

    
      
          
            
  
Welcome to CliMetLab’s documentation!


Warning

This documentation is work in progress. It is not yet ready.



CliMetLab is a Python package aiming at simplifying access to climate and
meteorological datasets, allowing users to focus on science instead of
technical issues such as data access and data formats. It is mostly intended
to be used in Jupyter [https://jupyter.org] notebooks, and be interoperable with all popular data
analytic packages, such as NumPy [https://numpy.org], Pandas [https://pandas.pydata.org], Xarray [http://xarray.pydata.org], SciPy [https://www.scipy.org], Matplotlib [https://matplotlib.org], etc.
as well as machine learning frameworks, such as TensorFlow [https://www.tensorflow.org], Keras [https://keras.io]
or PyTorch [https://pytorch.org]. See Overview for more information.
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Overview

CliMetLab is a Python package which is intended to be used in
Jupyter [https://jupyter.org] notebooks.  Its main goal is to greatly reduce boilerplate
code by providing high-level unified access to meteorological and
climate datasets, allowing scientists to focus on their research
instead of solving technical issues. Datasets are automatically
downloaded, cached and transform into standard  Python data structures
such as NumPy [https://numpy.org], Pandas [https://pandas.pydata.org] or Xarray [http://xarray.pydata.org], that can then be fed into
scientific packages like SciPy [https://www.scipy.org] and TensorFlow [https://www.tensorflow.org]. CliMetLab also
aims at simplifying plotting of 2D maps, by automatically selecting
the most appropriate styles and projections for any given data.

The goal of CliMetLab is to simplify access to climate and
meteorological datasets, by hiding the access methods and data
formats. The snippet of code below would download the dataset dataset-name,
cache it locally and decodes its content as a NumPy array:

import climetlab as clm

data = clm.load_dataset("dataset-name")
a = data.to_numpy()





To achieve this, CliMetLab introduces two concepts: Data
source and Dataset. Data sources
represent various access methods, such as reading files, downloading
from a web site or using APIs.

CliMetLab provides the interface between the left side and the
right side of the figure below:

[image: _images/climetlab.svg]CliMetLab also provides very high-level map plotting facilities.
By default CliMetLab will automatically select the most appropriate
way to plot a dataset, choosing the best projection, colours and
other graphical attributes. Users can then control how maps are
drawn by overriding the automatic choices with their own.

import climetlab as clm

data = clm.load_dataset("some-dataset")
cml.plot_map(data)





[image: _images/map.svg]


            

          

      

      

    

  

    
      
          
            
  
Installing


Pip install

To install CliMetLab, just run the following command:

pip install climetlab





The CliMetLab pip package has been tested successfully with the latest versions of
its dependencies (build logs [https://github.com/ecmwf/climetlab/actions/workflows/test-and-release.yml]).



Conda install

No conda package has been created yet.
pip install climetlab can be used in a conda environment.


Note

Mixing pip and conda could create some dependencies issues,
we recommend installing as many dependencies as possible with conda,
then install CliMetLab with pip, as recommended by the anaconda team [https://www.anaconda.com/blog/using-pip-in-a-conda-environment].





Troubleshooting


Python 3.8 or above is required


CliMetLab requires Python 3.8 or above (mainly due the dependency numpy).
Depending on your installation, you may need to substitute pip to pip3
in the examples below.
See the build logs [https://github.com/ecmwf/climetlab/actions/workflows/test-and-release.yml]
to know on which version of Python CliMetLab is automatically tested.






No matching distribution found for …

If the installation fails with the following error:

Collecting ecmwflibs>=x.x.x (from climetlab)
  Could not find a version that satisfies the requirement ecmwflibs>=0.0.90 (from climetlab) (from versions: )
No matching distribution found for ecmwflibs>=x.x.x (from climetlab)





you will need to make sure that you are using the latest version of pip (>=21.0.0):

% pip install --upgrade pip
% pip install climetlab







WARNING: Retrying (Retry(total=4, connect=None, …

If you are installing CliMetLab (or any other package) wihout internet access. You can get
a similar error. This happens for instance on Kaggle when you are not logged it or when your
account has not been verified.

WARNING: Retrying (Retry(total=4, connect=None, read=None, redirect=None, status=None))
after connection broken by 'NewConnectionError(': Failed to establish a new connection:
[Errno -3] Temporary failure in name resolution')':....







Module enum has no attribute ‘IntFlag’

If the installation fails with the following error:

AttributeError: module 'enum' has no attribute 'IntFlag'





This means that there is an old version of of the enum package on
your system that needs to be removed:

% pip uninstall -y enum34
% pip install climetlab










            

          

      

      

    

  

    
      
          
            
  
First Steps Tutorial

This is an easy to follow tutorial that gets you up to speed with CliMetLab
to access scientific climate data.
It assumes you have basic Python programming knowledge.

So, let’s start with what CliMetLab does best:


Getting data

CliMetLab provides two main ways to access climate and meteorological data


	Data Sources (details)


	Datasets (details)





Data Sources

In CliMetLab, a Data Source refers to a local or remote storage server
or data archive from where we can download or access files related to climate
data.

