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Session Topics

● Tools for documenting data
● Rosetta (web application). NCO/CDO (command line), Python (netcdf4)

● Examples in Python
● netcdf4, xarray

● Validation of metadata
● What is actually validated?

● Validation tools for NetCDF/CF
● NorDataNet validator, PUMA validator

● Rosetta in more detail
● Profiles, time series, trajectory
● Template concept and benefits
● Converting a CTD profile from Seabird sensor

● Introduction to assignment



Learning Objectives
● Recognize the value of documenting your data 
● Identify some tools for documenting data
● Understanding the difference between different categories of data
● Identify some tools for validating metadata
● Recognize the value of using standards

Assignment 1:
Documenting and formatting YOUR dataset 

(alternative: provided data) 



Preparing your data for publication
• Why is metadata important?

○ Documents the data 
■ Content
■ Processing and quality control
■ Reference material
■ Contact for data provider
■ Data usage rights (license)
■ …

• How ensure enough metadata?
○ Include in planning of data

collection and processing



Preparing your data for publication
● Compile both metadata and other documentation 

● Metadata 

 Discovery metadata, e.g. area covered, time period, parameters, ...

 Usage metadata, e.g. processing history, units, data quality, ...

 Avoid making new standards; utilize the existing ones

• Decide on suitable tools for formatting
 Depends on formats used in processing and analysis tools

 Select a standard data format and metadata standard
 Data formats should be self-describing
 Files should include all needed metadata



Preparing your data for publication

Why tools?

■ To add documentation to dataset files

○

○

● To prepare datasets in standard 
formats

● Makes data easier to reuse (also by 
others) • (data + metadata)



Tools for documenting metadata

What tools?
● GIS  (commercial, free)

● Data processing and analysis tools 
(commercial, free)

● Rosetta (free)

netCDF4



Tools for documenting metadata

Rosetta
Main features

● Read text files (CSV)

● Adds standard metadata

● Generates NetCDF 

● Templates for conversion

● Web applicaiton



Tools for documenting metadata

NCO/CDO 
Main features

● Reads, manipulates and stores NetCDF

● Add/modify metadata

● Remapping, subsetting

● Analysis (e.g. statistics) 

● Supports NetCDF, DAP, HDF4, HDF5

● Command line



Tools for documenting metadata



Tools for documenting metadata



Tools for documenting metadata

Tutorials:
• https://code.mpimet.mpg.de/projects/cdo/wiki/Tutorial
• http://hannahlab.org/cdo-vs-nco/

https://code.mpimet.mpg.de/projects/cdo/wiki/Tutorial
http://hannahlab.org/cdo-vs-nco/


Tools for documenting metadata

Example – modify metadata with ncatted (https://linux.die.net/man/1/ncatted) 

https://linux.die.net/man/1/ncatted


Tools for documenting metadata

netcdf4 (netcdf4-python)
Main features

● Python package

● Read, write, update NetCDF

● Add/update metadata

● Supports netCDF3 and netCDF4

Documentation

● https://unidata.github.io/netcdf4-python/netCDF4/index.html

● http://schubert.atmos.colostate.edu/~cslocum/netcdf_example.html

netCDF4

https://unidata.github.io/netcdf4-python/netCDF4/index.html
http://schubert.atmos.colostate.edu/%7Ecslocum/netcdf_example.html


Tools for documenting metadata

netcdf4 (netcdf4-python)
Open file and inspect its structures, (some) variables and attributes
from netCDF4 import Dataset
from datetime import datetime
import sys
import numpy as np

filename = "https://thredds.met.no/thredds/dodsC/myocean/siw-tac/siw-metno-
svalbard/2020/05/ice_conc_svalbard_202005151500.nc"
simap = Dataset(filename, "r")
print(simap)

netCDF4



Tools for documenting metadata
Output: 
<class 'netCDF4._netCDF4.Dataset'>
root group (NETCDF3_CLASSIC data model, file format DAP2):

title: Arctic Svalbard & Barents Ice Concentration, L4, 1km daily  (METNO-ARC-
SEAICE_CONC-L4-NRT-OBS)

Conventions: CF-1.4
netcdf_version_id: 3.6.3
creation_date: 2020-05-15T13:36:20Z
...
dimensions(sizes): maxStrlen64(64), time(1), xc(3812), yc(2980)
variables(dimensions): int32 time(time), float32 yc(yc), float32 xc(xc), |S1 

crs(maxStrlen64), float32 lat(yc,xc), float32 lon(yc,xc), int16 
ice_concentration(time,yc,xc), int16 concentration_range(time,yc,xc)

groups:

netCDF4



Tools for documenting metadata
Inspecting metadata for one of the variables: 
conc = simap.variables['ice_concentration']
print(conc)

