control output routine (write _nc_Abiotic _ctrlH _3D.f)? It
should be called witinnual means (nt=1) for 1765, 1838, 1839, 1900, and every year from 1953-1999
(inclusive).

e When do | call the above 2-DHistorical Control output routine (write _nc_Abiotic _ctrlH _2D.f)? It
should be called witinnual means (nt=1) for 1765, 1838, 1839, 1900, and every year from 1948-1999
(inclusive).

e When do | call the above 0-DHistorical Control output routine (write _nc_Abiotic _ctrlH _0D.f)? It
should be called only once, after constructing 1-D (in time) arrays frowf gtbur model output. The
time storage frequency is regular: every month throughout theeewin (i.e., all years 1765-1999,
inclusive). Thus modelers must useec = 2820, and fill the the 1-D temporal arréiynes with the
appropriate values (i.e., 1765.04167, 1765.125, 1765.2088,298667, 1765.375, ... 1999.875,
1999.9583). Thédistorical Control Run uses the sammeec andtimes array as does thidistorical run.

2. Future Control output (for 2000-2764, inclusive): We save only the DIC-relatedponent. We use 3 routines
with the same arguments as the 0-D, 2-D, and Buiire output routines.

¢ When do | call the above 3-DFuture Control output routine (write _nc_Abiotic _ctrlF _3D.f)? It should
be called withAnnual means (nt=1) for years 2000, 2010, 2020, 2040, 2060, 2080, 2099, 2100,,2120
2140, 2160, 2180, 2200, 2220, 2240, 2260, 2280, 2299.
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e When do | call the above 2-DFuture Control output routine (write _nc_Abiotic _ctrlF _2D.f)? It should
be called withAnnual means (nt=1) for years 2000, 2010, 2020, 2040, 2060, 2065, 2080, 2099,,2100
2120, 2140, 2160, 2165, 2180, 2200, 2220, 2240, 2260, 2268, 2299.

¢ When do | call the above 0-DFuture Control output routine (write _nc_Abiotic _ctrlF _0D.f)? It should
be called only once, after constructing 1-D (in time) arrays from all of yoodel output. The time
storage frequency is regular: every month throughout the entiré.ri, all years 2000-2300, inclusive).
Thus modelers must useec = 3600, and they must fill the 1-D temporal artayes) with appropriate
corresponding mid-month values (i.e., 2000.04167, 2000.12%).2083, 2000.29167, 2000.375, ...,
2299.875, 2299.9583). Note thakc andtimes are NOT identical to those used when calling the
analogous 0-D routine to save Future output (hee¢ is smaller;times starts 10 years later).

3. Pulse Control output (for 2000-2764, inclusive): We save only the DIC-relatedgonent. We use 2 routines
with the same arguments as the 0-D and Ptilse output routines.

¢ When do | call the above 2-DPulse Control output routine (write _nc_Abiotic _ctrlP _2D.f)? It should
be called withAnnual means (nt=1) for years 0, 1, 2, 3, 4,5, 6, 7, 8, 9, 10, 20, 30, 40, 50, 60, 709@0,
100, 200, 300, 400, 500, 600, 700, 800, 900, and 999.

e When do | call the above 0-DPulse Control output routine (write _nc_Abiotic _ctrlP _0D.f)? It should
be called only once, after constructing 1-D (in time) arrays from all of yoodel output. The time
storage frequency is NOT regularly spaced in time. For theFISe Control run, output as specified by
times must be given for

— every month from years 0.0 to 10.0 (i.e., 12 x 10 = 120 records), wittesponding monthly means
provided at mid-month (i.e., fdimes= 0.04167, 0.1250, 0.2083, 0.29167, 0.3750, ... 9.8758305

— every year from years 10.0 to 100.0 (i.e., 90 records), with correspgaainual means provided at
mid-year (i.e., fotimes=10.5, 11.5, 12.5, ... 99.5);

— every 10 years from years 100.0-991.0 (i.e., 90 records), with comdgmpannual means provided
at mid-year (i.e., fotimes = 100.5, 110.5, 120.5, 130.5, ... 990.5); and

— the final year (i.e., 1 record), with its corresponding annual means goedmid-year (i.e., for
times = 999.5).

Thus with this irregular spacing, models must nsee = 301 (i.e., 120 + 90 + 90 + 1).

5.4.6 Names of Output files

All arguments of the Abiotic routines are input; none are outputh\ttie arguments as listed in the nine routines
above, The corresponding output netCDF files are

e "IPSL _Abiotic _equil.nc" ;

e "IPSL _Abiotic _hist 1985 _3D.nc" ,"IPSL _Abiotic _hist _1985_2D.nc" ,
"IPSL _Abiotic _hist _global _OD.nc" ;

e "IPSL _Abiotic _S650.2000_3D.nc" ,"IPSL _Abiotic _S650.2000_2D.nc" ,
"IPSL _Abiotic _S650_global _0D.nc" ;

e "IPSL _Abiotic _puls _0001 2D.nc" ,"IPSL _Abiotic _puls _global OD.nc" .



6. Transfer of output 27

e "IPSL _Abiotic _ctrlH _1985 _3D.nc" ,"IPSL _Abiotic _ctrlH 1985 _2D.nc" ,
"IPSL _Abiotic _ctrlH _global _OD.nc" ;

e "IPSL _Abiotic _ctrlF 2000 _3D.nc" ,"IPSL _Abiotic _ctrlF _2000_2D.nc" ,
"IPSL _Abiotic _ctrlF _global _OD.nc" ;

e "IPSL _Abiotic _ctrlP _0001_2D.nc" ,"IPSL _Abiotic _ctrlP _global _OD.nc" .
These files along with all others produced by the Abiotic routineslghmritrasferred to IPSL (see section Transfer

of output). Filenames should NOT be changed. Subsequently, at IPELwfil be (1) tested for consistency, (2)
included in the OCMIP-2 data base, and (3) processed for base analysis.

5.5 Need more details?
See <http://www.ipsl.jussieu.frfOCMIP/tech> . for additional information about the format netCDF
and other conventions (COARDS, GDT) chosen for storing OCMIP-2ahoutput.

If you have other questions, please contact orr@cea.fr or Patrick.Brockaipsl.jussieu.fr.

6 Transfer of output

We provide details only for transferring Equilibrium Output. tBut from the other Abiotic simulations (Historical
Output, Future Output, Pulse Output, and Control Outputyikhibe transferred in an analogous fashion.

The Equilibrium Output file$PSL _Abiotic _equil.nc  andIPSL _Abiotic _TS.year.nc should first be
compressed.

gzip IPSL_Abiotic_equil.nc IPSL_Abiotic_TS_year.nc

If gzip is not available on your machine, the alternative is toamapress . After compression, you should ftp your
files to LSCE for processing and analysis. Your model output could lbe lguge depending upon model resolution.
Fear not though, because we have the disk space to accommodate outpalt @@MIP models. Contact us if the
ftp transfer rate is inadequate. In that case, you'll need to write youubtdggape (DDS, DDS2, Exabyte, or DLT)
and mail it to

James ORR

LSCE, CEA Saclay

Unite mixte de recherche CEA-CNRS
Bat. 709, L'Orme des Merisiers
F-91191 Gif-sur-Yvette CEDEX
FRANCE

Here are the commands to transfer your output by ftp:
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ftp: ftp.cea.fr

user: anonymous

passwd: your full email

cd incoming2/y2k01/OCMIP
mkdir <your group name>

mkdir <your group name>/Abiotic
cd <your group name>/Abiotic
binary

prompt

mput <your group name>*nc*

Then e-mail us (orr@cea.fr and Patrick.Brockmann@ipsl.jussieu.frythattransfer is complete.

To avoid confusion, you can create further subdirectories (Abioticle§jiotic/hist, Abiotic/futr, Abiotic/puls, and
Abiotic/ctrl) to distinguish the five different types of runs. Titye archive is erased automatically every 8 days, so be
sure to contact us as soon as you have completed transfer, and save potfimstat least until we have notified

you that they have been transferred to the OCMIP-2 model output archive.
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9 Same document, another format?

This document is available in other formats:

¢ HTML ( <HOWTO-Abiotic.html> )

Postscript kKHOWTO-Abiotic.ps> )

ASCII (<HOWTO-Abiotic.txt> )

LaTeX (<HOWTO-Abiotic.tex> )

DVI ( <HOWTO-Abiotic.dvi> )
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1. Recuperation of OCMIP-2 files by ftp: 3

1 Recuperation of OCMIP-2 files by ftp:

To comply with OCMIP-2 guidelines, all modelers must make simulateecording to OCMIP-2 standard boundary
conditions. To do so, one must first recuperate the following filaghis Web page (you can save a file to disk by
clicking a link while holding down the Shift key)

¢ Files concerning gas exchange (same for all OCMIP-2 runs)

— rgasxocmip2.f
— gasxocmip2.nc.gz

— vgasxocmip2.jnl

¢ Files concerning phosphate maps

README.po4maps

pod4mapnew.dat.gz

readmap.f

nutrient-doc

febOm.ps

augOm.ps

— difOm.ps
e Files concerning common biotic model

— bio.f

— bio.h

— jbio.f

— co2flux.f
— 02flux.f

— o2sato.f
— scco2.f

— sco2.f
¢ Files concerning standard carbonate chemistry (same for all OCMIP-2 canbgn r

— README.Cchem
— Makefile
— co2calc.f
— drtsafe.f
— taiter_1.f

— test.r
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— test.out.gz

After transfer, the files containing the OCMIP-2 boundary conditfongas exchange (gascmip2.nc.gz) and
phosphate restoring po4map.dat.gz should be uncompressed asfollow

gunzip gasx_ocmip2.nc
gunzip po4mapnew.dat

Other files are text and need no special treatment after transfer. Use of theised@desribed below.

2 Model runs

2.1 Surface phosphate restoring

F. Louanchi has created a monthly climatology of phosphate in the upper thegasnto be used to nudge the model
towards observations in the upper 75 m. These data are on a 2 x 2 ddadriee tire six following depth levels: 0,

10, 20, 30, 50 and 75 m. The data are in the file po4mapnew.dat.gz.eSilestREADME.po4maps, readmap.f, and
nutrient-doc for further information. All modelers are requiredneérly interpolate the phosphate maps spatially
and temporally to their model grid. Units of the phosphate maps arel/mfi3cand these will have to be converted by
each group to model units of mol/m~3.

2.2 Conservation equations

There are five tracers carried in this run: phosphate (PO4), dissolgadiophosphorus (DOP), oxygen (02),
dissolved inorganic carbon (DIC) and alkalinity (Alk). The corregfing conservation equations are

(1a) d[PO4]/dt=L([POA4]) + JbPO4

(1b) d[DOP)/dt = L([DOP]) + JbDOP

(1c) d[O2]/dt=L([02]) + IbO2 + JgO2

(1d) d[DIC)/dt = L([DIC]) + JbDIC + JgDIC + JvDIC

(1e) d[AlK)/dt = L([AIK]) + JbAlk + JvAIk

where

¢ L isthe 3-D transport operator, which represents effects due to advedffasiah, and convection;

[] or "square brackets” indicate concentrations in moles/m”3 (or eqg/m”3lk)r A
e JbX is the biological source sink term for X;

e JvDIC andJvAlk are the "virtual” source-sink terms for changes in surfBde” and Alk, respectively, due to
evaporation and precipitation; and

JgDIC andJgO2are the source-sink terms due to air-sea exchange of CO2 and O2, respectivel
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The source-sink termd/DIC, JvAlk, JgDIC, andJgO2 are added only as surface boundary conditions. That is they
are equal to zero in all subsurface layers. These source-sink terms are equividerfluxes, described below,
divided by the surface layer thicknesal.