To get started, let us first import CliMetLab at the top of our Python
notebook:

import climetlab as cml





Now download
test.grib [https://raw.githubusercontent.com/ecmwf/climetlab/main/docs/examples/test.grib] (example GRIB file)
to your project directory, or if you have wget command available, run
following in your notebook:

!wget https://raw.githubusercontent.com/ecmwf/climetlab/main/docs/examples/test.grib





GRIB is a file format for storage and sharing of gridded meteorological data.
You can think of gridded data as weather or some other data that is associated with
specific locations using coordinates. For example, wind speed data for
every longitude and latitude on a two dimensional grid.

The GRIB format (version 1 and 2) is endorsed by WMO [https://en.wikipedia.org/wiki/GRIB].
GRIB (GRIdded Binary) is a binary file format so you cannot look at it using a text editor.
But you sure can use CliMetLab to explore it:

grib_data = cml.load_source("file", "test.grib")





Here we used load_source method from CliMetLab to load our GRIB file
into grib_data variable. The first argument "file" specifies the type of
our data source. Which currently is indeed a local file that we downloaded.
The second argument is the path to that file.

Let’s plot this data using the plot_map convenience method:

cml.plot_map(grib_data, title=True, path="test-grib-plot.svg")





[image: _images/test-grib-plot.svg]The title and path arguments supplied to plot_map are optional.
When title is set to True, the plot will include the title of the data
from our data file. If you specify the
path ending with a supported format (.svg, .png, .pdf), the
plot will be saved at the specified location.

You can also use load_source to directly download and load files from remote
server, in one step. For example, let’s download and plot a NetCDF file:

netcdf_url = "https://raw.githubusercontent.com/ecmwf/climetlab/main/docs/examples/test.nc"
netcdf_data = cml.load_source("url", netcdf_url)
cml.plot_map(netcdf_data)





[image: _images/test-netcdf-plot.svg]If you don’t know already, NetCDF [https://www.unidata.ucar.edu/software/netcdf/docs/] is another commonly used data format for
transporting scientific data.

So, we have downloaded and plotted scientific weather data, can we convert
this data to work with our favorite Data Science library? Pandas,
Xarray or Numpy?
Don’t worry, CliMetLab has got you covered.

If your data is gridded data, like in our examples above,
you can simply call to_xarray() method to convert it to an Xarray
object:

grib_xr = grib_data.to_xarray()
# as well as:
netcdf_xr = netcdf_data.to_xarray()





CliMetLab will infer the type of data by probing the downloaded
file. If the file contains gridded data, such as meteorological
fields, they will be accessible as an Xarray dataset, using the
to_xarray() method.  If the file contains point data, such as
observations, they can be converted to a Pandas data frame via
the to_pandas() method. Other data may only be available as
NumPy arrays using the to_numpy() method.

Observations are usually data points corresponding to time for a
certain location unlike gridded data that contains data points
that is usually for a range of locations.
For example, monthly average temperature of Lahore for the past ten years.

The following example downloads a .csv file from NOAA’s
International Best Track Archive for Climate Stewardship (IBTrACS [https://www.ncdc.noaa.gov/ibtracs/])
using the url data source. The file is downloaded into the local
cache. We then convert it to a Pandas frame. The rows corresponding
to the severe tropical cyclone Uma [https://en.wikipedia.org/wiki/1986–87_South_Pacific_cyclone_season#Severe_Tropical_Cyclone_Uma] are extracted and plotted.

import climetlab as cml

data = cml.load_source(
    "url",
    (
        "https://www.ncei.noaa.gov/data/international-best-track-archive-for-climate-stewardship-ibtracs"
        "/v04r00/access/csv/ibtracs.SP.list.v04r00.csv"
    ),
)

pd = data.to_pandas()
uma = pd[pd.NAME == "UMA:VELI"]
cml.plot_map(uma, style="cyclone-track")





[image: _images/datasource-example.svg]The Data Sources implement various methods to access and decode data.
When data are downloaded from a remote site, they are cached on the local computer.

The first argument to load_source can take the following values:







	Argument value

	Description





	"file"

	A path to a local file name. Read more



	"url"

	A URL to a remote file. Read more



	"cds"

	A request to retrieve data from the Copernicus Climate Data Store [https://cds.climate.copernicus.eu/] (CDS). Requires an account. Read more



	"mars"

	A request to retrieve data from ECMWF’s meteorological archive (MARS), using the ECMWF web API [https://www.ecmwf.int/en/forecasts/access-forecasts/ecmwf-web-api]. Requires an account. Read more






To read more about Data Sources, head over to Data Sources guide.

Now let’s dive into the second way that you can access climate scientific data
using CliMetLab:



Datasets

Datasets are a higher-level concept compared to data sources.