Output:
<class 'netCDF4._netCDF4.Variable'>
int16 ice_concentration(time, yc, xc)

long_name: sea ice concentration
standard_name: sea_ice_area_fraction
units: %
coordinates: lon lat
grid_mapping: crs
source: met.no
_FillValue: -99
scale_factor: 1.0
add_offset: 0.0

unlimited dimensions:
current shape = (1, 2980, 3812)
filling off

netCDF4

The data variable's attributes

The actual dimensions of the data variable

The dimensions (axes) of the data variable



Tools for documenting metadata
Adding a new attribute (metadata) to this variable: 

dset = Dataset('test-newattr.nc','w', format='NETCDF3_CLASSIC')
dset.createDimension('time',size=simap.variables["ice_concentration"].shape[0])
dset.createDimension('yc',size=simap.variables["ice_concentration"].shape[1])
dset.createDimension('xc',size=simap.variables["ice_concentration"].shape[2])
newconc = dset.createVariable('sea_ice_concentration', np.int16, dimensions=('time', 'yc', 
'xc'),fill_value=-99)
newconc[:]= conc[:]
for name in conc.ncattrs():

if name != '_FillValue':
newconc.setncattr(name, getattr(conc,name))

newconc.setncattr('source_full_name', 'Meteorological Institute of Norway')
print(newconc)

netCDF4

Copy all data

Create a new attribute

Copy all variable's attributes from original file



Tools for documenting metadata
Output:
<class 'netCDF4._netCDF4.Variable'>
int16 sea_ice_concentration(time, yc, xc)

_FillValue: -99
long_name: sea ice concentration
standard_name: sea_ice_area_fraction
units: %
coordinates: lon lat
grid_mapping: crs
source: met.no
scale_factor: 1.0
add_offset: 0.0
source_full_name: Meteorological Institute of Norway

unlimited dimensions:
current shape = (1, 2980, 3812)
filling on

netCDF4

New attribute added



Tools for documenting metadata
● After copying other variables & metadata



Tools for documenting metadata

xarray
Main features

● Python NetCDF file I/O

● Advanced analysis tools

● Multi-dimensional, labelled arrays

● Split-Apply-Combine

● Supports parallel computing

Documentation 

● http://xarray.pydata.org/en/stable/

http://xarray.pydata.org/en/stable/


Tools for documenting metadata

xarray
Tutorial: https://rabernat.github.io/research_computing/xarray.html

https://rabernat.github.io/research_computing/xarray.html


Tools for documenting metadata
Install need packages and import them

import xarray
import netCDF4

Get the data file
curl -O http://www.ldeo.columbia.edu/~rpa/argo_float_4901412.npz

Load data and list names of variables (data) and coordinates
argo_data = np.load('argo_float_4901412.npz')
argo_data.keys()

Output:
['S', 'T', 'levels', 'lon', 'date', 'P', 'lat']

Then, extract the variable you want (salinity)
S = argo_data.f.S



Tools for documenting metadata
Check the dimensions of the salinity variable

print(S.shape)

Output:
(78, 75)

Make a DataArray with coordinates
da_salinity = xr.DataArray(S, dims=['level', 'date'],

coords={'level': levels,
'date': date},)

Print (a summary) of your new array
da_salinity

Output:



Tools for documenting metadata
array([[ 35.638939,  35.514957,  35.572971, ...,  35.820938,  35.777939, 

35.668911],
[ 35.633938,  35.521957,  35.573971, ...,  35.810932,  35.583897,
35.667912],

[ 35.681946,  35.525959,  35.572971, ...,  35.795929,  35.662907,
35.665913],

..., 
[ 34.915859,  34.923904,  34.923904, ...,  34.934811,  34.940811,
34.946808],

[ 34.915859,  34.923904,  34.921906, ...,  34.932808,  34.93681 ,
34.94381 ],

[ 34.917858,  34.923904,  34.923904, ...,        nan,  34.93681 ,
nan]])

Coordinates:
* level    (level) int64 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 ...
* date     (date) datetime64[ns] 2012-07-13T22:33:06.019200 ...



Tools for documenting metadata
Make a plot
da_salinity.plot(yincrease=False)



Tools for documenting metadata
Add some attributes (required by CF)

da_salinity.attrs['units'] = 'PSU'
da_salinity.attrs['standard_name'] = 'sea_water_salinity'
da_salinity

Output:
array([[ 35.638939,  35.514957,  35.572971, ...,  35.820938,  35.777939,

35.668911],
... 

Coordinates:
* level    (level) int64 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 ...
* date     (date) datetime64[ns] 2012-07-13T22:33:06.019200 ...