JvDIC= FvDIC/dz1
JvAIk = FvAlk/dz1
JgDIC = FgDIC/dz1
JgO2 = FgO2/dz1

TheJb terms are rather detailed and are described in the OCMIP-2 simulation diegigment; they are not
repeated here. We have supplied some Fortran code, found in the fileshidof,hand jbio.f. This code should be
used to compute the Jb terms. However, this code serves only as a temvplatemust be modified by each group to
suit their particular model.

2.3 Virtual fluxes (FvDIC and FVAIK)

In models where surface salinity is restored to observed values, thitsriesa surface flux of salt, not a surface flux

of water as in the real world. Such surface salt fluxes are typically founaatets with a rigid lid, and even in some
models with a free surface (e.g., the OGCM from Louvain-la-Neuve)siroplicity, we categorize both classes of
models as "rigid-lid-like”. Conversely, non-rigid-lid-like moddhave a free surface and restore surface salinity by an
equivalent flux of water leading to dilution or concentration (e.g., thé MI& model). Salinity in the latter type of
free-surface model is conserved; E-P fluxes are taken into account by theyg&dg and thus do not need to be
explicitly formulated in the transport model.

Yet for all rigid-lid-like models, we must explicitly take into acaauthe concentration-dilution effect of E-P
(Evaporation minus Precipitation), which changes surfa¢€] and[Alk] . Thus we add the virtual flux to the
surface layer, each time step according to

(2a) FvDIC = DICg * (E-P)
(2b) FvAlk = Alkg * (E-P)

where DICg and Alkg are the model’s globally averaged surface concensati@iC and Alk, respectively. Both
global averages must be computed at least every five years. For rigikdidvbdels with only salinity restoring, we
suggest that (P - E) be computed as

(3) P-E=(5—S")/Sg*dzl /Tau

whereS' is the observed local salinity to which modeled local salififg being restoredsgis the model’s globally
averaged surface salinityz1is the top layer thickness, affdu is the restoring time scale for salinity. For rigid-lid
models (or free surface models) which in addition include explicit Rvaker fluxes, that term must of course also be
added to eq (3).

IMPORTANT: It is critical that the virtual fluxes do not result in a net flux of alkalrto or from the model. There
are at least two ways of getting around this. One possibility is tarenthat the global mean of E -P used in equations
(2a) and (2b) is equal to zero. This could be achieved by subtracting affabal mean E - P before computing the
virtual flux. A second possibility is to update the inventory of allkity periodically so that the inventory of alkalinity

+ 16*phosphate is at its initial value. See also Section 3.
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2.4 Air-sea gas exchange fluxes (FgDIC and FgO2)

For simulations of DIC and 02, OCMIP-2 simulations will directlypdel the finite air-sea fluxdsgDIC andFgO2,
respectively. Modelers must use the formulation for the standard ®@c4ir-to-sea flux:

(4a) FgDIC = KwCO2 (CO2sat - CO2surf)

(4b) FgO2 = KwO2 (O2sat - O2surf)

with

(5a) CO2sat = alphaC*pCO2atm *P/Po

(5b) O2sat = O2sato*P/Po

where

e KwCO2 andKwO2 are the CO2 and O2 gas transfer (piston) velocities [m/s], respectively;

e CO2surfis the surface aqueous CO2 concentration [mol/m™3], which is compuwtedtfre model's surface
[DIC], T, S, [AIK], and [PO4]; (see section 2.6);

e O2surfis the surface O2 concentration [mol/m~3] computed by the model;
¢ alphaCis the CO2 solubility for water-vapor saturated air [mol/(m”~3 * ugtm)

e pCO2atmis the partial pressure of CO2 in dry air at one atmosphere total pegiswratm], which is the
same as the dry air mixing ratio of CO2 multiplied by 1076 ;

e O2satois the O2 saturation concentration at one atmosphere total pressuratéorsaturated air [mol/m”3];
e Pisthe total air pressure at sea level [atm], locally; and

e Pois 1 atm.

2.5 The Piston Velocities (KwCO2 and KwO2)

For simulations of DIC and O2, modelers must use the standard O@NbRnulation for the piston velocities of
CO2 KwCO02) and 02 KwO2). The monthly climatologies wCO2 andKwO2 are to be interpolated linearly in
time by each modeling group. They are computed with the following éspusaadapted from Wannikhof (1992, eq.
3):

(6a) Kw = (1 - Fice) [Xconv * a *(u2 + v)] (ScCO2/660)**-1/2

(6b) Kw = (1 - Fice) [Xconv * a *(u2 + v)] (ScO2/660)**-1/2

where

¢ Ficeis the fraction of the sea surface covered with ice, which varies from 0.@t@ad is given as monthly
averages from the Walsh (1978) and Zwally et al. (1983) climatology (FcRimodelers must resEice
values less than 0.2 to zero, after interpolation to their model grid)
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u2 is the instantaneous SSMI wind speed, averaged for each month, then sqndredbsequently averaged
over the same month of all years to give the monthly climatology. (s2©®CMIP-1 README.satdat for
further details);

v is the variance of the instantaneous SSMI wind speed computed over otie termporal resolution and 2.5
degree spatial resolution, and subsequently averaged over the sameofradhylears to give the monthly
climatology. Again, see the OCMIP-1 README.satdat for further dstail

ais the coefficient of 0.337, consistent with a piston velocity in cmi¥e.adjusted the coefficieatfor
OCMIP-2, in order to obtain Broecker et al.'s (1986) radiocarbon-cagblraglobal CO2 gas exchange of
0.061 mol CO2 /(m"2 * yr * uatm), when using the satellite SSMI wimfrmation (2 + v) from Boutin and
Etcheto (pers. comm.). Our computed valuedds similar to that determined by Wanninkhaf£ 0.31), who
used a different wind speed data set and assumptions about wind speed varéause the observed variance.

Xconv = 1/3.6e+05, is a constant factor to convert the piston velocity fromHdrtd [m/s]. This conversion
factor is already included in the forcing fiektkw, provided below.

ScCO2andScO2are the Schmidt numbers for CO2 and O2, respectively. They are to be temming the
formulation of Wannikhof (1992) for CO2 and Keeling et al. (1998)@#. The corresponding Fortran
functions are scco2.f and sco2.f. B@hCO2andScO2are unitless.

Practically speaking, to use equations (4) and (6), each group will in&teghe OCMIP-2 standard information to
their own model grid. The standard information is provided by IRSIQE as a monthly climatology onthe 1 x 1
degree grid of Levitus (1982) in netCDF format (in file gasomip2.nc). Gridded variables in that file include

the variableFice,

the second ternjXconv * a * (u2 + v)], denoted agKw [m/s]
the maskImask (1 if ocean; O if land),

the total atmospheric pressure at sea |&/gltm]

the longitudd_on at the center of each 1 x 1 degree grid box,

the latitudelat at the center of each 1 x 1 degree grid box.

For the variable&ice andxKw, continents on the 1 x 1 degree standard grid have been flooded with adjaeant
values. Such an approach avoids discontinuities at land-sea boundaigsiai@rpolation. See the Fortran program
rgasxocmip2.f for an example of how to read the informatiomgasx _ocmip2.nc into your interpolation

routines. After compilation, to link and usgasx _ocmip2.f , one must have already installed netCDF.

<http://www.unidata.ucar.edu/packages/netcdf/>

The filegasx _.ocmip2.nc may also be inspected with software that uses netCDF format, such as ncdump o
Ferret. Ferret will be used for some of the analysis during OCMIP-eWtourage participants to become familiar
with Ferret now.

<http://ferret.wrc.noaa.gov/Ferret/>
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After installation, one can visualize maps of the standard informatigagsxocmip2.nc, by using the Ferret script
vgasxocmip2.jnl.

After launching Ferret, simply issue the following command (at FerfgEs?” prompt)

yes? go vgasx_ocmip2.jnl

2.6 Oceanic and Atmospheric Components

Apart from Kw, there are other terms that require further developmesiirtolate air-sea gas exchange.

2.6.1 Ocean

The oceanic terncO2surf [in mol/m~3] is not carried as a tracer, so it must be computed each timestepetanine
gas exchange.

CO2surf is the surface [CO2] concentration, which is computed from the modeface[DIC] , [AlK] , T, S, and
[PO4] through the equations and constants found in the subroutine co2&ilicdte is also needed as an input, as it
affects the equilibria; for that, we use its global mean surface valuéafriiol/kg.

IMPORTANT: The carbonate chemistry subroutine co2calc.f was originally designedtire tracer inpufDIC],

[AlK] , [PO4], and[SiO2]) on a per mass basis (umol/kg); however, for OCMIP-2 co2calc.f has bedifieddo pass
tracer concentrations on a per volume basis (mol/m”3), as carried in ocearsmieb so, we use the mean surface
density of the ocean (1024.5 kg/m"3) as a constant conversion factog W& use model-predicted densities.
Output argumentso2star (CO2surf) anddco2star (CO2sat - CO2surf) are also returned in mol/m”3.

2.6.2 Atmosphere

The atmospheric componer@@®©2satandO2satin equations (4a) and (4b) are specifaegriori via four remaining
terms:

1. alphaC: The CO2 solubilityalphaC is to be computed using modeled SST and SSS, both of which vary in
time at each grid point. For OCMIP-2 we use the solubility formualabf Weiss (1974), corrected for the
contribution of water vapor to the total pressure (Weiss and Price,, Ta®@ IV for solubility in [mol/(l *
atm)]). The solubilityalphaC is calculated within the routine co2calc.f.

2. pCO2atm: This is held constant at 278 ppm. For the OCMIP-2 simulations aieosl should pagsCO2atm
as one of the the input arguments (xco2) to co2flux.f in units of ppims in turn is passed to co2calc.f.

3. O2sata This is computed from the model T and S in units of mol/m”3, udmegformulation of Garcia and
Gordon (1992). The subroutine o2sato.f performs this function

4. P: Is the total atmospheric pressure [atm] from the monthly mean cliogyt@f Esbensen and Kushnir (1981).
The latter, was given originally on a 4 x 5 degree grid (latitude x k) in bars. We converteito atm by
multiplying it by (1/1.101325). Land and sea ice values in the pebilata set were filled with average values
from adjacent ocean points. These monthly mean arrays were then linearlpiatedxo the 1 x 1 degree grid
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of Levitus (see netCDF file gasocmip2.nc). The atmospheric pressure, is passed as an input argument, in at
to both co2flux.f and o2flux.f.

3 Initialization and duration of simulations

Itis up to the discretion of the modeler as to how to initialize themdations, but the following criteria must be
upheld:

1. The global mean inventory of alkalinity + 16*phosphate must k@lided to 2370 + 16*2.17 ueq/kg =
2404.72 ueg/kg (or 2.4636 eg/m”3) and maintained at that level.

2. The global mean PO4 + DOP concentration must be set equal to 2.17 + 2.02 emol/kg (or 0.002245
mol/m~3)

As for the duration of simulations, the biotic equilibrium sileion should be continued at least until the globally
integrated air-sea CO2 flux is less than 0.01 Pg C/yr. For most mdkislgyiterion can be reached only after an
integration of at least a few thousand model years.

