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* Reformatting x-y-z grid model output

* Reprocessing output variables to CF-
compliant standard format

* More general: Creating a uniform format
of output of different models



X%~ Example of Definition Problem
————
*Group 1.

Varl=A/bl1+A/b2

*Group 2:
Varl=A/b1+A/b2-A/b3

* Inter-comparing varl leads to differences
already by definition



* Developed by:

Karl Taylor & Charles Doutriaux at PCMDI at
Lawrence Livermore National Laboratory
(LLNL) in Livermore, California and Jean-Yves
Peterschmitt at LSCE France

* Adapted to HTAP by Christiane Textor/SA-
CNRS-IPSL/France and Michael Schulz, Martin
Schultz, Frank Dentener and Philip Tunis.
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The "Climate Model Output Rewriter"
(CMOR, pronounced "Seymour")
comprises a set of FORTRAN 90 functions
that can be used to produce CF-compliant
netCDF files that fulfill the requirements of
many of the climate community's standard
model experiments



Where to get CMOR?

The CMOR software package

CMOR has been developped by PCMDI (http:/iwrarar-pemid linl gov/sofitware-portal/cmon).
It compnises a set of FORTEAN 90 functions that can be used to produce HTAP/CFoompliant
netCDF files that fulfill the requirements of many of the climate commumty's standard model
expenments. These expenments are collectively referred to as Model Intercompanson
Exzpenments (MIPs) and include, for example, AMIP, CMIP, CFMIP, PMIP, APE, and IPCC
scenario runs. The output resulting from CMOR 15 "self-descnbing® and facilitates analysis of
results across models. CMOR has been adapted to the HTAP expeniments by Chnstane
Textor and Michael Schulz.

The CMOR software and documentation can be downloaded from the PCMDI web site
http fwarnw-pemdi Unl povisoftware-portal/cmor/. Please follow the instructions provided in
the CMOR documentation. A short guide to installing and using CMOR can be found below.

HTAP-specific MIP tables to be used by CMOR are provided at the TFHTAP web pages
hitp fagm yre it/ HTAP/ CMOR uses these tables to construct HTAP-compliant files, thereby
reducing the programmung effort requred of the individual MIP contnbutors. All formathing
requirements and recommendations listed below are taken care of by CMOR, once 1t has been
properly installed and adapted to vour model’s simulation data

CMOR produces files contain one vanable but can contain several time steps. These files are
concatenated with a nco tool provided at the TFHTAP web pages http /fagm jrc it/ HTAP/
(creare_hrap_filesjob) to produce the TFHTAP file structure descrnibed in experiment
descriphion.
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&K structure of CMOR: F90

* CMOR functions
* Main program, including subroutines



%X CMOR functions

*cmor_getinput.f90
*cmor_internal tables.f90
*cmor_users_functions.F90

These functions were created by Karl Taylor
and co. and can be used without changing



X% Main Program and subroutines

You have to adapt these Fortran files for your
own model

One file for each variable type:
*2D-Monthly: Alb
*3D-Monthly: Alc
*2D-Daily: Ald

*3D-Dally: Alf




N%e. Acrocom Tables

—

* One Aerocom table per file:
* Aerocom _table 2D-M
* Aerocom _table 3D-M
* Aerocom_table 2D-D
* Aerocom table 3D-D

which can be found on:
http://www-Iscedods.cea.fr/aerocom/CMOR/
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cmor_version: 1.0 ! version of CMOR that can read this table
cf_version:  1.0-AEROCOM ! version of CF that output conforms to
project_id:  AEROCOM experiments! project id

table_id: Table 3D-D ! table id

table_date:  June 2008 ! date this table was constructed
expt_id_ok: ' AEROCOM

! used to check whether this file has been
altered from the official version
! should be set to number of non-blank
! characters in file.
approximate spacing between successive time
! samples (in units of the output time
! coordinate), but this is ignored if set to 0.
missing_value: 1.e20 ! value used to indicate a missing value
I
I

magic_number: -1

approx_interval: 1.

in arrays output by netCDF as 32-bit IEEE
floating-point numbers (float or real)