Todo

metadata, hidden access to sources, control plotting, control conversion to pandas



The following Python code:

import climetlab as cml

data = cml.load_dataset("hurricane-database", bassin="atlantic")
print(data.home_page)





will print:

https://www.aoml.noaa.gov/hrd/hurdat/Data_Storm.html





then,

irma = data.to_pandas(name="irma", year=2017)
cml.plot_map(irma)





will plot:

[image: _images/dataset-example.svg]Compare that with the data source example.




Simple plotting

CliMetLab will try to select the best way to plot data.

cml.plot_map(data)





Below are the parameters you can pass to the plot function:









	Name

	Value

	Default

	Description





	title

	str or bool

	False

	The title of the plot. Use True for automatic.



	projection

	str

	None

	The name of a map projection. Use None for automatic. See below for possible values.



	style

	str

	None

	The name of a plotting to apply. Use None for default. See below for possible values.



	foreground

	str

	None

	TODO. See below for possible values.



	background

	str

	None

	TODO. See below for possible values.



	path

	str

	None

	Save the plot in a file instead of displaying it.
The file type is inferred from the path extension (.png, .pdf, .svg, …)






You can find out what are the possible values for projection,
style, foreground and background parameters using the code below:

import climetlab.plotting

# List of possible projections
for p in climetlab.plotting.projections():
    print(p)

# List of possible styles
for p in climetlab.plotting.styles():
    print(p)

# List of possible backgrounds/foregrounds
for p in climetlab.plotting.layers():
    print(p)





To get more information about a given projection, in a Jupyter Notebook:

from climetlab.plotting import projection

projection("global")





will output:







	Name:

	global



	Collection:

	projections



	Path:

	/opt/venv/lib/python3.7/site-packages/climetlab/data/projections/global.yaml



	Definition:

	magics:
  mmap:
    subpage_lower_left_latitude: -90.0
    subpage_lower_left_longitude: -180.0
    subpage_map_projection: cylindrical
    subpage_upper_right_latitude: 90.0
    subpage_upper_right_longitude: 180.0













Advanced plotting


Todo

Improve documentation.



There are two options to plot several datasets on the same map. If
you do not need to specify data specific parameters (e.g. style),
you can call cml.plot_map() with a list of data objects.

cml.plot_map((data1, data2), foreground=False)





or, if you want to specify a per-data custom style, you can use
cml.new_map():

p = cml.new_plot(projection="global")
p.plot_map(data1, style="style1")
p.plot_map(data2, style="style2")
p.show()









            

          

      

      

    

  

    
      
          
            
  
Examples

Here is a list of example notebooks to illustrate how to access data,
create plots, and do machine learning using CliMetLab.



	Reading data from a file
	Plot GRIB data

	Plot NetCDF data





	Downloading from an URL

	Retrieve ERA5 data from the CDS

	Retrieve data ECMWF MARS archive

	Access ECMWF Open Data feed

	ERA5-based datasets
	Surface temperature in France

	Precipitations from Ireland





	Machine learning example
	Load the high-low data set and plot all the fields and their label

	Get the train and test sets

	Build the model

	Train the model

	Plot the predictions





	BUFR data

	ECMWF Observation bespoke format (ODB)

	Meteonet
	Radar images

	Ground station observations

	Weather models

	Masks





	WeatherBench

	NOAA’s hurricane database
	Huricanes making landfall at category 5

	Get the track for Katrina

	Plot the track

	Retrieve matching fields from ERA5

	Pacific bassin

	Plot each track independently





	External plugins
	External data source





	More plotting examples
	Projections

	Low-level graphical attributes





	Interactive maps

	Creating a shared dataset of GRIBs
	Download data to the climetlab cache

	Export the data to a shared directory

	Create indexes to speed up data access when using it. (Optional)

	Using the data





	Save data to GRIB
	A template for the GRIB metadata

	An numpy array with the data:

	Write to GRIB

	Write to GRIB





	Dataset availability








            

          

      

      

    

  

    
      
          
            
  You can run this notebook in [image: Binder] [https://mybinder.org/v2/gh/ecmwf/climetlab/main?urlpath=lab/tree/docs/examples/01-source-file.ipynb], in [image: Colab] [https://colab.research.google.com/github/ecmwf/climetlab/blob/main/docs/examples/01-source-file.ipynb], in [image: Deepnote] [https://beta.deepnote.org/launch?template=deepnote&url=https://github.com/ecmwf/climetlab/blob/main/docs/examples/01-source-file.ipynb] or in [image: Kaggle] [https://kaggle.com/kernels/welcome?src=https://github.com/ecmwf/climetlab/blob/main/docs/examples/01-source-file.ipynb].