To approach equilibrium more rapidly, some modelers use the acceleetlomdue where the timestep increases in
deeper layers (Bryan, 1984). When modelers use this technique, one coimplis#hat the global inventory of
certain biogeochemical tracers (those without external sources or sinkef tenconserved. As a fix, those at
NCAR suggest that modelers who use such a technique should periodidiit global tracer inventories to their
initial values. In any case, some method must be used to avoid losingmoasthe system. Furthermore, we
strongly recommend that the deep acceleration method be switched off andethaidkl be run for at least an
additional 500 years, before final "equilibrium” output is stored &et OCMIP-2 analysis.

4 Output type and frequency

The Biotic simulation represents only one equilibrium run per motleérefore only time-averaged fields of the
seasonal cycle of the final "steady-state” solution need be saved. Modelstrsubmit results based on an average
of the last 10 years of the simulation. Below are listed the requiredfidlde spatial dimension is indicated in
square brackets; another dimension must be added for time, i.e., 129pantyear):

3-D Monthly mean tracer concentrations for both active tracers: potentiaktatupe T (degrees C) and salinity S
(psu);

3-D Monthly mean tracer concentrations for all five passive tracgt®©4], [DOP], [O2], [DIC], and[AIK] ) for
the whole water column (mol/m”3);

2-D Monthly mearpCO2surf = CO2surf/alphaC (uatm);
2-D Monthly meardpCO2 = (CO2surf - CO2sat*P/Po)(uatm);

2-D Monthly mean air-sea CO2 flisgDIC (mol/m™2/s);
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2-D Monthly mean air-sea O2 fluxgO2 (mol/m~2/s);
2-D Monthly mean virtual DIC fluyrvDIC (mol/m™2/s);
2-D Monthly mean virtual flux of total Alkalinity=vAlk (eg/m~2/s);

2-D Monthly mean downward flux of particulate organic phosphorwesjrtiated to the compensation depth (75 m)
PnewPOP(mol/m~2/s);

2-D Monthly mean total downward flux of dissolved organic phospe¢ROP) interpolated to the compensation
depth (75 mPnewDOP(mol/m™2/s);

2-D Monthly mean advective net downward flux of DOP interpolated to thepemsation depth (75 m)
PnewDOPa(mol/m~2/s);

2-D Monthly mean diffusive net downward flux of DOP interpolated ® tbmpensation depth (75 m)
PnewDOPd(mol/m~2/s); and

2-D Monthly mean convective net downward flux of DOP interpolated to thepemsation depth (75 m)
PnewDOPc¢(mol/m~2/s).

5 Output Format

Each modeling group must provide their output in the standard O&MbPmat. Model output that does not follow
these formatting conventions cannot be included for analysis duringl®@. Model groups must use the standard
routines that we have developed specifically for writing output inddeshform for OCMIP-2.

If this is the first OCMIP-2 simulation you have made, you will needgcuperate the routine
write_nc_MaskAreaBathy.f to write out characteristics of your model grid, mask patidymetry using the standard
OCMIP-2 format. Use of this routine is detailed in the CFC HOWTéx(mn 5.1).

Otherwise if you have submitted OCMIP-2 model output previgysiu will only need to resubmit the output file
produced by writenc_ MaskAreaBathy.f under two conditions:

1. either your model’s grid, mask, or bathymetry have changed; or

2. you have been natified by the OCMIP-2 analysis center at IPSL that ybputdfile from this subroutine did
not pass the routine integrity tests.

5.1 Biotic-run output routines

For the Biotic simulation, each modeling group will need to stord llogir active and passive tracer output in
OCMIP-2 standard format. Thus modelers need to call two additionahemitiThey should be called just once each.
Those output routines and the fields which are passed as arguments aszldiethié following table.

Routine Input Units Comments
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write_nc_Biotic_equil.f 1) Conc. of PO4 mol/m”3 *)
2) Conc. of DOP mol/m”3
3) Conc. of O2 mol/m”3
4) Conc. of DIC mol/m”3
5) Conc. of Alk eg/m"3
6) Surf. ocean pCO2 uatm
7) Delta pCO2 (dpCO2) uatm
8) Mean Gas Flux of CO2 mol/(m~2*s)
9) Mean Gas Flux of 02 mol/(m~2*s)

10) Mean Virtual Flux of CO2 mol/(m"2*s)
11) Mean Virtual Flux of Alk mol/(m™2*s)

12) Mean Downward flux mol/(m~2*s)
of POP at compensation Z
13) Mean Downward flux mol/(m"2*s)

of DOP at compensation Z
14) Mean Downward advective

flux of DOP at

compensation Z mol/(m~2*s)
15) Mean Downward diffusive

flux of DOP at

compensation Z mol/(m~2*s)
16) Mean Downward convective

flux of DOP at

compensation Z mol/(m”2*s)
write_nc_Biotic TS year.f 1) Potential temperature degrees C *)
2) Salinity psu

(*) For online models, all 2- and 3-D fields should be averaged for
each month over the last 10 years of the simulation.

5.2 Downloading the output routines

The output routines can be transferred to your machine by clicking dmttsebelow, while holding down the Shift
key.

¢ write_nc_MaskAreaBathy.f

¢ write_nc_Biotic_equil.f

e write_nc_TS_year.f
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¢ write_nc_Biotic_TS_year.f

You will also need to transfer the subroutine haneiteors.f to properly deal with errors while you are writing your
netCDF files.

5.3 Compiling the output routines

Here is a an example of how you would compile one of the Biotic rupuwiroutines:

f77 -c -O -L/usr/local/lib -Inetcdf -l/usr/locall/include \
write_nc_Biotic_equil.f

Because we have made the OCMIP-2 output routines F77 compatible,ayoneed a function letrim.f (from
F90), which we also provide and which returns the length of a charadtey gafter neglecting trailing blanks).

5.4 Using the output routines

The Biotic-run output routines store your model results follogvihe naming and output conventions (netCDF, GDT
version 1.2) chosen for OCMIP-2. The output filename is constructedreatically within each routine from three of
the arguments: the tracer name, the year, andtémelard model code
<http://lwww.ipsl.jussieu.frfOCMIP/phase2/#modgroups> used during OCMIP-2 to identify your
group.

For example, after compiling and linking the OCMIP-2 output roesinwve add the following code to the IPSL
routines to store output in standard OCMIP-2 form

call write_nc_Biotic_equil ("IPSL", "NGL46_SI",
imt, jmt, kmt,

60*60*24*365, 1200,

MPO4, MDOP, MO2, MDIC, MAIK,
MpCO2surf, MdpCO2,

MFgDIC, MFgO2,

MFvDIC, FvAIK,

MPnewPOP, MPnewDOP,

MPnewDOPa, MPnewDOPd, MPnewDOPCc)

Ro R0 Ro Ro Ro Qo Ro Ro

By line, the arguments tarite _nc _Biotic _equil include

1. the OCMIP-2model code AND your ownmodel versionindicator (in GDT 1.2 terminology, these 2 variables
refer to theingtitution andproduction, respectively);

2. dimensions;

3. the number of seconds per year (in your model), and the number ofdipsgstr year;
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A

. the 12 monthly means for the 3-D tracer arrays for passive tracers R @2, DIC, and Alk;

5. the 12 monthly means for the 2-D arrays for surface ocean pCO2 (p@P&sd the sea-air pCO?2 difference
(dpCO2).

6. the 12 monthly means for the 2-D arrays for the air-sea fluxes fora&8@22;
7. the 12 monthly means for the 2-D arrays for the surface "virtual'gbubor DIC and AlK;

8. the 12 monthly means for the 2-D arrays for the total downward flakBOP and DOP (at the compensation
depth); and

9. the 12 monthly means for the 2-D arrays for the advective, diffuaivé convective components of the
downward flux of DOP (at the compensation depth).
All arguments are input. The only output is the final netCDF filPe$L _Biotic _equil.nc* ) which contains
the information for analyzing the IPSL monthly results for the syestdte climatological solution.

Furthermore, we need monthly 3-D data for potential temperature T amityg&ifrom each model. Again as an
example, we add the following code to the IPSL routines to stoneudint standard OCMIP-2 form.

call write_nc_Biotic_TS year("IPSL", "NGL46_SI",

& imt,jmt,kmt,
& year, 60*60*24*365, 1200,
& MT,MS)

where the arguments include

1. the OCMIP-2model code AND your ownmodel version indicator (in GDT 1.2 terminology, these 2 variables
refer to theingtitution andproduction, respectively);

2. dimensions;

3. the year, the number of seconds per year (in your model), and the nuhtipeesteps per year;

4. the 12 monthly means for the 3-D tracer arrays for potential tempefbtumd salinity S;
The only output is the final netCDF fileIPSL _Biotic _TS.year.nc" ) which contains the information for
analyzing the IPSL monthly results for the steady-state climatologatation.

Both"IPSL _Biotic _equil.nc" and"IPSL _Biotic _TS.year.nc" should be 6. Filenames should NOT be
changed. Subsequently at IPSL, files will be (1) tested for consist&€)apoluded in the OCMIP-2 data base, and
(3) processed for base analysis.

5.5 Need more details?

See <http://www.ipsl.jussieu.fr/OCMIP/tech> for additional information about the format netCDF
and other conventions (COARDS, GDT) chosen for storing OCMIP-2ahouatput.

If you have other questions, please contact Patrick.Brockmann@gssbjufr or orr@cea.fr
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6 Transfer of output

BothIPSL Biotic _equil.nc  andIPSL Biotic _TS.year.nc should first be compressed

gzip IPSL_Biotic_equil.nc IPSL_Biotic_TS_year.nc

If gzip is not available on your machine, the alternative is toamapress . After compression, you should send
your files to LSCE for processing and analysis. However, model outpd @ quite large depending upon model
resolution. If outputis larger than 300 Mb, you may wish to try tocsiey ftp, but you should first send us e-mail to
verify that enough disk space is available. If not, you'll need to writenoutput to tape (DDS, DDS2, Exabyte, or
DLT) and mail it to

James ORR

LSCE, CEA Saclay

Unite mixte de recherche CEA-CNRS
Bat. 709, L'Orme des Merisiers
F-91191 Gif-sur-Yvette CEDEX
FRANCE

If smaller than 300 Mb, please first attempt to send this output via ftp:

ftp: ftp.cea.fr

user: anonymous

passwd: your full email

cd incoming2/ba9901/OCMIP
mkdir <your group name>
mkdir <your group name>/Biotic
cd <your group name>/Biotic
binary

prompt

mput <your group name>*nc*

Then e-mail us (Patrick.Brockmann@ipsl.jussieu.fr and orr@cea.frythattransfer is complete.

7 Who has submitted what?

For a record of who has submitted what model output, see
<http://lwww.ipsl.jussieu.frfOCMIP/phase2/progress/>



8. References 15

8 References

Broecker, W.S., J. R. Ledwell, T. Takahashi, R. Weiss, L. Merlivat, L. MemkefH. Peng, B. Jahne, and K. O.
Munnich, 1986. Isotopic versus micrometeorlogic ocean CO2 fluxesdpl®s. Res., 91, 10517-10527.

Bryan, K., 1984. Accelerating the convergence to equilibrium of ocean-dimatiels, J. Phys. Oceanogr. 14,
666-673.

