

    
      
          
            
  


netCDF-SCM

netCDF-SCM is a Python package for processing netCDF files.
It focusses on metrics which are relevant to simple climate models and is built on top of the Iris [https://github.com/SciTools/iris] package.

netCDF-SCM is free software under a BSD 3-Clause License, see LICENSE [https://github.com/znicholls/netcdf-scm/blob/master/LICENSE].
If you make any use of netCDF-SCM, please cite the Geoscience Data Journal (GDJ) [https://doi.org/10.1002/gdj3.113] paper (Nicholls et al., GDJ 2021 [https://doi.org/10.1002/gdj3.113]) as well as the relevant Zenodo release [https://zenodo.org/search?page=1&size=20&q=netcdf-scm].


Disclaimer

One of the most common uses of netCDF-SCM is for processing Coupled Model Intercomparison Project [https://www.wcrp-climate.org/wgcm-cmip] data.
If this is your use case, please note that you must abide by the terms of use of the data, in particular the required acknowledgement statements (see the CMIP5 terms of use [https://pcmdi.llnl.gov/mips/cmip5/terms-of-use.html], CMIP6 terms of use [https://pcmdi.llnl.gov/CMIP6/TermsOfUse/TermsOfUse6-1.html] and CMIP6 GMD Special Issue [https://www.geosci-model-dev.net/special_issue590.html]).

To make it easier to do this, we have developed some basic tools which simplify the process of checking model license terms and creating the tables required in publications to cite CMIP data (check them out here).
However, we provide no guarantees that these tools are up to date so all users should double check that they do in fact produce output consistent with the terms of use referenced above (and if there are issues, please raise an issue at our issue tracker [https://gitlab.com/netcdf-scm/netcdf-scm/issues] :) ).
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Installation

The easiest way to install netCDF-SCM is with conda [https://conda.io/miniconda.html]

# if you're using a conda environment, make sure you're in it
conda install -c conda-forge netcdf-scm





It is also possible to install it with pip [https://pypi.org/project/pip/]

# if you're using a virtual environment, make sure you're in it
pip install netcdf-scm





However installing with pip requires installing all of Iris [https://github.com/SciTools/iris]’s dependencies yourself which is not trivial.
As far as we know, Iris [https://github.com/SciTools/iris] cannot be installed with pip alone.





          

      

      

    
 

  

  

    
      
          
            
  


Usage

Here we provide various examples of netCDF-SCM’s behaviour and usage.
The source code of these usage examples is available in the folder
docs/source/usage [https://gitlab.com/netcdf-scm/netcdf-scm/tree/master/doc/source/usage] of the GitLab repository [https://gitlab.com/netcdf-scm/netcdf-scm].


Basic demos



	Handling netCDF files for simple climate models








CMIP-related usage



	Using CMIP data

	Crunching CMIP5 data

	CMIP data reference syntax handling

	Stitching and Normalisation








More detail



	Atmospheric, oceanic and land data handling

	Ocean data handling

	Wranglers

	Weights

	Default land/ocean mask








Miscellaneous



	Year zero handling

	Miscellaneous reading











          

      

      

    
 

  

  

    
      
          
            
  


Handling netCDF files for simple climate models

In this notebook we give a brief introduction to iris, the library we use for our analysis, before giving a demonstration of some of the key functionality of netCDF-SCM.


[1]:






# NBVAL_IGNORE_OUTPUT
from os.path import join

import numpy as np
import iris
import iris.coord_categorisation
import iris.quickplot as qplt
import iris.analysis.cartography
import matplotlib
import matplotlib.pyplot as plt

from netcdf_scm.iris_cube_wrappers import ScmCube, MarbleCMIP5Cube








[2]:






plt.style.use("bmh")
%matplotlib inline








[3]:






DATA_PATH_TEST = join("..", "..", "..", "tests", "test-data")
DATA_PATH_TEST_MARBLE_CMIP5_ROOT = join(DATA_PATH_TEST, "marble-cmip5")








Loading a cube


Loading with iris

Here we show how to load a cube directly using iris.


[4]:






tas_file = join(
    DATA_PATH_TEST_MARBLE_CMIP5_ROOT,
    "cmip5",
    "1pctCO2",
    "Amon",
    "tas",
    "CanESM2",
    "r1i1p1",
    "tas_Amon_CanESM2_1pctCO2_r1i1p1_189201-190312.nc",
)








[5]:






# NBVAL_IGNORE_OUTPUT
# Ignore output as the warnings are likely to change with
# new iris versions
tas_iris_load = ScmCube()
# you need this in case your cube has multiple variables
variable_constraint = iris.Constraint(
    cube_func=(lambda c: c.var_name == np.str("tas"))
)

tas_iris_load.cube = iris.load_cube(tas_file, variable_constraint)













/Users/znicholls/miniconda3/envs/netcdf-scm/lib/python3.8/site-packages/iris/fileformats/cf.py:803: UserWarning: Missing CF-netCDF measure variable 'areacella', referenced by netCDF variable 'tas'
  warnings.warn(message % (variable_name, nc_var_name))






The warning tells us that we need to add the areacella as a measure variable to our cube. Doing this manually everytime involves finding the areacella file, loading it, turning it into a cell measure and then adding it to the cube. This is a pain and involves about 100 lines of code. To make life easier, we wrap all of that away using netcdf_scm, which we will introduce in the next section.




Loading with netcdf_scm

There are a couple of particularly annoying things involved with processing netCDF data. Firstly, the data is often stored in a folder hierarchy which can be fiddly to navigate. Secondly, the metadata is often stored separate from the variable cubes.

Hence in netcdf_scm, we try to abstract the code which solves these two things away to make life a bit easier. This involves defining a cube in netcdf_scm.iris_cube_wrappers. The details can be read there, for now we just give an example.

Our example uses MarbleCMIP5Cube. This cube is designed to work with the CMIP5 data on our server at University of Melbourne, which has been organised into a number of folders which are similar, but not quite identical, to the CMOR directory structure described in section 3.1 of the CMIP5 Data Reference Syntax [https://cmip.llnl.gov/cmip5/docs/cmip5_data_reference_syntax_v1-00_clean.pdf]. To facilitate our example, the test data in DATA_PATH_TEST_MARBLE_CMIP5_ROOT is organised in the
same way.


Loading with identifiers

With our MarbleCMIP5Cube, we can simply pass in the information about the data we want (experiment, model, ensemble member etc.) and it will load our desired cube using the load_data_from_identifiers method.


[6]:






tas = MarbleCMIP5Cube()
tas.load_data_from_identifiers(
    root_dir=DATA_PATH_TEST_MARBLE_CMIP5_ROOT,
    activity="cmip5",
    experiment="1pctCO2",
    mip_table="Amon",
    variable_name="tas",
    model="CanESM2",
    ensemble_member="r1i1p1",
    time_period="189201-190312",
    file_ext=".nc",
)







We can verify that the loaded cube is exactly the same as the cube we loaded in the previous section (where we provided the full path).


[7]:






# NBVAL_IGNORE_OUTPUT
assert tas.cube == tas_iris_load.cube







We can have a look at our cube too (note that the broken cell measures representation is intended to be fixed in https://github.com/SciTools/iris/pull/3173).


[8]:






# NBVAL_IGNORE_OUTPUT
tas.cube








[8]:








    
	Air Temperature (K)
	time
	latitude
	longitude


    
	Shape
	144
	64
	128


    
    	Dimension coordinates
    	
    	
    	



    	        time
    	x
    	-
    	-



    	        latitude
    	-
    	x
    	-



    	        longitude
    	-
    	-
    	x



    	        Cell
    	Measures



    	        cell_area
    	-
    	x
    	x



    	Scalar coordinates
    	
    	
    	



    	        height
    	2.0 m



    	Attributes
    	
    	
    	



    	        CCCma_data_licence
    	1) GRANT OF LICENCE - The Government of Canada (Environment Canada) is...



    	        CCCma_parent_runid
    	IGA



    	        CCCma_runid
    	IDK



    	        CDI
    	Climate Data Interface version 1.9.7.1 (http://mpimet.mpg.de/cdi)



    	        CDO
    	Climate Data Operators version 1.9.7.1 (http://mpimet.mpg.de/cdo)



    	        Conventions
    	CF-1.4



    	        associated_files
    	baseURL: http://cmip-pcmdi.llnl.gov/CMIP5/dataLocation gridspecFile: gridspec_atmos_fx_CanESM2_1pctCO2_r0i0p0.nc...



    	        branch_time
    	171915.0



    	        branch_time_YMDH
    	2321:01:01:00



    	        cmor_version
    	2.5.4



    	        contact
    	cccma_info@ec.gc.ca



    	        creation_date
    	2011-03-10T12:09:13Z



    	        experiment
    	1 percent per year CO2



    	        experiment_id
    	1pctCO2



    	        forcing
    	GHG (GHG includes CO2 only)



    	        frequency
    	mon



    	        history
    	2011-03-10T12:09:13Z altered by CMOR: Treated scalar dimension: 'height'....



    	        initialization_method
    	1



    	        institute_id
    	CCCma



    	        institution
    	CCCma (Canadian Centre for Climate Modelling and Analysis, Victoria, BC,...



    	        model_id
    	CanESM2



    	        modeling_realm
    	atmos



    	        original_name
    	ST



    	        parent_experiment
    	pre-industrial control



    	        parent_experiment_id
    	piControl



    	        parent_experiment_rip
    	r1i1p1



    	        physics_version
    	1



    	        product
    	output



    	        project_id
    	CMIP5



    	        realization
    	1



    	        references
    	http://www.cccma.ec.gc.ca/models



    	        source
    	CanESM2 2010 atmosphere: CanAM4 (AGCM15i, T63L35) ocean: CanOM4 (OGCM4.0,...



    	        table_id
    	Table Amon (31 January 2011) 53b766a395ac41696af40aab76a49ae5



    	        title
    	CanESM2 model output prepared for CMIP5 1 percent per year CO2



    	        tracking_id
    	36b6de63-cce5-4a7a-a3f4-69e5b4056fde



    	Cell methods
    	
    	
    	



    	        mean
    	time (15 minutes)










Loading with filepath

With our MarbleCMIP5Cube, we can also pass in the filepath and the cube will determine the relevant attributes for us, as well as loading the other required cubes.


[9]:






example_path = join(
    DATA_PATH_TEST_MARBLE_CMIP5_ROOT,
    "cmip5",
    "1pctCO2",
    "Amon",
    "tas",
    "CanESM2",
    "r1i1p1",
    "tas_Amon_CanESM2_1pctCO2_r1i1p1_189201-190312.nc",
)
example_path








[9]:







'../../../tests/test-data/marble-cmip5/cmip5/1pctCO2/Amon/tas/CanESM2/r1i1p1/tas_Amon_CanESM2_1pctCO2_r1i1p1_189201-190312.nc'







[10]:






tas_from_path = MarbleCMIP5Cube()
tas_from_path.load_data_from_path(example_path)
tas_from_path.model








[10]:







'CanESM2'






We can also confirm that this cube is the same again.


[11]:






# NBVAL_IGNORE_OUTPUT
assert tas_from_path.cube == tas_iris_load.cube














Acting on the cube

Once we have loaded our ScmCube, we can act on its cube attribute like any other Iris Cube. For example, we can add a year categorisation, take an annual mean and then plot the timeseries.


[12]:






# NBVAL_IGNORE_OUTPUT
year_cube = tas.cube.copy()
iris.coord_categorisation.add_year(year_cube, "time")
annual_mean = year_cube.aggregated_by(
    ["year"], iris.analysis.MEAN  # Do the averaging
)
global_annual_mean = annual_mean.collapsed(
    ["latitude", "longitude"],
    iris.analysis.MEAN,
    weights=iris.analysis.cartography.area_weights(annual_mean),
)
qplt.plot(global_annual_mean);













/Users/znicholls/miniconda3/envs/netcdf-scm/lib/python3.8/site-packages/iris/analysis/cartography.py:394: UserWarning: Using DEFAULT_SPHERICAL_EARTH_RADIUS.
  warnings.warn("Using DEFAULT_SPHERICAL_EARTH_RADIUS.")











[image: ../_images/usage_demo_20_1.png]




We can also take a time average and make a spatial plot.


[13]:






# NBVAL_IGNORE_OUTPUT
time_mean = tas.cube.collapsed("time", iris.analysis.MEAN)
qplt.pcolormesh(time_mean);












[image: ../_images/usage_demo_22_0.png]




Add a spatial plot with coastlines.


[14]:






# NBVAL_IGNORE_OUTPUT
# we ignore output here as CI sometimes has to
# download the map file
qplt.pcolormesh(time_mean,)
plt.gca().coastlines();












[image: ../_images/usage_demo_24_0.png]







SCM specifics

Finally, we present the key functions of this package. These are directly related to processing netCDF files for simple climate models.


Getting SCM timeseries

The major one is get_scm_timeseries. This function wraps a number of steps:


	load the land surface fraction data


	combine the land surface fraction and latitude data to determine the hemisphere and land/ocean boxes


	cut the data into the relevant boxes


	take a time average in each box


	return it all as an ScmRun instance




As you can imagine, we find it very useful to be able to abstract all these normally nasty steps away.


[15]:






tas_scm_timeseries = tas.get_scm_timeseries()
type(tas_scm_timeseries)








[15]:







scmdata.run.ScmRun







[16]:






tas_scm_timeseries.tail()








[16]:
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Using CMIP data

In this notebook we discuss netCDF-SCM’s tools for using CMIP [https://www.wcrp-climate.org/wgcm-cmip] data. CMIP has a number of strict citation requirements, we attempt to make adhering to these as simple as possible with these tools. For futher discussion, please see the disclaimer in our docs [https://netcdf-scm.readthedocs.io/en/latest/#disclaimer].


[1]:






# NBVAL_IGNORE_OUTPUT
import glob
import os.path

import tqdm.autonotebook as tqdman

from netcdf_scm.citing import check_licenses, get_citation_tables
from netcdf_scm.io import load_mag_file
from netcdf_scm.retractions import check_depends_on_retracted













<ipython-input-1-60a5925146ff>:5: TqdmExperimentalWarning: Using `tqdm.autonotebook.tqdm` in notebook mode. Use `tqdm.tqdm` instead to force console mode (e.g. in jupyter console)
  import tqdm.autonotebook as tqdman







[2]:






import logging

root_logger = logging.getLogger()
root_logger.setLevel(logging.WARNING)
fmt = logging.Formatter("{levelname}:{name}:{message}", style="{")
stream_handler = logging.StreamHandler()
stream_handler.setFormatter(fmt)
root_logger.addHandler(stream_handler)








Test data

For this example, let’s use our test data.