[1]:





!pip3 install --quiet climetlab








[2]:





!test -f test.grib || wget https://github.com/ecmwf/climetlab/raw/main/docs/examples/test.grib








[3]:





!test -f test.nc || wget https://github.com/ecmwf/climetlab/raw/main/docs/examples/test.nc








Reading data from a file


[4]:





import climetlab as cml








Plot GRIB data


[5]:





source = cml.load_source("file", "test.grib")
for s in source:
    cml.plot_map(s)












[image: ../_images/examples_01-source-file_7_0.png]









[image: ../_images/examples_01-source-file_7_1.png]






Plot NetCDF data


[6]:





source = cml.load_source("file", "test.nc")
for s in source:
    cml.plot_map(s)












[image: ../_images/examples_01-source-file_9_0.png]









[image: ../_images/examples_01-source-file_9_1.png]








            

          

      

      

    

  

    
      
          
            
  You can run this notebook in [image: Binder] [https://mybinder.org/v2/gh/ecmwf/climetlab/main?urlpath=lab/tree/docs/examples/02-source-url.ipynb], in [image: Colab] [https://colab.research.google.com/github/ecmwf/climetlab/blob/main/docs/examples/02-source-url.ipynb], in [image: Deepnote] [https://beta.deepnote.org/launch?template=deepnote&url=https://github.com/ecmwf/climetlab/blob/main/docs/examples/02-source-url.ipynb] or in [image: Kaggle] [https://kaggle.com/kernels/welcome?src=https://github.com/ecmwf/climetlab/blob/main/docs/examples/02-source-url.ipynb].


[1]:





!pip install --quiet climetlab








Downloading from an URL


[2]:





import climetlab as cml








[3]:





URL = "https://www.ncei.noaa.gov/data/international-best-track-archive-for-climate-stewardship-ibtracs/v04r00/access/csv/ibtracs.SP.list.v04r00.csv"








[4]:





data = cml.load_source("url", URL)








[5]:





pd = data.to_pandas()













/usr/local/lib/python3.9/site-packages/IPython/core/interactiveshell.py:3418: DtypeWarning: Columns (1,2,8,9,14,25,161,162) have mixed types.Specify dtype option on import or set low_memory=False.
  exec(code_obj, self.user_global_ns, self.user_ns)







[6]:





uma = pd[pd.NAME == "UMA:VELI"]








[7]:





cml.plot_map(uma, style="cyclone-track")












[image: ../_images/examples_02-source-url_7_0.png]







            

          

      

      

    

  

    
      
          
            
  You can run this notebook in [image: Binder] [https://mybinder.org/v2/gh/ecmwf/climetlab/main?urlpath=lab/tree/docs/examples/03-source-cds.ipynb], in [image: Colab] [https://colab.research.google.com/github/ecmwf/climetlab/blob/main/docs/examples/03-source-cds.ipynb], in [image: Deepnote] [https://beta.deepnote.org/launch?template=deepnote&url=https://github.com/ecmwf/climetlab/blob/main/docs/examples/03-source-cds.ipynb] or in [image: Kaggle] [https://kaggle.com/kernels/welcome?src=https://github.com/ecmwf/climetlab/blob/main/docs/examples/03-source-cds.ipynb].


[1]:





!pip install --quiet climetlab








Retrieve ERA5 data from the CDS


[2]:





import climetlab as cml








[6]:





source = cml.load_source(
    "cds",
    "reanalysis-era5-single-levels",
    variable=["2t", "msl"],
    product_type="reanalysis",
    area=[50, -50, 20, 50],
    date="2012-12-12",
    time="12:00",
)
for s in source:
    cml.plot_map(s)












[image: ../_images/examples_03-source-cds_3_0.png]









[image: ../_images/examples_03-source-cds_3_1.png]





[8]:





source = cml.load_source(
    "cds",
    "reanalysis-era5-single-levels",
    variable=["2t", "msl"],
    product_type="reanalysis",
    area=[50, -50, 20, 50],
    date="2012-12-12",
    time="12:00",
    format="netcdf",
)
for s in source:
    cml.plot_map(s)












[image: ../_images/examples_03-source-cds_4_0.png]









[image: ../_images/examples_03-source-cds_4_1.png]





[10]:





source.to_xarray()








[10]:





















<xarray.Dataset>
Dimensions:    (latitude: 121, longitude: 401, time: 1)
Coordinates:
  * longitude  (longitude) float32 -50.0 -49.75 -49.5 -49.25 ... 49.5 49.75 50.0
  * latitude   (latitude) float32 50.0 49.75 49.5 49.25 ... 20.5 20.25 20.0
  * time       (time) datetime64[ns] 2012-12-12T12:00:00
Data variables:
    t2m        (time, latitude, longitude) float32 274.3 274.4 ... 302.2 302.5
    msl        (time, latitude, longitude) float32 9.956e+04 ... 1.013e+05
Attributes:
    Conventions:  CF-1.6
    history:      2021-03-22 10:05:13 GMT by grib_to_netcdf-2.16.0: /opt/ecmw...

  
    
    

    Retrieve data ECMWF MARS archive
    

    

    

    

    

    

    

    
 
  

    
      
          
            
  You can run this notebook in [image: Binder] [https://mybinder.org/v2/gh/ecmwf/climetlab/main?urlpath=lab/tree/docs/examples/04-source-mars.ipynb], in [image: Colab] [https://colab.research.google.com/github/ecmwf/climetlab/blob/main/docs/examples/04-source-mars.ipynb], in [image: Deepnote] [https://beta.deepnote.org/launch?template=deepnote&url=https://github.com/ecmwf/climetlab/blob/main/docs/examples/04-source-mars.ipynb] or in [image: Kaggle] [https://kaggle.com/kernels/welcome?src=https://github.com/ecmwf/climetlab/blob/main/docs/examples/04-source-mars.ipynb].