VEgkg gtk gtk gk p kbt gk gk gk a ¥k gy
1

! SUBROUTINE ARGUMENT DEFAULT INFORMATICN
1

i REE 28 A8 s Al AE A AE R T R AT S S S S AE A S A
1

set default specifications for subroutine arguments to:
required/indeterminate/optional/ignored/forbidden
{indeterminate may or may not be required information, but is not always

|
|
!
! required as an argument of the function call)
|
|

required: table axis_name units length coord_vals cell_bounds
ignored: interval
I

subroutine_entry: cmor_variable

required: table table_entry units axis_ids
fndeterminate: missing value

optional: tolerance original_name history comment
ignored: positive

|

required: var_id data
indeterminate: ntimes_passed time_vals time_bnds store_with
optional: file suffix

i

|

! Axis attributes:

standard_name:
units:

axis:
positive:

out_name:
stored_direction:
valid_min:
valld_max:
formula:
z_factors:
z_bounds_factors:

standard_name:
units:

axis:
positive:

out_name:
stored_direction:
valid_min:
valid_max:
formula:
convert_to:
z_factors:
z_hounds_factors:

atmosphere_hybrid_sigma_pressure_coordinate
1

z

down

hybrid sigma pressure coordinate

lev

decreasing

0.0

1.0

pln,k,3.1) = alk)*p0 + bik)*psi(n,j,1)
p@: pO a: a b: b ps: ps

pd: p@ a: a_bnds b: b_bnds ps: ps

atmosphere_hybrid_sigma_pressure_coordinate
1

Z

down

hybrid sigma pressure coordinate

lev

decreasing

0.0

1.0

pin.k.j.i) = aplk) + blk)*ps(n,j.1)
standard_hybrid_sigma

p@: pO ap: ap b: b ps: ps

p@: pO ap: ap_bnds b: b_bnds ps: ps

hybrid_height




time: mean
Surface Pressure

! longitude latitude time
valid_min: 0.48e5
valid_max: 1.2e5
ok_min_mean_abs: 0.8e5

B e R e e R R SR EEEEEEEEEEE LRSS LSS L LR

| derocom Table 3D-D Daily-mean 3-d atmosphere data

IR e e e e e

time: mean
Cloud fraction

longitude latitude zlevel time
0.0
400,0

atmosphere_extinction_due_to_ambient_aerosol
m-1
_ time: mean
ong_name: erosol extinction a nm
[ong_nanme A 1 extinct t 550




Example CMOR code Al1f-3D D
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! note that the time axis 1s defined next., but the time coordinate
! wvalues and bounds will be passed to cmor through function
' cmor_write (later., below).

itim = cmor_axis( &
table=MIPtable, &

table entry="'time"', &
units='days since 2001-0l-01', &
length=ntimes, &

interval='1 month')

ilev = cmor_axis( &

table=MIPtable, &
table_entry="'alternate_hybrid _sigma’, &
length=lev, &

coord vals=zlevs, &

cell_bounds=zlev_bnds)
' define z-factors needed to transform from model level to pressure

error_flag = cmor Bfactor{ &

733,21 B4%




Example code A1f Main Program

ANaipgejeln - 2 e BXpiamec LIH PE A HINPTOCE el
File Edit \iew Terminal Tabs Help
EERDGRAH htap_test code -
!
I include module that contains the user-accessible cmor functions.
USE cmor_users_functions
USE local subs
USE global _vars
USE global vars ntimes
IMPLICIT NONE
259,1 B3 |-




Example code A1f Main Program-I|1

File Edit “iew Terminal Tabs Help
REAL, ALLOCATABLE :: psi:,:.:), apsi(:,:.:) =

Il ==== USER MEEDS TO MODIFY HERE======!!!

L replace by USER wariable names as they will be used in read_3d_input_files routine.
L Absent fields: replace variable name by 'DUMMY' place holder

L to avoid editing the subsequent fields

'l Here one has to define the wariable names of your model corresponding to
lthe model variable names as required by Aerocom (afterwards defined)
! USER variable names for MIP Table fields
CHARACTER (LEN=14}, DIMENSIOM(n3d) :: &
varin3d= (/ 'DUMMY ', DUMMY ', 'aclcac vy

! Here the variable units are defined
! USER Units appropriate to my data
! other udunits than given in MIP tables can be used here. If udunits package is avallable
I this 1s used to recalculate. This example assumes units are as in MIP table
CHARACTER (LEN=12}, DIMENSIOM(n3d) :: &
unitszd=  (/'m-1 ', ' sr-1 ', '1l' /)

'l Here the wvariable names as required by Aerocom are defined. One should not
lchange these entries,
| Corresponding HTAP MIP Table entry (variable name)
CHARACTER (LEN=14), DIMENSION(n3d) :: &
entry3d= (/ 'ecS50 aer' , 'bs550 aer! Selt3n )

[] uninitialized variables used in communicating with CMOR:

618,1 6% [=|




erocom echa
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! define z-factors needed to transform from model level to pressure

error_flag = cmor_zfactor( &

zaxis_id=ilev, &
zfactor_name='p0‘, &
units='Pa’, &
zfactor values = po)
error_flag = cmor_zfactor{ &
zaxils_id=ilev, &
zfactor_name='ap’', &
axls_ids= (/ 1lev /), &
units='Pa’, &
zfactor values = a_coeff, &
zfactor_bounds = a_coeff_bnds )
error_flag = cmor_zfacter( &
zaxis_id=ilev, &
zfactor_name='b"', &
axis_ids= (/ ilev /), &
zfactor values = b_coeff, &
zfactor_bounds = b_coeff_bnds )
zfactor_1d = cmor_zfacter( &
zaxis_id=ilev, &
zfactor_name='ps‘, &
axis_ids=(/ ilon, 1lat, 1tim /), &
units="Pa’

print * ,"After ps cmor_zfactor"
! Define variables appearing in HTAP MIPtable

0o m=1,n3d
if ( TRIM(ADJUSTL(varin3dim})) .ne. 'DUMMY'} then
var3d_ids(m) = cmor_variable( &
table=MIPtable, &

table _entry=entry3d(m), &
units=units3dim), &
axis_ids=(/ ilen, ilat, ilev, itim /), &
missing value=l.0e20, &
original_name=varin3d(m))

endif
795,8
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Do m=1,n3d

! The user must write the code that fills the arrays of data
! that will be passed to CMOR.

if ( TRIM{ADJUSTL(varin3d(m})) .ne. 'DUMMY') then
call read_3d_input_files(file_in.it,varin3d(m), data3d)

! append a single time sample of data for a single field to
! the appropriate netCDF file.

error_flag = cmor_write( &
var_id = var3d_ids(m), &
data = data3d, &
ntimes_passed =1, &
time_vals = time, &
time_bnds = bnds_time )

error_flag = cmor_write( &
var_id = zfactor_1id, &
data = dataps, &
ntimes_passed = 1, &
time_vals = time, &
time_bnds = bnds_time, &
store_with = var3d_ids(m) )

IF (error flag < 0) THEM
! write diagnostic messages to standard output device
write(#,#) ' Error encountered writing HTAP ', MIPtable &
ff 'field ', entry3d(m), ', which I call ', wvarin3d(m)
write(*,#) ' Was processing time sample: ', time

END IF
endif

END DO

END DO time_Tloop

Close all files opened by CMOR.

error_flHg = cmor_close()

872,11
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3. Pre-, post- and processing

I ——————————

* Pre-processing:

- ksh scripts

* Main Processing

- tcl/tk stearing of cmor programs
* Post-processing

- tcl/tk scripts



- [ Terminal <7>

File Edit Wiew Terminal Tabs Help
m222101@mplpc38: ~> cd CMOR_PACKAGE/
Im222101 @mpipc38: ~/CMOR_PACKAGE> 1s
malnprocessing postprocessing preprocessing
m222101@mplpc38: ~/CMOR_PACKAGE= cd preprocessing/
m222101@mplpc38: ~/CHMOR_PACKAGE/preprocessing> ls

multiplemonths _merge echam parameters Alb.sh
multiplemonths_merge_echam_parameters_Alc.sh
multiplemonths _merge echam_parameters Alc preproc.sh
m222101@mplpc38: ~/CMOR_PACKAGE/preprocessing> cd ../
mEEElDl@mplpCBE ~HCHDR PACKAGE/malnprocessing= 1s

Aerocom_echam_codeAlc. f90
Aerncum echam_ cndeAlb ile]

Aerocom_ echam cndeAld fao
mEEElDl@mplpCBE ~HCHDR PACKAGEfmalnprncesslng} cd |
m222101@mplpc38: ~/CMOR_PACKAGE/postprocessing= 1s
stepl step2 step3
m222101@mp1lpc38: ~/CMOR_PACKAGE/postprocessing= 1s #
stepl:
run_cmor_over_months_splitdate Alb Ald.tcl
run_cmor_over months splitdate Alc.tcl

step:
merge_output_cmor_ Alb lists AlbAld.tcl

step3:
merge_monthlytoannual output cmor AlbAld.tcl merge_
m222101@mplpc3s: ~/CMOR_PACKAGE/postprocessing= D

run_cmor_
run_cmor_

merge_output_

multiplemonths _merge echam parameters Ald.sh

multiplemonths_merge_echam_parameters_Ald tryflex.sh

multiplemonths _merge echam_parameters Alf.sh
mainprocessing/

ToTarMain
ToTarMain. tar

. /postprocessing/

over_months_splitdate Ald.tcl
over months splitdate Alf.tcl

cmor_Ald lists.tcl

vars_monthly output cmor Ald.tcl




Pre-processing

E

* Ksh scripts to convert ECHAM output variables to
variables defined as described in Aerocom Tables

