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Today's plan: Introduction to tools for
● simplifying and
● automizing

 parts of the postprocessing workflow
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data

Standardizing
cdo cmor

Diagnostics
cdo expr

Aggregation

We are developing
● the cdo cmor operator
● the c6dreq-WebGUI  to

○ create a mapping table (map model 
output variables to CMOR variables)

○ generate Diagnostics and Standardizing 
script fragments

mapping table

Martin Schupfner & Fabian Wachsmann (DKRZ)

recipe table
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Data Request Python API (DreqPy) &
CMIP6 Data Request Structure

MIPObjective Experiment

Data
Request

CMOR
Variable

MIP 
Variable

▪ MIPs founded to achieve WCRP defined 

     scientific objectives 

▪ MIPs define Experiments, Variables 

     and set up a data request 

▪ CMOR-Variables are the different 

     realisations (frequency, shape, …) 

     of a MIP-Variable

Example:  

MIP-Variable:          Ozone volume mixing ratio

CMOR Variables:    

(1) Ozone vmr (zonal mean on 39 pressure levels, monthly mean)

(2) Ozone vmr (global field on model levels, monthly mean)

(3) Ozone vmr (global field on 23 pressure levels, monthly mean)

CMIP6 Data Request

4
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WebGUI: CMIP6 Data Request

Martin Schupfner & Fabian Wachsmann (DKRZ)

Web GUI to use the basic functions of the 
Data Request Python API:

- Data request as csv list
- Data request as excel document
- Volume estimate

https://c6dreq.dkrz.de/
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Definitions and motivations
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CMIP Standard CMOR CDO

Convention about 

climate data accepted 

in CMIP

Climate Model Output 

Rewriter to ensure 

correct conversion

Collection of operators 

to process climate data

"Systematic analysis across models only easy to do if model output is 
written in

● a common format
● with files structured similary
● and with sufficient metadata uniformly stored“

creates   calls

Martin Schupfner & Fabian Wachsmann (DKRZ)



CMIP Standard
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General requirements on CMIP6 compliant data

● netCDF4 Format

● conform to CF 1.7

● Each file must contain only a single output field from a single 

simulation including coordinates and additional meta data

Detailled requirements for coordinates, output variables and metadata can 
be found in the document
CMIP6_output_metadata_requirements_5Jan2018   from Taylor et. al (2018).

More information about global attributes, controlled vocabulary and 
filenames can be found in the document
CMIP6_global_attributes_filenames_CVs   from Taylor et. al (2017)

Martin Schupfner & Fabian Wachsmann (DKRZ)

https://www.unidata.ucar.edu/software/netcdf/docs/netcdf_introduction.html
http://cfconventions.org/index.html
http://goo.gl/neswPr
https://goo.gl/v1drZl


CMOR
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● CMOR ensures that output is CMIP compliant.

● Different CMIP standards can be produced

● Use synergies, avoid to repeat work

No user side preparation of 
CMIP format description

● Why use CMOR to create CMIP 

standard?

● Why integrate CDO with CMOR?

Martin Schupfner & Fabian Wachsmann (DKRZ)



CDO
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● CDO is a well known tool with an active support

● The CDO's interface allows 

○ netCDF as well as GRIB input

○ enables access to all infile information

Use the power 
of CDOs...

● Why use CMOR to create CMIP 

standard?

● Why integrate CDO with CMOR?

Martin Schupfner & Fabian Wachsmann (DKRZ)
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● Why use CMOR to create CMIP 

standard?

● Why integrate CDO with CMOR?

… to simplify the 
CMOR usage:

cmor_setup();
cmor_dataset_json();
cmor_load_table();
cmor_set_table();
cmor_axis();
cmor_grid();
cmor_set_grid_mapping();
cmor_time_varying_grid_coordinate();
cmor_zfactor();
cmor_variable();
cmor_set_deflate();
cmor_set_variable_attribute();
cmor_create_output_path();
cmor_write();
cmor_close();

are included by one cdo cmor operator

Martin Schupfner & Fabian Wachsmann (DKRZ)



cdo cmor
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cdo cmor,CMIP6_Amon.json\
    gi=grid_info.nc,\
     i=config.txt,\    
    mt=mapping_table.txt\
                         infile