[3]:






DATA_PATH_TEST = os.path.join("..", "..", "..", "tests", "test-data")








[4]:






# NBVAL_IGNORE_OUTPUT
mag_files = glob.glob(
    os.path.join(DATA_PATH_TEST, "expected-stitch-output", "**", "*.MAG"),
    recursive=True,
)
print("Found {} files".format(len(mag_files)))
mag_files[:4]













Found 39 files







[4]:







['../../../tests/test-data/expected-stitch-output/marble-cmip5output/normalised/31-yr-mean-after-branch-time/mag-files/cmip5/rcp45/Amon/tas/NorESM1-M/r1i1p1/netcdf-scm_tas_Amon_NorESM1-M_rcp45_r1i1p1_185001-230012.MAG',
 '../../../tests/test-data/expected-stitch-output/marble-cmip5output/normalised/21-yr-running-mean/mag-files/cmip5/rcp45/Amon/tas/NorESM1-M/r1i1p1/netcdf-scm_tas_Amon_NorESM1-M_rcp45_r1i1p1_185001-230012.MAG',
 '../../../tests/test-data/expected-stitch-output/marble-cmip5output/normalised/21-yr-running-mean-dedrift/mag-files/cmip5/rcp45/Amon/tas/NorESM1-M/r1i1p1/netcdf-scm_tas_Amon_NorESM1-M_rcp45_r1i1p1_185001-230012.MAG',
 '../../../tests/test-data/expected-stitch-output/cmip6output/normalised/31-yr-mean-after-branch-time/mag-files/CMIP6/C4MIP/BCC/BCC-CSM2-MR/1pctCO2-bgc/r1i1p1f1/Amon/tas/gn/v20190321/netcdf-scm_tas_Amon_BCC-CSM2-MR_1pctCO2-bgc_r1i1p1f1_gn_185001-200012.MAG']







[5]:






# NBVAL_IGNORE_OUTPUT
db = [
    load_mag_file(f, "CMIP6Output" if "cmip6" in f else "MarbleCMIP5")
    for f in tqdman.tqdm(mag_files)
]
db[0].head()































[5]:
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Crunching CMIP5 data

In this notebook we give a very brief example of how we can crunch CMIP5 data using netCDFSCM. This is highly experimental and this notebook is pretty stupid given that it’s really a command-line tool.


[1]:






# NBVAL_IGNORE_OUTPUT
!netcdf-scm-crunch -h













Usage: netcdf-scm-crunch [OPTIONS] SRC DST CRUNCH_CONTACT

  Crunch data in ``src`` to netCDF-SCM ``.nc`` files in ``dst``.

  ``src`` is searched recursively and netcdf-scm will attempt to crunch all
  the files found. The directory structure in ``src`` will be mirrored in
  ``dst``.

  Failures and warnings are recorded and written into a text file in
  ``dst``. We recommend examining this file using a file analysis tool such
  as ``grep``. We often use the command ``grep "\|WARNING\|INFO\|ERROR <log-
  file>``.

  ``crunch_contact`` is written into the output ``.nc`` files'
  ``crunch_contact`` attribute.

Options:
  --drs [Scm|MarbleCMIP5|CMIP6Input4MIPs|CMIP6Output]
                                  Data reference syntax to use for crunching.
                                  [default: Scm]

  --regexp TEXT                   Regular expression to apply to file
                                  directory (only crunches matches).
                                  [default: ^(?!.*(fx)).*$]

  --regions TEXT                  Comma-separated regions to crunch.
                                  [default: World,World|Northern
                                  Hemisphere,World|Southern Hemisphere,World|L
                                  and,World|Ocean,World|Northern
                                  Hemisphere|Land,World|Southern
                                  Hemisphere|Land,World|Northern
                                  Hemisphere|Ocean,World|Southern
                                  Hemisphere|Ocean]

  --data-sub-dir TEXT             Sub-directory of ``dst`` to save data in.
                                  [default: netcdf-scm-crunched]

  -f, --force / --do-not-force    Overwrite any existing files.  [default:
                                  False]

  --small-number-workers INTEGER  Maximum number of workers to use when
                                  crunching files.  [default: 10]

  --small-threshold FLOAT         Maximum number of data points (in millions)
                                  in a file for it to be processed in parallel
                                  with ``small-number-workers``  [default:
                                  50.0]

  --medium-number-workers INTEGER
                                  Maximum number of workers to use when
                                  crunching files.  [default: 3]

  --medium-threshold FLOAT        Maximum number of data points (in millions)
                                  in a file for it to be processed in parallel
                                  with ``medium-number-workers``  [default:
                                  120.0]

  --force-lazy-threshold FLOAT    Maximum number of data points (in millions)
                                  in a file for it to be processed in memory
                                  [default: 1000.0]

  -h, --help                      Show this message and exit.







[2]:






# NBVAL_IGNORE_OUTPUT
!netcdf-scm-crunch "../tests/test-data/marble-cmip5" "../output-examples/crunched-files" "notebook example <email address>" --drs "MarbleCMIP5" --regexp ".*tas.*"













5982 2020-05-01 12:52:38,835 INFO:netcdf_scm:netcdf-scm: 2.0.0-beta.7+14.g258d6b1.dirty
5982 2020-05-01 12:52:38,835 INFO:netcdf_scm:crunch-contact: notebook example <email address>
5982 2020-05-01 12:52:38,835 INFO:netcdf_scm:source: /Users/znicholls/Documents/AGCEC/Misc/netcdf-scm/tests/test-data/marble-cmip5
5982 2020-05-01 12:52:38,835 INFO:netcdf_scm:destination: /Users/znicholls/Documents/AGCEC/Misc/netcdf-scm/output-examples/crunched-files/netcdf-scm-crunched
5982 2020-05-01 12:52:38,835 INFO:netcdf_scm:drs: MarbleCMIP5
5982 2020-05-01 12:52:38,835 INFO:netcdf_scm:regexp: .*tas.*
5982 2020-05-01 12:52:38,835 INFO:netcdf_scm:regions: World,World|Northern Hemisphere,World|Southern Hemisphere,World|Land,World|Ocean,World|Northern Hemisphere|Land,World|Southern Hemisphere|Land,World|Northern Hemisphere|Ocean,World|Southern Hemisphere|Ocean
5982 2020-05-01 12:52:38,835 INFO:netcdf_scm:force: False
5982 2020-05-01 12:52:38,835 INFO:netcdf_scm:small_number_workers: 10
5982 2020-05-01 12:52:38,835 INFO:netcdf_scm:small_threshold: 50.0
5982 2020-05-01 12:52:38,835 INFO:netcdf_scm:medium_number_workers: 3
5982 2020-05-01 12:52:38,835 INFO:netcdf_scm:medium_threshold: 120.0
5982 2020-05-01 12:52:38,835 INFO:netcdf_scm:force_lazy_threshold: 1000.0
5982 2020-05-01 12:52:38,836 INFO:netcdf_scm.output:Read in 9 items from database netcdf-scm_crunched.jsonl
5982 2020-05-01 12:52:38,836 INFO:netcdf_scm:Finding directories with files
5982 2020-05-01 12:52:38,837 INFO:netcdf_scm:Adding directory to queue /Users/znicholls/Documents/AGCEC/Misc/netcdf-scm/tests/test-data/marble-cmip5/cmip5/rcp26/Amon/tas/bcc-csm1-1/r1i1p1
5982 2020-05-01 12:52:38,837 INFO:netcdf_scm:Adding directory to queue /Users/znicholls/Documents/AGCEC/Misc/netcdf-scm/tests/test-data/marble-cmip5/cmip5/piControl/Amon/tas/NorESM1-M/r1i1p1
5982 2020-05-01 12:52:38,838 INFO:netcdf_scm:Adding directory to queue /Users/znicholls/Documents/AGCEC/Misc/netcdf-scm/tests/test-data/marble-cmip5/cmip5/rcp45/Amon/tas/NorESM1-M/r1i1p1
5982 2020-05-01 12:52:38,839 INFO:netcdf_scm:Adding directory to queue /Users/znicholls/Documents/AGCEC/Misc/netcdf-scm/tests/test-data/marble-cmip5/cmip5/rcp45/Amon/tas/ACCESS1-0/r1i1p1
5982 2020-05-01 12:52:38,839 INFO:netcdf_scm:Adding directory to queue /Users/znicholls/Documents/AGCEC/Misc/netcdf-scm/tests/test-data/marble-cmip5/cmip5/rcp45/Amon/tas/HadCM3/r1i1p1
5982 2020-05-01 12:52:38,841 INFO:netcdf_scm:Adding directory to queue /Users/znicholls/Documents/AGCEC/Misc/netcdf-scm/tests/test-data/marble-cmip5/cmip5/historical/Amon/tas/NorESM1-M/r1i1p1
5982 2020-05-01 12:52:38,841 INFO:netcdf_scm:Adding directory to queue /Users/znicholls/Documents/AGCEC/Misc/netcdf-scm/tests/test-data/marble-cmip5/cmip5/historical/Amon/tas/ACCESS1-0/r1i1p1
5982 2020-05-01 12:52:38,843 INFO:netcdf_scm:Adding directory to queue /Users/znicholls/Documents/AGCEC/Misc/netcdf-scm/tests/test-data/marble-cmip5/cmip5/1pctCO2/Amon/tas/CanESM2/r1i1p1
5982 2020-05-01 12:52:38,845 INFO:netcdf_scm:Adding directory to queue /Users/znicholls/Documents/AGCEC/Misc/netcdf-scm/tests/test-data/marble-cmip5/cmip5/rcp85/Amon/tas/NorESM1-ME/r1i1p1
5982 2020-05-01 12:52:38,845 INFO:netcdf_scm:Found 9 directories with files
Sorting directories: 100%|████████████████████████| 9/9 [00:00<00:00, 36.05it/s]
5982 2020-05-01 12:52:39,096 INFO:netcdf_scm:Crunching 9 directories with less than 50.0 million data points
5982 2020-05-01 12:52:39,096 INFO:netcdf_scm:Processing in parallel with 10 workers
5982 2020-05-01 12:52:39,096 INFO:netcdf_scm:Forcing dask to use a single thread when reading
  0%|                                               | 0.00/9.00 [00:00<?, ?it/s]5994 2020-05-01 12:52:39,123 INFO:netcdf_scm:Attempting to process: ['tas_Amon_NorESM1-M_rcp45_r1i1p1_200601-230012.nc']
5992 2020-05-01 12:52:39,122 INFO:netcdf_scm:Attempting to process: ['tas_Amon_bcc-csm1-1_rcp26_r1i1p1_209001-209912.nc', 'tas_Amon_bcc-csm1-1_rcp26_r1i1p1_210001-211012.nc']
5993 2020-05-01 12:52:39,123 INFO:netcdf_scm:Attempting to process: ['tas_Amon_NorESM1-M_piControl_r1i1p1_070001-120012.nc']
5995 2020-05-01 12:52:39,123 INFO:netcdf_scm:Attempting to process: ['tas_Amon_ACCESS1-0_rcp45_r1i1p1_200601-201012.nc']
5998 2020-05-01 12:52:39,124 INFO:netcdf_scm:Attempting to process: ['tas_Amon_ACCESS1-0_historical_r1i1p1_187701-187703.nc']
5999 2020-05-01 12:52:39,125 INFO:netcdf_scm:Attempting to process: ['tas_Amon_CanESM2_1pctCO2_r1i1p1_189201-190312.nc']
5996 2020-05-01 12:52:39,125 INFO:netcdf_scm:Attempting to process: ['tas_Amon_HadCM3_rcp45_r1i1p1_200601-203012.nc', 'tas_Amon_HadCM3_rcp45_r1i1p1_203101-203512.nc']
5997 2020-05-01 12:52:39,124 INFO:netcdf_scm:Attempting to process: ['tas_Amon_NorESM1-M_historical_r1i1p1_185001-200512.nc']
6000 2020-05-01 12:52:39,127 INFO:netcdf_scm:Attempting to process: ['tas_Amon_NorESM1-ME_rcp85_r1i1p1_204501-205012.nc', 'tas_Amon_NorESM1-ME_rcp85_r1i1p1_204001-204412.nc']
5997 2020-05-01 12:52:39,173 INFO:netcdf_scm:Skipped (already exists, not overwriting) /Users/znicholls/Documents/AGCEC/Misc/netcdf-scm/output-examples/crunched-files/netcdf-scm-crunched/cmip5/historical/Amon/tas/NorESM1-M/r1i1p1/netcdf-scm_tas_Amon_NorESM1-M_historical_r1i1p1_185001-200512.nc
5994 2020-05-01 12:52:39,174 INFO:netcdf_scm:Skipped (already exists, not overwriting) /Users/znicholls/Documents/AGCEC/Misc/netcdf-scm/output-examples/crunched-files/netcdf-scm-crunched/cmip5/rcp45/Amon/tas/NorESM1-M/r1i1p1/netcdf-scm_tas_Amon_NorESM1-M_rcp45_r1i1p1_200601-230012.nc
5998 2020-05-01 12:52:39,176 INFO:netcdf_scm:Skipped (already exists, not overwriting) /Users/znicholls/Documents/AGCEC/Misc/netcdf-scm/output-examples/crunched-files/netcdf-scm-crunched/cmip5/historical/Amon/tas/ACCESS1-0/r1i1p1/netcdf-scm_tas_Amon_ACCESS1-0_historical_r1i1p1_187701-187703.nc
5999 2020-05-01 12:52:39,181 INFO:netcdf_scm:Skipped (already exists, not overwriting) /Users/znicholls/Documents/AGCEC/Misc/netcdf-scm/output-examples/crunched-files/netcdf-scm-crunched/cmip5/1pctCO2/Amon/tas/CanESM2/r1i1p1/netcdf-scm_tas_Amon_CanESM2_1pctCO2_r1i1p1_189201-190312.nc
5993 2020-05-01 12:52:39,181 INFO:netcdf_scm:Skipped (already exists, not overwriting) /Users/znicholls/Documents/AGCEC/Misc/netcdf-scm/output-examples/crunched-files/netcdf-scm-crunched/cmip5/piControl/Amon/tas/NorESM1-M/r1i1p1/netcdf-scm_tas_Amon_NorESM1-M_piControl_r1i1p1_070001-120012.nc
5995 2020-05-01 12:52:39,185 INFO:netcdf_scm:Skipped (already exists, not overwriting) /Users/znicholls/Documents/AGCEC/Misc/netcdf-scm/output-examples/crunched-files/netcdf-scm-crunched/cmip5/rcp45/Amon/tas/ACCESS1-0/r1i1p1/netcdf-scm_tas_Amon_ACCESS1-0_rcp45_r1i1p1_200601-201012.nc
5996 2020-05-01 12:52:39,190 INFO:netcdf_scm:Skipped (already exists, not overwriting) /Users/znicholls/Documents/AGCEC/Misc/netcdf-scm/output-examples/crunched-files/netcdf-scm-crunched/cmip5/rcp45/Amon/tas/HadCM3/r1i1p1/netcdf-scm_tas_Amon_HadCM3_rcp45_r1i1p1_200601-203512.nc
5992 2020-05-01 12:52:39,193 INFO:netcdf_scm:Skipped (already exists, not overwriting) /Users/znicholls/Documents/AGCEC/Misc/netcdf-scm/output-examples/crunched-files/netcdf-scm-crunched/cmip5/rcp26/Amon/tas/bcc-csm1-1/r1i1p1/netcdf-scm_tas_Amon_bcc-csm1-1_rcp26_r1i1p1_209001-211012.nc
6000 2020-05-01 12:52:39,199 INFO:netcdf_scm:Skipped (already exists, not overwriting) /Users/znicholls/Documents/AGCEC/Misc/netcdf-scm/output-examples/crunched-files/netcdf-scm-crunched/cmip5/rcp85/Amon/tas/NorESM1-ME/r1i1p1/netcdf-scm_tas_Amon_NorESM1-ME_rcp85_r1i1p1_204001-205012.nc
100%|█████████████████████████████████████████| 9.00/9.00 [00:00<00:00, 111it/s]
5982 2020-05-01 12:52:39,212 INFO:netcdf_scm:Crunching 0 directories with greater than or equal to 50.0 and less than 120.0 million data points
5982 2020-05-01 12:52:39,213 INFO:netcdf_scm:Crunching 0 directories with greater than or equal to 120.0 million data points






The output is saved in a log file in the destination directory. It can be searched using any standard tool e.g. grep (in particular grep "\|WARNING\|INFO\|ERROR <log-file>). The most useful keywords to search for are “DEBUG”, “INFO”, “WARNING” and “ERROR”.
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CMIP data reference syntax handling

For CMIP experiments, the paths in which data is saved is defined by a data reference syntax. These syntax can be hard to remember. However, from a given ‘CMIP ScmCube’, the expected path can be easily queried in two ways:


	Look at the output of the cubes get_data_reference_syntax method


	To see how time period should be included, look at the output of the same method with the relevant ‘time period/range’ argument (this argument is None by default).