Garcia, H. E. and L. I. Gordon. 1992. Oxygen solubility in seawaterteBéitting equations. Limnol. Oceanogr. 37,
1307-1312.

Levitus, S., 1982. Climatological atlas of the World Ocean, NOAA Praip. 13, U.S. GPO., Washington, D.C., 173
pp.

Walsh, J. 1978. A data set on northern hemisphere sea ice extent, 3863alaciological Data, World Data Center
for Glaciology (Snow and Ice), Report GD-2, 49-51.

Wanninkhof, R., 1992. Relationship between wind speed and gas excharghe@wecean, J. Geophys. Res., 97,
7373-7382.

Weiss, R. F., 1974. Carbon dioxide in water and seawater: the sohdfith non-ideal gas, Marine Chem., 2,
203-215.

Weiss, R. F. and B. A. Price. 1980. Nitrous oxide solubility in wated seawater. Mar. Chem., 8, 347-359.

Zwally, H. J., J. Comiso, C. Parkinson, W. Campbell, F. Carsey, a@dioderson, 1983. Antarctic Sea Ice, 1973-1976:
Satellite Passive Microwave Observations, NASA, 206 pp.

9 Contacts

najjar@essc.psu.edu, orr@cea.fr, brock@Isce.saclay.cea.fr

10 Same document, another format?

This document is available in different formats:

HTML ( <HOWTO-Biotic.html> )

Postscript kHOWTO-Biotic.ps> )

ASCIlI (<HOWTO-Biotic.txt> )

LaTeX (<HOWTO-Biotic.tex> )

DVI ( <HOWTO-Biotic.dvi> )



Injection-HOWTO

O. Aumont and J. C. Orr

Revision: 1.14, Date: 2000/04/04 22:34:34

This document provides step-by-step guidelines to make simulations of deep-ocean CO2 sequestration
according to standard protocols from OCMIP-2 and GOSAC. Simulations are made abiotically without
CaCO3 sediments. Thus tracers are carried only as DIC. Each model run carries ten tracers, thereby
simultaneously simulating the control, "permanent sequestration”, the anthropogenic invasion of CO2, and
injection at 7 different sites. In GOSAC’s REQUIRED Standard scenarig atmospheric pCO?2 is prescribed
and CO2 is injected at 1500 m (Run C1500. An analogous simulation is STRONGLY ENCOURAGED
where injection occurs instead at 3000 m (Run C3000. Additionally, we include two OPTIONAL
simulations: (1) an analogous run with injection at 800 m (Run C800) and (2) an Emissions casavhere
fossil emissions to the atmosphere are prescribed and injection is made at 1500 m (Run E1500.
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1 Introduction

To help reduce the rate of increase of atmospheric CO2, one could ingeididyrert CO2 emissions from coastal
power plants to the deep ocean and thereby short-circuit the naturally steesa¢éxchange of CO2 (Marchetti,
1977). However two key scientific questions remain to be answered Isfohea practice could ever be
implemented. Accurate answers to these questions are needed in order aniflibgs other crucial
concerns—socioeconomic, political, legal, and technological—all of whicét piay a role in future decisions that
governments must make concerning possible mitigation strategiedir$tof these scientific questions is, "how
extensively would deep-ocean injection affect the marine biota in theityicfithe injection site?” The second
guestion is, "if fossil CO2 is to be injected into the ocean, how longhmit stay isolated from the atmosphere?”

Our focus is on the second question, using the only means availablgagons in global-scale ocean models.
Previous studies have addressed this same question, first witkieglaimplistic box models and subsequently with
one ocean general circulation model (OGCM) from MPI. A good summary ofque work is provided by Dewey et
al. (1996). OGCM's describe ocean circulation in three dimensions. fhleyscan be used to make assessments
concerning the dependence of injection site location and depth upon théveffiess of the ocean to retain
sequestered CO2. Unfortunately, model estimates can be biased due to mqudi&tations, omissions, and
uncertainties. Substantial effort is usually required in regards teem@didation and comparison before one can be
sure of predicted results.

Here we provide the necessary protocols, boundary conditions, andadlat different groups using different
OGCM'’s can make ocean CO2 injection simulations in a consistent manneobj&ative is to begin to estimate the
effect of uncertainties in model-predicted ocean circulation patterns on madettiestimates of the long term
retention of CO2 injected in the ocean. This work is carried out under #énedivork of GOSAC (Global Ocean
Storage of Anthropogenic Carbon), an international effort durir@81® 2000, which is jointly funded by the EC
Environment and Climate Programme and the IEA Greenhouse Gas R& PaRmoge. GOSAC also provides
support for European modeling groups to participate in the Ocean G&¥pde Model Intercomparison Project
(OCMIP), a project of the Global, Anlysis, Interpretation, and MadgTask Force (GAIM) of the International
Geosphere-Biosphere Programme (IGBP). Simulations described heegjaired for the seven GOSAC modeling
groups. Non-european modeling groups (those not funded by GO&#&@)Jso strongly encouraged to make the
simulations described in this document and to submit results for canamalysis.

The protocols stipulated in this document are nearly the same as thteskitesne of the GOSAC models, i.e., that
from IPSL. Orr and Aumont (1999) discuss those preliminary tesiscampare results to previous work.

2 Recuperation of files by ftp:

2.1 OCMIP-2files

All injection simulations are to be made with an abiotic ocean. They owsply with previous OCMIP-2
guidelines, namely the abiotic simulation for DIC. Thus modelersishiefer to the Abiotic HOWTO available on
this Web site. The standard OCMIP-2 files necessary for the injectioriations are listed below. They can be
retrieved directly from this Web page (you can save a file to disk by dgkilink while holding down the Shift key).

e rgasxocmip2.f
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e gasxocmip2.nc.gz
e vgasxocmip2.jnl
e scco2.f

e solco2.f

After transferring the filggasx _.ocmip2.nc.gz  (binary mode), one must then uncompress it:

gunzip gasx_ocmip2.nc

Other files are text and need no special treatment after transfer. Use of theiseddesribed below.

2.2 GOSAC files

In addition to following the guidelines described in the Abiotic WOO of OCMIP-2, all modelers must also follow
the GOSAC guidelines given here to make the injection simulations.appropriate files are listed below. They are
used to read the prescribed boundary conditions, to perform the imjeatid to provide some basic diagnostics. Just
like the previous OCMIP-2 files, the files below can be retrieved dirdiaiin this Web page.

e pco2.s650.dat

e emissions.dat

e sitepos.dat

o initnl.f

e initgos.f

e gosac.f

e concent.f

e emit.f

e writegos.f

e gosac.h

e gosac.nl

All the files are text and need no special treatment after transfer. Use of tlesss fiescribed below; comments
within each file provide further details.
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3 Model runs

Since the injection simulations are based on the abiotic DIC runsglainust have read the related Abiotic
HOWTO, also on this Web site. In the rest of this Injection-HOWTO dascribe only the sequestration of CO2
within the ocean and its effects on atmospheric CO2 and oceanic DIC.

3.1 Injection sites
Seven injection sites have been designated by GOSAC patrticipants:

Bay of Biscay
New York

Rio de Janeiro
San Francisco
Tokyo

Jakarta

N oo o M 0w Db -

Bombay

Exact locations of these sites are shown in Fig. 1. They are also listed WSCII file sitepos.dat. All sites are
located along coastlines near populated areas where large amounts of CO2 & tertfigt atmosphere. Only two
of these sites are in the Southern Hemisphere. Protocols call for each moukgkée injections at all sites
simultaneously. Models will make separate simulations for up to tinjeetion depths: 800 m, 1500 m, 3000 m.

To determine the 7 grid cells in your model where CO2 is to be injectedisse simple algorithm (see initgos.f) to
find each site’s nearest grid cell that has a water column of at least 3000 m ankliisMi00 km of the nearest
coastline. These constraints are considered, roughly, as the currencédema economical limits of feasibility.

3.2 Tracers

Ten tracers are necessary to perform an injection simulation. Each of the tes tsazaried simply as total
dissolved inorganic carbon (DIC). These oceanic tracers exchange CORreitdifferent atmospheric boxes, all of
which are defined in section “Atmosphere description”. The ten oceanic traeasfimed as follows:

Tracer 1

Control scenario: no effect of the anthropogenic perturbation on atmeospgCO?2 is included. This tracer is
used to remove the drift of the model.

Tracer 2
Future scenario: The effect of the anthropogenic perturbation on alreds|CO?2 is included, as is the
resulting invasion of anthropogenic CO2 into the ocean; howevenjaction is performed. Reference to this
tracer allows us to determine, by difference, the total effect of ocean injectiamuspheric pCO2 and
oceanic DIC.
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Tracer 3

Injection scenario (“Permanent sequestration”): Like Tracer 2 but in additiociudes the effect due to the
reduction of atmospheric CO2 caused by the diversion of fossil carboittie deep ocean (sequestration)
instead of the atmosphere. However, Tracer 3 ignores the impact of dirsatiam of CO2 within the deep
ocean on the oceanic DIC. Tracer 3 differs from Tracer 2 when atmospheric CORjmitad (i.e., in the
Emission cas&1500), but not when atmospheric CO2 is prescribed (scen&&®0, C150Q andC3000. For
the Emission case, Tracer 3 is used to compute atmospheric CO2, air-sduxzd2and the distribution of
oceanic DIC when CO2 sequestration is made in an ideal permanent reservoilothata leakage back to
the atmosphere.

Tracers 4-10

These seven tracers simulate, individually for each injection site, theefiettjected CO2 on oceanic DIC.
The impact of CO2 sequestration on atmospheric pCO2 is also considestas jwith Tracer 3. Tracers 4-10
are summed along with Tracer 3 to determine the loss of sequestered C@zatmttsphere and to evaluate
the direct effect of the injection on the DIC distribution. These sdkaters are necessary to determine the
efficiency of each site in retaining injected CO2.

3.3 Conservation equations

Each of the ten tracers is carried as dissolved inorganic carbon (DIC) andeHfafidiving conservation equation
(1) d[DIC}/dt=L([DIC]) + Iv +J + Ji

where

¢ [DIC] is the model's concentration (moles/m3) of tracer representing totalldéskinorganic carbon;
¢ L isthe 3-D transport operator, which represents effects due to advedffasiah, and convection;

Jv is the "virtual” source-sink term representing the changes in suffal€d due to evaporation and
precipitation;

J is the source-sink term due to air-sea exchange of CO2; and

Ji is the source term due to the injection of anthropogenic CO2 witldrdeep ocean.

The source-sink term¥s andJ are added only as surface boundary conditions. That is, they are equal to aliro
subsurface layers. These two source-sink terms are equivalent to theooodes fluxes (described in the
Abiotic-HOWTO) divided by the surface layer thicknedzl.

Jv =Fv/dz1l
J=F/dz1
The virtual flux Fv is described in the Abiotic-HOWTO (Section 2.2).

For the last seven tracers (4-10), which are used to study the injecticierety, each source terdi is added only to
the grid cell of the model located nearest the corresponding injectiorCaitezersely,)i is set to zero for the first
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three tracers. Thé& source is equivalent to the quantity of CO2 injected at each@itelivided by the volumelV of
the corresponding grid cell of the model.