Attributes:
units:          PSU
standard_name:  sea_water_salinity



Validating metadata
What can be validated?
● Conformance vs Climate and Forecast (CF) Convention, e.g.

● Inclusion of mandatory attributes
● Use of standard names for parameters, labels from controlled vocabularies
● Inclusion of units for each variable 
● Correct data type of each element

What is not covered by validation
● Content of your title, summary, and other text attributes
● Valid contact information (e.g. e-mail)
● Individual validator tools may differ

○ e.g. http://pumatest.nerc.ac.uk/cf-checker-status.html

http://pumatest.nerc.ac.uk/cf-checker-status.html


Validation tools for NetCDF/CF

NorDataNet validator: https://www.nordatanet.no/en/dataset_validation/form
● Supports CF 1.6 - CF 1.7 + ACDD 
● Builds on IOOS compliance checker
● Generates a “score” and a detailed report

PUMA validator: http://pumatest.nerc.ac.uk/cgi-bin/cf-checker.pl
● Supports CF 1.0 - CF 1.7
● Developed from scratch 
● Generates a detailed report (Errors, Warnings, Information)

https://www.nordatanet.no/en/dataset_validation/form
https://github.com/ioos/compliance-checker
http://pumatest.nerc.ac.uk/cgi-bin/cf-checker.pl


Validation tools for NetCDF/CF

ACDD
(Attribute Conventions
for Data Discovery)

https://wiki.esipfed.org/Attribute_Convention_for_Data_Discovery_1-3


Validation tools for NetCDF/CF

Example: 
Sea ice chart 
from met.no
delivered as part
of CMEMS

https://marine.copernicus.eu/


Example: PUMA validator

Validation tools for NetCDF/CF

Finds CF version

Checking all variables

Summary report - ALL PASS



Example: NorDataNet validator
(also checks ACDD compliance)

Validation tools for NetCDF/CF

Suggests improvements

Only supports CF 1.6 - 1.7

File uses CF 1.4

(Latest CF convention: 1.9)



Example: NorDataNet validator

Validation tools for NetCDF/CF

Follows CF 1.6

ALL TEST PASS



Tools for documenting metadata

Rosetta
● Web-based application
● Can read metadata from header(s), 

and add user defined metadata
● Saves “setup” as templates 

for future use
● Open source tool, written in Java
● Customised version for NMDC, 

NorDataNet and SIOS
http://tomcat.nersc.no/rosetta/ 

● Rosetta User Manual

http://tomcat.nersc.no/rosetta/
https://drive.google.com/file/d/1Ss7G2kHZipBWLn28CdZooxDiXLztRQlp/view


Tools for documenting metadata

Rosetta
● Profiles, time series, trajectory

● Template concept and benefits



Example - Rosetta
Steps
1. Start with template or build one
2. Select type of observation platform
3. Specify headerlines in the datafile
4. Specify delimiter and decimal seperator
5. Specify variable attributes
6. Specify variable attribute details
7. Specify site spesific information
8. Specify general information
9. Download resulting NetCDF file and new template

Rosetta User Manual

https://uak.ucalgary.ca/
https://www.nersc.no/
https://www.forskningsradet.no/
https://sios-svalbard.org/sites/sios-svalbard.org/files/common/Rosetta_User_Manual.pdf


Example - Rosetta
Select to start without or with template:

Select observation Platform

Upload file(s)
browse and upload (template and) text file



Example - Rosetta
Specify headerlines

All lines before data begins must be selected here



Example - Rosetta
pecify delimiter and decimal seperator:



Example - Rosetta
Specify variable attributes



Example - Rosetta
Specify variable 
attribute details



Example - Rosetta
Specify site spesific information
● what information that appears here is dependent on type of 

observation platform



Example - Rosetta
Specify general information



Example - Rosetta
Download resulting files.



Example - Rosetta
Inspect your new NetCDF file, e.g. download Panoply: 
https://www.giss.nasa.gov/tools/panoply/download/

https://www.giss.nasa.gov/tools/panoply/download/


Benefits of standardisation

● Metadata 
● Document all important aspects of your data so you can reuse it! ...and know what 

you are working with...

● Become visible as a scientist producing valueable data

● Support reproducible science - by enabling other scientist to reuse your data

● Formats
● Large collections of libraries and tools you can use 

● Eases collaboration with other scientists - share data and code

● Metadata can be included in the same file as data (e.g. NetCDF)



Assignment 1:
Documenting and formatting YOUR own dataset

● Data:
● Bring your data file, e.g. in CSV format

● Metadata 
● Compile associated information (e.g. notes from data 

collection, reports from field experiments, scientific papers, 
emails from colleagues)

● Include enough information for both yourself as well as other 
scientists to reuse it!