R N —————
‘= AEROCOM diagnostics 050808 - StarOffice Calc

0]
Eile Edit View Insert Format Tools Data Window Help x

BER vE X e -¢ &UH v HOoBEQ @,

SRA =

&g | Arial I~| |8 -~/ B I U = = ShxBEawleExE O AE
(P31 = f9 = = |A|I sky LW-RF at tropopause
M N 0 P Q R 5 =]
74 [2D-M metm mass content of air dirmass kg m-2 atmosphere_mass_of_air_per_unit_area
75 |3D-M aeroscim S04 ML sS04 kg kg-1 mass_fraction_of sulfate_dry_aercsol in_air
76 [3D-M Berosoim POM MML_pom kg kg-1 mass_fraction_of particulate_organic_matter_dry_aerosol_in_air
77 |3D-M aeroscim SOA ML S0a kg kg-1 mass_fraction_of secondary_particulate_organic_matter_dry_aercsol_in_air
78 [3D-M aerosolm BB mmr,_bb kg kg-1 mass_fraction_of biomass_bumning_dry_aercsol in_air
79 [3D-M aercscim BC mmr, bo kg kg-1 mass_fraction_ of black_carbon_dry_aerosol_in_air
80 |3D-M aeroscim NO3 aercsol mmr._noed kg kg-1 mass_fraction_ of nitrate_dry_aeresol_in_air
81 [3D-M aercscim NH4 mmr,_nh4 kg kg-1 mass_fraction_of ammenium_dry_aercscl_in_air —
82 [3D-M aerosolm seasalt Mmr S5 kg kg-1 mass_fraction_ of seasalt dry_aercsel_in_air |

83 [3D-M aerosolm dust mmr,_gu kg kg-1 mass_fraction_ of_dust_dry_aerosol_in_air G

84 |3D-M aeroscim aeroscl water mmr. asrhZo kg kg-1 mass_fraction_of water_in_ambient_aercscl _in_air

85 [3D-M fracerm 502 vmr_so2 mole mole-1 mole_fraction_of_sulfur_dioxide_in_air

86 [3D-M tracerm dms vmr,_dms maole mole-1 mole_fraction_of_dimethy| sulfide_in_air

87 |3D-M fracerm NO VL NO mole mole-1 mole_fraction_of nitrogen_monoxide_in_air

88 [3D-M fracerm NO2 ymr_no2 male mole-1 mole_fraction_of_nitrogen_dioxide_in_air

89 [|3D-M fracerm HNO3 yme, hnod mole mole-1 mole_fraction_of_nitrogen_acid_in_air B
90 [3D-M fracerm PAN WINC_pan mole mole-1 mole_fraction_of_peroxyacety] nitrate_in_air

91 |3D-M aerosolm ccogt 10 pm ccnlOnm_aer  |m-3

|| Sheet 3/6

PageStyle variables

100%
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condensation_nuclei_number_concentration_in_air
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Example ECHAM/HAM
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## Mass Fraction

# Mass Fraction of 5S04
cdo expr, 'MASS S04=3* (S04_NS+504_KS+504_AS+5S04_CS) ;' ${VAR}_tracerm.nc ${VAR}_tracerm_mass_so4.nc

# Mass Fraction of Black Carbon
cdo expr, 'MASS_BC=BC KS+BC_AS+BC_CS+BC KI;' ${VAR}_tracerm.nc ${VAR}_tracerm_mass_bc.nc

'# Mass Fraction of POM=0C
cdo expr, 'MASS POM=0C_KS+0C_AS+0C_CS+0C _KI:' ${VAR}_tracerm.nc ${VAR}_tracerm_mass_oc.nc

# Mass Fraction of Seasalt
cdo expr, 'MASS_SS5=55 AS+55 CS;' ${VAR}_tracerm.nc ${VAR}_tracerm_mass_ss.nc

'# Mass Fraction of Dust
cdo expr, 'MASS_DU=DU AS+DU CS+DU_AT+DU CI;' ${VAR}_tracerm.nc ${VAR}_tracerm_mass_du.nc

# Mole Fraction of S02
cdo expr, 'MOLE S02=(28.97/32 066)*S02;' ${VAR} tracerm.nc ${VWAR} tracerm mole so2.nc

# Mole Fraction of DMS
do expr, 'MOLE DMS=(28,97/32.066)*DMS; ' ${VAR} tracerm.nc ${VAR} tracerm mole_dms.nc
E8,1

#odo expr, 'MASS S04=504 gas+504 NS+S04 KS+S04 AS+S04 CS; ' ${VAR} tracerm.nc ${V&R} tracerm mass_sod.nc