Ji=Q/dv

3.4 Air-sea gas exchange fluxes (F)

For simulations of CO2 sequestration, air-sea fluxésr each tracer must be modeled according the OCMIP-2
guidelines described in the related Abiotic-HOWTO,

(2) F=Kw (Csat - Csurf)

with

(3) Csat=alphaC * pCO2atm * P/Po

where

e Kw is the CO2 gas transfer (piston) velocity [m/s] ;

e Csurf is the surface aqueous [COZ2] concentration [mol/m™3], which is comgrdetdthe model’s surface
[DIC], T, S, and [AIK];

alphaC is the C solubility for water-vapor saturated air [mol/(m”3 * uatm)];

pCO2atm s the partial pressure of CO2 in dry air at one atmosphere total pegfgsumicroatm], which is the
same as the dry air mixing ratio of CO2 multiplied by 1076 ;

e Pis the total air pressure at sea level [atm], locally; and

Pois 1 atm.

The three termP, Kw, andalphaC are identical for all the ten tracers. They are described in the Abiotic-HOWT
ConverselyCsurf depends on which of the 10 tracers is considered. Furtherp@Gf@2atm depends on which
oceanic tracer is considered for the Emissions BEtBQ0 but not for the other simulations. The dependencies of
both terms are described below.

3.5 Oceanic Component

The oceanic terntsurf is not carried as a tracer. Thus to determine gas exchange, it must be computtichestep
for each of the ten tracers.

Csurf is the surface [CO2] concentration [mol/m~3], which is computed frioenhodel’s surfacfDIC], T, S, and

[AIK] through the equations and constants found in the subroutine co2¥8écifject anthropogenic carbon as CO2,
which does not affect Alkalinity. Thus Alkalinity is identical for all téracers. It is determined as a normalized
linear function of salinity:

(4) [AIK] = Alkbar * S/Sbar

where[Alkbar] is 2310 microeqg/kg an8bar is the model’s annual mean surface salinity, integrated globally
(horizontally).
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IMPORTANT The carbonate chemistry subroutine co2calc.f was originally designmedtire tracer inputlp/C,

Alk, PO4, andSi02) on a per mass basis (umol/kg); however, for OCMIP-2 co2calc.f has bedifieddo pass
tracer concentrations on a per volume basis (mol/m”3), as carried in ocearsmimdb so, we use the mean surface
density of the ocean (1024.5 kg/m~3) as a constant conversion factog W®® use model-predicted densities. For
example, OCMIP-2 modelers should used SiO2 = 7.7e-03 mol/m~3 and=BQ4-04 mol/m”3 as input arguments;
again both are constant for the abiotic simulation. The output argismefstar Csurf) and dco2stargsat - Csurf)

are also returned in mol/m”3.

3.6 Three atmospheres
3.6.1 Atmosphere description

In the injection simulation, a set of three different atmospheric haash which is global in nature, exchange CO2
with the ocean:

1. The first atmospheric bdX(1) is related to the control scenario. In equation (urf is calculated from
Tracer 1.

2. The second atmospheric bBR) is related to the future scenari@surf is computed from Tracer 2.

3. The third atmospheric bdX(3) is related to the injection scenari@surf is computed from Tracers 3-10.
Each of the three atmospheres is defined as an homogeneoB§&bwith i=1,2,3), with global coverage, having a

uniform atmospheric concentration of CP202atm(i) (in uatm). To this concentration corresponds an atmospheric
content of CO2 (in GtCMCO2atm(i). The two variables are related by the following equation:

(5) MCO2atm(i) = Matm * (WCO2/Watm) * (pCO2atm(i)*1.0e-06)

where
e Matm is the total mass of this atmosphehkdatm = 5.119e+06 G7);

e Watm is the molecular weight, i.e., mass of 1 mole (22.4 L at STP) oMdat(n = 28.964 g; and

e WCO2 is the molecular weight, i.e., the mass of 1 mole of carblwE 02 =12.0 g.

3.6.2 Conservation equation for the atmosphere

In each of the three atmospheric boB4§, the atmospheric mass of CQRCO2atm(i) depends on the following
conservation equation:

(6) dMCO2atm(i) / dt = E(i) + S(i) - I(i)

where

e E(i) is the rate at which anthropogenic CO2 is added to atmospheriBpdue to fossil fuel combustion and
deforestation (note(1) = 0);
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¢ S(i)is the rate at which oceanic CO2 is added to atmospheri@iipxi.e., due to the globally integrated total
sea-to-air flux of CO2;

¢ (i) is the rate at which atmospheric CO2 is reduced due to deep ocean sequesiatiois, the atmospheric
sink (reduction in emissions rate) due to the CO2 sequestration avaii deep ocean injection sites (note:
I(1) = 0; I(2) = 0; conversely(3) is nonzero, but only during the 100-year injection period).

The total sea-to-air flux of CO3(i) (for atmospheric boxes i=1,3) isghobal integralrelated to the air-to-sea CO2
flux F(n) ateach surface grid boffor Tracers n=1,10)—see definition Bfin the section€onservation equations
andAir-sea gas exchange fluxeghe value ofS(i) depends on the atmospheric b&(1)is equivalent to the spatial
integration over the whole surface ocean of the corresponding seafloxaire.,-F(1); likewise,S(2)is the globally
integrated sea-to-air fllE(2); howeverS(3)is more complicated. That is, f&(3), we must additionally account

for the sea-to-air flux due to loss of injected CO2. For atmospheri@i®) the sum of both air-to-sea fluxes at each
grid box is then

(7) F =F(3) +sum[F(n)-F(3)] n =[4-10]

where

e F(3)is the air-to-sea flux of CO2 of Tracer 3;
¢ F(n)is the air-to-sea flux of Tracer n (For the injection tracers, n from 4 jodrl

e sumrepresents the summation operator (Sigma); the sum is carried out evedites from n=4 to n=10.

Thus, the global sea-to-air flil&(3)equals F’ integrated horizontally over the entire surface of the global ocean.

Regarding the injection ratf1) andI(2) are always zero. Conversel{3) is non-zero, but only during the 100-year
injection period. The reason is that unliB€l) andB(2), atmospheric boB(3) accounts for the effect of CO2
injection. Furthermord(3) is not exactly equivalent to the total amount of CO2 that is injected ine#aleep ocean.

In fact, 1(3) is a little less because it requires energy to separate, transport, and @2rtp e deep ocean. Thus we
remove less CO2 from the atmosphere than is added to the ocean. We asi¥nersetgy penalty, based on
removing CO2 from gas-fired plants or advanced technology coal-fired plamnis.

8) 1(3)=N*Q/1.14

where

¢ N is the total number of injection sites (7); and

¢ Qs the amount of CO2 that is injected at each site (see seCtmservation equatiofs
3.6.3 E and d(MCO2atm)/ dt

To close equation (6), eith& or d(MCO2atm)/dt must be specified priori; the remaining term is calculated based
on the computed air-sea CO2 flux. The specified term determines the typ of r

Standard case -Required
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For the 'C” runs, we specify the time evolution of the atmospheric GIICO2atm)/dt and the injection
scenario; then with modeled air-sea CO2 exchange, each model computes theoogiiresiime evolution of
anthropogenic carbon emissidato each atmospheric box B(1)-B(3).

Emissions case Optional

For the 'E” run , we specify the history of the anthropogenic emissigrand the history of injected CO2; then
with modeled air-sea CO2 exchange, each model computes its correspondimydilution of atmospheric
pCO2atm for each atmospheric box B(1)-B(3).

When specifiedpCO2atm andE should be interpolated temporally to each time step of the model.

3.7 Gain

The primary emphasis of these runs is to determine the efficiency ot#ando retain artificially injected CO2. For
each injection siten, we define a Gai(m) equal to the amount of CO2 injected at that site which remains in the
ocean. The more efficient the injection site the greater is it&(m). Thus

(9) dG(m)/dt=Q-R(m)

where

e Qs the rate at which CO2 injected is at each site;
e R(m) is the rate at which CO2 injected at siteis lost from the ocean to the atmosphere.

R(m) is the integral of(F(m+3)-F(3))with respect to the global surface area of the ocean. We usa-tBéndex
because the seven injection sites=(l,7) correspond to the last seven of the ten ocean tranevs 10.

3.8 Technical notes

The following routines are used in the IPSL ocean model to performjbetion simulations. There are provided as
templates that modelers may adapt and use in their own models. All theesuatie coded in FORTRAN 77.

e initgos.finitializes the variables used in the injection simulatidngarticular, this routine reads the location
of the injection sites, and the atmospheric pCO2 or the fossil fuedsiams depending on the chosen case.

e initnl.f reads input parameters of the simulation from the namelest{gbsac.nl).

e gosac.f performs the injection in the ocean.

e concent.fand emit.f are the routines which determine the “allowable’l fosdiemissions (Standard case) or
atmospheric pCO2 (Emissions case).

¢ writegos.f writes out some basic diagnostics.

e gosac.his a COMMON file in which the main variables are defined.
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¢ gosac.nlis a namelist file in which the characteristics of the simulatmdefined: the first and last years of
the injection gabsyr0, gabsyrl), the type of the simulation (standard case or emissions fresag), the
amount of CO2 injected at each sil{MPGOS), the amount of CO2 removed from the emissidf&GOS),
and the start date of the simulatiara().

4 Description of the simulations

4.1 Initialization

¢ Standard caseC(1500 and other C” runs (C300Q C800)

— Tracer 1

x Tracer - Initialize with 3-DDIC field from from year 2000.0 of the Abioti€ontrol Run;

x Cumulative flux (Tracer 1) - Initialize to 2-D cumulative flux field froragr 2000.0 of the Abiotic
Control Run;

* Atmospheric pCO2 - Initialize atmopsheric B8X1) to 278 ppm, and hold it constant.
— Tracers 2-10

* Tracers - initialize all nine 3-D tracer fields to tB¢C field from the end of the Abiotitlistorical
Run (year=2000.0);

+x Cumulative fluxes - initialize all nine 2-D arrays to to the cumulative #f DIC at the end of the
Historical run (year=2000.0);

x Atmospheric pCO2 - atmospheric boxg&l) andB(2) follow IPCC scenario S650.
e Emissions case1500

— Tracers 1-10

« Tracers - Initialize all ten 3-D tracer fields to tB&C field from the end of the Abioti€quilibrium
Run (equivalent to year 1765.0);
* Cumulative fluxes - Initialize all ten 2-D fields to zero;

+x Atmospheric pCO2 - Initialize atmospheric boX&4)-B(3)to 278 ppm.

4.2 Duration

4.2.1 Simulation

All” C” injection simulations C800, C150Q0 C3000 begin at year=2000.0 and will be continued until year 2500.0.
Thus, the duration of th€ simulations is 500 years. Conversely, th& Simulation E1500 begins in year=1765.0
and ends in year=2500.0; thus its duration is 735 years.
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4.2.2 Injection Period

In all simulations, artificial sequestration of anthropogenic CO2adgdlur for 100 years, beginning on the first
timestep of the year 2000 (Jan. 1) and continuing until the last times$tée year 2099 (Dec. 31). Each year during
the 100-yr injection period, 0.1 Gt C is injected at each site, for a tot@a/b6t Clyr for the global ocean (seven
sites). This amount corresponds to the emissions necessary to pré&ucédBby coal-fired plants or 700 GW by
gas-fired plants. Meanwhile, 0.6 Gt C/yr should be removed from thel fogl emissions to the atmosphere. The
difference between the injection and the removal from fossil fuel emisssothue to the 14% cost penalty (see
sectionConservation equation for the atmospHhere

4.3 Atmospheric boundary conditions
The atmospheric boundary conditions depend on the chosen scenario:

Standard scenario (C1500) and other C runs (C3000 and C800)

Atmospheric pCO2 follows the IPCC S650 stabilization scenario.o&pheric pCO2 stabilizes to 650 uatm at
year 2200.