● Formats
● Use Rosetta, NCO/CDO or Python (own script) to prepare 

your dataset in NetCDF/CF format



Assignment 1:
Documenting and formatting YOUR dataset

● Objectives:
● Hands-on preparing and documenting data for use in analysis

● Tasks:
● Find description needed to use the data, you & other scientists

● Prepare this for documenting data

● Data conversion to a standard format

● Submission of assignment
● Deadline: 19 Oct 2021, 21:00 Bergen time

● How to submit: Google Drive Course Folder

● Work indivdually or in pairs

Deliverables:
• NetCDF file

• Short presentation

Presentation (max 3 slides):
• Name, email

• Title or your dataset

• Description of your dataset

• Documentation sources for data

• Data conversion process

• Assessment of FAIRness

• Original format

• Generated NetCDF

• What you learnt

https://drive.google.com/drive/u/1/folders/1dWToNwDlg5U_CaDjbVPvJAm40V3u3iGr


Assignment 1:
Documenting and formatting the BMW dataset

● Data:
● What it contains (met data)

● Where to find it (a: download the data yourself in CSV format, 
b: get data from course organisers)

● Metadata 
● Find description of parameters, units, etc. that you will need 

to use the data in assignment 2

● Include enough information for both yourself as well as other 
scientists to reuse it!

● Formats
● Use Rosetta, NCO/CDO or Python (own script) to prepare 

the BMW dataset in NetCDF/CF format
https://veret.gfi.uib.no/?action=download

https://veret.gfi.uib.no/?action=download


Assignment 1:
Documenting and formatting the BMW dataset

● Data:
● Parameters to include: ALL

● Period: 10.10.2003 - YESTERDAY

● Metadata 
● Find description of parameters, units, etc. that you will need 

to use the data in assignment 2 – own reuse!

● Include enough information for OTHER SCIENTISTS! to reuse it

● Formats
● NetCDF/CF – Use the NorDataNet validator to check your file

Global metadata:

• Title

• Summary

• Creator(name, email, …)

• License

• …

Parameter metadata:

• Parameter name

• Parameter standard name

• Unit

• Valid min, valid max

• Fill value

• …



Assignment 1:
Documenting and formatting the BMW dataset

● Objectives:
● Hands-on preparing and documenting data for use in analysis

● Tasks:
● Find description needed to use the data, you & other scientists

● Prepare this for documenting data

● Data conversion to a standard format

● Submission of assignment
● Deadline: 19 Oct 2021, 21:00 Bergen time

● How to submit: Google Course Folder – Assignment 1

Deliverables:
• NetCDF file

• Short presentation

Presentation (max 3 slides):
• Name, email

• Title or your dataset

• Description of your dataset

• Documentation sources for data

• Data conversion process

• Assessment of FAIRness

• Original format

• Generated NetCDF

• What you learnt

https://drive.google.com/drive/u/1/folders/16WrZ8h_OxnNXJt6N0dw5ekNa7oYrrNGQ


Assignment 1:
Other datasets you can use

● Datasets

○ Woods Hole Oceanographic Institution (Ice Thethered Platform data)

○ EUMETSAT Ocean and Sea Ice SAF ice extent indicator

○ A test setup with multiple surface irradiance measurements at MET (a combined dataset with K&Z CNR4 and 
Apogee net radiation instruments)

● Tasks:

● Find description needed to use the data, you & other scientists

● Prepare this for documenting data

● Data conversion to a standard format

● How to get the data
● Open the Course Data Folder in Github

https://github.com/NorDataNet/TrainingMaterial/tree/main/data


Resources
Rosetta: http://tomcat.nersc.no/rosetta/ ; https://github.com/Unidata/rosetta

NCO/CDO: http://nco.sourceforge.net/

netCDF4: https://unidata.github.io/netcdf4-python/netCDF4/index.html

xarray:  http://xarray.pydata.org/en/stable/

DataOne: https://old.dataone.org/education-modules

ESIP: https://commons.esipfed.org/node/1422 ; Data management training

http://tomcat.nersc.no/rosetta/
https://github.com/Unidata/rosetta
http://nco.sourceforge.net/
https://unidata.github.io/netcdf4-python/netCDF4/index.html
http://xarray.pydata.org/en/stable/
https://old.dataone.org/education-modules
https://commons.esipfed.org/node/1422
https://dmtclearinghouse.esipfed.org/search/dmt?mefibs-form-dmt-search-fulltext-homepage-search_api_views_fulltext=&mefibs-form-dmt-search-fulltext-homepage-search_api_views_fulltext_1=&mefibs-form-dmt-search-fulltext-homepage-mefibs_block_id=dmt_search_fulltext_homepage
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