53%
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X%~ Small is beautiful

e ——
*Tcl script 1:

Runs CMOR executable for 12 months and
puts output in 12 directories

*Tcl script 2:

Combines output script 1 to Aerocom
specific file format output for each month




s AEROCOM, diagnostics 050808 StarOffice Calc BEE
File Edit View Insert Format Tools Data Window Help X
B-cuaHREsR VB xR -¢ 60 QUH Qv OB [
by [arial *l[10 |x| B U =s===s@# H% B ae &&= 7
B24 MECEEE
A | B | C | D | E F_ [a]

16 HTAP/AEROCOM convention

17 FHMODELNAME} H{EXPERIMENTNAME} HFILETYPE} ${YEAR}LNC

18 examples:

19 INCA-MEVZ SRENA aerosclm 2001.nc

20 12 months in one file

21

22 see for more details eventually also hittp://agm.jrc.it'tHTAP/out_ES1.htm

23 An nco script is available that concatenates CMOR files (one per variable) into these HTAP files

24 l L

25

26 variables are stored in one of few files

27 $FILETYPE} overview of names see variables sheet to know which variable goes in which file

28 Frequency: monthly daily hourly

29 metm

30 depm

31 metm

32 tracerm

33 aerosolm

34 emim

35 aerosolacdm aerosolaocdd

36 indirectm indirectd

37 calicpm caliopd -
38 aerstationm agerstationd aerstationh : |
3

73 8 O general % filenames /variables / supersite stationlist { coordinates / nco script / IERRERE
Sheet 2 /6 PageStyle filemames 100% STD Sum=0
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* For monthly data:

- puts all monthly Aerocom categorised files
Into a yearly file

* For daily data (files for 2D-D and 3D-D
separately):

- puts all variables of daily files into monthly
files



Example output

'@ *Unsaved Document 1 - gedit. (Ll L]
| File Edit wiew Search Tools Documents Help
B[R
NE.H 9 ¢ (¥ BB ez
Mew Open Save | Print... | Undo Paste | Find Replace

[] *Unsaved Document 1 X |

MPIHAM-r714 EUCOD0JK aerosolaodm 2000.nc
MPIHAM-r714 EUCOO0JK _aerosolm 2000.nc
MPIHAM-r714 EUCODOJK_apr2000.nc
MPIHAM-r714 EUCODOJK augz000.nc
MPIHAM-r714 EUCOO0JK dec2000.nc
MPIHAM-r714 EUCO0OJK_depm_2000.nc
MPIHAM-r714 EUCOO0JK _emim 2000.nc
MPIHAM-r714 EUCOD0JK feb2000.nc
MPIHAM-r714 EUCOOOJK_ jan2000.nc

MPIHAM-r714 EUCOO0JK_jul2000.nc
MPIHAM-r714 EUCOOQJK_jun2000.nc
MPIHAM-r714 EUCOOCJK_mar2000.nc
MPIHAM-r714 EUCOOOJK_mayZ2000.nc
MPIHAM-r714 EUCOO0JK_metm 2000.nc
MPIHAM-r714 EUCO00JK_nov2000.nc
MPIHAM-r714 EUCOOCJK_oct2000.nc
MPIHAM-r714 EUCOOOJK _sep2000.nc
MPIHAM-r714 EUCOOQJK_tracerm 2000.nc

[ Ln o, col 79 | INS




B Still to do

* Optimise code (more flexible)
*Run CMOR for more ECHAM output
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using CMOR!




Extra info

—————— ————
————————————

CMOR download:
http://www?2-pcmdi.lInl.gov/cmor/download/
http://www-pcmdi.lInl.qgov/software/cmor/cmor users guide.pdf

CMOR Tabellen CNRS:
http://www-Iscedods.cea.fr/aerocom/CMOR/Aerocom home:
http://nansen.ipsl.jussieu.frfAEROCOM/aerocomhome.html
http://nansen.ipsl.jussieu.frfAEROCOM/protocol.html

See for explanations and details the excel file:
AeroCom_diagnostics.xls



http://www2-pcmdi.llnl.gov/cmor/download/
http://www-pcmdi.llnl.gov/software/cmor/cmor_users_guide.pdf
http://nansen.ipsl.jussieu.fr/AEROCOM/aerocomhome.html
http://nansen.ipsl.jussieu.fr/AEROCOM/protocol.html
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