The ASCII file pco2.s650.dat (Fig. 2) provides mid-year values oathespheric pCO2 that must be
prescribed in the IPCC S650 cas€800, C1500 andC3000. See concent.f and related technical notes in
Model rung. Concentrations from pco2.s650.dat are to be imposed only in thadacal third atmospheric
boxesB(2) andB(3). Conversely, in the first atmospheric bB{l), atmospheric pCO2 must be held to its
preindustrial value 278 uatm.

Emissions scenario (E1500)

We require a smooth emissions scenario to avoid needlessly compliaatihgis. Thus we avoid using
historical emissions and IPCC future scenarios. Instead we rely oretatasions deduced from an IPCC S650
"concentration” run in one model. The choice of the model is not criticabto objectives of model
comparison. We have chosen to use deduced emissions from the S650 @iimentn with the HILDA

model because (1) HILDA's deduced emissions are already available frontd 2690, (2) its emissions will
produce smooth atmospheric CO2 (and time deriviatives) in the ot@&1© models, and (3) HILDA has

been used as the IPCC reference model. For further information aboutltBAHiodel, see
http://www.climate.unibe.ch/joos/modeldescription/modetiescription.html.

The ASCII file emissions.dat (Fig.3) provides values of the totaksions every half year that must be
prescribed in th&missions scenari(E1500. These values should be interpolated at each time step of the
model. See emit.f and related technical notelgladel runs This emission scenario is prescribed in the second
and third atmospheric box&2) andB(3). Conversely, in the first atmospheric bB{1), there are no
anthropogenic emissions.

5 Output type and frequency

1. [0-D] spatial fields ([1-D] in time):

e Frequency: annual averages every year (from 2000 through 2499)
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e Type:
— Annual averag@COZ2atm of each atmospheric box [uatm]
— Annual average Gai@ for each injection site [mol/m~2]
— Globally and annually averaged air-to-sea flukdsr Tracers 1-10 (mol/(m™2 * s)
— Globally and annually averaged virtual fluxes for Tracers 1-10 (mol/(m"2 * s)
— Globally and annually averagechole-oceartoncentrations for Tracers 1-10 [mol/m”3]
— Globally and annually averagasdrfaceconcentrations for Tracers 1-10 [mol/m”3]
— Globally and annually averaggeCO2surf (uatm) anddpCO2 (uatm) for Tracers 1-10

— Globally averaged cumulative air-to-sea fluxes (end-of-year) for F (mi@)and virtual fluxes Fv
(mol/m™2) for Tracers 1-10;

— Global anthropogenic emissions of carlibfor each of the 3 atmospheric boxes [GT Clyr]
2. [2-D] and [3-D] spatial fields:

e Frequency: annual averages for years 2000, 2010, 2020, 2040, 2060208, 2120, 2140, 2160,
2180, 2200, 2300, 2400, 2499.

¢ Type: same as for Abiotic Future Run (see Abiotic HOWTO)

Conventiorfor the direction of the air-sea fluxes: positive from the atmosphere to the ocean, excepbfarhich
must be given in the opposite sense.

6 Output Format

Each modeling group must provide their output in the standard O€Mt®mat which is the same as that chosen for
GOSAC. Model output that does not follow these formatting convest@annot be included for analysis during
GOSAC. Model groups must use the standard routines that we hagged specifically for writing output in
standard form for GOSAC.

6.1 Spatial information

If this is the first OCMIP-2 simulation you have made, you will needdcuperate the routine
write_nc_MaskAreaBathy.f to write out characteristics of your model grid, mask paticdymetry using the standard
OCMIP-2 format. Use of this routine is detailed in the CFC HOWTé&x(®n 5.1).

Otherwise if you have submitted OCMIP-2 model output previgysiu will only need to resubmit the output file
produced by writenc_ MaskAreaBathy.f under two conditions:
1. either your model’s grid, mask, or bathymetry have changed; or

2. you have been natified by the OCMIP-2 analysis center at IPSL that ybputdfile from this subroutine did
not pass the routine integrity tests.
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6.2 Output routines

Each modeling group must use the routines listed in the follovabtgtto store results in standard OCMIP-2 format
for the[2-D] and [3-D] spatial fields

Input to these routines consists of your model’s output and charditerihe routines

(write _nc_Inject _year 3D.fwrite _nc_Inject _year _2D.f ) must be called for the appropriatatput
yearsof the runs (see previous sectiGutput type and frequengyconversely the routine

write _nc _Inject _year _OD.f is called only once, after builiding a 1-D time series of global mean in&ion.
The fourth and final routinerite _nc_Inject _TS_year.f should be called only once for offline models; for
online models, it should also be called a second time, in the year 2499.

Routine Input Units
write_nc_Inject_year_3D.f 1-10) Conc. of Tracer[1-10] mol/m”3
write_nc_Inject_year_2D.f 1-10) Surf. ocean pCO2 (Tracer[1-10]) uatm
11-20) Delta dpCO2 (Tracer[1-10]) uatm
21-30) Gas Exch. Flux of Tracer[1-10] mol/(m~2*s)
31-40) Virtual Flux of Tracer[1-10] mol/(m~2*s)
41-50) Cum. Gas Flux of Tracer[1-10] mol/m~2

51-60) Cum. virtual Flux of Tracer[1-10] mol/m”2

write_nc_Inject_year_0D.f 1-3) Glob_mean (Gm) pCO2atm for B(1)-B(3) uatm
4-10) Storage gain G of site[1-7] mol/(m~2)
11-20) Gm Gas Ex. Flux of Tracer[1-10] mol/(m”2*s)
21-30) Gm Virtual Flux of Tracer[1-10] mol/(m”2*s)
31-40) Gm Tracer mol/m”3
41-50) Gm Surface Tracer[1-10] mol/m”3
51-60) Gm pCO2surf uatm
61-70) Gm Delta pCO2 (dpCO2) uatm
71-80) Gm Cum. Gas Flux of DIC mol/m~2
81-90) Gm Cum. Virt. Flux of DIC mol/m~2
91-93) Fossil emissions E for B(1)-B(3) GT Clyr

6.3 Downloading the output routines

The output routines can be transferred to your machine by clicking dmttesbelow, while holding down the Shift
key.

¢ write_nc_MaskAreaBathy.f (This routine is the same as linked to the CFC HOWH;, there is no need to
recuperate it if you have already contributed OCMIP-2 CFC results).

Cor
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¢ write_nc_Injectyear3D.f
¢ write_nc_Injectyear2D.f
¢ write_nc_Injectyear0OD.f

e write_nc_Inject TS_year.f

You will also need to transfer the subroutine haneiteors.f to properly deal with errors while you are writing your
netCDF files.

6.4 Compiling the output routines

Here is a an example of how you would compile one of the outputmesti

f77 -c -O -L/usr/local/lib -Inetcdf -l/usr/locall/include \
write_nc_Inject_year_3D.f

Because we have made these routines F77 compatible, you may need a fuerction.f (from F90), which we also
provide and which returns the length of a character string (after negidgcifing blanks).

6.5 Using the output routines

The Injection-run output routines store your model results ¥ahg the naming and output conventions (netCDF,
GDT version 1.2) chosen for OCMIP-2. The output filename is congtdustitomatically within each routine from
three of the arguments: the tracer name, the year, arstahdard model code
<http://lwww.ipsl.jussieu.frfOCMIP/phase2/#modgroups> used during OCMIP-2 to identify your
group.

For compatibility with the Abiotic simulations, we separately et8fD, 2-D, and 0-D data. For your 3-D model
output for the Injection run, use:

call write_nc_lInject_year_3D("IPSL","NL46_SI","C1500",
& imt, jmt, kmt, nt,
& 2010, 60*60*24*365, 1200,
& TRAN)

By line, the arguments include

1. the OCMIP-2model codeyour ownmodel versiorindicator, AND thesimulation indicato(C1500, C3000,
C800, or E1500).

2. three spatial dimensions and one temporal dimengi¢imere nt=1 for annual means);

3. the year, the number of seconds per year (in your model), and the nuhtineesteps per year;
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4. the annual mean concentrations of 3-D Tracers 1-10 [mol/m"3].

For your 2-D output, use

Ro Ro Ro Ro Ro

call write_nc_Inject_year 2D("IPSL","NL46_SI","E1500",
imt, jmt, nt,

2020, 60*60*24*365, 1200,

MpCO2surf,MdpCO2surf,

MF,MFv,

CF_F,CF_Fv)

For 2-D output, we no longer need the dimengkam, formerly in line 2. The 2-D Injection output also includes

¢ line 4: the annual mean surface pCO2 and Delta pCO2 for Tracer[1-10] (uatm)

¢ line 5: the annual mean 2-D air-to-sea and virtual fluxes of Tracer[1- 16/ {m2/s);

¢ line 6: the end-of-year 2-D cumulative air-to-sea fluxes and cumulaititteat fluxes (mol/m~2);

Cumulative fluxes (line 6 above) must be initialized as outlined in Seetid, and integrated with respect to time
(i.e., each time step).

When do | call the above 2-D and 3-D Injection output routines?They should be called, witht=1, at the end of
each of the following years: 2010, 2020, 2040, 2060, 2080, 2099),2140, 2160, 2180, 2200, 2300, 2400, 2499.

For 0-D (1-D with time) Injection output, use

RO R0 R0 RO R0 Qo0 Ro RO Ro Ro Ro

call write_nc_Inject_year_OD("IPSL","NL46_SI","C3000",
nrec, times,

Gm_pCO2atm,

G,

Gm_F,

Gm_Fv,

Gm_DIC,

Gm_DICs,

Gm_pCO2surf, Gm_dpCO2,
Gm_CF_F,

Gm_CF_Fv,

E)

By line, the arguments include

1. the OCMIP-2model codeyour ownmodel versiorindicator, AND thesimulation indicator

2. the number of records saved and the array of the times (in decimal yeatsphtthey were saved;
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3. the history of the global mean atmosphg@O2atm for 3 atmospheric boxes B(1), B(2), and B(3) (in uatm).
ThepCO2atm(i) (i=1,2,3)is specifieda priori for the C runs, but calculated for RuB1500via equation
(6)—see subsectidb and d(MCO2atm)/ gt

the history of the Gaifs for each of the seven injection sites (mol/m™2);
the history of the global sea-to-air flixfor Tracers 1-10 (mol/(m”~2*s));
the history of the global mean virtual fléev for Tracers 1-10 (mol/m™2*s, see Abiotic HOWTO);

the history of the global mean concentrations of Tracers 1-10 (n&)/m”

© © N o g &

the history of the global mean surface concentration of Tracers 1-1h{f3Y;

10. the history of global mean surface ocean pC@R2d2surf, in uatm), and the global mean sea-air pCO2
difference (pCO2, in uatm) for Tracers 1-10;

11. the history of the global mean cumulative flukefor Tracers 1-10 (in mol/m™2, integrated since 1765.0) at the
end of each year, with each year indicated by its mid-year time given in line 2; and

12. the history of the global mean fossil fuel emissi&@n GtC/yr) for each atmospheric box B(1), B(2), and
B(3). E(i) (i=1,2,3)is specifieda priori for RunE150Q but it must be calculated for th@ runs via equation
(6)—see subsectida and d(MCO2atm)/ dt

When do | call the above 0-D output routine?It should be called only once, after constructing 1-D (in time) arrays
from all of your model output. The time storage frequency is regtités routine should be called, using annuals
means, for every year during the last 500 years of the run (i.e., all ye@8s2499, inclusive). Thus modelers must
usenrec= 500, and fill the 1-D temporal arraymeswith the appropriate values (i.e., 2000.5, 2001.5, 2002.5 ...,
2498.5, 2499.5).

All arguments of the Abiotic routines are input; none are outputh\ttie arguments as listed in the nine routines
above, the corresponding output netCDF files are

e "IPSL _Inject _C1500.2010 _3D.nc" ,
e "IPSL _lnject _E1500_2020 _2D.nc" ,
e "IPSL _Inject _C3000_global.nc" ;

These files along with all others produced by the Abiotic routineslghmaitransferred to IPSL by ftp. Filenames
should NOT be changed. Subsequently, at IPSL, files will be (1) testedfisistency, (2) included in the OCMIP-2
data base, and (3) processed for base analysis.

6.6 Need more details?

See <http://www.ipsl.jussieu.fr/OCMIP/tech> . for additional information about the format netCDF
and other conventions (COARDS, GDT) chosen for storing OCMIP-2ahouatput.

If you have other questions, please contact aumont@Isce.saclay.ceaf@aearfr
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7 Transfer of output

The files including 0-D, 2-D, and 3-D fields should first be gzipped:

gzip *.nc

If gzip is not available on your machine, the alternative is toamapress . After compression, you should send
your files to LSCE for processing and analysis. Your model output deifglite large depending upon model
resolution. Disk space is not a problem—we have plenty to accommougtigetdrom all OCMIP models. However,
you should contact us if the ftp transfer rate is inadequate. In that cask ngma to write your output to tape (DDS,
DDS2, Exabyte, or DLT) and mail it to

James ORR

LSCE, CEA Saclay

Unite mixte de recherche CEA-CNRS
Bat. 709, L'Orme des Merisiers
F-91191 Gif-sur-Yvette CEDEX
FRANCE

Here are the commands to transfer your output by ftp:

ftp: ftp.cea.fr

user: anonymous

passwd: your full email

cd incoming2/y2k01/OCMIP
mkdir <your group name>
mkdir <your group name>/Inject
cd <your group name>/Inject
binary

prompt

mput <your group name>*nc*

Then e-mail us (aumont@lsce.saclay.cea.fr and orr@cea.fr) that your trarcsferptete.

The ftp archive is erased automatically every 8 days, so be sure to contactagnass you have completed transfer,
and save your output files at least until we have notified you that they been transferred to the OCMIP-2 model
output archive.
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9 Contacts

orr@cea.fr, brock@lsce.saclay.cea.fr

10 Same document, another format?

This document is available in other formats:

HTML ( <HOWTO-Inject.html> )

Postscript kRHOWTO-Inject.ps> )

ASCII (<HOWTO-Inject.txt> )

LaTeX (<HOWTO-Inject.tex> )

DVI ( <HOWTO-Inject.dvi> )
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This document provides step-by-step guidelines to make a steady-state simulation for mantle Helium-3 and
Helium-4 according to the standard OCMIP-2 protocols. This simulation has two boundary conditions: (1) a
loss term due to the sea-to-air flux of mantle helium, and (2) a source term due to emission of rich *He/*He
water along ocean ridges on the seafloor. Globally integrated, the source term amounts to 1000 moles of
3He per year; regionally, sources are partitioned as a function of ridge position, length, and spreading rate).
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1 Introduction

As opposed to natural C-14/C-12 which enters the oceangirtie air-sea interface, waters rich in primordial helium

(high 2He/*He ratio) derive from mid-ocean ridges at the ocean floor.s Timique boundary condition means that

mantle helium can provide independant information conicgrpatterns of deep-ocean circulation. OCMIP modelers
have already made simulations for natural C-14/C-12. Hexalascibe protocols to make OCMIP simulations for

mantle helium.

Primordial He, which also invades the deep sea from the’samntikrior via mid-ocean ridges, has a distinctly differen
3Hef*He ratio than does atmospheric helium. Vent waters, alonly thieir *Hef*He signature, enter the ocean at
several hundred degrees centigrade and typically rise ééewired meters in the water column, before coming to
equilibrium and being transported along surfaces of conigtansity (isopycnals). When it was found that oceano-
graphic circulation patterns deduced frékte/*He data (Stommel, 1982) contradicted the simple, yet dassidel of
deep-ocean circulation (Stommel and Arons, 1960), it becalvious to many that the unique signaturéidé/*He
could help shed light on the mysteries of deep-ocean citionlaSince then, manjHe/*He samples have been col-
lected throughout the world ocean, largely during the WO@Bling campaign. One ocean modeling study has
been published that has focused on simulatidg/*He in the LSG model (Farley et al., 1995). They assumed tleat th
boundary condition fotHe/*He is proportional to the spreading rate of the mid-oceagesd Other groups have also
begun making preliminary simulations foide/* He.

For this comparison, all 3-D models will make one standifid/*He simulation, to near steady state. Following

Farley et al. (1995), primordidHe and*He will be added to the ocean at mid-ocean ridges along thésemas

a function of ridge positions and spreading ratéde and*He will be carried as individual tracers. At the air-sea

interface, all ocean models will exchantjde and*He with the atmosphere using sea-air flux boundary condition

that are analogous to those developed for CO2 during thepfieste of OCMIP. Intercomparison of model results will

focus on thé He/*He distribution in the sea and to a lesser extent on heliunefifvom the ocean to atmosphere. Such
comparison should provide unique insight, into the perfamoe of each model’'s deep-ocean circulation, particularly
in regard to evaluating the performance of OCMIP purposetegp-ocean CO2 injection simulations.

2 Recuperation of OCMIP-2 files by ftp:

To comply with OCMIP-2 guidelines, all modelers must makaugations according to OCMIP-2 standard boundary
conditions. To do so, one must first recuperate the folloviileg via this Web page (you can save a file to disk by
clicking a link while holding down the Shift key).

e rgasx_ocmip2.f
e gasx_ocmip2.nc
e vgasx_ocmip2.jnl
e sc_helium.f

e sol_helium.f

e src_helium.f

e src_helium.nc

Use of these files is described below.
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3 Model runs

3.1 Gas exchange flux

For simulations ofHe and*He, we will directly model the finite air-sea flux In other words, surface helium con-
centrations will NOT be set equal to temperature-derivadligium values determined from the solubility. Instead,
modelers must use the formulation for the standard OCMIP-asea flux,

(1la) F=Kw (Csat - Csurf)
with
(1b) Csat=a *pHe

where

e Kw is the gas transfer (piston) velocity [m/s] ;
e Csurf is the modeled surface oced@ide (or*He) concentration [mol m?] ;

e o is the®*He (or*He) solubility for water-vapor saturated air (in mof mtm—). For*He,
a(*He) = exp[A1+A2*100/T+A3*In(T/100)+S*(B1+B2*T/100+B3*(T/100)"2)]/22400
where T is the temperature (in Degrees Kelvin), S is the $al{on the psu scale), and where the coefficients
Al, A2, A3, B1, B2, and B3 are all taken from Wanninkhof (1992ble A2).

— To check that you have correctly implemented this equatiat,He solubility should be 0.3299 mol/(m"3
* atm_He4)at a temperature of 10C (283.15K) and a salinity of 3Bhus for this same T and &sat
would be 1.7288*10-6 mol/m™3, (from equation 1(b) and tlaetial pressure ofHe in the atmosphere,
given below).

— The®He solubility ([*He]) is equal td'He solubility multiplied by the isotope fractionation fact 0.984
(Weiss, 1970; Top et al., 1987; Fuchs et al., 1987)

e pHeis the partial pressure éHe (or‘He) in dry air at one atmosphere total pressure [in atm] Sipady, p*He
=5.24*10"-6 and pHe = p'He*1.38*10°-6.

All right hand terms, in equations (1a) and (1b) are difféfen*He and*He.

3.2 The Piston Velocity Kw

For simulations ofHe and*He, modelers must use the standard OCMIP-2 formulationhepiston velocitykw.
The monthly climatology oKw, to be interpolated linearly in time by each modeling graspgzomputed with the
following equation adapted from Wanninkhof (1992, eq. 3):

(2) Kw = (1 - Fice) [Xconv * a *(u2 + v)] (Sc/660)**-1/2

where

¢ Ficeis the fraction of the sea surface covered with ice, whiclegairom 0.0 to 1.0, and is given as monthly
averages from the Walsh (1978) and Zwally et al. (1983) diogy (OCMIP-2 modelers must resdste
values less than 0.2 to zero, after interpolation to theidehgrid)
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u2 is the instantaneous SSMI wind speed, averaged for eachhiben squared, and subsequently averaged
over the same month of all years to give the monthly climajgld¢see the OCMIP-README.satdafor further
details);

v is the variance of the instantaneous SSMI wind speed compter one month temporal resolution and
2.5 degree spatial resolution, and subsequently averaggdhie same month of all years to give the monthly
climatology. Again, see the OCMIPREADME.satdator further details.

ais the coefficient of 0.337, consistent with a piston velpiitcm/hr. We adjusted the coefficiemfor OCMIP-

2, in order to obtain Broecker et al.'s (1986) radiocarbatibtated, global CO2 gas exchange of 0.061 mol CO2
/(m~2 * yr * uatm), when using the satellite SSMI wind infortitm (U2 + v) from Boutin and Etcheto (pers.
comm.). Our computed value faris similar to that determined by Wanninkhaf£ 0.31), who used a different
wind speed data set and assumptions about wind speed \gnaacise the observed variance.

Xconv = 1/3.6e+05, is a constant factor to convert the piston wgidkom [cm/hr] to [m/s]. This conversion
factor is already included in the forcing fiekiKw, provided below.

Scis the Schmidt number which is to be computed using modeldd &g the formulation fotHe given by
Wanninkhof (1992, Table A1), derived from Jahne (1987a). e, we reduce the Schmidt number (relative
to “He) by 15% (SéHe = S¢He / 1.15) based on the ratio of the reduced masses, whicmisistent with
helium isotopic fractionation measurements from Jahn87{hY The functiorsc_helium.tomputes the Sc’s
(unit-less) for bot¥He and'He.

Practically speaking, to use equation (2), each group mtidrpolate the OCMIP-2 standard information to their own
model grid. The standard information is provided by IPSL@IESas a monthly climatology on the 1 x 1 degree grid
of Levitus (1982) in netCDF format (in file gasx_ocmip2.n@yidded variables in that file include

the variableFice,

the second ternjXconv * a * (u2 + v)], denoted agKw [m/s]
the maskrmask (1 if ocean; O if land),

the total atmospheric pressure at sea I&/gltm]

the longitudd_on at the center of each 1 x 1 degree grid box,

the latitudelat at the center of each 1 x 1 degree grid box.

For the variable$ice andxKw, continents on the 1 x 1 degree standard grid have been flagitleddjacent ocean
values. Such an approach avoids discontinuities at laadseaendaries during interpolation. See the Fortran pro-
gramrgasx_ocmip2.for an example of how to read the 2-D gas exchange fields,enritt netCDF format. After
compilation, to link and usegasx_ocmi p2. f , one must have already installed netCDF.