	Look at the cube’s docstring




Note:


	the root directory is by default . i.e. the current working directory.


	the file extension does not include a ., you must specify this yourself!




The meaning of these arguments is somewhat explained by the cube’s property docstrings but pull requests [https://github.com/znicholls/netcdf-scm/pulls] are always welcome to make these better!

In the following cells, we give a few examples for some of the available cubes.


[1]:






# NBVAL_IGNORE_OUTPUT
from netcdf_scm import iris_cube_wrappers







We can see the full list of available cubes with


[2]:






[
    el
    for el in dir(iris_cube_wrappers)
    if el.endswith("Cube") and not (el.startswith("_") or el.startswith("Scm"))
]








[2]:







['CMIP6Input4MIPsCube', 'CMIP6OutputCube', 'MarbleCMIP5Cube']







CMIP6Input4MIPsCube


[3]:






from netcdf_scm.iris_cube_wrappers import CMIP6Input4MIPsCube

CMIP6Input4MIPsCube.get_data_reference_syntax()








[3]:







'root-dir/activity-id/mip-era/target-mip/institution-id/source-id/realm/frequency/variable-id/grid-label/version/variable-id_activity-id_dataset-category_target-mip_source-id_grid-label_time-rangefile-ext'






Including a . in the file extension makes this looks more as expected.


[4]:






CMIP6Input4MIPsCube.get_data_reference_syntax(file_ext=".nc")








[4]:







'root-dir/activity-id/mip-era/target-mip/institution-id/source-id/realm/frequency/variable-id/grid-label/version/variable-id_activity-id_dataset-category_target-mip_source-id_grid-label_time-range.nc'






Including the time range too completes the picture.


[5]:






CMIP6Input4MIPsCube.get_data_reference_syntax(
    time_range="YYYY-YYYY", file_ext=".nc"
)








[5]:







'root-dir/activity-id/mip-era/target-mip/institution-id/source-id/realm/frequency/variable-id/grid-label/version/variable-id_activity-id_dataset-category_target-mip_source-id_grid-label_YYYY-YYYY.nc'






Alternately, you can also drop out the time range to see what files look like without it (e.g. surface land-fraction or cell area files).


[6]:






CMIP6Input4MIPsCube.get_data_reference_syntax(time_range=None, file_ext=".nc")








[6]:







'root-dir/activity-id/mip-era/target-mip/institution-id/source-id/realm/frequency/variable-id/grid-label/version/variable-id_activity-id_dataset-category_target-mip_source-id_grid-label.nc'









MarbleCMIP5Cube


[7]:






from netcdf_scm.iris_cube_wrappers import MarbleCMIP5Cube

MarbleCMIP5Cube.get_data_reference_syntax(
    time_period="YYYY-YYYY", file_ext=".nc"
)








[7]:







'root-dir/activity/experiment/mip-table/variable-name/model/ensemble-member/variable-name_mip-table_model_experiment_ensemble-member_YYYY-YYYY.nc'









CMIP6OutputCube


[8]:






from netcdf_scm.iris_cube_wrappers import CMIP6OutputCube

CMIP6OutputCube.get_data_reference_syntax(
    time_range="YYYY-YYYY", file_ext=".nc"
)








[8]:







'root-dir/mip-era/activity-id/institution-id/source-id/experiment-id/member-id/table-id/variable-id/grid-label/version/variable-id_table-id_source-id_experiment-id_member-id_grid-label_YYYY-YYYY.nc'






Printing the cube’s docstring provides the link to the data reference syntax page (between the carets i.e. between the < and >).


[9]:






# in a notebook, putting a question mark after an object/function/method
# is a nice shortcut to see the docstring
CMIP6OutputCube?








[10]:






print(CMIP6OutputCube.__doc__)














    Cube which can be used with CMIP6 model output data

    The data must match the CMIP6 data reference syntax as specified in the 'File name
    template' and 'Directory structure template' sections of the
    `CMIP6 Data Reference Syntax <https://goo.gl/v1drZl>`_.
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Stitching and Normalisation

In this notebook we look at how to stitch CMIP6 output files together to create continuous timeseries and how to determine how to normalise these files e.g. calculate anomalies against piControl runs.


[1]:






# NBVAL_IGNORE_OUTPUT
import datetime as dt
import glob
import os.path
from pathlib import Path

import matplotlib
import matplotlib.pyplot as plt
import pymagicc
import seaborn as sns
import tqdm
from scmdata import run_append, ScmRun

from netcdf_scm.io import load_mag_file, load_scmrun
from netcdf_scm.normalisation import get_normaliser
from netcdf_scm.stitching import (
    get_branch_time,
    get_parent_file_path,
    get_parent_replacements,
    step_up_family_tree,
)








[2]:






plt.style.use("bmh")
%matplotlib inline








Command line interface help

The help can be accessed via our command line interface.


[3]:






# NBVAL_IGNORE_OUTPUT
!netcdf-scm stitch -h













Usage: netcdf-scm stitch [OPTIONS] SRC DST STITCH_CONTACT

  Stitch netCDF-SCM ``.nc`` files together and write out in the specified
  format.

  ``SRC`` is searched recursively and netcdf-scm will attempt to stitch all
  the files found. Output is written in ``DST``.

  ``STITCH_CONTACT`` is written into the header of the output files.

Options:
  --regexp TEXT                   Regular expression to apply to file
                                  directory (only stitches matches). Be
                                  careful, if you use a very copmlex regexp
                                  directory sorting can be extremely slow (see
                                  e.g. discussion at
                                  https://stackoverflow.com/a/5428712)!
                                  [default: ^(?!.*(fx)).*$]

  --prefix TEXT                   Prefix to apply to output file names (not
                                  paths).

  --out-format [mag-files|mag-files-average-year-start-year|mag-files-average-year-mid-year|mag-files-average-year-end-year|mag-files-point-start-year|mag-files-point-mid-year|mag-files-point-end-year|magicc-input-files|magicc-input-files-average-year-start-year|magicc-input-files-average-year-mid-year|magicc-input-files-average-year-end-year|magicc-input-files-point-start-year|magicc-input-files-point-mid-year|magicc-input-files-point-end-year|tuningstrucs-blend-model]
                                  Format to re-write crunched data into. The
                                  time operation conventions follow those in
                                  `Pymagicc <https://pymagicc.readthedocs.io/e
                                  n/latest/file_conventions.html#namelists>`_
                                  .  [default: mag-files]

  --drs [None|MarbleCMIP5|CMIP6Input4MIPs|CMIP6Output]
                                  Data reference syntax to use to decipher
                                  paths. This is required to ensure the output
                                  folders match the input data reference
                                  syntax.  [default: None]

  -f, --force / --do-not-force    Overwrite any existing files.  [default:
                                  False]

  --number-workers INTEGER        Number of worker (threads) to use when
                                  stitching.  [default: 4]

  --target-units-specs PATH       csv containing target units for stitched
                                  variables.

  --normalise [31-yr-mean-after-branch-time|21-yr-running-mean|21-yr-running-mean-dedrift|30-yr-running-mean|30-yr-running-mean-dedrift]
                                  How to normalise the data relative to
                                  piControl (if not provided, no normalisation
                                  is performed).

  -h, --help                      Show this message and exit.









Stitching

Stitching simply refers to joining a child scenario with its parent. For example, an ssp with its corresponding historical run.


[4]:






# NBVAL_IGNORE_OUTPUT
!netcdf-scm stitch \
    "../../../tests/test-data/expected-crunching-output/cmip6output" \
    "../../../output-examples/stitched-files" \
    "notebook example <email address>" \
    --force \
    --drs "CMIP6Output" \
    --regexp ".*EC-Earth3-Veg.*ssp585.*r1i1p1f1.*hfds.*"













23524 2020-10-08 13:09:03,196 INFO:netcdf_scm:netcdf-scm: 2.0.0rc5+9.gf0c1d5a.dirty
23524 2020-10-08 13:09:03,196 INFO:netcdf_scm:stitch-contact: notebook example <email address>
23524 2020-10-08 13:09:03,196 INFO:netcdf_scm:source: /Users/znicholls/Documents/AGCEC/netCDF-SCM/netcdf-scm/tests/test-data/expected-crunching-output/cmip6output
23524 2020-10-08 13:09:03,196 INFO:netcdf_scm:destination: /Users/znicholls/Documents/AGCEC/netCDF-SCM/netcdf-scm/output-examples/stitched-files
23524 2020-10-08 13:09:03,196 INFO:netcdf_scm:regexp: .*EC-Earth3-Veg.*ssp585.*r1i1p1f1.*hfds.*
23524 2020-10-08 13:09:03,197 INFO:netcdf_scm:prefix: None
23524 2020-10-08 13:09:03,197 INFO:netcdf_scm:out-format: mag-files
23524 2020-10-08 13:09:03,197 INFO:netcdf_scm:drs: CMIP6Output
23524 2020-10-08 13:09:03,197 INFO:netcdf_scm:force: True
23524 2020-10-08 13:09:03,197 INFO:netcdf_scm:number-workers: 4
23524 2020-10-08 13:09:03,197 INFO:netcdf_scm:target-units-specs: None
23524 2020-10-08 13:09:03,197 INFO:netcdf_scm:normalise: None
23524 2020-10-08 13:09:03,197 INFO:netcdf_scm:Finding directories with files
Walking through directories and applying `check_func`: 337it [00:00, 19754.04it/s]
23524 2020-10-08 13:09:03,221 INFO:netcdf_scm:Found 1 directories with files
23524 2020-10-08 13:09:03,221 INFO:netcdf_scm.cli_parallel:Processing in parallel with 4 workers
23524 2020-10-08 13:09:03,221 INFO:netcdf_scm.cli_parallel:Forcing dask to use a single thread when reading
100%|████████████████████████████████████████| 1.00/1.00 [00:08<00:00, 8.66s/it]






We can then load the resulting files.


[5]:






written_files = [
    f
    for f in Path("../../../output-examples/stitched-files/CMIP6").rglob(
        "*.MAG"
    )
]
written_files








[5]:







[PosixPath('../../../output-examples/stitched-files/CMIP6/ScenarioMIP/EC-Earth-Consortium/EC-Earth3-Veg/ssp585/r1i1p1f1/Omon/hfds/gn/v20190629/netcdf-scm_hfds_Omon_EC-Earth3-Veg_ssp585_r1i1p1f1_gn_201201-201712.MAG')]






As we can see below, the output file is the result of joining the scenario and historical file (i.e. we have data pre-2015, which is when the scenario started).


[6]:






# NBVAL_IGNORE_OUTPUT
stitched = load_mag_file(str(written_files[0]), drs="CMIP6Output")
stitched.timeseries()








[6]:
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Atmospheric, oceanic and land data handling

In this notebook we discuss the subtleties of how netCDF-SCM handles different data ‘realms’ and why these choices are made. The realms of interest are atmosphere, ocean and land and the distinction between the realms follows the CMIP6 realm controlled vocabulary [https://github.com/WCRP-CMIP/CMIP6_CVs/blob/master/CMIP6_realm.json].


[1]:






# NBVAL_IGNORE_OUTPUT
import traceback
from os.path import join

import iris
import iris.quickplot as qplt
import matplotlib.pyplot as plt
import numpy as np

from netcdf_scm.iris_cube_wrappers import CMIP6OutputCube
from netcdf_scm.utils import broadcast_onto_lat_lon_grid








[2]:






from pandas.plotting import register_matplotlib_converters

register_matplotlib_converters()
plt.style.use("bmh")








[3]:






import logging

logging.captureWarnings(True)

root_logger = logging.getLogger()
root_logger.setLevel(logging.WARNING)
fmt = logging.Formatter("{levelname}:{name}:{message}", style="{")
stream_handler = logging.StreamHandler()
stream_handler.setFormatter(fmt)
root_logger.addHandler(stream_handler)








[4]:






DATA_PATH_TEST = join("..", "..", "..", "tests", "test-data")







Note that all of our data is on a regular grid, we show an example of using native model grid data in the ocean section.


[5]:






tas_file = join(
    DATA_PATH_TEST,
    "cmip6output",
    "CMIP6",
    "CMIP",
    "IPSL",
    "IPSL-CM6A-LR",
    "historical",
    "r1i1p1f1",
    "Amon",
    "tas",
    "gr",
    "v20180803",
    "tas_Amon_IPSL-CM6A-LR_historical_r1i1p1f1_gr_191001-191003.nc",
)

gpp_file = tas_file.replace("Amon", "Lmon").replace("tas", "gpp")
csoilfast_file = gpp_file.replace("gpp", "cSoilFast")

hfds_file = join(
    DATA_PATH_TEST,
    "cmip6output",
    "CMIP6",
    "CMIP",
    "NOAA-GFDL",
    "GFDL-CM4",
    "piControl",
    "r1i1p1f1",
    "Omon",
    "hfds",
    "gr",
    "v20180701",
    "hfds_Omon_GFDL-CM4_piControl_r1i1p1f1_gr_015101-015103.nc",
)








Oceans

We start by loading our data.


[6]:






# NBVAL_IGNORE_OUTPUT
hfds = CMIP6OutputCube()
hfds.load_data_from_path(hfds_file)







netCDF-SCM will assume whether the data is “ocean”, “land” or “atmosphere”. The assumed realm can be checked by examining a ScmCube’s netcdf_scm_realm property.