[1]:





!pip install --quiet climetlab








Retrieve data ECMWF MARS archive


[2]:





import climetlab as cml








[3]:





source = cml.load_source(
    "mars",
    param=["2t", "msl"],
    levtype="sfc",
    area=[50, -50, 20, 50],
    grid=[1, 1],
    date="2012-12-13",
)
for s in source:
    cml.plot_map(s)












[image: ../_images/examples_04-source-mars_3_0.png]









[image: ../_images/examples_04-source-mars_3_1.png]





[4]:





source.to_xarray()








[4]:





















<xarray.Dataset>
Dimensions:     (latitude: 31, longitude: 101)
Coordinates:
    number      int64 0
    time        datetime64[ns] 2012-12-13T12:00:00
    step        timedelta64[ns] 00:00:00
    surface     int64 0
  * latitude    (latitude) float64 50.0 49.0 48.0 47.0 ... 23.0 22.0 21.0 20.0
  * longitude   (longitude) float64 -50.0 -49.0 -48.0 -47.0 ... 48.0 49.0 50.0
    valid_time  datetime64[ns] 2012-12-13T12:00:00
Data variables:
    t2m         (latitude, longitude) float32 272.9 274.0 274.7 ... 297.8 298.4
    msl         (latitude, longitude) float32 1.002e+05 9.997e+04 ... 1.014e+05
Attributes:
    GRIB_edition:            1
    GRIB_centre:             ecmf
    GRIB_centreDescription:  European Centre for Medium-Range Weather Forecasts
    GRIB_subCentre:          0
    Conventions:             CF-1.7
    institution:             European Centre for Medium-Range Weather Forecasts
    history:                 2021-03-24T13:23:13 GRIB to CDM+CF via cfgrib-0....

  
    
    

    Access ECMWF Open Data feed
    

    

    

    

    

    

    

    
 
  

    
      
          
            
  You can run this notebook in [image: Binder] [https://mybinder.org/v2/gh/ecmwf/climetlab/main?urlpath=lab/tree/docs/examples/05-source-open-data.ipynb], in [image: Colab] [https://colab.research.google.com/github/ecmwf/climetlab/blob/main/docs/examples/05-source-open-data.ipynb], in [image: Deepnote] [https://beta.deepnote.org/launch?template=deepnote&url=https://github.com/ecmwf/climetlab/blob/main/docs/examples/05-source-open-data.ipynb] or in [image: Kaggle] [https://kaggle.com/kernels/welcome?src=https://github.com/ecmwf/climetlab/blob/main/docs/examples/05-source-open-data.ipynb].


[20]:





!pip install --quiet climetlab








Access ECMWF Open Data feed


[21]:





import climetlab as cml








[22]:





source = cml.load_source(
    "ecmwf-open-data",
    param=["2t", "msl"],
)
for s in source:
    cml.plot_map(s, title=True)












[image: ../_images/examples_05-source-open-data_3_0.png]









[image: ../_images/examples_05-source-open-data_3_1.png]





[23]:





source.to_xarray()








[23]:





















<xarray.Dataset>
Dimensions:            (latitude: 451, longitude: 900)
Coordinates:
    time               datetime64[ns] 2022-02-06
    step               timedelta64[ns] 00:00:00
    heightAboveGround  float64 2.0
  * latitude           (latitude) float64 90.0 89.6 89.2 ... -89.2 -89.6 -90.0
  * longitude          (longitude) float64 -180.0 -179.6 -179.2 ... 179.2 179.6
    valid_time         datetime64[ns] 2022-02-06
    meanSea            float64 0.0
Data variables:
    t2m                (latitude, longitude) float32 ...
    msl                (latitude, longitude) float32 ...
Attributes:
    GRIB_edition:            2
    GRIB_centre:             ecmf
    GRIB_centreDescription:  European Centre for Medium-Range Weather Forecasts
    GRIB_subCentre:          0
    Conventions:             CF-1.7
    institution:             European Centre for Medium-Range Weather Forecasts
    history:                 2022-02-06T12:42 GRIB to CDM+CF via cfgrib-0.9.1...
xarray.Dataset
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  You can run this notebook in [image: Binder] [https://mybinder.org/v2/gh/ecmwf/climetlab/main?urlpath=lab/tree/docs/examples/06-era5-temperature.ipynb], in [image: Colab] [https://colab.research.google.com/github/ecmwf/climetlab/blob/main/docs/examples/06-era5-temperature.ipynb], in [image: Deepnote] [https://beta.deepnote.org/launch?template=deepnote&url=https://github.com/ecmwf/climetlab/blob/main/docs/examples/06-era5-temperature.ipynb] or in [image: Kaggle] [https://kaggle.com/kernels/welcome?src=https://github.com/ecmwf/climetlab/blob/main/docs/examples/06-era5-temperature.ipynb].