<http://ww. uni dat a. ucar . edu/ packages/ net cdf/ >

The filegasx_ocm p2. nc may also be inspected with software that uses netCDF fosualh as ncdump or Ferret.
Ferret is used for some of the analysis during OCMIP-2. Weerage OCMIP members to become familiar with
Ferret.

<http://ferret.wc.noaa.gov/Ferret/>

After installation, one can visualize maps of the standafdrimation in gasx_ocmip2.nc, by using the Ferret script
vgasx_ocmip2.jnl
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After launching Ferret, simply issue the following commdatFerret's "yes?" prompt)

yes? go vgasx_ocm p2.jnl

3.3 Oceanic and Atmospheric Components

Apart from Kw, there are two other terms in equation (1a). ®bean componer@surf [in mol/m”3] is computed by
the model each timestep; the atmospheric compdBsatis constant specified priori via the three remaining terms:

1. a: The solubilitye, different for>He and*He, will be computed using modeled SST and SSS, both of which
vary in time at each grid point. FéHe we use the solubility formulation provided by Wanninkki$92, Table
A2), a temperature-dependant polynomial for He solubilititich was derived from measurements by Weiss
(1971).The functiorsol_he.fdeterminesy for both?He and*He, but changes the units to [mol/(m"3 * atm)] so
that model helium concentrations can then be carried in B {mol/m”3].

2. pHe: For these simulations we set the partial pressure of athesgy He (p*He) to 5.24 *10°-6 atm, constant
in time and space; similarlyple = p*He*1.38*10°-6.= 7.23 *10™-12 atm. ?

3.4 Helium mantle source

3He is injected at the seafloor along ocean ridges at a gloteabfaround 1000 mol/yr (Clarke et al., 1969; Craig et
al., 1975; Jean-Baptiste, 1992; Farley et al., 1995). W tia*He/*He ratio of injected mantle helium to a constant
value of 8 x 1.38. x 1.38*10°-6 (Farley et al., 1995). Thus ghebally integrated source fdiHe is 1000/8/1.38E-6
(i.e., 90.6 x 10°6) mol/yr. The mass of mantle helium thahjedéted is partioned geographically as a function of ridge
positions, lengths, and spreading rates (Farley et al5)199

For consistent simulations, we need to position mantlaiheBources as a function of the REAL ocean’s ridge posi-
tions, spreading rates, and depths. To facilitate makiesglsimulations in any model, we have provided the mass/year
of injection helium partitioned, as a SCALAR field, on the ainx 1 degree grid as used for the OCMIP-2 boundary
condition for air-sea gas exchange. To derive that 1 x 1 @figl, we calculated length of the ridges falling within
each grid box and multiplied each length by its correspamdjpreading rate (i.e., see programo_helium). The
injection points, which define the ridge lengths, and cqroasling rates are those used by Farley et al. (1995) (Maier-
Reimer, personal communication, 1998). However, that sletaloes not include known sites in the Western Pacific
(Philippe: references?, which we have also included in this study. The completediisites and spreading rates is
given insitespread.dat

To account for the mantle source, each modeling group wildn® interpolate our standard 1 x 1 degree grid of
helium sources and corresponding ridge depths to their mdtéien, groups will need to adjust the vertical position
of helium injection point, where necessary

¢ |If the model bathymetry is deeper than the injection polentNO Vertical adjustment

¢ If the model bathymetry is equal to or shallower than thedtigm point, then inject mantle helium into the
deepest ocean box in the same water column.

Technical notes:

1. The 1 x 1 degree grid of sources and sinks is provided asGDrefile src_helium.nc
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2. Variables in that file are

e zHe:the ridge depth already adjusted upward by 300 m (see fallpwote)
o rateHe3flux:the rate of injection ofHe (mol/yr)
¢ rateHe4flux:the rate of injection ofHe (mol/yr)
3. Note that our "ridge depths" are already 300 m shallowan those actually observed, thereby accounting for

the typical rise of the warm mantle source waters from thgeridp into the water column. Therefore, modelers
should avoid additional coding to account for this effect.

4. Interpolation: When interpolating the mantle sourcal@g information from the 1 x 1 degree grid to your grid,
please be sure that you conserve mass. Globally, the ratgestion of?He must be 1000 mol/year; that for
“He should be around 90.6 x 10°6 mol/year. Groups should stidteal injection rates by a constant to exactly
obtain those globally integrated rates.

4 |nitialization and duration of simulations

e Initialization: Models are to be initialized so that initial concentratidos each grid box are equal to the
solubilities of*He and*He that are in equilibrium with atmospheric partial pressunf?He and*He, at the
T=10°C and S=3%. Thus initial model concentrations should be

— He-4=1.73x10"-6 moh"3
— He-3=2.35x10"-12 moh"3

e Duration: The mantle helium simulation should be continued until #atees at least the following near steady-
state criterion: the yearly drift of the globally integrdteacer inventories should be less than 4 mol/year for
3He, and 1 x 10°6 mol/year fdiHe. Of course, this drift should be the same as the sourceti@farx at ridges)
minus sink (loss due to the sea-to-air flux) terms. If you fingery difficult to reach this steady-state criterion,

you should still submit output but please notify uitay@cea.fIAND orr@cea.fr In this case, please send
corresponding information about the drift in your model.

5 Output type and frequency

1. Frequency: monthly averages the final year of the sinarati
2. Type:

¢ 3-D Fields:®*He and*He tracer distributions [mol/m"3]

e 2-D Fields: Monthly mean air-to-sea flux &fle and*He [mol/(m~2*s)]

6 Output Format

Each modeling group must provide their output in the stash@ECMIP-2 format. Model output that does not follow
these formatting conventions cannot be included for aistigring OCMIP-2. Model groups must use the standard
routines that we have developed specifically for writingoaiin standard form for OCMIP-2.
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If this is the first OCMIP-2 simulation you have made, you willeed to recuperate the routine
write_nc_MaskAreaBathytd write out characteristics of your model grid, mask, anthimetry using the standard
OCMIP-2 format. Use of this routine is detailed in the CFC HDW/(section 5.1).

Otherwise if you have submitted OCMIP-2 model output prasly, you will only need to resubmit the output file
produced bywvrite_nc_MaskAreaBathyuhder two conditions:

1. If your model’s grid, mask, or bathymetry have changed; or

2. If you have been notified by the OCMIP-2 analysis centeP&tlthat your output file from this subroutine did
not pass the routine integrity tests.

6.1 Output routines
Each modeling group must use the output routine listed itathke below to store results in standard OCMIP-2 format
for the 5 (Helium Output).

Input to this routine is simply your model’s output for thencentrations and air-sea fluxes both tracgre(and*He).
All groups will need to call the 1st output routineé i t e_nc_Hel i um f, but ONLY once, at the end of 4 (model
spin-up). You may be able to skip calling the 2nd routmé t e _nc_Hel i um TS. f (see 2nd footnote).

Rout i ne | nput Units Comment s

wite_nc_Heliumf Conc. of He-3 nmol / m*3 (*)
Conc. of He-4 mol / m'3 (*)
Mean Fl ux of He-3 nol / ( n2*s) (*)
Mean Fl ux of He-4 nol / ( n2*s) (*)

wite nc_HeliumTS. f Potenti al temnperature degrees C (*)(+)
Salinity psu

(*) This is an equilibriumrun: Al 2- and 3-D fields should be averaged for
each nonth over the |last year of the sinulation.

(+) You only need to subnit this output file if the year fromthe corresponding
"dynami c" output differs fromthat fromyour Abiotic or Biotic runs.
If the year is identical (sane T and S fields), sinply copy the Abiotic
or Biotic output file, and renanme it (e.g., changing
"MODEL_Abiotic_TS 1765.nc" -> "MODEL_Hel i um TS. nc").

6.2 Downloading the output routines

The output routinesrrite_nc_Helium.iandwrite_nc_Helium_TSdan be transferred to your machine by clicking on
their link while holding down the Shift key.
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You will also need to transfer the subroutinendle_errors.to properly deal with errors while you are writing your
netCDF files.

6.3 Compiling the output routines

Here is a an example of how you would compile the output reutiith the necessary link to the netCDF library:

f77 -c -O-L/usr/local/lib -Inetcdf -1/usr/local/include \
wite_nc_Heliumf

Because we have made this routine F77 compatible, you malyan&enctionlen_trim.f(from Fortran 90), which we
also provide and which returns the length of a charactergtafter neglecting trailing blanks).

6.4 Using the output routine

The output routine write out your model results following thaming and output conventions (netCDF, COARDS,
GDT) chosen for OCMIP-2. The output filename is constructédmatically the ouput routine from three of the ar-
guments: the tracer name and #tandard model codeht t p: / / www. i psl . j ussi eu. fr/ OCM P/ phase2/

\ #modgr oups> used during OCMIP-2 to identify your group.

For example, after compiling and linking the OCMIP-2 outpuitine, we add the following code to the IPSL routines
to store output in standard OCMIP-2 form

call wite_nc_Heliun("IPSL","NGL46_SI",
imt, jnt, knt,

60*60*24* 365, 1200,

Vhe3, Med,

MFhe3, Mrhe4)

Ro R0 Qo Ro

By line, the arguments include

1. the OCMIP-2model codeAND your ownmodel versiorindicator (in GDT 1.2 terminology, these 2 variables
refer to theinstitutionandproduction respectively);

2. dimensions;
3. the number of seconds per year (in your model), and the auoflimesteps per year;
4. the 12 monthly means for the 3-D tracer arrays’fée and‘He (both in mol/m~3); and

5. the 12 monthly means for the 2-D air-sea flux¥eie and*He (both in mol/(m~2*s)).

When do | call the above Equilibrium output routine? It should be called only once, at the end of the simulation
after building monthly arrays (12 members) for both of thB 2nd 3-D spatial fields given as arguments.
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6.5 Name of Output file

All arguments of the Helium output routine are input; none antput. Using the arguments given above, the model
output file (netCDF) would bé'( PSL_Hel i um nc"), which contains the information for analyzing the IPSLules

for 1985. This file should be 7 (transferred to IPSL). The filere should NOT be changed. At IPSL, files will
subsequently be (1) tested for consistency, (2) includétaf©OCMIP-2 data base, and (3) processed for base analysis.

6.6 Need more details?

See<http://ww.ipsl.jussieu.fr/OCM P/tech>. for additional information about the format netCDF
and other conventions (COARDS, GDT) chosen for storing OR#Imodel output.

If you have other questions, please contac@cea.fror Patrick.Brockmann@ipsl.jussieu.fr

7 Transfer of output

ftp: ftp.cea.fr

user: anonynous

passwd: your full emai

cd inconi ng2/y2k01l/ OCM P

nkdi r <your group nane>

nmkdi r <your group nane>/Helium
cd <your group name>/Helium

bi nary

pr onpt

nput <your group name>*nc*
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9 Contacts

dutay@Isce.saclay.cea.fr orr@cealfrock@lsce.saclay.cea,fr

10 Same document, another format?

This document is available in other formats:

¢ HTML ( <HOATO- Hel i um ht i >)

o PDF (<HOMO- Hel i um pdf >)

Postscript kKHOMO- Hel i um ps>)

ASCII (<HONTO- Hel i um t xt >)

LaTeX (<HOMO Hel i um t ex>)

DVI ( <HOWTO- Hel i um dvi >)