In our case we have “ocean” data.


[7]:






hfds.netcdf_scm_realm








[7]:







'ocean'






If we have ocean data, then there is no data which will go in a “land” box. Hence, if we request e.g. World|Land data, we will get a warning and land data will not be returned.


[8]:






out = hfds.get_scm_timeseries(regions=["World", "World|Land"])
out["region"].unique()













WARNING:py.warnings:/Users/znicholls/Documents/AGCEC/netCDF-SCM/netcdf-scm/src/netcdf_scm/weights/__init__.py:869: UserWarning: Failed to create 'World|Land' weights: All weights are zero for region: `World|Land`
  warnings.warn(warn_str)

WARNING:netcdf_scm.iris_cube_wrappers:Not calculating land fractions as all required cubes are not available
WARNING:netcdf_scm.iris_cube_wrappers:Performing lazy conversion to datetime for calendar: 365_day. This may cause subtle errors in operations that depend on the length of time between dates







[8]:







array(['World'], dtype=object)






As there is no land data, the World mean is equal to the World|Ocean mean.


[9]:






# NBVAL_IGNORE_OUTPUT
hfds_scm_ts = hfds.get_scm_timeseries(regions=["World", "World|Ocean"])
hfds_scm_ts.line_plot(style="region")
np.testing.assert_allclose(
    hfds_scm_ts.filter(region="World").values,
    hfds_scm_ts.filter(region="World|Ocean").values,
);













WARNING:netcdf_scm.iris_cube_wrappers:Not calculating land fractions as all required cubes are not available
WARNING:netcdf_scm.iris_cube_wrappers:Performing lazy conversion to datetime for calendar: 365_day. This may cause subtle errors in operations that depend on the length of time between dates











[image: ../_images/usage_atmos-land-ocean-handling_14_1.png]




When taking averages, there are 3 obvious options:


	unweighted average


	area weighted average


	area and surface fraction weighted average




In netCDF-SCM, we provide the choice of the first two (if you want an unweighted average, please raise an issue on our issue tracker [https://gitlab.com/netcdf-scm/netcdf-scm/-/issues]). Depending on the context, one will likely make more sense than the other. The user can specify this to ScmCube.get_scm_timeseries_weights via the cell_weights argument. If the user doesn’t supply a value, ScmCube will guess depending on what is most appropriate, see the docstring below for more
details.


[10]:






print(hfds.get_scm_timeseries_weights.__doc__)














        Get the scm timeseries weights

        Parameters
        ----------
        surface_fraction_cube : :obj:`ScmCube`, optional
            land surface fraction data which is used to determine whether a given
            gridbox is land or ocean. If ``None``, we try to load the land surface fraction automatically.

        areacell_scmcube : :obj:`ScmCube`, optional
            cell area data which is used to take the latitude-longitude mean of the
            cube's data. If ``None``, we try to load this data automatically and if
            that fails we fall back onto ``iris.analysis.cartography.area_weights``.

        regions : list[str]
            List of regions to use. If ``None`` then
            ``netcdf_scm.regions.DEFAULT_REGIONS`` is used.

        cell_weights : {'area-only', 'area-surface-fraction'}
            How cell weights should be calculated. If ``'area-surface-fraction'``, both cell area and its
            surface fraction will be used to weight the cell. If ``'area-only'``, only the cell's area
            will be used to weight the cell (cells which do not belong to the region are nonetheless
            excluded). If ``None``, netCDF-SCM will guess whether land surface fraction weights should
            be included or not based on the data being processed. When guessing, for ocean data,
            netCDF-SCM will weight cells only by the horizontal area of the cell i.e. no land fraction
            (see Section L5 of Griffies et al., *GMD*, 2016, `<https://doi.org/10.5194/gmd-9-3231-2016>`_).
            For land variables, netCDF-SCM will weight cells by both thier horizontal area and their land
            surface fraction. “Yes, you do need to weight the output by land frac (sftlf is the CMIP
            variable name).” (Chris Jones, *personal communication*, 18 April 2020). For land variables,
            note that there seems to be nothing in Jones et al., *GMD*, 2016
            (`<https://doi.org/10.5194/gmd-9-2853-2016>`_).

        log_failure : bool
            Should regions which fail be logged? If no, failures are raised as
            warnings.

        Returns
        -------
        dict of str: :obj:`np.ndarray`
            Dictionary of 'region name': weights, key: value pairs

        Notes
        -----
        Only regions which can be calculated are returned. If no regions can be calculated, an empty
        dictionary will be returned.







In the cells below, we show the difference the choice of cell weighting makes makes.


[11]:






def compare_weighting_options(input_scm_cube):
    unweighted_mean = input_scm_cube.cube.collapsed(
        ["latitude", "longitude"], iris.analysis.MEAN
    )

    area_cell = input_scm_cube.get_metadata_cube(
        input_scm_cube.areacell_var
    ).cube

    area_weights = broadcast_onto_lat_lon_grid(input_scm_cube, area_cell.data)
    area_weighted_mean = input_scm_cube.cube.collapsed(
        ["latitude", "longitude"], iris.analysis.MEAN, weights=area_weights
    )

    surface_frac = input_scm_cube.get_metadata_cube(
        input_scm_cube.surface_fraction_var
    ).cube

    area_sf = area_cell * surface_frac
    area_sf_weights = broadcast_onto_lat_lon_grid(input_scm_cube, area_sf.data)
    area_sf_weighted_mean = input_scm_cube.cube.collapsed(
        ["latitude", "longitude"], iris.analysis.MEAN, weights=area_sf_weights
    )

    plt.figure(figsize=(8, 4.5))
    qplt.plot(unweighted_mean, label="unweighted")
    qplt.plot(area_weighted_mean, label="area weighted")
    qplt.plot(
        area_sf_weighted_mean,
        label="area-surface fraction weighted",
        linestyle="--",
        dashes=(10, 10),
        linewidth=4,
    )

    plt.legend();








[12]:






# NBVAL_IGNORE_OUTPUT
compare_weighting_options(hfds)













WARNING:py.warnings:/Users/znicholls/miniconda3/envs/netcdf-scm/lib/python3.9/site-packages/iris/cube.py:3218: UserWarning: Collapsing spatial coordinate 'latitude' without weighting
  warnings.warn(msg.format(coord.name()))












[image: ../_images/usage_atmos-land-ocean-handling_19_1.png]




We go to the trouble of taking these area-surface fraction weightings because they matter. In particular, the area weight is required to not overweight the poles (on whatever grid we’re working) whilst the surface fraction allows the user to ensure that the cells’ contribution to an average reflects how much they belong in a given ‘SCM box’.


More detail

We can check which variable is being used for the cell areas by loooking at ScmCube.areacell_var. For ocean data this is areacello.


[13]:






hfds.areacell_var








[13]:







'areacello'







[14]:






hfds_area_cell = hfds.get_metadata_cube(hfds.areacell_var).cube
qplt.pcolormesh(hfds_area_cell);












[image: ../_images/usage_atmos-land-ocean-handling_23_0.png]




We can check which variable is being used for the surface fraction by loooking at ScmCube.surface_fraction_var. For ocean data this is sftof.


[15]:






hfds.surface_fraction_var








[15]:







'sftof'







[16]:






hfds_surface_frac = hfds.get_metadata_cube(hfds.surface_fraction_var).cube
qplt.pcolormesh(hfds_surface_frac);












[image: ../_images/usage_atmos-land-ocean-handling_26_0.png]




The product of the area of the cells and the surface fraction gives us the area-surface fraction weights. The addition of the surface fraction only really matters near the coastlines where cells are neither entirely land nor entirely ocean.


[17]:






hfds_area_sf = hfds_area_cell * hfds_surface_frac

plt.figure(figsize=(16, 9))
plt.subplot(121)
qplt.pcolormesh(hfds_area_sf,)

plt.subplot(122)
lat_con = iris.Constraint(latitude=lambda cell: -50 < cell < -20)
lon_con = iris.Constraint(longitude=lambda cell: 140 < cell < 160)
qplt.pcolormesh(hfds_area_sf.extract(lat_con & lon_con),);












[image: ../_images/usage_atmos-land-ocean-handling_28_0.png]




For ocean data, by default netCDF-SCM will only use the area weights. If we turn the logging up, we can see the decisions being made internally (look at the line following the line containing cell_weights).


[18]:






# NBVAL_IGNORE_OUTPUT
root_logger.setLevel(logging.DEBUG)
# also load the cube again so the caching doesn't hide the logging messages
hfds = CMIP6OutputCube()
hfds.load_data_from_path(hfds_file)













DEBUG:netcdf_scm.iris_cube_wrappers:loading cube ../../../tests/test-data/cmip6output/CMIP6/CMIP/NOAA-GFDL/GFDL-CM4/piControl/r1i1p1f1/Omon/hfds/gr/v20180701/hfds_Omon_GFDL-CM4_piControl_r1i1p1f1_gr_015101-015103.nc
DEBUG:netcdf_scm.iris_cube_wrappers:loading cube ../../../tests/test-data/cmip6output/CMIP6/CMIP/NOAA-GFDL/GFDL-CM4/piControl/r1i1p1f1/Ofx/areacello/gr/v20180701/areacello_Ofx_GFDL-CM4_piControl_r1i1p1f1_gr.nc







[19]:






# NBVAL_IGNORE_OUTPUT
hfds_area_weights = broadcast_onto_lat_lon_grid(hfds, hfds_area_cell.data)
hfds_area_weighted_mean = hfds.cube.collapsed(
    ["latitude", "longitude"], iris.analysis.MEAN, weights=hfds_area_weights
)

netcdf_scm_calculated = hfds.get_scm_timeseries(regions=["World"]).timeseries()

np.testing.assert_allclose(
    hfds_area_weighted_mean.data,
    netcdf_scm_calculated.values.squeeze(),
    rtol=1e-6,
)

netcdf_scm_calculated.T













DEBUG:netcdf_scm.iris_cube_wrappers:cell_weights: None
DEBUG:netcdf_scm.iris_cube_wrappers:self.netcdf_scm_realm: ocean
DEBUG:netcdf_scm.iris_cube_wrappers:Using: <class 'netcdf_scm.weights.AreaWeightCalculator'>
DEBUG:netcdf_scm.iris_cube_wrappers:loading cube ../../../tests/test-data/cmip6output/CMIP6/CMIP/NOAA-GFDL/GFDL-CM4/piControl/r1i1p1f1/Ofx/sftof/gr/v20180701/sftof_Ofx_GFDL-CM4_piControl_r1i1p1f1_gr.nc
DEBUG:netcdf_scm.weights:sftof data max is 100.0, dividing by 100.0 to convert units to fraction
DEBUG:netcdf_scm.iris_cube_wrappers:Crunching SCM timeseries in memory
WARNING:netcdf_scm.iris_cube_wrappers:Not calculating land fractions as all required cubes are not available
WARNING:netcdf_scm.iris_cube_wrappers:Performing lazy conversion to datetime for calendar: 365_day. This may cause subtle errors in operations that depend on the length of time between dates
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Ocean data handling

In this notebook we show how ocean data is handled.


[1]:






# NBVAL_IGNORE_OUTPUT
import traceback
from os.path import join

import numpy as np
import iris
import iris.quickplot as qplt
import matplotlib
import matplotlib.pyplot as plt
from scmdata import ScmRun

from netcdf_scm.iris_cube_wrappers import CMIP6OutputCube








[2]:






# make all logs apper
import logging

root_logger = logging.getLogger()
root_logger.addHandler(logging.StreamHandler())








[3]:






plt.style.use("bmh")
%matplotlib inline








[4]:






DATA_PATH_TEST = join("..", "..", "..", "tests", "test-data")
DATA_PATH_TEST_CMIP6_OUTPUT_ROOT = join(DATA_PATH_TEST, "cmip6output")








Test data

For this notebook’s test data we use CMIP6Output from NCAR’s CESM2 model.


2D data

Some ocean data is 2D. Here we use surface downward heat flux in sea water.

Firstly we use data which has been regridded by the modelling group.


[5]:






hfds_file = join(
    DATA_PATH_TEST,
    "cmip6output",
    "CMIP6",
    "CMIP",
    "NCAR",
    "CESM2",
    "historical",
    "r7i1p1f1",
    "Omon",
    "hfds",
    "gr",
    "v20190311",
    "hfds_Omon_CESM2_historical_r7i1p1f1_gr_195701-195703.nc",
)







We also examine how iris handles data which is provided on the native model grid.


[6]:






hfds_file_gn = hfds_file.replace("gr", "gn")










3D data

Some ocean data is 3D. netCDF-SCM currently supports crunching this to iris cubes but will not convert those cubes to SCM timeseries.


[7]:






thetao_file = join(
    DATA_PATH_TEST,
    "cmip6output",
    "CMIP6",
    "CMIP",
    "NCAR",
    "CESM2",
    "historical",
    "r10i1p1f1",
    "Omon",
    "thetao",
    "gn",
    "v20190313",
    "thetao_Omon_CESM2_historical_r10i1p1f1_gn_195310-195312.nc",
)












2D data handling


[8]:






# NBVAL_IGNORE_OUTPUT
hfds_cube = CMIP6OutputCube()
hfds_cube.load_data_from_path(hfds_file)








[9]:






print(hfds_cube.cube)













surface_downward_heat_flux_in_sea_water / (W m-2) (time: 3; latitude: 180; longitude: 360)
     Dimension coordinates:
          time                                         x            -               -
          latitude                                     -            x               -
          longitude                                    -            -               x
     Cell Measures:
          cell_area                                    -            x               x
     Attributes:
          CDI: Climate Data Interface version 1.8.2 (http://mpimet.mpg.de/cdi)
          CDO: Climate Data Operators version 1.8.2 (http://mpimet.mpg.de/cdo)
          Conventions: CF-1.7 CMIP-6.2
          activity_id: CMIP
          branch_method: standard
          branch_time_in_child: 674885.0
          branch_time_in_parent: 273750.0
          case_id: 21
          cesm_casename: b.e21.BHIST.f09_g17.CMIP6-historical.007
          comment: Model data on the 1x1 grid includes values in all cells for which ocean...
          contact: cesm_cmip6@ucar.edu
          creation_date: 2019-01-19T03:13:13Z
          data_specs_version: 01.00.29
          description: This is the net flux of heat entering the liquid water column through its...
          experiment: all-forcing simulation of the recent past
          experiment_id: historical
          external_variables: areacello
          frequency: mon
          further_info_url: https://furtherinfo.es-doc.org/CMIP6.NCAR.CESM2.historical.none.r7i1p1...
          grid: ocean data regridded from native gx1v7 displaced pole grid (384x320 latxlon)...
          grid_label: gr
          history: Sun Aug 18 22:57:15 2019: cdo -selmonth,1/3 tmp.nc hfds_Omon_CESM2_historical_r7i1p1f1_gr_195701-195703.nc
Sun...
          id: hfds
          institution: National Center for Atmospheric Research
          institution_id: NCAR
          license: CMIP6 model data produced by <The National Center for Atmospheric Research>...
          mipTable: Omon
          mip_era: CMIP6
          model_doi_url: https://doi.org/10.5065/D67H1H0V
          nominal_resolution: 1x1 degree
          out_name: hfds
          parent_activity_id: CMIP
          parent_experiment_id: piControl
          parent_mip_era: CMIP6
          parent_source_id: CESM2
          parent_time_units: days since 0001-01-01 00:00:00
          parent_variant_label: r1i1p1f1
          product: model-output
          prov: Omon ((isd.003))
          realm: ocean
          source: CESM2 (2017): atmosphere: CAM6 (0.9x1.25 finite volume grid; 288 x 192...
          source_id: CESM2
          source_type: AOGCM BGC
          sub_experiment: none
          sub_experiment_id: none
          table_id: Omon
          time: time
          time_label: time-mean
          time_title: Temporal mean
          title: Downward Heat Flux at Sea Water Surface
          tracking_id: hdl:21.14100/18907361-7d4d-4a3c-b355-4450472ab458
          type: real
          variable_id: hfds
          variant_info: CMIP6 20th century experiments (1850-2014) with CAM6, interactive land...
          variant_label: r7i1p1f1
     Cell methods:
          mean where sea: area
          mean: time







[10]:






# NBVAL_IGNORE_OUTPUT
time_mean = hfds_cube.cube.collapsed("time", iris.analysis.MEAN)
qplt.pcolormesh(time_mean)
plt.gca().coastlines();












[image: ../_images/usage_ocean-data_16_0.png]




Iris’ handling of data on the native model grid is mostly workable, but not yet perfect.


[11]:






# NBVAL_IGNORE_OUTPUT
hfds_cube_gn = CMIP6OutputCube()
hfds_cube_gn.load_data_from_path(hfds_file_gn)

print(hfds_cube_gn.cube)













WARNING: missing_value not used since it
cannot be safely cast to variable data type












surface_downward_heat_flux_in_sea_water / (W m-2) (time: 3; -- : 384; -- : 320)
     Dimension coordinates:
          time                                         x       -         -
     Auxiliary coordinates:
          latitude                                     -       x         x
          longitude                                    -       x         x
     Cell Measures:
          cell_area                                    -       x         x
     Attributes:
          CDI: Climate Data Interface version 1.8.2 (http://mpimet.mpg.de/cdi)
          CDO: Climate Data Operators version 1.8.2 (http://mpimet.mpg.de/cdo)
          Conventions: CF-1.7 CMIP-6.2
          activity_id: CMIP
          branch_method: standard
          branch_time_in_child: 674885.0
          branch_time_in_parent: 273750.0
          case_id: 21
          cesm_casename: b.e21.BHIST.f09_g17.CMIP6-historical.007
          comment: This is the net flux of heat entering the liquid water column through its...
          contact: cesm_cmip6@ucar.edu
          creation_date: 2019-01-19T03:13:13Z
          data_specs_version: 01.00.29
          description: This is the net flux of heat entering the liquid water column through its...
          experiment: all-forcing simulation of the recent past
          experiment_id: historical
          external_variables: areacello
          frequency: mon
          further_info_url: https://furtherinfo.es-doc.org/CMIP6.NCAR.CESM2.historical.none.r7i1p1...
          grid: native gx1v7 displaced pole grid (384x320 latxlon)
          grid_label: gn
          history: Sun Aug 18 22:57:16 2019: cdo -selmonth,1/3 tmp.nc hfds_Omon_CESM2_historical_r7i1p1f1_gn_195701-195703.nc
Sun...
          id: hfds
          institution: National Center for Atmospheric Research
          institution_id: NCAR
          license: CMIP6 model data produced by <The National Center for Atmospheric Research>...
          mipTable: Omon
          mip_era: CMIP6
          model_doi_url: https://doi.org/10.5065/D67H1H0V
          nominal_resolution: 100 km
          out_name: hfds
          parent_activity_id: CMIP
          parent_experiment_id: piControl
          parent_mip_era: CMIP6
          parent_source_id: CESM2
          parent_time_units: days since 0001-01-01 00:00:00
          parent_variant_label: r1i1p1f1
          product: model-output
          prov: Omon ((isd.003))
          realm: ocean
          source: CESM2 (2017): atmosphere: CAM6 (0.9x1.25 finite volume grid; 288 x 192...
          source_id: CESM2
          source_type: AOGCM BGC
          sub_experiment: none
          sub_experiment_id: none
          table_id: Omon
          time: time
          time_label: time-mean
          time_title: Temporal mean
          title: Downward Heat Flux at Sea Water Surface
          tracking_id: hdl:21.14100/f92a6db7-e8ea-44f1-882c-076226f8a62b
          type: real
          variable_id: hfds
          variant_info: CMIP6 20th century experiments (1850-2014) with CAM6, interactive land...
          variant_label: r7i1p1f1
     Cell methods:
          mean where sea: area
          mean: time
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# NBVAL_IGNORE_OUTPUT
time_mean = hfds_cube_gn.cube.collapsed("time", iris.analysis.MEAN)
qplt.pcolormesh(time_mean)
plt.gca().coastlines();












[image: ../_images/usage_ocean-data_19_0.png]







Getting SCM Timeseries

We cut down to SCM timeseries in the standard way.


[13]:






# NBVAL_IGNORE_OUTPUT
regions_to_get = [
    "World",
    "World|Northern Hemisphere",
    "World|Northern Hemisphere|Ocean",
    "World|Ocean",
    "World|Southern Hemisphere",
    "World|Southern Hemisphere|Ocean",
    "World|North Atlantic Ocean",
    "World|El Nino N3.4",
]
hfds_ts = hfds_cube.get_scm_timeseries(regions=regions_to_get)
hfds_gn_ts = hfds_cube_gn.get_scm_timeseries(regions=regions_to_get)

ax = plt.figure(figsize=(16, 9)).add_subplot(111)
ax = hfds_ts.lineplot(hue="region", style="variable", dashes=[(3, 3)], ax=ax)
hfds_gn_ts.lineplot(
    hue="region", style="variable", dashes=[(10, 30)], ax=ax, legend=False
);













Not calculating land fractions as all required cubes are not available
Performing lazy conversion to datetime for calendar: 365_day. This may cause subtle errors in operations that depend on the length of time between dates
WARNING: missing_value not used since it
cannot be safely cast to variable data type
/Users/znicholls/miniconda3/envs/netcdf-scm/lib/python3.8/site-packages/iris/fileformats/netcdf.py:395: UserWarning: WARNING: missing_value not used since it
cannot be safely cast to variable data type
  var = variable[keys]
/Users/znicholls/miniconda3/envs/netcdf-scm/lib/python3.8/site-packages/iris/fileformats/netcdf.py:395: UserWarning: WARNING: missing_value not used since it
cannot be safely cast to variable data type
  var = variable[keys]
/Users/znicholls/miniconda3/envs/netcdf-scm/lib/python3.8/site-packages/iris/fileformats/netcdf.py:395: UserWarning: WARNING: missing_value not used since it
cannot be safely cast to variable data type
  var = variable[keys]
/Users/znicholls/miniconda3/envs/netcdf-scm/lib/python3.8/site-packages/iris/coords.py:1406: UserWarning: Collapsing a multi-dimensional coordinate. Metadata may not be fully descriptive for 'latitude'.
  warnings.warn(msg.format(self.name()))
/Users/znicholls/miniconda3/envs/netcdf-scm/lib/python3.8/site-packages/iris/coords.py:1406: UserWarning: Collapsing a multi-dimensional coordinate. Metadata may not be fully descriptive for 'longitude'.
  warnings.warn(msg.format(self.name()))
/Users/znicholls/miniconda3/envs/netcdf-scm/lib/python3.8/site-packages/iris/fileformats/netcdf.py:395: UserWarning: WARNING: missing_value not used since it
cannot be safely cast to variable data type
  var = variable[keys]
/Users/znicholls/miniconda3/envs/netcdf-scm/lib/python3.8/site-packages/iris/coords.py:1406: UserWarning: Collapsing a multi-dimensional coordinate. Metadata may not be fully descriptive for 'latitude'.
  warnings.warn(msg.format(self.name()))
/Users/znicholls/miniconda3/envs/netcdf-scm/lib/python3.8/site-packages/iris/coords.py:1406: UserWarning: Collapsing a multi-dimensional coordinate. Metadata may not be fully descriptive for 'longitude'.
  warnings.warn(msg.format(self.name()))
/Users/znicholls/miniconda3/envs/netcdf-scm/lib/python3.8/site-packages/iris/fileformats/netcdf.py:395: UserWarning: WARNING: missing_value not used since it
cannot be safely cast to variable data type
  var = variable[keys]
/Users/znicholls/miniconda3/envs/netcdf-scm/lib/python3.8/site-packages/iris/coords.py:1406: UserWarning: Collapsing a multi-dimensional coordinate. Metadata may not be fully descriptive for 'latitude'.
  warnings.warn(msg.format(self.name()))
/Users/znicholls/miniconda3/envs/netcdf-scm/lib/python3.8/site-packages/iris/coords.py:1406: UserWarning: Collapsing a multi-dimensional coordinate. Metadata may not be fully descriptive for 'longitude'.
  warnings.warn(msg.format(self.name()))
/Users/znicholls/miniconda3/envs/netcdf-scm/lib/python3.8/site-packages/iris/fileformats/netcdf.py:395: UserWarning: WARNING: missing_value not used since it
cannot be safely cast to variable data type
  var = variable[keys]
/Users/znicholls/miniconda3/envs/netcdf-scm/lib/python3.8/site-packages/iris/coords.py:1406: UserWarning: Collapsing a multi-dimensional coordinate. Metadata may not be fully descriptive for 'latitude'.
  warnings.warn(msg.format(self.name()))
/Users/znicholls/miniconda3/envs/netcdf-scm/lib/python3.8/site-packages/iris/coords.py:1406: UserWarning: Collapsing a multi-dimensional coordinate. Metadata may not be fully descriptive for 'longitude'.
  warnings.warn(msg.format(self.name()))
/Users/znicholls/miniconda3/envs/netcdf-scm/lib/python3.8/site-packages/iris/fileformats/netcdf.py:395: UserWarning: WARNING: missing_value not used since it
cannot be safely cast to variable data type
  var = variable[keys]
/Users/znicholls/miniconda3/envs/netcdf-scm/lib/python3.8/site-packages/iris/coords.py:1406: UserWarning: Collapsing a multi-dimensional coordinate. Metadata may not be fully descriptive for 'latitude'.
  warnings.warn(msg.format(self.name()))
/Users/znicholls/miniconda3/envs/netcdf-scm/lib/python3.8/site-packages/iris/coords.py:1406: UserWarning: Collapsing a multi-dimensional coordinate. Metadata may not be fully descriptive for 'longitude'.
  warnings.warn(msg.format(self.name()))
/Users/znicholls/miniconda3/envs/netcdf-scm/lib/python3.8/site-packages/iris/fileformats/netcdf.py:395: UserWarning: WARNING: missing_value not used since it
cannot be safely cast to variable data type
  var = variable[keys]
/Users/znicholls/miniconda3/envs/netcdf-scm/lib/python3.8/site-packages/iris/coords.py:1406: UserWarning: Collapsing a multi-dimensional coordinate. Metadata may not be fully descriptive for 'latitude'.
  warnings.warn(msg.format(self.name()))
/Users/znicholls/miniconda3/envs/netcdf-scm/lib/python3.8/site-packages/iris/coords.py:1406: UserWarning: Collapsing a multi-dimensional coordinate. Metadata may not be fully descriptive for 'longitude'.
  warnings.warn(msg.format(self.name()))
/Users/znicholls/miniconda3/envs/netcdf-scm/lib/python3.8/site-packages/iris/fileformats/netcdf.py:395: UserWarning: WARNING: missing_value not used since it
cannot be safely cast to variable data type
  var = variable[keys]
/Users/znicholls/miniconda3/envs/netcdf-scm/lib/python3.8/site-packages/iris/coords.py:1406: UserWarning: Collapsing a multi-dimensional coordinate. Metadata may not be fully descriptive for 'latitude'.
  warnings.warn(msg.format(self.name()))
/Users/znicholls/miniconda3/envs/netcdf-scm/lib/python3.8/site-packages/iris/coords.py:1406: UserWarning: Collapsing a multi-dimensional coordinate. Metadata may not be fully descriptive for 'longitude'.
  warnings.warn(msg.format(self.name()))
/Users/znicholls/miniconda3/envs/netcdf-scm/lib/python3.8/site-packages/iris/fileformats/netcdf.py:395: UserWarning: WARNING: missing_value not used since it
cannot be safely cast to variable data type
  var = variable[keys]
/Users/znicholls/miniconda3/envs/netcdf-scm/lib/python3.8/site-packages/iris/coords.py:1406: UserWarning: Collapsing a multi-dimensional coordinate. Metadata may not be fully descriptive for 'latitude'.
  warnings.warn(msg.format(self.name()))
/Users/znicholls/miniconda3/envs/netcdf-scm/lib/python3.8/site-packages/iris/coords.py:1406: UserWarning: Collapsing a multi-dimensional coordinate. Metadata may not be fully descriptive for 'longitude'.
  warnings.warn(msg.format(self.name()))
Not calculating land fractions as all required cubes are not available
Performing lazy conversion to datetime for calendar: 365_day. This may cause subtle errors in operations that depend on the length of time between dates
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Comparing the results of collapsing the native grid and the regridded data reveals a small difference (approx 1%), in particular in the small El Nino N3.4 region.


[14]:






ax1, ax2 = plt.figure(figsize=(16, 9)).subplots(nrows=1, ncols=2)

ScmRun(hfds_ts.timeseries() - hfds_gn_ts.timeseries()).line_plot(
    hue="region", ax=ax1, legend=False
)
ax1.set_title("Absolute difference")

ScmRun(
    (
        (hfds_ts.timeseries() - hfds_gn_ts.timeseries()) / hfds_ts.timeseries()
    ).abs()
    * 100
).line_plot(hue="region", ax=ax2)
ax2.set_title("Percentage difference");
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3D Data Handling


[15]:






# NBVAL_IGNORE_OUTPUT
thetao_cube = CMIP6OutputCube()
thetao_cube.load_data_from_path(thetao_file)













WARNING: missing_value not used since it
cannot be safely cast to variable data type
Missing CF-netCDF measure variable 'volcello', referenced by netCDF variable 'thetao'







[16]:






print(thetao_cube.cube)













sea_water_potential_temperature / (degC) (time: 3; generic: 60; -- : 384; -- : 320)
     Dimension coordinates:
          time                                x           -        -         -
          generic                             -           x        -         -
     Auxiliary coordinates:
          latitude                            -           -        x         x
          longitude                           -           -        x         x
     Cell Measures:
          cell_area                           -           -        x         x
     Attributes:
          CDI: Climate Data Interface version 1.8.2 (http://mpimet.mpg.de/cdi)
          CDO: Climate Data Operators version 1.8.2 (http://mpimet.mpg.de/cdo)
          Conventions: CF-1.7 CMIP-6.2
          activity_id: CMIP
          branch_method: standard
          branch_time_in_child: 674885.0
          branch_time_in_parent: 306600.0
          case_id: 24
          cesm_casename: b.e21.BHIST.f09_g17.CMIP6-historical.010
          comment: Diagnostic should be contributed even for models using conservative temperature...
          contact: cesm_cmip6@ucar.edu
          creation_date: 2019-03-12T02:46:53Z
          data_specs_version: 01.00.29
          description: Diagnostic should be contributed even for models using conservative temperature...
          experiment: Simulation of recent past (1850 to 2014). Impose changing conditions (consistent...
          experiment_id: historical
          external_variables: areacello volcello
          frequency: mon
          further_info_url: https://furtherinfo.es-doc.org/CMIP6.NCAR.CESM2.historical.none.r10i1p...
          grid: native gx1v7 displaced pole grid (384x320 latxlon)
          grid_label: gn
          history: Mon Aug 19 17:25:30 2019: cdo -selmonth,10/12 tmp.nc thetao_Omon_CESM2_historical_r10i1p1f1_gn_195310-195312.nc
Mon...
          id: thetao
          institution: National Center for Atmospheric Research
          institution_id: NCAR
          license: CMIP6 model data produced by <The National Center for Atmospheric Research>...
          mipTable: Omon
          mip_era: CMIP6
          model_doi_url: https://doi.org/10.5065/D67H1H0V
          nominal_resolution: 100 km
          out_name: thetao
          parent_activity_id: CMIP
          parent_experiment_id: piControl
          parent_mip_era: CMIP6
          parent_source_id: CESM2
          parent_time_units: days since 0001-01-01 00:00:00
          parent_variant_label: r1i1p1f1
          product: model-output
          prov: Omon ((isd.003))
          realm: ocean
          source: CESM2 (2017): atmosphere: CAM6 (0.9x1.25 finite volume grid; 288 x 192...
          source_id: CESM2
          source_type: AOGCM BGC
          sub_experiment: none
          sub_experiment_id: none
          table_id: Omon
          time: time
          time_label: time-mean
          time_title: Temporal mean
          title: Sea Water Potential Temperature
          tracking_id: hdl:21.14100/19f9ed4d-daf4-4a51-8563-fe32b9c2a0cd
          type: real
          variable_id: thetao
          variant_info: CMIP6 20th century experiments (1850-2014) with CAM6, interactive land...
          variant_label: r10i1p1f1
     Cell methods:
          mean where sea: area
          mean: time






If we take a time mean of a cube with 3D spatial data, we end up with a 3D cube, which cannot be plotted on a 2D plot.


[17]:






# NBVAL_IGNORE_OUTPUT
time_mean = thetao_cube.cube.collapsed("time", iris.analysis.MEAN)
try:
    qplt.pcolormesh(time_mean,)
except ValueError as e:
    traceback.print_exc(limit=0, chain=False)













Traceback (most recent call last):
ValueError: Cube must be 2-dimensional. Got 3 dimensions.






If we take e.g. a depth mean too, then we can plot (although as this data is on the model’s native grid iris doesn’t do a great job of plotting it).


[18]:






# NBVAL_IGNORE_OUTPUT
# the depth co-ordinate is labelled as 'generic' for some reason
time_depth_mean = time_mean.collapsed("generic", iris.analysis.MEAN)
qplt.pcolormesh(time_depth_mean);
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We can crunch into SCM timeseries cubes.


[19]:






# NBVAL_IGNORE_OUTPUT
thetao_ts_cubes = thetao_cube.get_scm_timeseries_cubes(regions=regions_to_get)













WARNING: missing_value not used since it
cannot be safely cast to variable data type
/Users/znicholls/miniconda3/envs/netcdf-scm/lib/python3.8/site-packages/iris/fileformats/netcdf.py:395: UserWarning: WARNING: missing_value not used since it
cannot be safely cast to variable data type
  var = variable[keys]
/Users/znicholls/miniconda3/envs/netcdf-scm/lib/python3.8/site-packages/iris/fileformats/netcdf.py:395: UserWarning: WARNING: missing_value not used since it
cannot be safely cast to variable data type
  var = variable[keys]
/Users/znicholls/miniconda3/envs/netcdf-scm/lib/python3.8/site-packages/iris/fileformats/netcdf.py:395: UserWarning: WARNING: missing_value not used since it
cannot be safely cast to variable data type
  var = variable[keys]
/Users/znicholls/miniconda3/envs/netcdf-scm/lib/python3.8/site-packages/iris/coords.py:1406: UserWarning: Collapsing a multi-dimensional coordinate. Metadata may not be fully descriptive for 'latitude'.
  warnings.warn(msg.format(self.name()))
/Users/znicholls/miniconda3/envs/netcdf-scm/lib/python3.8/site-packages/iris/coords.py:1406: UserWarning: Collapsing a multi-dimensional coordinate. Metadata may not be fully descriptive for 'longitude'.
  warnings.warn(msg.format(self.name()))
/Users/znicholls/miniconda3/envs/netcdf-scm/lib/python3.8/site-packages/iris/fileformats/netcdf.py:395: UserWarning: WARNING: missing_value not used since it
cannot be safely cast to variable data type
  var = variable[keys]
/Users/znicholls/miniconda3/envs/netcdf-scm/lib/python3.8/site-packages/iris/coords.py:1406: UserWarning: Collapsing a multi-dimensional coordinate. Metadata may not be fully descriptive for 'latitude'.
  warnings.warn(msg.format(self.name()))
/Users/znicholls/miniconda3/envs/netcdf-scm/lib/python3.8/site-packages/iris/coords.py:1406: UserWarning: Collapsing a multi-dimensional coordinate. Metadata may not be fully descriptive for 'longitude'.
  warnings.warn(msg.format(self.name()))
/Users/znicholls/miniconda3/envs/netcdf-scm/lib/python3.8/site-packages/iris/fileformats/netcdf.py:395: UserWarning: WARNING: missing_value not used since it
cannot be safely cast to variable data type
  var = variable[keys]
/Users/znicholls/miniconda3/envs/netcdf-scm/lib/python3.8/site-packages/iris/coords.py:1406: UserWarning: Collapsing a multi-dimensional coordinate. Metadata may not be fully descriptive for 'latitude'.
  warnings.warn(msg.format(self.name()))
/Users/znicholls/miniconda3/envs/netcdf-scm/lib/python3.8/site-packages/iris/coords.py:1406: UserWarning: Collapsing a multi-dimensional coordinate. Metadata may not be fully descriptive for 'longitude'.
  warnings.warn(msg.format(self.name()))
/Users/znicholls/miniconda3/envs/netcdf-scm/lib/python3.8/site-packages/iris/fileformats/netcdf.py:395: UserWarning: WARNING: missing_value not used since it
cannot be safely cast to variable data type
  var = variable[keys]
/Users/znicholls/miniconda3/envs/netcdf-scm/lib/python3.8/site-packages/iris/coords.py:1406: UserWarning: Collapsing a multi-dimensional coordinate. Metadata may not be fully descriptive for 'latitude'.
  warnings.warn(msg.format(self.name()))
/Users/znicholls/miniconda3/envs/netcdf-scm/lib/python3.8/site-packages/iris/coords.py:1406: UserWarning: Collapsing a multi-dimensional coordinate. Metadata may not be fully descriptive for 'longitude'.
  warnings.warn(msg.format(self.name()))
/Users/znicholls/miniconda3/envs/netcdf-scm/lib/python3.8/site-packages/iris/fileformats/netcdf.py:395: UserWarning: WARNING: missing_value not used since it
cannot be safely cast to variable data type
  var = variable[keys]
/Users/znicholls/miniconda3/envs/netcdf-scm/lib/python3.8/site-packages/iris/coords.py:1406: UserWarning: Collapsing a multi-dimensional coordinate. Metadata may not be fully descriptive for 'latitude'.
  warnings.warn(msg.format(self.name()))
/Users/znicholls/miniconda3/envs/netcdf-scm/lib/python3.8/site-packages/iris/coords.py:1406: UserWarning: Collapsing a multi-dimensional coordinate. Metadata may not be fully descriptive for 'longitude'.
  warnings.warn(msg.format(self.name()))
/Users/znicholls/miniconda3/envs/netcdf-scm/lib/python3.8/site-packages/iris/fileformats/netcdf.py:395: UserWarning: WARNING: missing_value not used since it
cannot be safely cast to variable data type
  var = variable[keys]
/Users/znicholls/miniconda3/envs/netcdf-scm/lib/python3.8/site-packages/iris/coords.py:1406: UserWarning: Collapsing a multi-dimensional coordinate. Metadata may not be fully descriptive for 'latitude'.
  warnings.warn(msg.format(self.name()))
/Users/znicholls/miniconda3/envs/netcdf-scm/lib/python3.8/site-packages/iris/coords.py:1406: UserWarning: Collapsing a multi-dimensional coordinate. Metadata may not be fully descriptive for 'longitude'.
  warnings.warn(msg.format(self.name()))
/Users/znicholls/miniconda3/envs/netcdf-scm/lib/python3.8/site-packages/iris/fileformats/netcdf.py:395: UserWarning: WARNING: missing_value not used since it
cannot be safely cast to variable data type
  var = variable[keys]
/Users/znicholls/miniconda3/envs/netcdf-scm/lib/python3.8/site-packages/iris/coords.py:1406: UserWarning: Collapsing a multi-dimensional coordinate. Metadata may not be fully descriptive for 'latitude'.
  warnings.warn(msg.format(self.name()))
/Users/znicholls/miniconda3/envs/netcdf-scm/lib/python3.8/site-packages/iris/coords.py:1406: UserWarning: Collapsing a multi-dimensional coordinate. Metadata may not be fully descriptive for 'longitude'.
  warnings.warn(msg.format(self.name()))
/Users/znicholls/miniconda3/envs/netcdf-scm/lib/python3.8/site-packages/iris/fileformats/netcdf.py:395: UserWarning: WARNING: missing_value not used since it
cannot be safely cast to variable data type
  var = variable[keys]
/Users/znicholls/miniconda3/envs/netcdf-scm/lib/python3.8/site-packages/iris/coords.py:1406: UserWarning: Collapsing a multi-dimensional coordinate. Metadata may not be fully descriptive for 'latitude'.
  warnings.warn(msg.format(self.name()))
/Users/znicholls/miniconda3/envs/netcdf-scm/lib/python3.8/site-packages/iris/coords.py:1406: UserWarning: Collapsing a multi-dimensional coordinate. Metadata may not be fully descriptive for 'longitude'.
  warnings.warn(msg.format(self.name()))
Not calculating land fractions as all required cubes are not available






These cubes now have dimensions of time and depth (labelled as ‘generic’ here). Hence we can plot them.


[20]:






plt.figure(figsize=(12, 15))

plt.subplot(311)
qplt.pcolormesh(thetao_ts_cubes["World"].cube,)
plt.title("World")

plt.subplot(323)
qplt.pcolormesh(thetao_ts_cubes["World|Northern Hemisphere|Ocean"].cube,)
plt.title("World|Northern Hemisphere|Ocean")

plt.subplot(324)
qplt.pcolormesh(thetao_ts_cubes["World|Southern Hemisphere|Ocean"].cube,)
plt.title("World|Southern Hemisphere|Ocean")

plt.subplot(325)
qplt.pcolormesh(thetao_ts_cubes["World|El Nino N3.4"].cube,)
plt.title("World|El Nino N3.4")

plt.subplot(326)
qplt.pcolormesh(thetao_ts_cubes["World|North Atlantic Ocean"].cube,)
plt.title("World|North Atlantic Ocean")

plt.tight_layout()
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We have also not yet decided on our convention for handling the depth information in ScmRun’s, hence attempting to retrieve SCM timeseries will result in an error.


[21]:






# NBVAL_IGNORE_OUTPUT
try:
    thetao_cube.get_scm_timeseries(regions=regions_to_get)
except NotImplementedError as e:
    traceback.print_exc(limit=0, chain=False)













/Users/znicholls/miniconda3/envs/netcdf-scm/lib/python3.8/site-packages/iris/fileformats/netcdf.py:395: UserWarning: WARNING: missing_value not used since it
cannot be safely cast to variable data type
  var = variable[keys]
/Users/znicholls/miniconda3/envs/netcdf-scm/lib/python3.8/site-packages/iris/coords.py:1406: UserWarning: Collapsing a multi-dimensional coordinate. Metadata may not be fully descriptive for 'latitude'.
  warnings.warn(msg.format(self.name()))
/Users/znicholls/miniconda3/envs/netcdf-scm/lib/python3.8/site-packages/iris/coords.py:1406: UserWarning: Collapsing a multi-dimensional coordinate. Metadata may not be fully descriptive for 'longitude'.
  warnings.warn(msg.format(self.name()))
/Users/znicholls/miniconda3/envs/netcdf-scm/lib/python3.8/site-packages/iris/fileformats/netcdf.py:395: UserWarning: WARNING: missing_value not used since it
cannot be safely cast to variable data type
  var = variable[keys]
/Users/znicholls/miniconda3/envs/netcdf-scm/lib/python3.8/site-packages/iris/coords.py:1406: UserWarning: Collapsing a multi-dimensional coordinate. Metadata may not be fully descriptive for 'latitude'.
  warnings.warn(msg.format(self.name()))
/Users/znicholls/miniconda3/envs/netcdf-scm/lib/python3.8/site-packages/iris/coords.py:1406: UserWarning: Collapsing a multi-dimensional coordinate. Metadata may not be fully descriptive for 'longitude'.
  warnings.warn(msg.format(self.name()))
/Users/znicholls/miniconda3/envs/netcdf-scm/lib/python3.8/site-packages/iris/fileformats/netcdf.py:395: UserWarning: WARNING: missing_value not used since it
cannot be safely cast to variable data type
  var = variable[keys]
/Users/znicholls/miniconda3/envs/netcdf-scm/lib/python3.8/site-packages/iris/coords.py:1406: UserWarning: Collapsing a multi-dimensional coordinate. Metadata may not be fully descriptive for 'latitude'.
  warnings.warn(msg.format(self.name()))
/Users/znicholls/miniconda3/envs/netcdf-scm/lib/python3.8/site-packages/iris/coords.py:1406: UserWarning: Collapsing a multi-dimensional coordinate. Metadata may not be fully descriptive for 'longitude'.
  warnings.warn(msg.format(self.name()))
/Users/znicholls/miniconda3/envs/netcdf-scm/lib/python3.8/site-packages/iris/fileformats/netcdf.py:395: UserWarning: WARNING: missing_value not used since it
cannot be safely cast to variable data type
  var = variable[keys]
/Users/znicholls/miniconda3/envs/netcdf-scm/lib/python3.8/site-packages/iris/coords.py:1406: UserWarning: Collapsing a multi-dimensional coordinate. Metadata may not be fully descriptive for 'latitude'.
  warnings.warn(msg.format(self.name()))
/Users/znicholls/miniconda3/envs/netcdf-scm/lib/python3.8/site-packages/iris/coords.py:1406: UserWarning: Collapsing a multi-dimensional coordinate. Metadata may not be fully descriptive for 'longitude'.
  warnings.warn(msg.format(self.name()))
/Users/znicholls/miniconda3/envs/netcdf-scm/lib/python3.8/site-packages/iris/fileformats/netcdf.py:395: UserWarning: WARNING: missing_value not used since it
cannot be safely cast to variable data type
  var = variable[keys]
/Users/znicholls/miniconda3/envs/netcdf-scm/lib/python3.8/site-packages/iris/coords.py:1406: UserWarning: Collapsing a multi-dimensional coordinate. Metadata may not be fully descriptive for 'latitude'.
  warnings.warn(msg.format(self.name()))
/Users/znicholls/miniconda3/envs/netcdf-scm/lib/python3.8/site-packages/iris/coords.py:1406: UserWarning: Collapsing a multi-dimensional coordinate. Metadata may not be fully descriptive for 'longitude'.
  warnings.warn(msg.format(self.name()))
/Users/znicholls/miniconda3/envs/netcdf-scm/lib/python3.8/site-packages/iris/fileformats/netcdf.py:395: UserWarning: WARNING: missing_value not used since it
cannot be safely cast to variable data type
  var = variable[keys]
/Users/znicholls/miniconda3/envs/netcdf-scm/lib/python3.8/site-packages/iris/coords.py:1406: UserWarning: Collapsing a multi-dimensional coordinate. Metadata may not be fully descriptive for 'latitude'.
  warnings.warn(msg.format(self.name()))
/Users/znicholls/miniconda3/envs/netcdf-scm/lib/python3.8/site-packages/iris/coords.py:1406: UserWarning: Collapsing a multi-dimensional coordinate. Metadata may not be fully descriptive for 'longitude'.
  warnings.warn(msg.format(self.name()))
/Users/znicholls/miniconda3/envs/netcdf-scm/lib/python3.8/site-packages/iris/fileformats/netcdf.py:395: UserWarning: WARNING: missing_value not used since it
cannot be safely cast to variable data type
  var = variable[keys]
/Users/znicholls/miniconda3/envs/netcdf-scm/lib/python3.8/site-packages/iris/coords.py:1406: UserWarning: Collapsing a multi-dimensional coordinate. Metadata may not be fully descriptive for 'latitude'.
  warnings.warn(msg.format(self.name()))
/Users/znicholls/miniconda3/envs/netcdf-scm/lib/python3.8/site-packages/iris/coords.py:1406: UserWarning: Collapsing a multi-dimensional coordinate. Metadata may not be fully descriptive for 'longitude'.
  warnings.warn(msg.format(self.name()))
/Users/znicholls/miniconda3/envs/netcdf-scm/lib/python3.8/site-packages/iris/fileformats/netcdf.py:395: UserWarning: WARNING: missing_value not used since it
cannot be safely cast to variable data type
  var = variable[keys]
/Users/znicholls/miniconda3/envs/netcdf-scm/lib/python3.8/site-packages/iris/coords.py:1406: UserWarning: Collapsing a multi-dimensional coordinate. Metadata may not be fully descriptive for 'latitude'.
  warnings.warn(msg.format(self.name()))
/Users/znicholls/miniconda3/envs/netcdf-scm/lib/python3.8/site-packages/iris/coords.py:1406: UserWarning: Collapsing a multi-dimensional coordinate. Metadata may not be fully descriptive for 'longitude'.
  warnings.warn(msg.format(self.name()))
Not calculating land fractions as all required cubes are not available
Traceback (most recent call last):
NotImplementedError: Cannot yet get SCM timeseries for data with dimensions other than time, latitude and longitude
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Wranglers

In this notebook we give a brief overview of wrangling with netCDF-SCM.


[1]:






# NBVAL_IGNORE_OUTPUT
import glob
from pathlib import Path

import matplotlib
import matplotlib.pyplot as plt
import numpy as np
import pandas as pd
import pymagicc








[2]:






plt.style.use("bmh")
%matplotlib inline








Wrangling help

The wrangling help can be accessed via our command line interface.


[3]:






# NBVAL_IGNORE_OUTPUT
!netcdf-scm wrangle -h













Usage: netcdf-scm wrangle [OPTIONS] SRC DST WRANGLE_CONTACT

  Wrangle netCDF-SCM ``.nc`` files into other formats and directory
  structures.

  ``src`` is searched recursively and netcdf-scm will attempt to wrangle all
  the files found.

  ``wrangle_contact`` is written into the header of the output files.

Options:
  --regexp TEXT                   Regular expression to apply to file
                                  directory (only wrangles matches). Be
                                  careful, if you use a very copmlex regexp
                                  directory sorting can be extremely slow (see
                                  e.g. discussion at
                                  https://stackoverflow.com/a/5428712)!
                                  [default: ^(?!.*(fx)).*$]

  --prefix TEXT                   Prefix to apply to output file names (not
                                  paths).

  --out-format [mag-files|mag-files-average-year-start-year|mag-files-average-year-mid-year|mag-files-average-year-end-year|mag-files-point-start-year|mag-files-point-mid-year|mag-files-point-end-year|magicc-input-files|magicc-input-files-average-year-start-year|magicc-input-files-average-year-mid-year|magicc-input-files-average-year-end-year|magicc-input-files-point-start-year|magicc-input-files-point-mid-year|magicc-input-files-point-end-year|tuningstrucs-blend-model]
                                  Format to re-write crunched data into. The
                                  time operation conventions follow those in
                                  `Pymagicc <https://pymagicc.readthedocs.io/e
                                  n/latest/file_conventions.html#namelists>`_.
                                  [default: mag-files]

  --drs [None|MarbleCMIP5|CMIP6Input4MIPs|CMIP6Output]
                                  Data reference syntax to use to decipher
                                  paths. This is required to ensure the output
                                  folders match the input data reference
                                  syntax.  [default: None]

  -f, --force / --do-not-force    Overwrite any existing files.  [default:
                                  False]

  --number-workers INTEGER        Number of worker (threads) to use when
                                  wrangling.  [default: 4]

  --target-units-specs PATH       csv containing target units for wrangled
                                  variables.

  -h, --help                      Show this message and exit.









MAG file wrangling

The most common format to wrangle to is the .MAG format. This is a custom MAGICC format (see https://pymagicc.readthedocs.io/en/latest/file_conventions.html#the-future). We can wrangle data which has already been crunched to this format as shown below.


[4]:






# NBVAL_IGNORE_OUTPUT
!netcdf-scm wrangle \
    "../../../tests/test-data/expected-crunching-output/cmip6output/Lmon/CMIP6/CMIP/NCAR" \
    "../../../output-examples/wrangled-files" "notebook example <email address>" \
    --force \
    --drs "CMIP6Output" \
    --out-format "mag-files" \
    --regexp ".*cSoilFast.*"













87973 2021-03-18 13:05:52,227 INFO:netcdf_scm:netcdf-scm: 2.0.2+15.g74db9d85.dirty
87973 2021-03-18 13:05:52,228 INFO:netcdf_scm:wrangle_contact: notebook example <email address>
87973 2021-03-18 13:05:52,228 INFO:netcdf_scm:source: /Users/znicholls/Documents/AGCEC/netCDF-SCM/netcdf-scm/tests/test-data/expected-crunching-output/cmip6output/Lmon/CMIP6/CMIP/NCAR
87973 2021-03-18 13:05:52,228 INFO:netcdf_scm:destination: /Users/znicholls/Documents/AGCEC/netCDF-SCM/netcdf-scm/output-examples/wrangled-files
87973 2021-03-18 13:05:52,228 INFO:netcdf_scm:regexp: .*cSoilFast.*
87973 2021-03-18 13:05:52,228 INFO:netcdf_scm:prefix: None
87973 2021-03-18 13:05:52,228 INFO:netcdf_scm:drs: CMIP6Output
87973 2021-03-18 13:05:52,228 INFO:netcdf_scm:out_format: mag-files
87973 2021-03-18 13:05:52,228 INFO:netcdf_scm:force: True
87973 2021-03-18 13:05:52,230 INFO:netcdf_scm:Finding directories with files
Walking through directories and applying `check_func`: 11it [00:00, 9394.69it/s]
87973 2021-03-18 13:05:52,238 INFO:netcdf_scm:Found 1 directories with files
87973 2021-03-18 13:05:52,239 INFO:netcdf_scm.cli_parallel:Processing in parallel with 4 workers
87973 2021-03-18 13:05:52,239 INFO:netcdf_scm.cli_parallel:Forcing dask to use a single thread when reading
100%|████████████████████████████████████████| 1.00/1.00 [00:04<00:00, 4.32s/it]






We can then load the .MAG files using Pymagicc.


[5]:






written_files = [
    f for f in Path("../../../output-examples/wrangled-files").rglob("*.MAG")
]
written_files








[5]:







[PosixPath('../../../output-examples/wrangled-files/CMIP6/CMIP/NCAR/CESM2/historical/r7i1p1f1/Lmon/cSoilFast/gn/v20190311/netcdf-scm_cSoilFast_Lmon_CESM2_historical_r7i1p1f1_gn_195701-195703.MAG')]







[6]:






wrangled = pymagicc.io.MAGICCData(str(written_files[0]))








[7]:






# NBVAL_IGNORE_OUTPUT
wrangled.timeseries()








[7]:








  
    
    Weights
    

    

    
 
  

    
      
          
            
  


Weights

In this notebook we demonstrate all of netCDF-SCM’s known weightings. These weights are used when taking area overages for different SCM boxes e.g. the ocean/land boxes or the El Nino box.

Note: here we use the “last resort” land surface fraction values. However, if land surface fraction data is available then that is used to do land/ocean weighting rather than the “last resort” values.

This notebook is set out as follows:


	we show the default weights


	we show how the different available options for combining area and surface fraction information


	we show all our inbuilt weights


	we show how the user can define their own custom weights.





Imports


[1]:






# NBVAL_IGNORE_OUTPUT
from os.path import join

import iris
import iris.quickplot as qplt
import matplotlib.pyplot as plt
import numpy as np
import pandas as pd
import regionmask

from netcdf_scm.iris_cube_wrappers import CMIP6OutputCube
from netcdf_scm.weights import (
    AreaSurfaceFractionWeightCalculator,
    AreaWeightCalculator,
    get_weights_for_area,
    WEIGHTS_FUNCTIONS_WITHOUT_AREA_WEIGHTING,
)








[2]:






plt.style.use("bmh")
%matplotlib inline










Data path

Here we use our test data.


[3]:






DATA_PATH_TEST = join("..", "..", "..", "tests", "test-data")
DATA_PATH_TEST_CMIP6_ROOT = join(DATA_PATH_TEST, "cmip6output")










Load the cube


[4]:






example = CMIP6OutputCube()
example.load_data_in_directory(
    join(
        DATA_PATH_TEST_CMIP6_ROOT,
        #         "CMIP6/ScenarioMIP/BCC/BCC-CSM2-MR/ssp126/r1i1p1f1/Amon/example/gn/v20190314",
        "CMIP6/CMIP/NCAR/CESM2/historical/r10i1p1f1/Amon/tas/gn/v20190313",
    )
)







Interpolate the cube to get higher resolution data.


[5]:






sample_points = [
    ("longitude", np.arange(0, 360, 2)),
    ("latitude", np.arange(-90, 90 + 1, 2)),
]
example.cube = example.cube.interpolate(sample_points, iris.analysis.Linear())










Weights


Default weights

By default, only land/ocean and hemispheric weights are considered.


[6]:






# NBVAL_IGNORE_OUTPUT
default_weights = example.get_scm_timeseries_weights()













/Users/znicholls/miniconda3/envs/netcdf-scm/lib/python3.9/site-packages/iris/analysis/cartography.py:394: UserWarning: Using DEFAULT_SPHERICAL_EARTH_RADIUS.
  warnings.warn("Using DEFAULT_SPHERICAL_EARTH_RADIUS.")







[7]:






# NBVAL_IGNORE_OUTPUT
def plot_weights(weights_to_plot, constraint=None, axes=None, **kwargs):
    for i, (label, weights) in enumerate(weights_to_plot.items()):
        if axes is None:
            ax = plt.figure().add_subplot(111)
        else:
            ax = axes[i]

        weight_cube = example.cube.collapsed("time", iris.analysis.MEAN)
        weight_cube.data = weights
        weight_cube.units = ""
        if constraint is not None:
            weight_cube = weight_cube.extract(constraint)

        plt.sca(ax)

        qplt.pcolormesh(
            weight_cube, **kwargs,
        )

        plt.gca().set_title(label)
        plt.gca().coastlines()


plot_weights(default_weights)
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Area and surface fraction combination options

By defaults, the weights are calculated as the combination of area and surface fractions using netcdf_scm.weights.AreaSurfaceFractionWeightCalculator.


[8]:






# NBVAL_IGNORE_OUTPUT
print(AreaSurfaceFractionWeightCalculator.__doc__)














    Calculates weights which are both area and surface fraction weighted

    .. math::

        w(lat, lon) = a(lat, lon) \\times s(lat, lon)

    where :math:`w(lat, lon)` is the weight of the cell at given latitude and
    longitude, :math:`a` is area of the cell and :math:`s` is the surface
    fraction of the cell (e.g. fraction of ocean area for ocean based regions).







For land/ocean weights, this causes regions on coastlines to have weights less than their area weight, because they are not fully land or ocean.

The user can instead use netcdf_scm.weights.AreaWeightCalculator, which focusses on area weights but removes any areas that have a surface fraction of zero.


[9]:






# NBVAL_IGNORE_OUTPUT
print(AreaWeightCalculator.__doc__)














    Calculates weights which are area weighted but surface fraction aware.

    This means that any cells which have a surface fraction of zero will
    receive zero weight, otherwise cells are purely area weighted.

    .. math::

        w(lat, lon) = \\begin{cases}
            a(lat, lon), & s(lat, lon) > 0 \\\\
            0, & s(lat, lon) = 0
        \\end{cases}

    where :math:`w(lat, lon)` is the weight of the cell at given latitude and
    longitude, :math:`a` is area of the cell and :math:`s` is the surface
    fraction of the cell (e.g. fraction of ocean area for ocean based regions).








[10]:






# NBVAL_IGNORE_OUTPUT
area_weights = example.get_scm_timeseries_weights(cell_weights="area-only")













/Users/znicholls/miniconda3/envs/netcdf-scm/lib/python3.9/site-packages/iris/analysis/cartography.py:394: UserWarning: Using DEFAULT_SPHERICAL_EARTH_RADIUS.
  warnings.warn("Using DEFAULT_SPHERICAL_EARTH_RADIUS.")







[11]:






# NBVAL_IGNORE_OUTPUT
fig, axes = plt.subplots(figsize=(16, 9), nrows=2, ncols=2)

for i, (w, title) in enumerate(
    ((default_weights, "Default"), (area_weights, "No land fraction"))
):
    plt_weights = {k: w[k] for k in ["World|Ocean", "World|Land"]}
    zoom_constraint = iris.Constraint(
        latitude=lambda cell: -45 < cell < -25
    ) & iris.Constraint(longitude=lambda cell: 120 < cell < 160)
    plot_weights(
        plt_weights, constraint=zoom_constraint, axes=[axes[0][i], axes[1][i]],
    )

cf = plt.gcf()
for i, (w, title) in enumerate(
    ((default_weights, "Default"), (area_weights, "Area only"))
):
    title_ax = cf.axes[i * 4]
    title_ax.set_title("{}\n{}".format(title, title_ax.get_title()))












[image: ../_images/usage_weights_19_0.png]







All inbuilt masks

The default masks do not contain all inbuilt masks. We also provide masks for the IPCC AR6 regions, as defined in Iturbide et al. (2020) [https://essd.copernicus.org/preprints/essd-2019-258/], as well as country-level (at the 50m scale) masks defined by Natural Earth [https://www.naturalearthdata.com/]. For both these masks, we use the regionmask [https://regionmask.readthedocs.io/en/stable/defined_scientific.html] implementation.

The regionmask names can be inspected as shown below. Not that the abbreviations for the countries are not unique.


[12]:






regionmask_countries = (
    pd.DataFrame(
        {
            "name": regionmask.defined_regions.natural_earth.countries_50.names,
            "abbreviation": regionmask.defined_regions.natural_earth.countries_50.abbrevs,
        }
    )
    .sort_values(by="name")
    .reset_index(drop=True)
)
regionmask_countries








[12]:
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Default land/ocean mask

When crunching data with netCDF-SCM, we want to cut files into (at least) Northern/Southern Hemisphere, land/ocean boxes. However, we don’t always have access to land-surface fraction information from the raw model output. In these cases, we simply apply a default land/ocean mask instead. In this notebook, we show how this mask looks and how it was derived.


Imports


[1]:






import iris
import numpy as np








[2]:






from matplotlib import pyplot as plt
import iris.plot as iplt
import iris.quickplot as qplt










Default mask

Our default mask lives in netcdf_scm.masks. We can access it using netcdf_scm.masks.get_default_sftlf_cube.


[3]:






from netcdf_scm.weights import get_default_sftlf_cube








[4]:






default_sftlf = get_default_sftlf_cube()








[5]:






# NBVAL_IGNORE_OUTPUT
fig = plt.figure(figsize=(16, 9))
qplt.pcolormesh(default_sftlf,);













/data/ubuntu-znicholls/miniconda3/envs/netcdf-scm/lib/python3.9/site-packages/iris/coords.py:1192: UserWarning: Coordinate 'longitude' is not bounded, guessing contiguous bounds.
  warnings.warn('Coordinate {!r} is not bounded, guessing '
/data/ubuntu-znicholls/miniconda3/envs/netcdf-scm/lib/python3.9/site-packages/iris/coords.py:1192: UserWarning: Coordinate 'latitude' is not bounded, guessing contiguous bounds.
  warnings.warn('Coordinate {!r} is not bounded, guessing '











[image: ../_images/usage_default-land-ocean-mask_7_1.png]





[6]:






zoomed = default_sftlf.extract(
    iris.Constraint(latitude=lambda cell: -45 < cell < -25)
    & iris.Constraint(longitude=lambda cell: 120 < cell < 160)
)








[7]:






# NBVAL_IGNORE_OUTPUT
fig = plt.figure(figsize=(16, 9))
qplt.pcolormesh(zoomed,);













/data/ubuntu-znicholls/miniconda3/envs/netcdf-scm/lib/python3.9/site-packages/iris/coords.py:1192: UserWarning: Coordinate 'longitude' is not bounded, guessing contiguous bounds.
  warnings.warn('Coordinate {!r} is not bounded, guessing '
/data/ubuntu-znicholls/miniconda3/envs/netcdf-scm/lib/python3.9/site-packages/iris/coords.py:1192: UserWarning: Coordinate 'latitude' is not bounded, guessing contiguous bounds.
  warnings.warn('Coordinate {!r} is not bounded, guessing '











[image: ../_images/usage_default-land-ocean-mask_9_1.png]







Deriving the mask

To derive the mask, we simply use the mask from the IPSL-CM6A-LR model in CMIP6.


[8]:






source_file = "../../../tests/test-data/cmip6output/CMIP6/CMIP/IPSL/IPSL-CM6A-LR/historical/r1i1p1f1/fx/sftlf/gr/v20180803/sftlf_fx_IPSL-CM6A-LR_historical_r1i1p1f1_gr.nc"








[9]:






comp_cube = iris.load_cube(source_file)













/data/ubuntu-znicholls/miniconda3/envs/netcdf-scm/lib/python3.9/site-packages/iris/fileformats/cf.py:803: UserWarning: Missing CF-netCDF measure variable 'areacella', referenced by netCDF variable 'sftlf'
  warnings.warn(message % (variable_name, nc_var_name))







[10]:






# NBVAL_IGNORE_OUTPUT
fig = plt.figure(figsize=(16, 9))
qplt.pcolormesh(comp_cube);













/data/ubuntu-znicholls/miniconda3/envs/netcdf-scm/lib/python3.9/site-packages/iris/coords.py:1192: UserWarning: Coordinate 'longitude' is not bounded, guessing contiguous bounds.
  warnings.warn('Coordinate {!r} is not bounded, guessing '
/data/ubuntu-znicholls/miniconda3/envs/netcdf-scm/lib/python3.9/site-packages/iris/coords.py:1192: UserWarning: Coordinate 'latitude' is not bounded, guessing contiguous bounds.
  warnings.warn('Coordinate {!r} is not bounded, guessing '
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[11]:






sample_points = [
    ("longitude", np.arange(0.5, 360, 1)),
    ("latitude", np.arange(-89.5, 90, 1)),
]








[12]:






comp_cube_interp = comp_cube.interpolate(sample_points, iris.analysis.Linear())
comp_cube_interp.attributes[
    "history"
] = "Interpolated to a 1deg x 1deg grid using iris.interpolate with linear interpolation"
comp_cube_interp.attributes[
    "title"
] = "Default land area fraction assumption in netcdf-scm. Base on {}".format(
    comp_cube_interp.attributes["title"]
)








[13]:






iris.save(comp_cube_interp, "default_weights.nc")
!ncdump -h default_weights.nc













netcdf default_weights {
dimensions:
        lat = 180 ;
        lon = 360 ;
        string8 = 8 ;
variables:
        float sftlf(lat, lon) ;
                sftlf:standard_name = "land_area_fraction" ;
                sftlf:long_name = "Land Area Fraction" ;
                sftlf:units = "%" ;
                sftlf:cell_methods = "area: mean" ;
                sftlf:coordinates = "type" ;
        double lat(lat) ;
                lat:axis = "Y" ;
                lat:units = "degrees_north" ;
                lat:standard_name = "latitude" ;
                lat:long_name = "Latitude" ;
        double lon(lon) ;
                lon:axis = "X" ;
                lon:units = "degrees_east" ;
                lon:standard_name = "longitude" ;
                lon:long_name = "Longitude" ;
        char type(string8) ;
                type:units = "1" ;
                type:standard_name = "area_type" ;
                type:long_name = "Land area type" ;

// global attributes:
                :CMIP6_CV_version = "cv=6.2.3.5-2-g63b123e" ;
                :EXPID = "historical" ;
                :NCO = "\"4.6.0\"" ;
                :activity_id = "CMIP" ;
                :branch_method = "standard" ;
                :branch_time_in_child = 0. ;
                :branch_time_in_parent = 21914. ;
                :contact = "ipsl-cmip6@listes.ipsl.fr" ;
                :creation_date = "2018-07-11T07:27:04Z" ;
                :data_specs_version = "01.00.21" ;
                :description = "Land Area Fraction" ;
                :dr2xml_md5sum = "f1e40c1fc5d8281f865f72fbf4e38f9d" ;
                :dr2xml_version = "1.11" ;
                :experiment = "all-forcing simulation of the recent past" ;
                :experiment_id = "historical" ;
                :forcing_index = 1 ;
                :frequency = "fx" ;
                :further_info_url = "https://furtherinfo.es-doc.org/CMIP6.IPSL.IPSL-CM6A-LR.historical.none.r1i1p1f1" ;
                :grid = "LMDZ grid" ;
                :grid_label = "gr" ;
                :history = "Interpolated to a 1deg x 1deg grid using iris.interpolate with linear interpolation" ;
                :initialization_index = 1 ;
                :institution = "Institut Pierre Simon Laplace, Paris 75252, France" ;
                :institution_id = "IPSL" ;
                :license = "CMIP6 model data produced by IPSL is licensed under a Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International License (https://creativecommons.org/licenses). Consult https://pcmdi.llnl.gov/CMIP6/TermsOfUse for terms of use governing CMIP6 output, including citation requirements and proper acknowledgment. Further information about this data, including some limitations, can be found via the further_info_url (recorded as a global attribute in this file) and at https://cmc.ipsl.fr/. The data producers and data providers make no warranty, either express or implied, including, but not limited to, warranties of merchantability and fitness for a particular purpose. All liabilities arising from the supply of the information (including any liability arising in negligence) are excluded to the fullest extent permitted by law." ;
                :mip_era = "CMIP6" ;
                :model_version = "6.1.5" ;
                :name = "/ccc/work/cont003/gencmip6/p86caub/IGCM_OUT/IPSLCM6/PROD/historical/CM61-LR-hist-03.1910/CMIP6/ATM/sftlf_fx_IPSL-CM6A-LR_historical_r1i1p1f1_gr" ;
                :nominal_resolution = "250 km" ;
                :online_operation = "once" ;
                :parent_activity_id = "CMIP" ;
                :parent_experiment_id = "piControl" ;
                :parent_mip_era = "CMIP6" ;
                :parent_source_id = "IPSL-CM6A-LR" ;
                :parent_time_units = "days since 1850-01-01 00:00:00" ;
                :parent_variant_label = "r1i1p1f1" ;
                :physics_index = 1 ;
                :product = "model-output" ;
                :realization_index = 1 ;
                :realm = "atmos" ;
                :source = "IPSL-CM6A-LR (2017):  atmos: LMDZ (NPv6, N96; 144 x 143 longitude/latitude; 79 levels; top level 40000 m) land: ORCHIDEE (v2.0, Water/Carbon/Energy mode) ocean: NEMO-OPA (eORCA1.3, tripolar primarily 1deg; 362 x 332 longitude/latitude; 75 levels; top grid cell 0-2 m) ocnBgchem: NEMO-PISCES seaIce: NEMO-LIM3" ;
                :source_id = "IPSL-CM6A-LR" ;
                :source_type = "AOGCM BGC" ;
                :sub_experiment = "none" ;
                :sub_experiment_id = "none" ;
                :table_id = "fx" ;
                :title = "Default land area fraction assumption in netcdf-scm. Base on IPSL-CM6A-LR model output prepared for CMIP6 / CMIP historical" ;
                :tracking_id = "hdl:21.14100/cc6c4852-271d-4c5a-adc3-42530ef19550" ;
                :variable_id = "sftlf" ;
                :variant_label = "r1i1p1f1" ;
                :Conventions = "CF-1.7" ;
}







[14]:






# NBVAL_IGNORE_OUTPUT
fig = plt.figure(figsize=(16, 9))
qplt.pcolormesh(comp_cube_interp);













/data/ubuntu-znicholls/miniconda3/envs/netcdf-scm/lib/python3.9/site-packages/iris/coords.py:1192: UserWarning: Coordinate 'longitude' is not bounded, guessing contiguous bounds.
  warnings.warn('Coordinate {!r} is not bounded, guessing '
/data/ubuntu-znicholls/miniconda3/envs/netcdf-scm/lib/python3.9/site-packages/iris/coords.py:1192: UserWarning: Coordinate 'latitude' is not bounded, guessing contiguous bounds.
  warnings.warn('Coordinate {!r} is not bounded, guessing '
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[15]:






comp_cube_regrid = comp_cube.regrid(default_sftlf, iris.analysis.Linear())







As expected, the default mask is more or less identical to the IPSL mask, even with regridding.


[16]:






# NBVAL_IGNORE_OUTPUT
fig = plt.figure(figsize=(16, 9))
qplt.pcolormesh((default_sftlf - comp_cube_regrid));
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Year zero handling

The CMIP6 historical concentration data files use a gregorian calendar which has a reference year of zero. There is no year zero in a gregorian calendar so this case cannot be handled by iris. As a result, we provide a simple wrapper to handle this edge case. Note, as we have to read in the entire data file, it can be slow.


[1]:






# NBVAL_IGNORE_OUTPUT
import datetime

import iris
import iris.coord_categorisation
import iris.plot as iplt
from netcdf_scm.iris_cube_wrappers import CMIP6Input4MIPsCube

import matplotlib.pyplot as plt

plt.style.use("bmh")








[2]:






# NBVAL_IGNORE_OUTPUT
cmip6_hist_concs = CMIP6Input4MIPsCube()
cmip6_hist_concs.load_data_from_identifiers(
    root_dir="../../../tests/test-data/cmip6input4mips",
    activity_id="input4MIPs",
    mip_era="CMIP6",
    target_mip="CMIP",
    institution_id="UoM",
    source_id="UoM-CMIP-1-2-0",
    realm="atmos",
    frequency="mon",
    variable_id="mole-fraction-of-carbon-dioxide-in-air",
    grid_label="gr1-GMNHSH",
    version="v20100304",
    dataset_category="GHGConcentrations",
    time_range="000001-201412",
    file_ext=".nc",
)








[3]:






# NBVAL_IGNORE_OUTPUT
cmip6_hist_concs.cube








[3]:








    
	Mole (1.e-6)
	time
	sector


    
	Shape
	24168
	3


    
    	Dimension coordinates
    	
    	



    	        time
    	x
    	-



    	        sector
    	-
    	x



    	Attributes
    	
    	



    	        Conventions
    	CF-1.6



    	        activity_id
    	input4MIPs



    	        comment
    	Data provided are global and hemispheric area-weighted means. Zonal means...



    	        contact
    	malte.meinshausen@unimelb.edu.au



    	        creation_date
    	2016-08-30T18:22:16Z



    	        dataset_category
    	GHGConcentrations



    	        dataset_version_number
    	1.2.0



    	        frequency
    	mon



    	        further_info_url
    	http://climatecollege.unimelb.edu.au/cmip6



    	        grid
    	global and hemispheric mea