[1]:





!pip install --quiet climetlab matplotlib








ERA5-based datasets


[2]:





import numpy as np
import matplotlib.pyplot as plt








[3]:





import climetlab as cml








[4]:





cml.plotting_options(width=400)








Surface temperature in France


[5]:





ds = cml.load_dataset("era5-temperature", period=(1979, 1982), domain="France", time=12)








[6]:





%%time
len(ds)













CPU times: user 558 ms, sys: 94.9 ms, total: 653 ms
Wall time: 686 ms







[6]:







1461







[7]:





cml.plot_map(ds[-1])
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[8]:





%%time
ds.to_numpy().shape













CPU times: user 603 ms, sys: 124 ms, total: 727 ms
Wall time: 739 ms







[8]:







(1461, 63, 63)







[9]:





average = np.mean(ds.to_numpy(), axis=0)








[10]:





average








[10]:







array([[283.75848794, 283.5668571 , 283.28540925, ..., 283.07590083,
        283.10228607, 283.10129547],
       [283.4987798 , 283.60046529, 283.65712864, ..., 283.17566394,
        283.24349259, 283.31315138],
       [283.27489098, 282.96305539, 283.02593639, ..., 283.29626172,
        283.42080452, 283.51664   ],
       ...,
       [291.8236389 , 291.01727633, 290.47778203, ..., 292.8580171 ,
        292.87150182, 293.54986986],
       [292.33919705, 292.04851029, 291.94756675, ..., 292.50002974,
        292.48287807, 294.12919668],
       [292.80611291, 292.51362676, 292.36608895, ..., 292.37801758,
        292.20149706, 292.06164609]])







[11]:





cml.plot_map(average, metadata=ds[0])
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[12]:





x = ds.to_xarray()








[13]:





x








[13]:





















<xarray.Dataset>
Dimensions:     (latitude: 63, longitude: 63, time: 1461)
Coordinates:
  * time        (time) datetime64[ns] 1979-01-01T12:00:00 ... 1982-12-31T12:0...
    number      int64 0
    step        timedelta64[ns] 00:00:00
    surface     int64 0
  * latitude    (latitude) float64 54.5 54.25 54.0 53.75 ... 39.5 39.25 39.0
  * longitude   (longitude) float64 -6.0 -5.75 -5.5 -5.25 ... 8.75 9.0 9.25 9.5
    valid_time  (time) datetime64[ns] 1979-01-01T12:00:00 ... 1982-12-31T12:0...
Data variables:
    t2m         (time, latitude, longitude) float32 269.13837 ... 285.14648
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  You can run this notebook in [image: Binder] [https://mybinder.org/v2/gh/ecmwf/climetlab/main?urlpath=lab/tree/docs/examples/07-high-lows.ipynb], in [image: Colab] [https://colab.research.google.com/github/ecmwf/climetlab/blob/main/docs/examples/07-high-lows.ipynb], in [image: Deepnote] [https://beta.deepnote.org/launch?template=deepnote&url=https://github.com/ecmwf/climetlab/blob/main/docs/examples/07-high-lows.ipynb] or in [image: Kaggle] [https://kaggle.com/kernels/welcome?src=https://github.com/ecmwf/climetlab/blob/main/docs/examples/07-high-lows.ipynb].


[1]:





!pip install --quiet climetlab tensorflow








Machine learning example


[2]:





from tensorflow.keras.layers import Input, Dense, Flatten
from tensorflow.keras.models import Sequential








[3]:





import climetlab as cml








Load the high-low data set and plot all the fields and their label


[4]:





highlow = cml.load_dataset("high-low")
for field, label in highlow.fields():
    cml.plot_map(field, width=256, title=highlow.title(label))












[image: ../_images/examples_07-high-lows_5_0.png]









[image: ../_images/examples_07-high-lows_5_1.png]









[image: ../_images/examples_07-high-lows_5_2.png]









[image: ../_images/examples_07-high-lows_5_3.png]









[image: ../_images/examples_07-high-lows_5_4.png]









[image: ../_images/examples_07-high-lows_5_5.png]









[image: ../_images/examples_07-high-lows_5_6.png]









[image: ../_images/examples_07-high-lows_5_7.png]









[image: ../_images/examples_07-high-lows_5_8.png]









[image: ../_images/examples_07-high-lows_5_9.png]









[image: ../_images/examples_07-high-lows_5_10.png]









[image: ../_images/examples_07-high-lows_5_11.png]









[image: ../_images/examples_07-high-lows_5_12.png]









[image: ../_images/examples_07-high-lows_5_13.png]









[image: ../_images/examples_07-high-lows_5_14.png]









[image: ../_images/examples_07-high-lows_5_15.png]









[image: ../_images/examples_07-high-lows_5_16.png]









[image: ../_images/examples_07-high-lows_5_17.png]









[image: ../_images/examples_07-high-lows_5_18.png]









[image: ../_images/examples_07-high-lows_5_19.png]