CMIP6_Amon.json

contains parts of the data 
request in a 

CMOR-readable format

grid_info.nc
contains a grid description including 

coordinates and bounds
variables:
    double lat(lat);
    double 
lat_bnds(lat,bnds);

mapping_table.txt
links model output variables with CMOR variables

&parameter pmt=Amon cmor_name=tasmax  code=201 
/

config.txt
contains the user configuration

activity_id="CMIP"

can be created with 
https://c6dreq.dkrz.de/cdocmo
rinfo/index.html 

Martin Schupfner & Fabian Wachsmann (DKRZ)

https://c6dreq.dkrz.de/cdocmorinfo/index.html
https://c6dreq.dkrz.de/cdocmorinfo/index.html
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Model simulation 
year

1850 1851 1852

Postprozessing 1850_post 1851_post 1852_post

CMIP6 compliant 
variable (example)

       tas_1850-1851.nc     tas_1850-1852.nc     tas_1850-1853.nc

● Append data to a chunk
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CMIP Standard CMOR CDO

Convention about 

climate data accepted 

in CMIP

Climate Model Output 

Rewriter to ensure 

correct conversion

Collection of operators 

to process climate data

"Systematic analysis across models only easy to do if model output is 
written in

● a common format
● with files structured similary
● and with sufficient metadata uniformly stored“

creates   calls
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DReq MIP-tables CMOR CDO

The CMIP6 infrastructure components depend on each other (Taylor and 
Balaji, 2017). Therefore, it is important to make sure to use compatible 
versions of components.

If the dreq is updated, new MIP-tables are created. The MIP-table 
processing in CMOR is adapted to the most recent MIP-tables. 
Subsequently, CDO is adapted to CMOR

There are incompatabilities:
● CMOR versions < 3.2.5 cannot process MIP-Tables based on DReq 

versions newer than 01.00.06 

● Recent CMOR >3.2.8 can only be linked to most recent CDO versions 

>=1.9.2

Martin Schupfner & Fabian Wachsmann (DKRZ)



cdo cmor installation
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Instruction\Target 
format:

CMIP5/CORDEX CMIP6/CORDEX2

Use DKRZ HPC mistral 
or install CDO..

locally via script locally via script or use 
conda

Install CDO with... CMOR2 CMOR3

MIP-table format is.. special json

#update conda
conda update conda
#name the environment for cdo with cmor
cdoenv=cdocmor
#install develop-cdo which contains CMOR "conda-forge/label/dev::cdo"
#use conda-forge channel with "-c conda-forge"
#set $cdoenv as environment with --name
conda create --name ${cdoenv} conda-forge/label/dev::cdo -c conda-forge
#then activate it
source activate ${cdoenv}

Martin Schupfner & Fabian Wachsmann (DKRZ)
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The operator is used
● and developed within the CMIP6 project DICAD for data

○ of AWI-CM at AWI
○ of EMAC at DLR
○ of MPI-ESM at MPI-M, DWD and DKRZ

● for the large ensemble of MPI-ESM
● for CORDEX data of REMO at GERICS
● Different users world wide

○ Karlsruhe, GER (KIT)
○ Oxford, UK OX
○ Rio, Brazil (Institution: INPE)

Since CMOR is developed parallel to PrePARE, users 
can do a quality control for files by running them with 
the operator using a configuration including 
“keep_all_attributes=y” 

Martin Schupfner & Fabian Wachsmann (DKRZ)
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cdo cmor,CMIP6_Amon.json\
    gi=grid_info.nc,\
     i=config.txt,\    
    mt=mapping_table.txt\
                         infile

CMIP6_Amon.json

contains parts of the data 
request in a 

CMOR-readable format

grid_info.nc
contains a grid description including 

coordinates and bounds
variables:
    double lat(lat);
    double 
lat_bnds(lat,bnds);

mapping_table.txt
links model output variables with CMOR variables

&parameter pmt=Amon cmor_name=tasmax  code=201 
/
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contains the user configuration
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can be created with 
https://c6dreq.dkrz.de/cdocmo
rinfo/index.html 
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https://c6dreq.dkrz.de/cdocmorinfo/index.html
https://c6dreq.dkrz.de/cdocmorinfo/index.html


Variable Mapping Table
Map Model Variable to CMOR Variable

Variable comment 
attribute

CMOR variable 
name & MIP table

Model variable 
name / code

Units & positive 
flux direction

Requested 
cell methods

optional:

Data RequestModel Output

20Martin Schupfner & Fabian Wachsmann (DKRZ)



WebGUI: Variable Mapping
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- Mapping information stored in a database
- Multiple users can work on the mapping simultaneously
- Access to information of who changed what when
- Information about updated variable definitions in the data request
- Using latest or desired version of the data request

https://c6dreq.dkrz.de/
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WebGUI: Variable Mapping
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WebGUI: Variable Mapping
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WebGUI: Variable Mapping
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WebGUI: Variable Mapping
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WebGUI: Variable Mapping
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WebGUI: Variable Mapping
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WebGUI: Variable Mapping
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WebGUI: Variable Mapping
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WebGUI: Variable Mapping
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WebGUI: Variable Mapping



Script fragments

- cdo merge (of multiple inputfiles)
- cdo expr

- Automatic creation of diagnostic and cmor rewrite script fragment out of recipe table
- Automatic creation of data request configuration out of recipe table and CMIP6 data request, further 

customizable by user

Workflow: Script Fragments

The script fragment does ...
- … test if variable is requested (data request, timeslice, user specifications)
- … find inputfile & call cdo

32Martin Schupfner & Fabian Wachsmann (DKRZ)

Diagnostic                                                                                           CMOR rewrite - cdo cmor call
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Diagnostic                                                                                           CMOR rewrite - cdo cmor call
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Diagnostic                                                                                           CMOR rewrite - cdo cmor call
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Diagnostic                                                                                           CMOR rewrite - cdo cmor call
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WebGUI: Script Fragments

https://c6dreq.dkrz.de/sc/nimdi.php
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WebGUI: Script Fragments

https://c6dreq.dkrz.de/sc/nimdi.php
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WebGUI: Script Fragments
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WebGUI: Script Fragments
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WebGUI: Script Fragments
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Summary - Workflow

Martin Schupfner & Fabian Wachsmann (DKRZ)

Summary



Thanks for your attention!

questions to
 wachsmann@dkrz.de and schupfner@dkrz.de 

find support on 
https://c6dreq.dkrz.de

and
 https://code.mpimet.mpg.de/projects/cdo 
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CMIP6
Data Request

User

… I want to support  CMIP and SIMIP ...

… I want to conduct  the historical
experiment ...

Workflow: Post Processing

Martin Schupfner & Fabian Wachsmann (DKRZ) 43



CMIP6
Data Request

User

… I run the model  MPI-ESM-1-2-HR… 

… These variables are requested:

… Available model  output  and   
          diagnostic  ...

Variable 
Mapping

Workflow: Post Processing

Martin Schupfner & Fabian Wachsmann (DKRZ) 44



CMIP6
Data Request

User

… Mapped variables:

… This variables are requested:

Variable 
Mapping

diagnose.ksh (optional)

cmor_rewrite.ksh Data Request 
Config (optional)

Workflow: Post Processing

Martin Schupfner & Fabian Wachsmann (DKRZ) 45



User

Global attributes ...

… I work for the MPI-M ...

CDO CMOR 
Config Table

… I run the model  MPI-ESM-1-2-HR… 

Workflow: Post Processing

Martin Schupfner & Fabian Wachsmann (DKRZ) 46



User

… Integrate  script fragments  in 
runscript  and add custom  diagnostic ...

diagnostic.h (optional)

cmor_rewrite.h

UserSettings in 
Data Request 

Config (optional)

UserSettings in 
Data Request 

Config (optional)

… I do not have 1-hourly  output  
for the 2nd realisation  r2i1p1f1: 

Run_PP_historical.sh

                    ...

c6_diag_day_tslsi.h

c6_diag_Amon_fco2antt.h

Workflow: Post Processing

… global attributes:

Config Table

diagnose.h (optional)

cmor_rewrite.h

...

...

...

Martin Schupfner & Fabian Wachsmann (DKRZ) 47



##################################################
EXP=historical
##################################################

DREQSETTINGS
SIday : SIday  = slice: piControl030,piControl050,piControl100
sispeed : SIday  = slice: piControl100
Emon : Emon   = slice: TOTAL
Emon : hus   = slice: piControl100
thetaot300 : Emon   = False
EmonZ  : EmonZ = False
Amon : no2 = False

USERSETTINGS
# ---> Specify your settings for Experiment historical here
sispeed : SIday  = slice: piControl100,1900010100-1914123124
day : day = False
Lmon : echam6 = False
E1hr : r2i1p1f1 = False
# <---- Specify your settings for Experiment historical here

Data Request Config - CMIP6_historical_requested_vars.conf

Workflow: Data Request Configuration

Martin Schupfner & Fabian Wachsmann (DKRZ) 48