[image: ../_images/examples_07-high-lows_5_20.png]









[image: ../_images/examples_07-high-lows_5_21.png]









[image: ../_images/examples_07-high-lows_5_22.png]









[image: ../_images/examples_07-high-lows_5_23.png]









[image: ../_images/examples_07-high-lows_5_24.png]









[image: ../_images/examples_07-high-lows_5_25.png]









[image: ../_images/examples_07-high-lows_5_26.png]









[image: ../_images/examples_07-high-lows_5_27.png]









[image: ../_images/examples_07-high-lows_5_28.png]









[image: ../_images/examples_07-high-lows_5_29.png]









[image: ../_images/examples_07-high-lows_5_30.png]









[image: ../_images/examples_07-high-lows_5_31.png]









[image: ../_images/examples_07-high-lows_5_32.png]









[image: ../_images/examples_07-high-lows_5_33.png]









[image: ../_images/examples_07-high-lows_5_34.png]









[image: ../_images/examples_07-high-lows_5_35.png]









[image: ../_images/examples_07-high-lows_5_36.png]






Get the train and test sets


[5]:





(x_train, y_train, f_train), (x_test, y_test, f_test) = highlow.load_data(
    test_size=0.3, fields=True
)









Build the model


[6]:





model = Sequential()
model.add(Input(shape=x_train[0].shape))
model.add(Flatten())
model.add(Dense(64, activation="sigmoid"))
model.add(Dense(4, activation="softmax"))








[7]:





model.compile(optimizer="adam", loss="categorical_crossentropy", metrics=["accuracy"])
print(model.summary())













Model: "sequential"
_________________________________________________________________
Layer (type)                 Output Shape              Param #
=================================================================
flatten (Flatten)            (None, 441)               0
_________________________________________________________________
dense (Dense)                (None, 64)                28288
_________________________________________________________________
dense_1 (Dense)              (None, 4)                 260
=================================================================
Total params: 28,548
Trainable params: 28,548
Non-trainable params: 0
_________________________________________________________________
None








Train the model


[8]:





h = model.fit(x_train, y_train, epochs=100, verbose=0)







Evaluate the model on the test set


[9]:





model.evaluate(x_test, y_test)













1/1 [==============================] - 0s 1ms/step - loss: 0.2691 - accuracy: 0.9167







[9]:







[0.26906612515449524, 0.9166666865348816]








Plot the predictions


[10]:





predicted = model.predict(x_test)

for p, f in zip(predicted, f_test):
    cml.plot_map(f, width=256, title=highlow.title(p))












[image: ../_images/examples_07-high-lows_16_0.png]









[image: ../_images/examples_07-high-lows_16_1.png]









[image: ../_images/examples_07-high-lows_16_2.png]









[image: ../_images/examples_07-high-lows_16_3.png]









[image: ../_images/examples_07-high-lows_16_4.png]









[image: ../_images/examples_07-high-lows_16_5.png]









[image: ../_images/examples_07-high-lows_16_6.png]









[image: ../_images/examples_07-high-lows_16_7.png]









[image: ../_images/examples_07-high-lows_16_8.png]









[image: ../_images/examples_07-high-lows_16_9.png]









[image: ../_images/examples_07-high-lows_16_10.png]









[image: ../_images/examples_07-high-lows_16_11.png]








            

          

      

      

    

  

  
    
    

    BUFR data
    

    

    

    

    

    

    

    
 
  

    
      
          
            
  You can run this notebook in [image: Binder] [https://mybinder.org/v2/gh/ecmwf/climetlab/main?urlpath=lab/tree/docs/examples/08-bufr-data.ipynb], in [image: Colab] [https://colab.research.google.com/github/ecmwf/climetlab/blob/main/docs/examples/08-bufr-data.ipynb], in [image: Deepnote] [https://beta.deepnote.org/launch?template=deepnote&url=https://github.com/ecmwf/climetlab/blob/main/docs/examples/08-bufr-data.ipynb] or in [image: Kaggle] [https://kaggle.com/kernels/welcome?src=https://github.com/ecmwf/climetlab/blob/main/docs/examples/08-bufr-data.ipynb].


[1]:





!pip install --quiet climetlab








BUFR data


[2]:





import climetlab as cml








[3]:





source = cml.load_dataset("sample-bufr-data")








[4]:





source








[4]:







sample-bufr-data


	Home page	-

	Documentation	Sample BUFR file containing TEMP messages

	Citation	-


	Licence	-






See https://github.com/ecmwf/pdbufr


[5]:





pd = source.to_pandas(
    columns=(
        "stationNumber",
        "latitude",
        "longitude",
        "data_datetime",
        "pressure",
        "airTemperature",
    ),
    filters={},
)








[6]:





pd.head()








[6]:
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  You can run this notebook in [image: Binder] [https://mybinder.org/v2/gh/ecmwf/climetlab/main?urlpath=lab/tree/docs/examples/09-mars-odb.ipynb], in [image: Colab] [https://colab.research.google.com/github/ecmwf/climetlab/blob/main/docs/examples/09-mars-odb.ipynb], in [image: Deepnote] [https://beta.deepnote.org/launch?template=deepnote&url=https://github.com/ecmwf/climetlab/blob/main/docs/examples/09-mars-odb.ipynb] or in [image: Kaggle] [https://kaggle.com/kernels/welcome?src=https://github.com/ecmwf/climetlab/blob/main/docs/examples/09-mars-odb.ipynb].


[1]:





!pip install --quiet climetlab[interactive]








ECMWF Observation bespoke format (ODB)


[2]:





import climetlab as cml








[3]:





source = cml.load_source(
    "mars",
    type="ofb",
    obsgroup="conv",
    time="12",
    format="odb",
    reportype=16001,
    date="2020-05-18",
)








[4]:





pd = source.to_pandas()








[5]:





pd








[5]:
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  You can run this notebook in [image: Binder] [https://mybinder.org/v2/gh/ecmwf/climetlab/main?urlpath=lab/tree/docs/examples/10-meteonet.ipynb], in [image: Colab] [https://colab.research.google.com/github/ecmwf/climetlab/blob/main/docs/examples/10-meteonet.ipynb], in [image: Deepnote] [https://beta.deepnote.org/launch?template=deepnote&url=https://github.com/ecmwf/climetlab/blob/main/docs/examples/10-meteonet.ipynb] or in [image: Kaggle] [https://kaggle.com/kernels/welcome?src=https://github.com/ecmwf/climetlab/blob/main/docs/examples/10-meteonet.ipynb].


[1]:





# !pip install --quiet climetlab








Meteonet

This is an retrieve an plot various data types from https://github.com/meteofrance/meteonet


[2]:





import climetlab as cml








Radar images


[3]:





ds = cml.load_dataset("meteonet-samples-radar")








[4]:





ds








[4]:







meteonet-samples-radar


	Home page	https://meteonet.umr-cnrm.fr

	Documentation	https://meteofrance.github.io/meteonet/

	Citation	-


	Licence	https://meteonet.umr-cnrm.fr/dataset/LICENCE.md







[5]:





ds.licence








[5]:







'https://meteonet.umr-cnrm.fr/dataset/LICENCE.md'







[6]:





cml.plot_map(ds)













/Users/baudouin/git/climetlab/climetlab/normalize.py:17: UserWarning: Deprecated decorator @normalize_arg. Use @normalise on each argument instead.
  warnings.warn(
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[7]:





ds.to_xarray()








[7]:





















<xarray.Dataset>
Dimensions:   (time: 45, y: 565, x: 784)
Coordinates:
  * x         (x) int64 0 1 2 3 4 5 6 7 8 ... 776 777 778 779 780 781 782 783
  * y         (y) int64 0 1 2 3 4 5 6 7 8 ... 557 558 559 560 561 562 563 564
    lon       (y, x) float64 -5.832 -5.822 -5.812 -5.802 ... 1.978 1.988 1.998
    lat       (y, x) float64 51.89 51.89 51.89 51.89 ... 46.25 46.25 46.25 46.25
  * time      (time) datetime64[ns] 2016-08-21T00:10:00 ... 2016-08-31T00:30:00
Data variables:
    rainfall  (time, y, x) int16 -1 -1 -1 -1 -1 -1 -1 -1 -1 ... 0 0 0 0 0 0 0 0
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  You can run this notebook in [image: Binder] [https://mybinder.org/v2/gh/ecmwf/climetlab/main?urlpath=lab/tree/docs/examples/11-weatherbench.ipynb], in [image: Colab] [https://colab.research.google.com/github/ecmwf/climetlab/blob/main/docs/examples/11-weatherbench.ipynb], in [image: Deepnote] [https://beta.deepnote.org/launch?template=deepnote&url=https://github.com/ecmwf/climetlab/blob/main/docs/examples/11-weatherbench.ipynb] or in [image: Kaggle] [https://kaggle.com/kernels/welcome?src=https://github.com/ecmwf/climetlab/blob/main/docs/examples/11-weatherbench.ipynb].


[1]:





!pip install --quiet climetlab matplotlib








WeatherBench

This is an attempt to reproduce this research: https://arxiv.org/abs/2002.00469. There is a notebook available at: https://binder.pangeo.io/v2/gh/pangeo-data/WeatherBench/master?filepath=quickstart.ipynb


[2]:





import matplotlib.pyplot as plt








[3]:





import climetlab as cml








[ ]:





ds = cml.load_dataset("weather-bench")








[5]:





ds








[5]:







weather-bench


	Home page	https://raspstephan.github.io/blog/weatherbench/

	Documentation	-

	Citation	@article{rasp2020weatherbench,
  title={WeatherBench: A benchmark dataset for data-driven weather forecasting},
  author={Rasp, Stephan and Dueben, Peter D and Scher, Sebastian and Weyn,
  Jonathan A and Mouatadid, Soukayna and Thuerey, Nils},
  journal={arXiv preprint arXiv:2002.00469},
  year={2020}
}



	Licence	-







[6]:


