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CHAPTER

ONE

QUICK GUIDE

1.1 clisops - climate simulation operations

The clisops package (pronounced “clie-sops”) provides a python library for running data-reduction operations on
Xarray data sets or files that can be interpreted by Xarray. These basic operations (subsetting, averaging and regridding)
are likely to work where data structures are NetCDF-centric, such as those found in ESGF data sets.

clisops is employed by the daops library to perform its basic operations once daops has applied any necessary fixes
to data in order to remove irregularities/anomalies. Users are recommended to investigate using daops directly in order
to access these fixes which may affect the scientific credibility of the results.

clisops can be used stand-alone to read individual, or groups of, NetCDF files directly.

• Free software: BSD

• Documentation: https://clisops.readthedocs.io.

1.1.1 Features

The package provides the following operations:

• subset

• average

• regrid

1.1.2 Online Demo

You can try clisops online using Binder (just click on the binder link below), or view the notebooks on NBViewer.

1
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1.1.3 Credits

This package was created with Cookiecutter and the audreyr/cookiecutter-pypackage project template.

• Cookiecutter: https://github.com/audreyr/cookiecutter

• cookiecutter-pypackage: https://github.com/audreyr/cookiecutter-pypackage

2 Chapter 1. Quick Guide
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CHAPTER

TWO

INSTALLATION

2.1 Stable release

To install clisops, run this command in your terminal:

$ pip install clisops

This is the preferred method to install clisops, as it will always install the most recent stable release.

If you don’t have pip installed, this Python installation guide can guide you through the process.

Warning: Some average operations (clisops.core.average_shape) require a recent version of the xESMF package.
Unfortunately, this package is not available on PyPI at the time these lines were written and it also depends on
packages (ESMF, ESMpy) unavailable on windows. It can still be installed on osx/linux through conda or directly
[from source](https://github.com/pangeo-data/xESMF/).

2.2 From sources

The sources for clisops can be downloaded from the Github repo.

You can either clone the public repository:

$ git clone git://github.com/roocs/clisops

Create Conda environment named clisops.

Warning: For windows users, you might need to edit the environment.yml file and remove the xESMF package.

$ conda env create -f environment.yml
$ source activate clisops

Install clisops in development mode:

$ pip install -r requirements.txt
$ pip install -r requirements_dev.txt
$ python setup.py develop

Run tests:

3

https://pip.pypa.io
http://docs.python-guide.org/en/latest/starting/installation/
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$ pytest -v tests/

4 Chapter 2. Installation



CHAPTER

THREE

USAGE

To use clisops in a project:

import clisops

For information on the configuration options available in clisops, see: https://roocs-utils.readthedocs.io/en/latest/
configuration.html#clisops

5
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6 Chapter 3. Usage



CHAPTER

FOUR

API

4.1 Core subset functionality

Subset module.

clisops.core.subset.create_mask(*, x_dim: DataArray, y_dim: DataArray, poly: GeoDataFrame,
wrap_lons: bool = False, check_overlap: bool = False)→ DataArray

Create a mask with values corresponding to the features in a GeoDataFrame using vectorize methods.

The returned mask’s points have the value of the first geometry of poly they fall in.

Parameters

• x_dim (xarray.DataArray) – X or longitudinal dimension of xarray object. Can also be given
through ds_in.

• y_dim (xarray.DataArray) – Y or latitudinal dimension of xarray object. Can also be given
through ds_in.

• poly (gpd.GeoDataFrame) – A GeoDataFrame used to create the xarray.DataArray mask. If
its index doesn’t have an integer dtype, it will be reset to integers, which will be used in the
mask.

• wrap_lons (bool) – Shift vector longitudes by -180,180 degrees to 0,360 degrees; Default =
False

• check_overlap (bool) – Perform a check to verify if shapes contain overlapping geometries.

Returns
xarray.DataArray

Examples

import geopandas as gpd
from clisops.core.subset import create_mask

ds = xr.open_dataset(path_to_tasmin_file)
polys = gpd.read_file(path_to_multi_shape_file)

# Get a mask from all polygons in the shape file
mask = create_mask(x_dim=ds.lon, y_dim=ds.lat, poly=polys)
ds = ds.assign_coords(regions=mask)

(continues on next page)
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(continued from previous page)

# Operations can be applied to each region with `groupby`. Ex:
ds = ds.groupby("regions").mean()

# Extra step to retrieve the names of those polygons stored in another column (here
→˓"id")
region_names = xr.DataArray(polys.id, dims=("regions",))
ds = ds.assign_coords(regions_names=region_names)

clisops.core.subset.create_weight_masks(ds_in: DataArray | Dataset, poly: GeoDataFrame)→
DataArray

Create weight masks corresponding to the features in a GeoDataFrame using xESMF.

The returned masks values are the fraction of the corresponding polygon’s area that is covered by the grid cell.
Summing along the spatial dimension will give 1 for each geometry. Requires xESMF.

Parameters

• ds_in (Union[xarray.DataArray, xarray.Dataset]) – xarray object containing the grid infor-
mation, as understood by xESMF. For 2D lat/lon coordinates, the bounds arrays are required,

• poly (gpd.GeoDataFrame) – GeoDataFrame used to create the xarray.DataArray mask. One
mask will be created for each row in the dataframe. Will be converted to EPSG:4326 if
needed.

Returns
xarray.DataArray – Has a new geom dimension corresponding to the index of the input Geo-
Dataframe. Non-geometry columns of poly are copied as auxiliary coordinates.

Examples

>>> import geopandas as gpd
>>> import xarray as xr
>>> from clisops.core.subset import create_weight_masks
>>> ds = xr.open_dataset(path_to_tasmin_file)
>>> polys = gpd.read_file(path_to_multi_shape_file)
# Get a weight mask for each polygon in the shape file
>>> mask = create_weight_masks(
... x_dim=ds.lon, y_dim=ds.lat, poly=polys
... )

clisops.core.subset.distance(da: DataArray | Dataset, *, lon: float | Sequence[float] | DataArray, lat: float |
Sequence[float] | DataArray)→ DataArray | Dataset

Return distance to a point in meters.

Parameters

• da (Union[xarray.DataArray, xarray.Dataset]) – Input data.

• lon (Union[float, Sequence[float], xarray.DataArray]) – Longitude coordinate.

• lat (Union[float, Sequence[float], xarray.DataArray]) – Latitude coordinate.

Returns
xarray.DataArray – Distance in meters to point.

8 Chapter 4. API
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Examples

import xarray as xr
from clisops.core.subset import distance

# To get the indices from the closest point, use:
da = xr.open_dataset(path_to_pr_file).pr
d = distance(da, lon=-75, lat=45)
k = d.argmin()
i, j, _ = np.unravel_index(k, d.shape)

clisops.core.subset.shape_bbox_indexer(ds: Dataset, poly: GeoDataFrame | GeoSeries | GeometryArray)
Return a spatial indexer that selects the indices of the grid cells covering the given geometries.

Parameters

• ds (xr.Dataset) – Input dataset.

• poly (gpd.GeoDataFrame, gpd.GeoSeries, pd.array.GeometryArray, or list of shapely ge-
ometries.) – Shapes to cover. Can be of type Polygon, MultiPolygon, Point, or MultiPoint.

Returns
dict – xarray indexer along native dataset coordinates, to be used as an argument to isel.

Examples

>>> indexer = shape_bbox_indexer(ds, poly)
>>> ds.isel(indexer)

Notes

This is used in particular to restrict the domain of a dataset before computing the weights for a spatial average.

clisops.core.subset.subset_bbox(da: DataArray | Dataset, lon_bnds: array | Tuple[float | None, float |
None] = None, lat_bnds: array | Tuple[float | None, float | None] = None,
start_date: str | None = None, end_date: str | None = None, first_level: int
| float | None = None, last_level: int | float | None = None, time_values:
Sequence[str] | None = None, level_values: Sequence[float] |
Sequence[int] | None = None)→ DataArray | Dataset

Subset a DataArray or Dataset spatially (and temporally) using a lat lon bounding box and date selection.

Return a subset of a DataArray or Dataset for grid points falling within a spatial bounding box defined by longi-
tude and latitudinal bounds and for dates falling within provided bounds.

TODO: returns the what? In the case of a lat-lon rectilinear grid, this simply returns the

Parameters

• da (Union[xarray.DataArray, xarray.Dataset]) – Input data.

• lon_bnds (Union[np.array, Tuple[Optional[float], Optional[float]]]) – List of minimum and
maximum longitudinal bounds. Optional. Defaults to all longitudes in original data-array.

• lat_bnds (Union[np.array, Tuple[Optional[float], Optional[float]]]) – List of minimum and
maximum latitudinal bounds. Optional. Defaults to all latitudes in original data-array.

4.1. Core subset functionality 9
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• start_date (Optional[str]) – Start date of the subset. Date string format – can be year
(“%Y”), year-month (“%Y-%m”) or year-month-day(“%Y-%m-%d”). Defaults to first day
of input data-array.

• end_date (Optional[str]) – End date of the subset. Date string format – can be year (“%Y”),
year-month (“%Y-%m”) or year-month-day(“%Y-%m-%d”). Defaults to last day of input
data-array.

• first_level (Optional[Union[int, float]]) – First level of the subset. Can be either an integer
or float. Defaults to first level of input data-array.

• last_level (Optional[Union[int, float]]) – Last level of the subset. Can be either an integer
or float. Defaults to last level of input data-array.

• time_values (Optional[Sequence[str]]) – A list of datetime strings to subset.

• level_values (Optional[Union[Sequence[float], Sequence[int]]]) – A list of level values to
select.

Returns
Union[xarray.DataArray, xarray.Dataset] – Subsetted xarray.DataArray or xarray.Dataset

Notes

subset_bbox expects the lower and upper bounds to be provided in ascending order. If the actual coordinate
values are descending then this will be detected and your selection reversed before the data subset is returned.

Examples

import xarray as xr
from clisops.core.subset import subset_bbox

ds = xr.open_dataset(path_to_pr_file)

# Subset lat lon
prSub = subset_bbox(ds.pr, lon_bnds=[-75, -70], lat_bnds=[40, 45])

clisops.core.subset.subset_gridpoint(da: DataArray | Dataset, lon: float | Sequence[float] | DataArray |
None = None, lat: float | Sequence[float] | DataArray | None =
None, start_date: str | None = None, end_date: str | None = None,
first_level: int | float | None = None, last_level: int | float | None =
None, tolerance: float | None = None, add_distance: bool = False)
→ DataArray | Dataset

Extract one or more of the nearest gridpoint(s) from datarray based on lat lon coordinate(s).

Return a subsetted data array (or Dataset) for the grid point(s) falling nearest the input longitude and latitude
coordinates. Optionally subset the data array for years falling within provided date bounds. Time series can
optionally be subsetted by dates. If 1D sequences of coordinates are given, the gridpoints will be concatenated
along the new dimension “site”.

Parameters

• da (Union[xarray.DataArray, xarray.Dataset]) – Input data.

• lon (Optional[Union[float, Sequence[float], xarray.DataArray]]) – Longitude coordi-
nate(s). Must be of the same length as lat.

10 Chapter 4. API
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• lat (Optional[Union[float, Sequence[float], xarray.DataArray]]) – Latitude coordinate(s).
Must be of the same length as lon.

• start_date (Optional[str]) – Start date of the subset. Date string format – can be year
(“%Y”), year-month (“%Y-%m”) or year-month-day(“%Y-%m-%d”). Defaults to first day
of input data-array.

• end_date (Optional[str]) – End date of the subset. Date string format – can be year (“%Y”),
year-month (“%Y-%m”) or year-month-day(“%Y-%m-%d”). Defaults to last day of input
data-array.

• first_level (Optional[Union[int, float]]) – First level of the subset. Can be either an integer
or float. Defaults to first level of input data-array.

• last_level (Optional[Union[int, float]]) – Last level of the subset. Can be either an integer
or float. Defaults to last level of input data-array.

• tolerance (Optional[float]) – Masks values if the distance to the nearest gridpoint is larger
than tolerance in meters.

• add_distance (bool)

Returns
Union[xarray.DataArray, xarray.Dataset] – Subsetted xarray.DataArray or xarray.Dataset

Examples

import xarray as xr
from clisops.core.subset import subset_gridpoint

ds = xr.open_dataset(path_to_pr_file)

# Subset lat lon point
prSub = subset_gridpoint(ds.pr, lon=-75, lat=45)

# Subset multiple variables in a single dataset
ds = xr.open_mfdataset([path_to_tasmax_file, path_to_tasmin_file])
dsSub = subset_gridpoint(ds, lon=-75, lat=45)

clisops.core.subset.subset_level(da: DataArray | Dataset, first_level: int | float | str | None = None,
last_level: int | float | str | None = None)→ DataArray | Dataset

Subset input DataArray or Dataset based on first and last levels.

Return a subset of a DataArray or Dataset for levels falling within the provided bounds.

Parameters

• da (Union[xarray.DataArray, xarray.Dataset]) – Input data.

• first_level (Optional[Union[int, float, str]]) – First level of the subset (specified as the value,
not the index). Can be either an integer or float. Defaults to first level of input data-array.

• last_level (Optional[Union[int, float, str]]) – Last level of the subset (specified as the value,
not the index). Can be either an integer or float. Defaults to last level of input data-array.

Returns
Union[xarray.DataArray, xarray.Dataset] – Subsetted xarray.DataArray or xarray.Dataset

4.1. Core subset functionality 11
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Examples

import xarray as xr
from clisops.core.subset import subset_level

ds = xr.open_dataset(path_to_pr_file)

# Subset complete levels
prSub = subset_level(ds.pr, first_level=0, last_level=30)

# Subset single level
prSub = subset_level(ds.pr, first_level=1000, last_level=1000)

# Subset multiple variables in a single dataset
ds = xr.open_mfdataset([path_to_tasmax_file, path_to_tasmin_file])
dsSub = subset_time(ds, first_level=1000.0, last_level=850.0)

Notes

TBA

clisops.core.subset.subset_level_by_values(da: DataArray | Dataset, level_values: Sequence[float] |
Sequence[int] | None = None)→ DataArray | Dataset

Subset input DataArray or Dataset based on a sequence of vertical level values.

Return a subset of a DataArray or Dataset for levels matching those requested.

Parameters

• da (Union[xarray.DataArray, xarray.Dataset]) – Input data.

• level_values (Optional[Union[Sequence[float], Sequence[int]]]) – A list of level values to
select.

Returns
Union[xarray.DataArray, xarray.Dataset] – Subsetted xarray.DataArray or xarray.Dataset

Examples

import xarray as xr
from clisops.core.subset import subset_level_by_values

ds = xr.open_dataset(path_to_pr_file)

# Subset a selection of levels
levels = [1000.0, 850.0, 250.0, 100.0]
prSub = subset_level_by_values(ds.pr, level_values=levels)
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Notes

If any levels are not found, a ValueError will be raised. The requested levels will automatically be re-ordered to
match the order in the input dataset.

clisops.core.subset.subset_shape(ds: DataArray | Dataset, shape: str | Path | GeoDataFrame, raster_crs:
int | str | None = None, shape_crs: int | str | None = None, buffer: int |
float | None = None, start_date: str | None = None, end_date: str | None
= None, first_level: int | float | None = None, last_level: int | float | None
= None)→ DataArray | Dataset

Subset a DataArray or Dataset spatially (and temporally) using a vector shape and date selection.

Return a subset of a DataArray or Dataset for grid points falling within the area of a Polygon and/or MultiPolygon
shape, or grid points along the path of a LineString and/or MultiLineString. If the shape consists of several
disjoint polygons, the output is cut to the smallest bbox including all polygons.

Parameters

• ds (Union[xarray.DataArray, xarray.Dataset]) – Input values.

• shape (Union[str, Path, gpd.GeoDataFrame]) – Path to a shape file, or GeoDataFrame di-
rectly. Supports GeoPandas-compatible formats.

• raster_crs (Optional[Union[str, int]]) – EPSG number or PROJ4 string.

• shape_crs (Optional[Union[str, int]]) – EPSG number or PROJ4 string.

• buffer (Optional[Union[int, float]]) – Buffer the shape in order to select a larger region
stemming from it. Units are based on the shape degrees/metres.

• start_date (Optional[str]) – Start date of the subset. Date string format – can be year
(“%Y”), year-month (“%Y-%m”) or year-month-day(“%Y-%m-%d”). Defaults to first day
of input data-array.

• end_date (Optional[str]) – End date of the subset. Date string format – can be year (“%Y”),
year-month (“%Y-%m”) or year-month-day(“%Y-%m-%d”). Defaults to last day of input
data-array.

• first_level (Optional[Union[int, float]]) – First level of the subset. Can be either an integer
or float. Defaults to first level of input data-array.

• last_level (Optional[Union[int, float]]) – Last level of the subset. Can be either an integer
or float. Defaults to last level of input data-array.

Returns
Union[xarray.DataArray, xarray.Dataset] – A subset of ds

Notes

If no CRS is found in the shape provided (e.g. RFC-7946 GeoJSON, https://en.wikipedia.org/wiki/
GeoJSON), assumes a decimal degree datum (CRS84). Be advised that EPSG:4326 and OGC:CRS84
are not identical as axis order of lat and long differs between the two (for more information, see:
https://github.com/OSGeo/gdal/issues/2035).
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Examples

import xarray as xr
from clisops.core.subset import subset_shape

pr = xr.open_dataset(path_to_pr_file).pr

# Subset data array by shape
prSub = subset_shape(pr, shape=path_to_shape_file)

# Subset data array by shape and single year
prSub = subset_shape(

pr, shape=path_to_shape_file, start_date="1990-01-01", end_date="1990-12-31"
)

# Subset multiple variables in a single dataset
ds = xr.open_mfdataset([path_to_tasmin_file, path_to_tasmax_file])
dsSub = subset_shape(ds, shape=path_to_shape_file)

clisops.core.subset.subset_time(da: DataArray | Dataset, start_date: str | None = None, end_date: str |
None = None)→ DataArray | Dataset

Subset input DataArray or Dataset based on start and end years.

Return a subset of a DataArray or Dataset for dates falling within the provided bounds.

Parameters

• da (Union[xarray.DataArray, xarray.Dataset]) – Input data.

• start_date (Optional[str]) – Start date of the subset. Date string format – can be year
(“%Y”), year-month (“%Y-%m”) or year-month-day(“%Y-%m-%d”). Defaults to first day
of input data-array.

• end_date (Optional[str]) – End date of the subset. Date string format – can be year (“%Y”),
year-month (“%Y-%m”) or year-month-day(“%Y-%m-%d”). Defaults to last day of input
data-array.

Returns
Union[xarray.DataArray, xarray.Dataset] – Subsetted xarray.DataArray or xarray.Dataset

Examples

import xarray as xr
from clisops.core.subset import subset_time

ds = xr.open_dataset(path_to_pr_file)

# Subset complete years
prSub = subset_time(ds.pr, start_date="1990", end_date="1999")

# Subset single complete year
prSub = subset_time(ds.pr, start_date="1990", end_date="1990")

# Subset multiple variables in a single dataset
(continues on next page)
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(continued from previous page)

ds = xr.open_mfdataset([path_to_tasmax_file, path_to_tasmin_file])
dsSub = subset_time(ds, start_date="1990", end_date="1999")

# Subset with year-month precision - Example subset 1990-03-01 to 1999-08-31␣
→˓inclusively
txSub = subset_time(ds.tasmax, start_date="1990-03", end_date="1999-08")

# Subset with specific start_dates and end_dates
tnSub = subset_time(ds.tasmin, start_date="1990-03-13", end_date="1990-08-17")

Notes

TODO add notes about different calendar types. Avoid “%Y-%m-31”. If you want complete month use only
“%Y-%m”.

clisops.core.subset.subset_time_by_components(da: DataArray | Dataset, *, time_components: Dict |
None = None)→ DataArray

Subsets by one or more time components (year, month, day etc).

Parameters

• da (Union[xarray.DataArray, xarray.Dataset]) – Input data.

• time_components (Union[Dict, None] = None)

Returns
xarray.DataArray

Examples

import xarray as xr
from clisops.core.subset import subset_time_by_components

# To select all Winter months (Dec, Jan, Feb) or [12, 1, 2]:
da = xr.open_dataset(path_to_file).pr
winter_dict = {"month": [12, 1, 2]}
res = subset_time_by_components(da, time_components=winter_dict)

clisops.core.subset.subset_time_by_values(da: DataArray | Dataset, time_values: Sequence[str] | None
= None)→ DataArray | Dataset

Subset input DataArray or Dataset based on a sequence of datetime strings.

Return a subset of a DataArray or Dataset for datetimes matching those requested.

Parameters

• da (Union[xarray.DataArray, xarray.Dataset]) – Input data.

• time_values (Optional[Sequence[str]]) – Values for time. Default: None

Returns
Union[xarray.DataArray, xarray.Dataset] – Subsetted xarray.DataArray or xarray.Dataset
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Examples

import xarray as xr
from clisops.core.subset import subset_time_by_values

ds = xr.open_dataset(path_to_pr_file)

# Subset a selection of datetimes
times = ["2015-01-01", "2018-12-05", "2021-06-06"]
prSub = subset_time_by_values(ds.pr, time_values=times)

Notes

If any datetimes are not found, a ValueError will be raised. The requested datetimes will automatically be re-
ordered to match the order in the input dataset.

4.2 Core average functionality

Average module.

clisops.core.average.average_over_dims(ds: DataArray | Dataset, dims: Sequence[str] = None,
ignore_undetected_dims: bool = False)→ DataArray | Dataset

Average a DataArray or Dataset over the dimensions specified.

Parameters

• ds (Union[xr.DataArray, xr.Dataset]) – Input values.

• dims (Sequence[{“time”, “level”, “latitude”, “longitude”}]) – The dimensions over which
to apply the average. If None, none of the dimensions are averaged over. Dimensions must
be one of [“time”, “level”, “latitude”, “longitude”].

• ignore_undetected_dims (bool) – If the dimensions specified are not found in the dataset,
an Exception will be raised if set to True. If False, an exception will not be raised and the
other dimensions will be averaged over. Default = False

Returns
Union[xr.DataArray, xr.Dataset] – New Dataset or DataArray object averaged over the indicated
dimensions. The indicated dimensions will have been removed.

Examples

from clisops.core.average import average_over_dims

pr = xr.open_dataset(path_to_pr_file).pr

# Average data array over latitude and longitude
prAvg = average_over_dims(

pr, dims=["latitude", "longitude"], ignore_undetected_dims=True
)
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clisops.core.average.average_shape(ds: Dataset, shape: str | Path | GeoDataFrame, variable: str |
Sequence[str] = None)→ DataArray | Dataset

Average a DataArray or Dataset spatially using vector shapes.

Return a DataArray or Dataset averaged over each Polygon given. Requires xESMF.

Parameters

• ds (xarray.Dataset) – Input values, coordinate attributes must be CF-compliant.

• shape (Union[str, Path, gpd.GeoDataFrame]) – Path to shape file, or directly a Geo-
DataFrame. Supports formats compatible with geopandas. Will be converted to EPSG:4326
if needed.

• variable (Union[str, Sequence[str], None]) – Variables to average. If None, average over all
data variables.

Returns
Union[xarray.DataArray, xarray.Dataset] – ds spatially-averaged over the polygon(s) in shape.
Has a new geom dimension corresponding to the index of the input GeoDataFrame. Non-
geometry columns of the GeoDataFrame are copied as auxiliary coordinates.

Notes

The spatial weights are computed with ESMF, which uses corners given in lat/lon format (EPSG:4326), the input
dataset ds must provide those. In opposition to subset.subset_shape, the weights computed here take partial
overlaps and holes into account.

As xESMF computes the weight masks only once, skipping missing values is not really feasible. Thus, all NaNs
propagate when performing the average.

Examples

import xarray as xr # doctest: +SKIP
from clisops.core.average import average_shape

pr = xr.open_dataset(path_to_pr_file).pr

# Average data array over shape
prAvg = average_shape(pr, shape=path_to_shape_file)

# Average multiple variables in a single dataset
ds = xr.open_mfdataset([path_to_tasmin_file, path_to_tasmax_file])
dsAvg = average_shape(ds, shape=path_to_shape_file)

clisops.core.average.average_time(ds: DataArray | Dataset, freq: str)→ DataArray | Dataset
Average a DataArray or Dataset over the time frequency specified.

Parameters

• ds (Union[xr.DataArray, xr.Dataset]) – Input values.

• freq (str) – The frequency to average over. One of “month”, “year”.

Returns
Union[xr.DataArray, xr.Dataset] – New Dataset or DataArray object averaged over the indicated
time frequency.
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Examples

from clisops.core.average import average_time

pr = xr.open_dataset(path_to_pr_file).pr

# Average data array over each month
prAvg = average_time(pr, freq="month")

4.3 Core regrid functionality

Regrid module.

class clisops.core.regrid.Grid(ds: Dataset | DataArray | None = None, grid_id: str | None = None,
grid_instructor: tuple | float | int | None = None, compute_bounds: bool |
None = False)

Bases: object

Create a Grid object that is suitable to serve as source or target grid of the Weights class.

Pre-processes coordinate variables of input dataset (eg. create or read dataset from input, reformat, generate
bounds, identify duplicated and collapsing cells, determine zonal / east-west extent).

Parameters

• ds (xr.Dataset or xr.DataArray, optional) – Uses horizontal coordinates of an xarray.Dataset
or xarray.DataArray to create a Grid object. The default is None.

• grid_id (str, optional) – Create the Grid object from a selection of pre-defined grids, e.g.
“1deg” or “2pt5deg”. The grids are provided via the roocs_grids package (https://github.
com/roocs/roocs-grids). A special setting is “adaptive”/”auto”, which requires the param-
eter ‘ds’ to be specified as well, and creates a regular lat-lon grid of the same extent and
approximate resolution as the grid described by ‘ds’. The default is None.

• grid_instructor (tuple, float or int, optional) – Create a regional or global regular lat-lon
grid using xESMF utility functions. - Global grid: grid_instructor = (lon_step, lat_step)
or grid_instructor = step - Regional grid: grid_instructor = (lon_start, lon_end, lon_step,
lat_start, lat_end, lat_step) or grid_instructor = (start, end, step). The default is None.

• compute_bounds (bool, optional) – Compute latitude and longitude bounds if the dataset
has none defined. The default is False.

compare_grid(ds_or_Grid: Dataset | Grid, verbose: bool = False)→ bool
Compare two Grid objects.

Will compare the checksum of two Grid objects, which depend on the lat and lon coordinate variables, their
bounds and if defined, a mask.

Parameters

• ds_or_Grid (xarray.Dataset or Grid) – Grid that the current Grid object shall be compared
to.

• verbose (bool) – Whether to also print the result. The default is False.

Returns
bool – Returns True if the two Grids are considered identical within the defined precision,
else returns False.
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detect_bounds(coordinate: str)→ str | None
Use cf_xarray to obtain the variable name of the requested coordinates bounds.

Parameters
coordinate (str) – Name of the coordinate variable to determine the bounds from.

Returns
str, optional – Returns the variable name of the requested coordinate bounds. Returns None
if the variable has no bounds or if they cannot be identified.

detect_coordinate(coord_type: str)→ str
Use cf_xarray to obtain the variable name of the requested coordinate.

Parameters
coord_type (str) – Coordinate type understood by cf-xarray, eg. ‘lat’, ‘lon’, . . .

Raises
AttributeError – Raised if the requested coordinate cannot be identified.

Returns
str – Coordinate variable name.

detect_extent()→ str
Determine the grid extent in zonal / east-west direction (‘regional’ or ‘global’).

Returns
str – ‘regional’ or ‘global’.

detect_format()→ str
Detect format of a dataset. Yet supported are ‘CF’, ‘SCRIP’, ‘xESMF’.

Returns
str – The format, if supported. Else raises an Exception.

detect_shape()→ tuple[int, int, int]
Detect the shape of the grid.

Returns a tuple of (nlat, nlon, ncells). For an unstructured grid nlat and nlon are not defined and therefore
the returned tuple will be (ncells, ncells, ncells).

Returns

• int – Number of latitude points in the grid.

• int – Number of longitude points in the grid.

• int – Number of cells in the grid.

detect_type()→ str
Detect type of the grid as one of “regular_lat_lon”, “curvilinear”, or “unstructured”.

Otherwise, will issue an Exception if grid type is not supported.

Returns
str – The detected grid type.

grid_reformat(grid_format: str, keep_attrs: bool = False)
Reformat the Dataset attached to the Grid object to a target format.

Parameters

• grid_format (str) – Target format of the reformat operation. Yet supported are ‘SCRIP’,
‘CF’, ‘xESMF’.
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• keep_attrs (bool) – Whether to keep the global attributes.

Returns
ds_ref (xarray.Dataset) – Reformatted dataset.

to_netcdf(folder: str | Path | None = './', filename: str | None = '', grid_format: str | None = 'CF',
keep_attrs: bool | None = True)

Store a copy of the horizontal Grid as netCDF file on disk.

Define output folder, filename and output format (currently only ‘CF’ is supported). Does not overwrite an
existing file.

Parameters

• folder (str or Path, optional) – Output folder. The default is the current working directory
“./”.

• filename (str, optional) – Output filename, to be defined separately from folder. The default
is ‘grid_<grid.id>.nc’.

• grid_format (str, optional) – The format the grid information shall be stored as (in terms of
variable attributes and dimensions). The default is “CF”, which is also the only supported
output format currently supported.

• keep_attrs (bool, optional) – Whether to store the global attributes in the output netCDF
file. The default is True.

class clisops.core.regrid.Weights(grid_in: Grid, grid_out: Grid, method: str, from_disk: str | Path | None
= None, format: str | None = None)

Bases: object

Creates remapping weights out of two Grid objects serving as source and target grid.

Reads weights from cache if possible. Reads weights from disk if specified (not yet implemented). In the latter
case, the weight file format has to be supported, to reformat it to xESMF format.

Parameters

• grid_in (Grid) – Grid object serving as source grid.

• grid_out (Grid) – Grid object serving as target grid.

• method (str) – Remapping method the weights should be / have been calculated with. One
of [“nearest_s2d”, “bilinear”, “conservative”, “patch”] if weights have to be calculated. Free
text if weights are read from disk.

• from_disk (str, optional) – Not yet implemented. Instead of calculating the regridding
weights (or reading them from the cache), read them from disk. The default is None.

• format (str, optional) – Not yet implemented. When reading weights from disk, the input
format may be specified. If omitted, there will be an attempt to detect the format. The default
is None.

reformat(format_from: str, format_to: str)→ None
Reformat remapping weights.

Warning: This method is not yet implemented.
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save_to_disk(filename=None, wformat: str = 'xESMF')→ None
Write weights to disk in a certain format.

Warning: This method is not yet implemented.

clisops.core.regrid.regrid(grid_in: Grid, grid_out: Grid, weights: Weights, adaptive_masking_threshold:
float | None = 0.5, keep_attrs: bool | str = True)→ Dataset

Perform regridding operation including dealing with dataset and variable attributes.

Parameters

• grid_in (Grid) – Grid object of the source grid, e.g. created out of source xarray.Dataset.

• grid_out (Grid) – Grid object of the target grid.

• weights (Weights) – Weights object, as created by using grid_in and grid_out Grid objects
as input.

• adaptive_masking_threshold (float, optional) – (AMT) A value within the [0., 1.] interval
that defines the maximum RATIO of missing_values amongst the total number of data values
contributing to the calculation of the target grid cell value. For a fraction [0., AMT[ of the
contributing source data missing, the target grid cell will be set to missing_value, else, it
will be re-normalized by the factor 1./(1.-RATIO). Thus, if AMT is set to 1, all source grid
cells that contribute to a target grid cell must be missing in order for the target grid cell to
be defined as missing itself. Values greater than 1 or less than 0 will cause adaptive masking
to be turned off. This adaptive masking technique allows to reuse generated weights for
differently masked data (e.g. land-sea masks or orographic masks that vary with depth /
height). The default is 0.5.

• keep_attrs (bool or str) – Sets the global attributes of the resulting dataset, apart from the
ones set by this routine: True: attributes of grid_in.ds will be in the resulting dataset. False:
no attributes but the ones newly set by this routine “target”: attributes of grid_out.ds will be
in the resulting dataset. The default is True.

Returns
xarray.Dataset – The regridded data in form of an xarray.Dataset.

clisops.core.regrid.weights_cache_flush(weights_dir_init: str | Path | None = '', dryrun: bool | None =
False, verbose: bool | None = False)→ None

Flush and reinitialize the local weights cache.

Parameters

• weights_dir_init (str, optional) – Directory name to reinitialize the local
weights cache in. Will be created if it does not exist. The default is CON-
FIG[“clisops:grid_weights”][“local_weights_dir”] as defined in roocs.ini (or as redefined
by a manual weights_cache_init call).

• dryrun (bool, optional) – If True, it will only print all files that would get deleted. The
default is False.

• verbose (bool, optional) – If True, and dryrun is False, will print all files that are getting
deleted. The default is False.

Returns
None
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clisops.core.regrid.weights_cache_init(weights_dir: str | Path | None = None, config: dict =
{'clisops:coordinate_precision': {'hor_coord_decimals': '6',
'vert_coord_decimals': '6'}, 'clisops:grid_weights':
{'local_weights_dir':
'/home/docs/.local/share/clisops/grid_weights',
'remote_weights_svc': ''}, 'clisops:read': {'chunk_memory_limit':
'250MiB'}, 'clisops:write': {'file_size_limit': '1GB',
'output_staging_dir': ''}, 'config_data_types': {'boolean':
'use_catalog is_default_for_path', 'dicts': 'mappings attr_defaults
fixed_path_mappings fixed_path_modifiers', 'extra_booleans': '',
'extra_dicts': '', 'extra_floats': '', 'extra_ints': '', 'extra_lists': '',
'floats': '', 'ints': '', 'lists': 'facet_rule'}, 'elasticsearch':
{'analysis_store': 'roocs-analysis', 'character_store': 'roocs-char',
'endpoint': 'elasticsearch.ceda.ac.uk', 'fix_proposal_store':
'roocs-fix-prop', 'fix_store': 'roocs-fix', 'port': '443'},
'environment': {'mkl_num_threads': '1', 'numexpr_num_threads':
'1', 'omp_num_threads': '1', 'openblas_num_threads': '1',
'veclib_maximum_threads': '1'}, 'project:c3s-cica-atlas':
{'attr_defaults': {'experiment_id': 'no-expt', 'frequency':
'no-freq'}, 'base_dir': '/pool/data/c3s-cica-atlas',
'data_node_root': 'https://data.mips.copernicus-
climate.eu/thredds/fileServer/esg_c3s-cica-atlas/', 'facet_rule':
['variable', 'project', 'experiment', 'time_frequency'],
'file_name_template': '{__de-
rive__var_id}_{source}_{experiment_id}_{frequency}{__derive__time_range}{extra}.{__derive__extension}',
'is_default_for_path': True, 'mappings': {'project': 'project_id'},
'use_catalog': True, 'use_inventory': 'True'}, 'project:c3s-cmip5':
{'attr_defaults': {'experiment': 'no-expt', 'frequency': 'no-freq',
'initialization_method': 'X', 'model_id': 'no-model',
'physics_version': 'X', 'realization': 'X'}, 'base_dir':
'/gws/nopw/j04/cp4cds1_vol1/data/c3s-cmip5', 'data_node_root':
'https://data.mips.copernicus-
climate.eu/thredds/fileServer/esg_c3s-cmip5/', 'facet_rule':
['activity', 'product', 'institute', 'model', 'experiment', 'frequency',
'realm', 'mip_table', 'ensemble_member', 'variable', 'version'],
'file_name_template': '{__de-
rive__var_id}_{frequency}_{model_id}_{experiment_id}_r{realization}i{initialization_method}p{physics_version}{__derive__time_range}{extra}.{__derive__extension}',
'is_default_for_path': True, 'mappings': {'project': 'project_id'},
'project_name': 'c3s-cmip5', 'use_catalog': False},
'project:c3s-cmip6': {'attr_defaults': {'experiment_id': 'no-expt',
'forcing_index': 'X', 'grid_label': 'no-grid', 'initialization_index':
'X', 'physics_index': 'X', 'realization_index': 'X', 'source_id':
'no-model', 'table_id': 'no-table'}, 'base_dir':
'/badc/cmip6/data/CMIP6', 'data_node_root':
'https://data.mips.copernicus-
climate.eu/thredds/fileServer/esg_c3s-cmip6/', 'facet_rule':
['mip_era', 'activity_id', 'institution_id', 'source_id',
'experiment_id', 'member_id', 'table_id', 'variable_id',
'grid_label', 'version'], 'file_name_template': '{__de-
rive__var_id}_{table_id}_{source_id}_{experiment_id}_r{realization_index}i{initialization_index}p{physics_index}f{forcing_index}_{grid_label}{__derive__time_range}{extra}.{__derive__extension}',
'is_default_for_path': True, 'mappings': {'project': 'mip_era'},
'project_name': 'c3s-cmip6', 'use_catalog': True},
'project:c3s-cmip6-decadal': {'attr_defaults': {'experiment_id':
'no-expt', 'forcing_index': 'X', 'grid_label': 'no-grid',
'initialization_index': 'X', 'physics_index': 'X', 'realization_index':
'X', 'source_id': 'no-model', 'table_id': 'no-table'}, 'base_dir':
'/badc/cmip6/data/CMIP6', 'data_node_root':
'https://data.mips.copernicus-
climate.eu/thredds/fileServer/esg_c3s-cmip6/', 'facet_rule':
['mip_era', 'activity_id', 'institution_id', 'source_id',
'experiment_id', 'member_id', 'table_id', 'variable_id',
'grid_label', 'version'], 'file_name_template': '{__de-
rive__var_id}_{table_id}_{source_id}_{experiment_id}_r{realization_index}i{initialization_index}p{physics_index}f{forcing_index}_{grid_label}{__derive__time_range}{extra}.{__derive__extension}',
'is_default_for_path': True, 'mappings': {'project': 'mip_era'},
'project_name': 'c3s-cmip6-decadal', 'use_catalog': True},
'project:c3s-cordex': {'attr_defaults': {'CORDEX_domain':
'no-domain', 'driving_model_ensemble_member': 'rXiXpX',
'driving_model_id': 'no-driving-model', 'experiment_id': 'no-exp',
'frequency': 'no-freq', 'model_id': 'no-model', 'rcm_version_id':
'no-version'}, 'base_dir':
'/gws/nopw/j04/cp4cds1_vol1/data/c3s-cordex', 'data_node_root':
'https://data.mips.copernicus-
climate.eu/thredds/fileServer/esg_c3s-cordex/', 'facet_rule':
['project', 'product', 'domain', 'institute', 'driving_model',
'experiment_id', 'ensemble', 'rcm_name', 'rcm_version',
'time_frequency', 'variable', 'version'], 'file_name_template':
'{__de-
rive__var_id}_{CORDEX_domain}_{driving_model_id}_{experiment_id}_{driving_model_ensemble_member}_{model_id}_{rcm_version_id}_{frequency}{__derive__time_range}{extra}.{__derive__extension}',
'is_default_for_path': True, 'mappings': {'project': 'project_id'},
'project_name': 'c3s-cordex', 'use_catalog': True},
'project:c3s-ipcc-ar6-atlas': {'attr_defaults': {'experiment_id':
'no-expt', 'frequency': 'no-freq'}, 'base_dir':
'/pool/data/c3s-ipcc-ar6-atlas', 'data_node_root':
'https://data.mips.copernicus-
climate.eu/thredds/fileServer/esg_c3s-ipcc-atlas/', 'facet_rule':
['variable', 'project', 'experiment', 'time_frequency'],
'file_name_template': '{__de-
rive__var_id}_{source}_{experiment_id}_{frequency}{__derive__time_range}{extra}.{__derive__extension}',
'is_default_for_path': True, 'mappings': {'project': 'project_id'},
'use_catalog': True, 'use_inventory': 'True'},
'project:c3s-ipcc-atlas': {'attr_defaults': {'experiment_id':
'no-expt', 'frequency': 'no-freq'}, 'base_dir':
'/pool/data/c3s-ipcc-ar6-atlas', 'data_node_root':
'https://data.mips.copernicus-
climate.eu/thredds/fileServer/esg_c3s-ipcc-atlas/', 'facet_rule':
['variable', 'project', 'experiment', 'time_frequency'],
'file_name_template': '{__de-
rive__var_id}_{source}_{experiment_id}_{frequency}{__derive__time_range}{extra}.{__derive__extension}',
'is_default_for_path': True, 'mappings': {'project': 'project_id'},
'use_catalog': True, 'use_inventory': 'True'}, 'project:cmip5':
{'attr_defaults': {'experiment': 'no-expt', 'frequency': 'no-freq',
'initialization_method': 'X', 'model_id': 'no-model',
'physics_version': 'X', 'realization': 'X'}, 'base_dir':
'/badc/cmip5/data/cmip5', 'facet_rule': ['activity', 'product',
'institute', 'model', 'experiment', 'frequency', 'realm', 'mip_table',
'ensemble_member', 'version', 'variable'], 'file_name_template':
'{__de-
rive__var_id}_{frequency}_{model_id}_{experiment_id}_r{realization}i{initialization_method}p{physics_version}{__derive__time_range}{extra}.{__derive__extension}',
'is_default_for_path': True, 'mappings': {'project': 'project_id'},
'project_name': 'cmip5', 'use_catalog': False}, 'project:cmip6':
{'attr_defaults': {'experiment_id': 'no-expt', 'forcing_index': 'X',
'grid_label': 'no-grid', 'initialization_index': 'X', 'physics_index':
'X', 'realization_index': 'X', 'source_id': 'no-model', 'table_id':
'no-table'}, 'base_dir': '/badc/cmip6/data/CMIP6', 'facet_rule':
['mip_era', 'activity_id', 'institution_id', 'source_id',
'experiment_id', 'member_id', 'table_id', 'variable_id',
'grid_label', 'version'], 'file_name_template': '{__de-
rive__var_id}_{table_id}_{source_id}_{experiment_id}_r{realization_index}i{initialization_index}p{physics_index}f{forcing_index}_{grid_label}{__derive__time_range}{extra}.{__derive__extension}',
'is_default_for_path': False, 'mappings': {'project': 'mip_era',
'variable': 'variable_id'}, 'project_name': 'cmip6', 'use_catalog':
False}, 'project:copernicus -interactive-climate-atlas-dataset':
{'attr_defaults': {'experiment_id': 'no-expt', 'frequency':
'no-freq'}, 'base_dir': '/pool/data/c3s-cica-atlas',
'data_node_root': 'https://data.mips.copernicus-
climate.eu/thredds/fileServer/esg_c3s-cica-atlas/', 'facet_rule':
['variable', 'project', 'experiment', 'time_frequency'],
'file_name_template': '{__de-
rive__var_id}_{source}_{experiment_id}_{frequency}{__derive__time_range}{extra}.{__derive__extension}',
'is_default_for_path': True, 'mappings': {'project': 'product'},
'use_catalog': True, 'use_inventory': 'True'}, 'project:cordex':
{'attr_defaults': {'CORDEX_domain': 'no-domain',
'driving_model_ensemble_member': 'rXiXpX',
'driving_model_id': 'no-driving-model', 'experiment_id': 'no-exp',
'frequency': 'no-freq', 'model_id': 'no-model', 'rcm_version_id':
'no-version'}, 'base_dir': '/badc/cordex/data/cordex', 'facet_rule':
['project', 'product', 'domain', 'institute', 'driving_model',
'experiment_id', 'ensemble', 'rcm_name', 'rcm_version',
'time_frequency', 'variable', 'version'], 'file_name_template':
'{__de-
rive__var_id}_{CORDEX_domain}_{driving_model_id}_{experiment_id}_{driving_model_ensemble_member}_{model_id}_{rcm_version_id}_{frequency}{__derive__time_range}{extra}.{__derive__extension}',
'is_default_for_path': True, 'mappings': {'project': 'project_id'},
'project_name': 'cordex', 'use_catalog': False},
'project:ipcc-ar6-interactive-atlas-dataset': {'attr_defaults':
{'experiment_id': 'no-expt', 'frequency': 'no-freq'}, 'base_dir':
'/pool/data/c3s-ipcc-ar6-atlas', 'data_node_root':
'https://data.mips.copernicus-
climate.eu/thredds/fileServer/esg_c3s-ipcc-atlas/', 'facet_rule':
['variable', 'project', 'experiment', 'time_frequency'],
'file_name_template': '{__de-
rive__var_id}_{source}_{experiment_id}_{frequency}{__derive__time_range}{extra}.{__derive__extension}',
'is_default_for_path': True, 'mappings': {'project': 'product'},
'use_catalog': True, 'use_inventory': 'True'}})→ None
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Initialize global variable weights_dir as used by the Weights class.

Parameters

• weights_dir (str or Path) – Directory name to initialize the local weights cache in. Will be
created if it does not exist. Per default, this function is called upon import with weights_dir
as defined in roocs.ini.

• config (dict) – Configuration dictionary as read from roocs.ini.

Returns
None

4.4 Subset operation

class clisops.ops.subset.Subset(ds, file_namer: str = 'standard', split_method: str = 'time:auto', output_dir:
str | Path | None = None, output_type: str = 'netcdf', **params)

Bases: Operation

clisops.ops.subset.subset(ds: Dataset | str | Path, *, time: str | Tuple[str, str] | TimeParameter | Series |
Interval | None = None, area: str | Tuple[int | float | str, int | float | str, int | float |
str, int | float | str] | AreaParameter | None = None, level: str | Tuple[int | float | str,
int | float | str] | LevelParameter | Interval | None = None, time_components: str |
Dict | TimeComponents | TimeComponentsParameter | None = None, output_dir:
str | Path | None = None, output_type='netcdf', split_method='time:auto',
file_namer='standard')→ List[Dataset | str]

Subset operation.

Parameters

• ds (Union[xr.Dataset, str])

• time (Optional[Union[str, Tuple[str, str], TimeParameter, Series, Interval]] = None,)

• area (str or AreaParameter or Tuple[Union[int, float, str], Union[int, float, str], Union[int,
float, str], Union[int, float, str]], optional)

• level (Optional[Union[str, Tuple[Union[int, float, str], Union[int, float, str]], LevelParame-
ter, Interval] = None,)

• time_components (Optional[Union[str, Dict, TimeComponentsParameter]] = None,)

• output_dir (Optional[Union[str, Path]] = None)

• output_type ({“netcdf”, “nc”, “zarr”, “xarray”})

• split_method ({“time:auto”})

• file_namer ({“standard”, “simple”})

Returns
List[Union[xr.Dataset, str]] – A list of the subsetted outputs in the format selected; str corre-
sponds to file paths if the output format selected is a file.
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Examples

ds: xarray Dataset or “cmip5.output1.MOHC.HadGEM2-ES.rcp85.mon.atmos.Amon.r1i1p1.latest.tas”
time: (“1999-01-01T00:00:00”, “2100-12-30T00:00:00”) or “2085-01-01T12:00:00Z/2120-12-30T12:00:00Z”
area: (-5.,49.,10.,65) or “0.,49.,10.,65” or [0, 49.5, 10, 65] with the order being lon_0, lat_0, lon_1, lat_1
level: (1000.,) or “1000/2000” or (“1000.50”, “2000.60”)
time_components: “year:2000,2004,2008|month:01,02” or {“year”: (2000, 2004, 2008), “months”: (1, 2)}
output_dir: “/cache/wps/procs/req0111”
output_type: “netcdf”
split_method: “time:auto”
file_namer: “standard”

Note: If you request a selection range (such as level, latitude or longitude) that specifies the lower and upper
bounds in the opposite direction to the actual coordinate values then clisops.ops.subset will detect this issue and
reverse your selection before returning the data subset.

4.5 Average operations

clisops.ops.average.average_over_dims(ds: Dataset | str, dims: Sequence[str] | DimensionParameter |
None = None, ignore_undetected_dims: bool = False, output_dir:
str | Path | None = None, output_type: str = 'netcdf', split_method:
str = 'time:auto', file_namer: str = 'standard')→ List[Dataset | str]

Calculate an average over given dimensions.

Parameters

• ds (Union[xr.Dataset, str]) – Xarray dataset.

• dims (Optional[Union[Sequence[{“time”, “level”, “latitude”, “longitude”}], Dimension-
Parameter]]) – The dimensions over which to apply the average. If None, none of the dimen-
sions are averaged over. Dimensions must be one of [“time”, “level”, “latitude”, “longitude”].

• ignore_undetected_dims (bool) – If the dimensions specified are not found in the dataset,
an Exception will be raised if set to True. If False, an exception will not be raised and the
other dimensions will be averaged over. Default = False

• output_dir (Optional[Union[str, Path]])

• output_type ({“netcdf”, “nc”, “zarr”, “xarray”})

• split_method ({“time:auto”})

• file_namer ({“standard”, “simple”})

Returns
List[Union[xr.Dataset, str]] – A list of the outputs in the format selected; str corresponds to file
paths if the output format selected is a file.
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Examples

ds: xarray Dataset or “cmip5.output1.MOHC.HadGEM2-ES.rcp85.mon.atmos.Amon.r1i1p1.latest.tas”
dims: [‘latitude’, ‘longitude’]
ignore_undetected_dims: False
output_dir: “/cache/wps/procs/req0111”
output_type: “netcdf”
split_method: “time:auto”
file_namer: “standard”

clisops.ops.average.average_shape(ds: Dataset | Path | str, shape: str | Path | GeoDataFrame, variable: str
| Sequence[str] | None = None, output_dir: str | Path | None = None,
output_type: str = 'netcdf', split_method: str = 'time:auto', file_namer:
str = 'standard')→ List[Dataset | str]

Calculate a spatial average over a given shape.

Parameters

• ds (Union[xr.Dataset, str]) – Xarray dataset.

• shape (Union[str, Path, gpd.GeoDataFrame]) – Path to shape file, or directly a Geo-
DataFrame. Supports formats compatible with geopandas. Will be converted to EPSG:4326
if needed.

• variable (Optional[Union[str, Sequence[str], None]]) – Variables to average. If None, av-
erage over all data variables.

• output_dir (Optional[Union[str, Path]])

• output_type ({“netcdf”, “nc”, “zarr”, “xarray”})

• split_method ({“time:auto”})

• file_namer ({“standard”, “simple”})

Returns
List[Union[xr.Dataset, str]] – A list of the outputs in the format selected; str corresponds to file
paths if the output format selected is a file.

Examples

ds: xarray Dataset or “cmip5.output1.MOHC.HadGEM2-ES.rcp85.mon.atmos.Amon.r1i1p1.latest.tas”
dims: [‘latitude’, ‘longitude’]
ignore_undetected_dims: False
output_dir: “/cache/wps/procs/req0111”
output_type: “netcdf”
split_method: “time:auto”
file_namer: “standard”

clisops.ops.average.average_time(ds: Dataset | str, freq: str, output_dir: str | Path | None = None,
output_type: str = 'netcdf', split_method: str = 'time:auto', file_namer:
str = 'standard')→ List[Dataset | str]

Parameters
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• ds (Union[xr.Dataset, str]) – Xarray dataset.

• freq (str) – The frequency to average over. One of “month”, “year”.

• output_dir (Optional[Union[str, Path]])

• output_type ({“netcdf”, “nc”, “zarr”, “xarray”})

• split_method ({“time:auto”})

• file_namer ({“standard”, “simple”})

Returns

• List[Union[xr.Dataset, str]]

• A list of the outputs in the format selected; str corresponds to file paths if the

• output format selected is a file.

Examples

ds: xarray Dataset or “cmip5.output1.MOHC.HadGEM2-ES.rcp85.mon.atmos.Amon.r1i1p1.latest.tas”
dims: [‘latitude’, ‘longitude’]
ignore_undetected_dims: False
output_dir: “/cache/wps/procs/req0111”
output_type: “netcdf”
split_method: “time:auto”
file_namer: “standard”

4.6 Regrid operation

clisops.ops.regrid.regrid(ds: Dataset | str | Path, *, method: str | None = 'nearest_s2d',
adaptive_masking_threshold: int | float | None = 0.5, grid: Dataset | DataArray |
int | float | tuple | str | None = 'adaptive', output_dir: str | Path | None = None,
output_type: str | None = 'netcdf', split_method: str | None = 'time:auto',
file_namer: str | None = 'standard', keep_attrs: bool | str | None = True)→
List[Dataset | str]

Regrid specified input file or xarray object.

Parameters

• ds (Union[xr.Dataset, str])

• method ({“nearest_s2d”, “conservative”, “patch”, “bilinear”})

• adaptive_masking_threshold (Optional[Union[int, float]])

• grid (Union[xr.Dataset, xr.DataArray, int, float, tuple, str])

• output_dir (Optional[Union[str, Path]] = None)

• output_type ({“netcdf”, “nc”, “zarr”, “xarray”})

• split_method ({“time:auto”})

• file_namer ({“standard”, “simple”})

• keep_attrs ({True, False, “target”})
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Returns
List[Union[xr.Dataset, str]] – A list of the regridded outputs in the format selected; str corre-
sponds to file paths if the output format selected is a file.

Examples

ds: xarray Dataset or “cmip5.output1.MOHC.HadGEM2-ES.rcp85.mon.atmos.Amon.r1i1p1.latest.tas”
method: “nearest_s2d”
adaptive_masking_threshold:
grid: “1deg”
output_dir: “/cache/wps/procs/req0111”
output_type: “netcdf”
split_method: “time:auto”
file_namer: “standard”
keep_attrs: True

4.7 Common functions

clisops.utils.common.check_dir(func: function, dr: str | Path)
Ensure that directory dr exists before function/method is called, decorator.

clisops.utils.common.enable_logging()→ List[int]

clisops.utils.common.expand_wildcards(paths: str | Path)→ list
Expand the wildcards that may be present in Paths.

clisops.utils.common.require_module(func: function, module: module, module_name: str, min_version: str
| None = '0.0.0', max_supported_version: str | None = None,
max_supported_warning: str | None = None)

Ensure that module is installed before function/method is called, decorator.

4.8 Output Utilities

class clisops.utils.output_utils.FileLock(fpath)
Bases: object

Create and release a lockfile.

Adapted from https://github.com/cedadev/cmip6-object-store/cmip6_zarr/file_lock.py

acquire(timeout=10)
Create actual lockfile, raise error if already exists beyond ‘timeout’.

release()

Release lock, i.e. delete lockfile.

clisops.utils.output_utils.check_format(fmt)
Checks requested format exists.
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clisops.utils.output_utils.create_lock(fname: str | Path)
Check whether lockfile already exists and else creates lockfile.

Parameters
fname (str) – Path of the lockfile to be created.

Returns
FileLock object or None.

clisops.utils.output_utils.filter_times_within(times, start=None, end=None)
Takes an array of datetimes, returning a reduced array if start or end times are defined and are within the main
array.

clisops.utils.output_utils.get_chunk_length(da)
Calculate the chunk length to use when chunking xarray datasets.

Based on memory limit provided in config and the size of the dataset.

clisops.utils.output_utils.get_da(ds)
Returns xr.DataArray when format of ds may be either xr.Dataset or xr.DataArray.

clisops.utils.output_utils.get_format_extension(fmt)
Finds the extension for the requested output format.

clisops.utils.output_utils.get_format_writer(fmt)
Finds the output method for the requested output format.

clisops.utils.output_utils.get_output(ds, output_type, output_dir, namer)
Return output after applying chunking and determining the output format and chunking.

clisops.utils.output_utils.get_time_slices(ds: Dataset | DataArray, split_method, start=None,
end=None, file_size_limit: str = None)→ List[Tuple[str,
str]]

Take an xarray Dataset or DataArray, assume it can be split on the time axis into a sequence of slices. Optionally,
take a start and end date to specify a sub-slice of the main time axis.

Use the prescribed file size limit to generate a list of (“YYYY-MM-DD”, “YYYY-MM-DD”) slices so that the
output files do not (significantly) exceed the file size limit.

Parameters

• ds (Union[xr.Dataset, xr.DataArray])

• split_method

• start

• end

• file_size_limit (str) – a string specifying “<number><units>”.

Returns
List[Tuple[str, str]]
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4.9 File Namers

class clisops.utils.file_namers.SimpleFileNamer(replace=None, extra='')
Bases: _BaseFileNamer

Simple file namer class.

Generates numbered file names.

class clisops.utils.file_namers.StandardFileNamer(replace=None, extra='')
Bases: SimpleFileNamer

Standard file namer class.

Generates file names based on input dataset.

get_file_name(ds, fmt='nc')
Constructs file name.

clisops.utils.file_namers.get_file_namer(name)
Returns the correct filenamer from the provided name.

4.10 Dataset Utilities

clisops.utils.dataset_utils.add_hor_CF_coord_attrs(ds, lat='lat', lon='lon', lat_bnds='lat_bnds',
lon_bnds='lon_bnds', keep_attrs=False)

Add the common CF variable attributes to the horizontal coordinate variables.

Parameters

• lat (str, optional) – Latitude coordinate variable name. The default is “lat”.

• lon (str, optional) – Longitude coordinate variable name. The default is “lon”.

• lat_bnds (str, optional) – Latitude bounds coordinate variable name. The default is
“lat_bnds”.

• lon_bnds (str, optional) – Longitude bounds coordinate variable name. The default is
“lon_bnds”.

• keep_attrs (bool, optional) – Whether to keep original coordinate variable attributes if they
do not conflict. In case of a conflict, the attribute value will be overwritten independent of
this setting. The default is False.

Returns
xarray.Dataset – The input dataset with updated coordinate variable attributes.

clisops.utils.dataset_utils.adjust_date_to_calendar(da, date, direction='backwards')
Check that the date specified exists in the calendar type of the dataset.

If not present, changes the date a day at a time (up to a maximum of 5 times) to find a date that does exist. The
direction to change the date by is indicated by ‘direction’.

Parameters

• da (xarray.Dataset or xarray.DataArray) – The data to examine.

• date (str) – The date to check.
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• direction (str) – The direction to move in days to find a date that does exist. ‘backwards’
means the search will go backwards in time until an existing date is found. ‘forwards’ means
the search will go forwards in time. The default is ‘backwards’.

Returns
str – The next possible existing date in the calendar of the dataset.

clisops.utils.dataset_utils.calculate_offset(lon, first_element_value)
Calculate the number of elements to roll the dataset by in order to have longitude from within requested bounds.

Parameters

• lon – Longitude coordinate of xarray dataset.

• first_element_value – The value of the first element of the longitude array to roll to.

clisops.utils.dataset_utils.cf_convert_between_lon_frames(ds_in, lon_interval)
Convert ds or lon_interval (whichever deems appropriate) to the other longitude frame, if the longitude frames
do not match.

If ds and lon_interval are defined on different longitude frames ([-180, 180] and [0, 360]), this function will
convert one of the input parameters to the other longitude frame, preferably the lon_interval. Adjusts shifted
longitude frames [0-x, 360-x] in the dataset to one of the two standard longitude frames, dependent on the
specified lon_interval. In case of curvilinear grids featuring an additional 1D x-coordinate of the projection, this
projection x-coordinate will not get converted.

Parameters

• ds_in (xarray.Dataset or xarray.DataArray) – xarray data object with defined longitude di-
mension.

• lon_interval (tuple or list) – length-2-tuple or -list of floats or integers denoting the bounds
of the longitude interval.

Returns
Tuple(ds, lon_low, lon_high) – The xarray.Dataset and the bounds of the longitude interval, po-
tentially adjusted in terms of their defined longitude frame.

clisops.utils.dataset_utils.check_lon_alignment(ds, lon_bnds)
Check whether the longitude subset requested is within the bounds of the dataset.

If not try to roll the dataset so that the request is. Raise an exception if rolling is not possible.

clisops.utils.dataset_utils.detect_bounds(ds, coordinate)→ str | None
Use cf_xarray to obtain the variable name of the requested coordinates bounds.

Parameters

• ds (xarray.Dataset, xarray.DataArray) – Dataset the coordinate bounds variable name shall
be obtained from.

• coordinate (str) – Name of the coordinate variable to determine the bounds from.

Returns
str or None – Returns the variable name of the requested coordinate bounds. Returns None if the
variable has no bounds or if they cannot be identified.

clisops.utils.dataset_utils.detect_coordinate(ds, coord_type)
Use cf_xarray to obtain the variable name of the requested coordinate.

Parameters
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• ds (xarray.Dataset, xarray.DataArray) – Dataset the coordinate variable name shall be ob-
tained from.

• coord_type (str) – Coordinate type understood by cf-xarray, eg. ‘lat’, ‘lon’, . . .

Raises
AttributeError – Raised if the requested coordinate cannot be identified.

Returns
str – Coordinate variable name.

clisops.utils.dataset_utils.detect_format(ds)
Detect format of a dataset. Yet supported are ‘CF’, ‘SCRIP’, ‘xESMF’.

Parameters
ds (xr.Dataset) – xarray.Dataset of which to detect the format.

Returns
str – The format, if supported. Else raises an Exception.

clisops.utils.dataset_utils.detect_gridtype(ds, lon, lat, lon_bnds=None, lat_bnds=None)
Detect type of the grid as one of “regular_lat_lon”, “curvilinear”, “unstructured”.

Assumes the grid description / structure follows the CF conventions.

clisops.utils.dataset_utils.detect_shape(ds, lat, lon, grid_type)→ Tuple[int, int, int]
Detect the shape of the grid.

Returns a tuple of (nlat, nlon, ncells). For an unstructured grid nlat and nlon are not defined and therefore the
returned tuple will be (ncells, ncells, ncells).

Parameters

• ds (xr.Dataset) – Dataset containing the grid / coordinate variables.

• lat (str) – Latitude variable name.

• lon (str) – Longitude variable name.

• grid_type (str) – One of “regular_lat_lon”, “curvilinear”, “unstructured”

Returns

• int – Number of latitude points in the grid.

• int – Number of longitude points in the grid.

• int – Number of cells in the grid.

clisops.utils.dataset_utils.generate_bounds_curvilinear(ds, lat, lon)
Compute bounds for curvilinear grids.

Assumes 2D latitude and longitude coordinate variables. The bounds will be attached as coords to the xar-
ray.Dataset of the Grid object. If no bounds can be created, a warning is issued. It is assumed but not ensured
that no duplicated cells are present in the grid.

The bound calculation for curvilinear grids was adapted from https://github.com/
SantanderMetGroup/ATLAS/blob/mai-devel/scripts/ATLAS-data/ bash-interpolation-
scripts/AtlasCDOremappeR_CORDEX/grid_bounds_calc.py which based on work by Caillaud Cécile
and Samuel Somot from Meteo-France.

Parameters

• ds (xarray.Dataset) – Dataset to generate the bounds for.
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• lat (str) – Latitude variable name.

• lon (str) – Longitude variable name.

Returns
xarray.Dataset – Dataset with attached bounds.

clisops.utils.dataset_utils.generate_bounds_rectilinear(ds, lat, lon)
Compute bounds for rectilinear grids.

The bounds will be attached as coords to the xarray.Dataset of the Grid object. If no bounds can be created, a
warning is issued. It is assumed but not ensured that no duplicated cells are present in the grid.

Parameters

• ds (xarray.Dataset) – .

• lat (str) – Latitude variable name.

• lon (str) – Longitude variable name.

Returns
xarray.Dataset – Dataset with attached bounds.

clisops.utils.dataset_utils.reformat_SCRIP_to_CF(ds, keep_attrs=False)
Reformat dataset from SCRIP to CF format.

Parameters

• ds (xarray.Dataset) – Input dataset in SCRIP format.

• keep_attrs (bool) – Whether to keep the global attributes.

Returns
ds_ref (xarray.Dataset) – Reformatted dataset.

clisops.utils.dataset_utils.reformat_xESMF_to_CF(ds, keep_attrs=False)
Reformat dataset from xESMF to CF format.

Parameters

• ds (xarray.Dataset) – Input dataset in xESMF format.

• keep_attrs (bool) – Whether to keep the global attributes.

Returns
ds_ref (xarray.Dataset) – Reformatted dataset.

4.11 Time Utilities

clisops.utils.time_utils.create_time_bounds(ds, freq)
Generate time bounds for datasets that have been temporally averaged.

Averaging frequencies supported are yearly, monthly and daily.
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CHAPTER

FIVE

EXAMPLES

5.1 Subsetting

The subset operation makes use of clisops.core.subset to process the datasets and to set the output type and the
output file names.

[1]: from clisops.utils import get_file
# fetch files locally or from github
tas_files = get_file([

"cmip5/tas_Amon_HadGEM2-ES_rcp85_r1i1p1_200512-203011.nc",
"cmip5/tas_Amon_HadGEM2-ES_rcp85_r1i1p1_203012-205511.nc",
"cmip5/tas_Amon_HadGEM2-ES_rcp85_r1i1p1_205512-208011.nc",
"cmip5/tas_Amon_HadGEM2-ES_rcp85_r1i1p1_208012-209912.nc",
"cmip5/tas_Amon_HadGEM2-ES_rcp85_r1i1p1_209912-212411.nc",
"cmip5/tas_Amon_HadGEM2-ES_rcp85_r1i1p1_212412-214911.nc",
"cmip5/tas_Amon_HadGEM2-ES_rcp85_r1i1p1_214912-217411.nc",
"cmip5/tas_Amon_HadGEM2-ES_rcp85_r1i1p1_217412-219911.nc",
"cmip5/tas_Amon_HadGEM2-ES_rcp85_r1i1p1_219912-222411.nc",
"cmip5/tas_Amon_HadGEM2-ES_rcp85_r1i1p1_222412-224911.nc",
"cmip5/tas_Amon_HadGEM2-ES_rcp85_r1i1p1_224912-227411.nc",
"cmip5/tas_Amon_HadGEM2-ES_rcp85_r1i1p1_227412-229911.nc",
"cmip5/tas_Amon_HadGEM2-ES_rcp85_r1i1p1_229912-229912.nc"

])

o3_file = get_file("cmip6/o3_Amon_GFDL-ESM4_historical_r1i1p1f1_gr1_185001-194912.nc")

# remove previously created example file
import os
if os.path.exists("./output_001.nc"):

os.remove("./output_001.nc")

[2]: from clisops.ops.subset import subset
import xarray as xr

The subset process takes several parameters:
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5.1.1 Subsetting Parameters

ds: Union[xr.Dataset, str, Path]
time: Optional[Union[str, TimeParameter]]
area: Optional[

Union[
str,
Tuple[

Union[int, float, str],
Union[int, float, str],
Union[int, float, str],
Union[int, float, str],

],
AreaParameter,

]
]
level: Optional[

Union[
str, LevelParameter

]
]
time_components: Optional[Union[str, Dict, TimeComponentsParameter]]
output_dir: Optional[Union[str, Path]]
output_type: {"netcdf", "nc", "zarr", "xarray"}
split_method: {"time:auto"}
file_namer: {"standard"}

The output is a list containing the outputs in the format selected.

[3]: ds = xr.open_mfdataset(tas_files, use_cftime=True, combine="by_coords")

Output to xarray

There will only be one output for this example.

[4]: outputs = subset(
ds=ds,
time="2007-01-01T00:00:00/2200-12-30T00:00:00",
area=(0.0, 10.0, 175.0, 90.0),
output_type="xarray",

)

print(f"There is only {len(outputs)} output.")
outputs[0]

There is only 1 output.

[4]: <xarray.Dataset>
Dimensions: (lat: 1, time: 2329, bnds: 2, lon: 1)
Coordinates:

height float64 1.5
* lat (lat) float64 35.0
* lon (lon) float64 0.0

(continues on next page)
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(continued from previous page)

* time (time) object 2007-01-16 00:00:00 ... 2200-12-16 00:00:00
Dimensions without coordinates: bnds
Data variables:

lat_bnds (time, lat, bnds) float64 dask.array<chunksize=(287, 1, 2), meta=np.
→˓ndarray>

lon_bnds (time, lon, bnds) float64 dask.array<chunksize=(287, 1, 2), meta=np.
→˓ndarray>

tas (time, lat, lon) float32 dask.array<chunksize=(287, 1, 1), meta=np.
→˓ndarray>

time_bnds (time, bnds) object dask.array<chunksize=(287, 2), meta=np.ndarray>
Attributes: (12/29)

institution: Met Office Hadley Centre, Fitzroy Road, Exeter, D...
institute_id: MOHC
experiment_id: rcp85
source: HadGEM2-ES (2009) atmosphere: HadGAM2 (N96L38); o...
model_id: HadGEM2-ES
forcing: GHG, SA, Oz, LU, Sl, Vl, BC, OC, (GHG = CO2, N2O,...
... ...
title: HadGEM2-ES model output prepared for CMIP5 RCP8.5
parent_experiment: historical
modeling_realm: atmos
realization: 1
cmor_version: 2.5.0
NCO: 4.7.3

Output to netCDF with simple namer

There is only one output as the file size is under the memory limit so does not need to be split. This example uses the
simple namer which numbers output files.

[5]: outputs = subset(
ds=ds,
time="2007-01-01T00:00:00/2200-12-30T00:00:00",
area=(0.0, 10.0, 175.0, 90.0),
output_type="nc",
output_dir=".",
split_method="time:auto",
file_namer="simple"

)

[6]: # To open the file

subset_ds = xr.open_mfdataset("./output_001.nc", use_cftime=True, combine="by_coords")
subset_ds

[6]: <xarray.Dataset>
Dimensions: (lat: 1, time: 2329, bnds: 2, lon: 1)
Coordinates:

height float64 ...
* lat (lat) float64 35.0
* lon (lon) float64 0.0

(continues on next page)
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(continued from previous page)

* time (time) object 2007-01-16 00:00:00 ... 2200-12-16 00:00:00
Dimensions without coordinates: bnds
Data variables:

lat_bnds (time, lat, bnds) float64 dask.array<chunksize=(2329, 1, 2), meta=np.
→˓ndarray>

lon_bnds (time, lon, bnds) float64 dask.array<chunksize=(2329, 1, 2), meta=np.
→˓ndarray>

tas (time, lat, lon) float32 dask.array<chunksize=(2329, 1, 1), meta=np.
→˓ndarray>

time_bnds (time, bnds) object dask.array<chunksize=(2329, 2), meta=np.ndarray>
Attributes: (12/29)

institution: Met Office Hadley Centre, Fitzroy Road, Exeter, D...
institute_id: MOHC
experiment_id: rcp85
source: HadGEM2-ES (2009) atmosphere: HadGAM2 (N96L38); o...
model_id: HadGEM2-ES
forcing: GHG, SA, Oz, LU, Sl, Vl, BC, OC, (GHG = CO2, N2O,...
... ...
title: HadGEM2-ES model output prepared for CMIP5 RCP8.5
parent_experiment: historical
modeling_realm: atmos
realization: 1
cmor_version: 2.5.0
NCO: 4.7.3

Output to netCDF with standard namer

There is only one output as the file size is under the memory limit so does not need to be split. This example uses the
standard namer which names output filesa ccording the the input file and how it has been subsetted.

[7]: outputs = subset(
ds=ds,
time="2007-01-01T00:00:00/2200-12-30T00:00:00",
area=(0.0, 10.0, 175.0, 90.0),
output_type="nc",
output_dir=".",
split_method="time:auto",
file_namer="standard"

)
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Subsetting by level

[8]: ds = xr.open_dataset(o3_file, use_cftime=True)

No subsetting applied

[9]: result = subset(ds=ds,
output_type="xarray")

result[0].coords

[9]: Coordinates:
* lat (lat) float64 -89.5 10.5
* lon (lon) float64 0.625 125.6 250.6
* plev (plev) float64 1e+05 9.25e+04 8.5e+04 7e+04 ... 1e+03 500.0 100.0
* time (time) object 1850-01-16 12:00:00 ... 1949-12-16 12:00:00

Subsetting over level

[10]: # subsetting over pressure level (plev)

result = subset(ds=ds,
level="600/100",
output_type="xarray")

print(result[0].coords)
print(f"\nplev has been subsetted and now only has {len(result[0].coords)} values.")

Coordinates:
* lat (lat) float64 -89.5 10.5
* lon (lon) float64 0.625 125.6 250.6
* plev (plev) float64 500.0 100.0
* time (time) object 1850-01-16 12:00:00 ... 1949-12-16 12:00:00

plev has been subsetted and now only has 4 values.

Use time components

[11]: ds = xr.open_mfdataset(tas_files, use_cftime=True, combine="by_coords")

[12]: outputs = subset(
ds=ds,
time_components="year: 2010, 2020, 2030|month: 12, 1, 2",
output_type="xarray",

)

print(f"There is only {len(outputs)} output.")
outputs[0]
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There is only 1 output.

[12]: <xarray.Dataset>
Dimensions: (lat: 2, time: 9, bnds: 2, lon: 2)
Coordinates:

height float64 1.5
* lat (lat) float64 -90.0 35.0
* lon (lon) float64 0.0 187.5
* time (time) object 2010-01-16 00:00:00 ... 2030-12-16 00:00:00

Dimensions without coordinates: bnds
Data variables:

lat_bnds (time, lat, bnds) float64 dask.array<chunksize=(8, 2, 2), meta=np.ndarray>
lon_bnds (time, lon, bnds) float64 dask.array<chunksize=(8, 2, 2), meta=np.ndarray>
tas (time, lat, lon) float32 dask.array<chunksize=(8, 2, 2), meta=np.ndarray>
time_bnds (time, bnds) object dask.array<chunksize=(8, 2), meta=np.ndarray>

Attributes: (12/29)
institution: Met Office Hadley Centre, Fitzroy Road, Exeter, D...
institute_id: MOHC
experiment_id: rcp85
source: HadGEM2-ES (2009) atmosphere: HadGAM2 (N96L38); o...
model_id: HadGEM2-ES
forcing: GHG, SA, Oz, LU, Sl, Vl, BC, OC, (GHG = CO2, N2O,...
... ...
title: HadGEM2-ES model output prepared for CMIP5 RCP8.5
parent_experiment: historical
modeling_realm: atmos
realization: 1
cmor_version: 2.5.0
NCO: 4.7.3

Using parameter classes

[13]: from roocs_utils.parameter.param_utils import (
level_interval,
level_series,
time_components,
time_interval,
time_series,

)

[14]: ds = xr.open_mfdataset(tas_files, use_cftime=True, combine="by_coords")

[15]: outputs = subset(
ds=ds,
time=time_interval("2007-01-01T00:00:00", "2200-12-30T00:00:00"),
time_components=time_components(month=["dec", "jan", "feb"]),
output_type="xarray",

)

print(f"There is only {len(outputs)} output.")
outputs[0]
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There is only 1 output.

[15]: <xarray.Dataset>
Dimensions: (lat: 2, time: 583, bnds: 2, lon: 2)
Coordinates:

height float64 1.5
* lat (lat) float64 -90.0 35.0
* lon (lon) float64 0.0 187.5
* time (time) object 2007-01-16 00:00:00 ... 2200-12-16 00:00:00

Dimensions without coordinates: bnds
Data variables:

lat_bnds (time, lat, bnds) float64 dask.array<chunksize=(71, 2, 2), meta=np.
→˓ndarray>

lon_bnds (time, lon, bnds) float64 dask.array<chunksize=(71, 2, 2), meta=np.
→˓ndarray>

tas (time, lat, lon) float32 dask.array<chunksize=(71, 2, 2), meta=np.ndarray>
time_bnds (time, bnds) object dask.array<chunksize=(71, 2), meta=np.ndarray>

Attributes: (12/29)
institution: Met Office Hadley Centre, Fitzroy Road, Exeter, D...
institute_id: MOHC
experiment_id: rcp85
source: HadGEM2-ES (2009) atmosphere: HadGAM2 (N96L38); o...
model_id: HadGEM2-ES
forcing: GHG, SA, Oz, LU, Sl, Vl, BC, OC, (GHG = CO2, N2O,...
... ...
title: HadGEM2-ES model output prepared for CMIP5 RCP8.5
parent_experiment: historical
modeling_realm: atmos
realization: 1
cmor_version: 2.5.0
NCO: 4.7.3

5.2 Subsetting utilities

clisops comes with some utilities to perform common tasks that are either not implemented in xarray, or that are
implemented but do not have the generality needed for climate science work. Here we show examples of the clisops.
core.subset submodule.

[ ]: import xarray as xr
from clisops.core import subset
xr.set_options(display_style='html')

import matplotlib.pyplot as plt
plt.style.use('seaborn')
plt.rcParams['figure.figsize'] = (13, 5)
%matplotlib inline

[ ]: ds = xr.tutorial.open_dataset('air_temperature')
ds.coords
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Coordinates:
* lat (lat) float32 75.0 72.5 70.0 67.5 65.0 ... 25.0 22.5 20.0 17.5 15.0
* lon (lon) float32 200.0 202.5 205.0 207.5 ... 322.5 325.0 327.5 330.0
* time (time) datetime64[ns] 2013-01-01 ... 2014-12-31T18:00:00

[ ]: ds.air.isel(time=0).plot() # Simple index-selection with xarray

<matplotlib.collections.QuadMesh at 0x7fbce02e6760>

5.2.1 subset_bbox : using a latitude-longitude bounding box

In the previous example notebook, we used xarray’s .sel() to cut a lat-lon subset of our data. clisops offers the same
utility, but with more generality. For example, if we mindlessly try xarray’s method on our dataset:

[ ]: ds.sel(lat=slice(45, 50), lon=slice(-60, -55)).coords

Coordinates:
* lat (lat) float32
* lon (lon) float32
* time (time) datetime64[ns] 2013-01-01 ... 2014-12-31T18:00:00

As you can see, lat and lon are empty. In this dataset, the lats are defined in descending order and lons are in the range
[0, 360[ instead of [-180, 180[, which is why xarray’s method did not return the expected result. clisops understands
these nuances:

[ ]: subset.subset_bbox(ds, lat_bnds=[45, 50], lon_bnds=[-60, -55]).coords

Coordinates:
* lat (lat) float32 50.0 47.5 45.0
* lon (lon) float32 300.0 302.5 305.0
* time (time) datetime64[ns] 2013-01-01 ... 2014-12-31T18:00:00

40 Chapter 5. Examples



clisops Documentation, Release 0.13.0

When lat and lon are 2-D

subset_bbox also manages cases where the lat-lon coordinates are not sorted 1D vectors, for example with this more
complex dataset:

Most subset methods expect the input dataset / dataarray to have lat and lon as variables. It may be able to
understand your data if other common names are used (like latitude, or lons), but we recommend renaming the
variables before using the tool (like in this example).

[ ]: ds_roms = xr.tutorial.open_dataset('ROMS_example').rename(lon_rho='lon', lat_rho='lat')
salt = ds_roms.salt.isel(ocean_time=0, s_rho=0)

#matplotlib-based plotting
fig, (axEtaXi, axLatLon) = plt.subplots(1, 2)
salt.plot(cmap=plt.cm.gray_r, ax=axEtaXi, add_colorbar=False)
axLatLon.pcolormesh(salt.lon, salt.lat, salt)
axLatLon.set_xlabel(salt.lon.long_name)
axLatLon.set_ylabel(salt.lat.long_name)

<ipython-input-6-e7e8689dc693>:7: MatplotlibDeprecationWarning: shading='flat' when X␣
→˓and Y have the same dimensions as C is deprecated since 3.3. Either specify the␣
→˓corners of the quadrilaterals with X and Y, or pass shading='auto', 'nearest' or
→˓'gouraud', or set rcParams['pcolor.shading']. This will become an error two minor␣
→˓releases later.
axLatLon.pcolormesh(salt.lon, salt.lat, salt)

Text(0, 0.5, 'latitude of RHO-points')

[ ]: salt_bb = subset.subset_bbox(salt, lat_bnds=[28, 30], lon_bnds=[-91, -88])

fig, (axEtaXi, axLatLon) = plt.subplots(1, 2)
salt_bb.plot(cmap=plt.cm.gray_r, ax=axEtaXi, add_colorbar=False)
axLatLon.pcolormesh(salt_bb.lon, salt_bb.lat, salt_bb)
axLatLon.set_xlabel(salt_bb.lon.long_name)
axLatLon.set_ylabel(salt_bb.lat.long_name)
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/home/phobos/Python/clisops/clisops/core/subset.py:272: UserWarning: lat and lon-like␣
→˓dimensions are not found among arg `<xarray.DataArray 'salt' (eta_rho: 191, xi_rho:␣
→˓371)>
array([[34.953022, 34.955223, 34.957733, ..., 34.91684 , 34.913895, 34.913876],

[34.95414 , 34.957577, 34.961086, ..., 34.916145, 34.91495 , 34.913864],
[34.959286, 34.963936, 34.968594, ..., 34.923023, 34.92564 , 34.926853],
...,
[ nan, nan, nan, ..., nan, nan, nan],
[ nan, nan, nan, ..., nan, nan, nan],
[ nan, nan, nan, ..., nan, nan, nan]],

dtype=float32)
Coordinates:

Cs_r float64 ...
lon (eta_rho, xi_rho) float64 -93.6 -93.58 -93.57 ... -88.88 -88.87
hc float64 ...
h (eta_rho, xi_rho) float64 ...
lat (eta_rho, xi_rho) float64 27.45 27.45 27.45 ... 30.85 30.86
Vtransform int32 ...
ocean_time datetime64[ns] 2001-08-01
s_rho float64 -0.9833

Dimensions without coordinates: eta_rho, xi_rho
Attributes:

long_name: salinity
time: ocean_time
field: salinity, scalar, series` dimensions: ['eta_rho', 'xi_rho'].

warnings.warn(
<ipython-input-7-67bc17b9a9a6>:5: MatplotlibDeprecationWarning: shading='flat' when X␣
→˓and Y have the same dimensions as C is deprecated since 3.3. Either specify the␣
→˓corners of the quadrilaterals with X and Y, or pass shading='auto', 'nearest' or
→˓'gouraud', or set rcParams['pcolor.shading']. This will become an error two minor␣
→˓releases later.
axLatLon.pcolormesh(salt_bb.lon, salt_bb.lat, salt_bb)

Text(0, 0.5, 'latitude of RHO-points')
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Add time subsetting

subset_bbox and other methods of the submodule give options to also give time bounds. These options are mostly
for convenience as only some basics sanity checks are performed.

[ ]: subset.subset_bbox(ds, lat_bnds=[45, 50], lon_bnds=[-60, -55],
start_date='2013-02', end_date='2013-08').coords

Coordinates:
* lat (lat) float32 50.0 47.5 45.0
* lon (lon) float32 300.0 302.5 305.0
* time (time) datetime64[ns] 2013-02-01 ... 2013-08-31T18:00:00

5.2.2 subset_gridpoint : Selecting grid points

subset_gridpoint can be used for selecting single locations. Compared to .sel(), this method adds a tolerance
parameter in meters so that it finds the nearest point from the given coordinate within this distance, or else it returns
NaN.

[ ]: lon_pt = -70.2
lat_pt = 50.1

# Get timeseries for point within 100 km of (-70.2, 50.1)
ds3 = subset.subset_gridpoint(ds, lon=lon_pt, lat=lat_pt, tolerance=100 * 1000)
ds3.coords

Coordinates:
lat float32 50.0
lon float32 290.0

* time (time) datetime64[ns] 2013-01-01 ... 2014-12-31T18:00:00

[ ]: ds3.air.plot()

[<matplotlib.lines.Line2D at 0x7fbcdfc62b20>]
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This also works with a list of coordinates. In that case, a new dimension site concatenates the selected gridpoints.
Moreover, passing add_distance = True allows us to inspect how close the selected gridpoints were from the re-
quested coordinates. In this example, the third point (-90, 54.1) is a little bit further than 100 km from the nearest
gridpoint, so the coordinate of this gridpoint and the distance are returned, but the values are masked with NaN (and
thus they do not appear on the graph).

[ ]: lon_pt = [-65, -70.2, -90]
lat_pt = [45, 50.1, 54.1]

# Get timeseries for point within 100 km of each points
ds3 = subset.subset_gridpoint(ds, lon=lon_pt, lat=lat_pt, tolerance=100 * 1000, add_
→˓distance=True)
print(ds3.coords)
ds3.air.plot(hue='site')

Coordinates:
lat (site) float32 45.0 50.0 55.0
lon (site) float32 295.0 290.0 270.0

* time (time) datetime64[ns] 2013-01-01 ... 2014-12-31T18:00:00
distance (site) float64 0.0 1.814e+04 1.002e+05

[<matplotlib.lines.Line2D at 0x7fbcdfb2fa60>,
<matplotlib.lines.Line2D at 0x7fbcdfb66490>,
<matplotlib.lines.Line2D at 0x7fbcdfb66310>]

5.2.3 subset_shape : Selecting a region from a polygon

If the region we want to keep in our dataset is complex, we can use subset_shape and pass a polygon. The input
shape can be any georeferenced data file understood by geopandas and fiona that run under the hood. For example here
with a geojson file of Canada available online:

[ ]: ds_can = subset.subset_shape(ds, 'https://raw.githubusercontent.com/johan/world.geo.json/
→˓master/countries/CAN.geo.json')

fig, (axall, axcan) = plt.subplots(1, 2)
(continues on next page)
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(continued from previous page)

ds.air.isel(time=0).plot(ax=axall)
ds_can.air.isel(time=0).plot(ax=axcan)

2021-01-26 14:44:38,120 - root - INFO - No file or no dimensions found in arg `https://
→˓raw.githubusercontent.com/johan/world.geo.json/master/countries/CAN.geo.json`.

/home/phobos/Python/clisops/clisops/core/subset.py:279: UserWarning: CRS definitions are␣
→˓similar but raster lon values must be wrapped.
final = func(*formatted_args, **kwargs)

/home/phobos/Python/clisops/clisops/core/subset.py:463: UserWarning: Wrapping longitudes␣
→˓at 180 degrees.
warnings.warn("Wrapping longitudes at 180 degrees.")

<matplotlib.collections.QuadMesh at 0x7fbcdf949310>

5.2.4 create_mask : Creating a mask from polygons

We can also create a mask to divide the data in regions. In the example, we load the shapes for Canada, Mexico and the
US, merge them with pandas and then create the mask. create_mask is a bit more restrictive than the other methods
showed here and specifically asks for the x and y dims. Also, we need to pass wrap_lons=True since our longitudes
go from 0 to 360 instead of -180 to 180.

[ ]: import pandas as pd
import geopandas as gpd
can = gpd.read_file('https://raw.githubusercontent.com/johan/world.geo.json/master/
→˓countries/CAN.geo.json')
usa = gpd.read_file('https://raw.githubusercontent.com/johan/world.geo.json/master/
→˓countries/USA.geo.json')
mex = gpd.read_file('https://raw.githubusercontent.com/johan/world.geo.json/master/
→˓countries/MEX.geo.json')
northam = pd.concat([can, usa, mex]).set_index('id')
northam

name \
id

(continues on next page)
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CAN Canada
USA United States of America
MEX Mexico

geometry
id
CAN MULTIPOLYGON (((-63.66450 46.55001, -62.93930 ...
USA MULTIPOLYGON (((-155.54211 19.08348, -155.6881...
MEX POLYGON ((-97.14001 25.87000, -97.52807 24.992...

[ ]: mask = subset.create_mask(x_dim=ds.lon, y_dim=ds.lat, poly=northam, wrap_lons=True)

/home/phobos/Python/clisops/clisops/core/subset.py:463: UserWarning: Wrapping longitudes␣
→˓at 180 degrees.
warnings.warn("Wrapping longitudes at 180 degrees.")

[ ]: mask.T.plot() # The transpose is needed because create_mask returns lon, lat instead the␣
→˓input lat, lon.

<matplotlib.collections.QuadMesh at 0x7fbcdf82ad00>

The same can be done with 2D lat/lon coordinates. Here get the regions of salt that are within the boundaries of the
US as defined in our geojson data. As our data comes from a small region in the Gulf of Mexico and our USA mask is
quite coarse, the following isn’t really helpful. In any case, it illustrates what can be done with clisops.

[ ]: usa_mask = subset.create_mask(x_dim=salt.lon, y_dim=salt.lat, poly=usa)

[ ]: salt.plot()
usa_mask.plot(cmap=plt.cm.Blues_r, add_colorbar=False)

<matplotlib.collections.QuadMesh at 0x7fbcdf778df0>
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5.2.5 create_weight_masks : Creating exact weights masks from polygons

While create_mask (and subset_shape) only check if the center of a grid cell lies inside of a polygon or not,
create_weight_masks (and average_shape, see the Average utilities notebook) consider the partial overlap of grid
cells and polygons. Thus, instead of creating an integer mask for the data, this method creates one mask for each
polygon. The weights are the fraction of the grid cells-polygon overlap over the whole polygon. As such, the sum along
spatial dimensions gives 1 for each geometry.

However, this feature of clisops requires the optional xESMF dependency (version 0.6.2 or later), which is not currently
available of pypi (pip) and must be installed either through conda or from the source.

The call signature is different: a dataset or dataarray containing the grid information is passed directly. The same
restrictions as for xESMF apply.

[ ]: weights = subset.create_weight_masks(ds, northam)
weights

<xarray.DataArray (geom: 3, lat: 25, lon: 53)>
array([[[0.00000000e+00, 0.00000000e+00, 0.00000000e+00, ...,

0.00000000e+00, 0.00000000e+00, 0.00000000e+00],
[0.00000000e+00, 0.00000000e+00, 0.00000000e+00, ...,
0.00000000e+00, 0.00000000e+00, 0.00000000e+00],
[0.00000000e+00, 0.00000000e+00, 0.00000000e+00, ...,
0.00000000e+00, 0.00000000e+00, 0.00000000e+00],
...,
[0.00000000e+00, 0.00000000e+00, 0.00000000e+00, ...,
0.00000000e+00, 0.00000000e+00, 0.00000000e+00],
[0.00000000e+00, 0.00000000e+00, 0.00000000e+00, ...,
0.00000000e+00, 0.00000000e+00, 0.00000000e+00],
[0.00000000e+00, 0.00000000e+00, 0.00000000e+00, ...,
0.00000000e+00, 0.00000000e+00, 0.00000000e+00]],

[[0.00000000e+00, 0.00000000e+00, 0.00000000e+00, ...,
0.00000000e+00, 0.00000000e+00, 0.00000000e+00],
[0.00000000e+00, 4.38326936e-05, 1.38383820e-05, ...,

(continues on next page)
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0.00000000e+00, 0.00000000e+00, 0.00000000e+00],
[4.47662669e-03, 5.31807679e-03, 5.29956131e-03, ...,
0.00000000e+00, 0.00000000e+00, 0.00000000e+00],

...
[0.00000000e+00, 1.73510030e-04, 9.35640399e-04, ...,
0.00000000e+00, 0.00000000e+00, 0.00000000e+00],
[0.00000000e+00, 0.00000000e+00, 0.00000000e+00, ...,
0.00000000e+00, 0.00000000e+00, 0.00000000e+00],
[0.00000000e+00, 0.00000000e+00, 0.00000000e+00, ...,
0.00000000e+00, 0.00000000e+00, 0.00000000e+00]],

[[0.00000000e+00, 0.00000000e+00, 0.00000000e+00, ...,
0.00000000e+00, 0.00000000e+00, 0.00000000e+00],
[0.00000000e+00, 0.00000000e+00, 0.00000000e+00, ...,
0.00000000e+00, 0.00000000e+00, 0.00000000e+00],
[0.00000000e+00, 0.00000000e+00, 0.00000000e+00, ...,
0.00000000e+00, 0.00000000e+00, 0.00000000e+00],
...,
[0.00000000e+00, 0.00000000e+00, 0.00000000e+00, ...,
0.00000000e+00, 0.00000000e+00, 0.00000000e+00],
[0.00000000e+00, 0.00000000e+00, 0.00000000e+00, ...,
0.00000000e+00, 0.00000000e+00, 0.00000000e+00],
[0.00000000e+00, 0.00000000e+00, 0.00000000e+00, ...,
0.00000000e+00, 0.00000000e+00, 0.00000000e+00]]])

Coordinates:
name (geom) object 'Canada' 'United States of America' 'Mexico'

* geom (geom) object 'CAN' 'USA' 'MEX'
* lat (lat) float32 75.0 72.5 70.0 67.5 65.0 ... 25.0 22.5 20.0 17.5 15.0
* lon (lon) float32 200.0 202.5 205.0 207.5 ... 322.5 325.0 327.5 330.0

[ ]: weights.plot(col='geom', cmap='pink')

<xarray.plot.facetgrid.FacetGrid at 0x7fbcddd3f640>

[ ]: weights.sum(['lon', 'lat'])

<xarray.DataArray (geom: 3)>
array([1., 1., 1.])
Coordinates:

(continues on next page)
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name (geom) object 'Canada' 'United States of America' 'Mexico'
* geom (geom) object 'CAN' 'USA' 'MEX'

5.3 Averaging over dimensions of the dataset

The average over dimensions operation makes use of clisops.core.average to process the datasets and to set the
output type and the output file names.

It is possible to average over none or any number of time, longitude, latitude or level dimensions in the dataset.

[1]: from clisops.utils import get_file
# fetch files locally or from github
tas_files = get_file([

"cmip5/tas_Amon_HadGEM2-ES_rcp85_r1i1p1_200512-203011.nc",
"cmip5/tas_Amon_HadGEM2-ES_rcp85_r1i1p1_203012-205511.nc",
"cmip5/tas_Amon_HadGEM2-ES_rcp85_r1i1p1_205512-208011.nc",

])

o3_file = get_file("cmip6/o3_Amon_GFDL-ESM4_historical_r1i1p1f1_gr1_185001-194912.nc")

# remove previously created example file
import os
if os.path.exists("./output_001.nc"):

os.remove("./output_001.nc")

5.3.1 Parameters

Parameters taken by the average_over_dims are below:

ds: Union[xr.Dataset, str]
dims : Optional[Union[Tuple[str], DimensionParameter]]
The dimensions over which to apply the average. If None, none of the dimensions are␣

→˓averaged over. Dimensions
must be one of ["time", "level", "latitude", "longitude"].

ignore_undetected_dims: bool
If the dimensions specified are not found in the dataset, an Exception will be raised␣

→˓if set to True.
If False, an exception will not be raised and the other dimensions will be averaged␣

→˓over. Default = False
output_dir: Optional[Union[str, Path]] = None
output_type: {"netcdf", "nc", "zarr", "xarray"}
split_method: {"time:auto"}
file_namer: {"standard", "simple"}

The output is a list containing the outputs in the format selected.

[2]: from clisops.ops.average import average_over_dims
from roocs_utils.exceptions import InvalidParameterValue
import xarray as xr
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[3]: ds = xr.open_mfdataset(tas_files, use_cftime=True, combine="by_coords")

ds

[3]: <xarray.Dataset>
Dimensions: (lat: 2, time: 900, bnds: 2, lon: 2)
Coordinates:

height float64 1.5
* lat (lat) float64 -90.0 35.0
* lon (lon) float64 0.0 187.5
* time (time) object 2005-12-16 00:00:00 ... 2080-11-16 00:00:00

Dimensions without coordinates: bnds
Data variables:

lat_bnds (time, lat, bnds) float64 dask.array<chunksize=(300, 2, 2), meta=np.
→˓ndarray>

lon_bnds (time, lon, bnds) float64 dask.array<chunksize=(300, 2, 2), meta=np.
→˓ndarray>

tas (time, lat, lon) float32 dask.array<chunksize=(300, 2, 2), meta=np.
→˓ndarray>

time_bnds (time, bnds) object dask.array<chunksize=(300, 2), meta=np.ndarray>
Attributes: (12/29)

institution: Met Office Hadley Centre, Fitzroy Road, Exeter, D...
institute_id: MOHC
experiment_id: rcp85
source: HadGEM2-ES (2009) atmosphere: HadGAM2 (N96L38); o...
model_id: HadGEM2-ES
forcing: GHG, SA, Oz, LU, Sl, Vl, BC, OC, (GHG = CO2, N2O,...
... ...
title: HadGEM2-ES model output prepared for CMIP5 RCP8.5
parent_experiment: historical
modeling_realm: atmos
realization: 1
cmor_version: 2.5.0
NCO: 4.7.3

5.3.2 Average over one dimension

[4]: result = average_over_dims(ds, dims=["time"], ignore_undetected_dims=False, output_type=
→˓"xarray")

result[0]

[4]: <xarray.Dataset>
Dimensions: (lat: 2, bnds: 2, lon: 2)
Coordinates:

height float64 1.5
* lat (lat) float64 -90.0 35.0
* lon (lon) float64 0.0 187.5

Dimensions without coordinates: bnds
Data variables:

lat_bnds (lat, bnds) float64 dask.array<chunksize=(2, 2), meta=np.ndarray>
(continues on next page)
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lon_bnds (lon, bnds) float64 dask.array<chunksize=(2, 2), meta=np.ndarray>
tas (lat, lon) float32 dask.array<chunksize=(2, 2), meta=np.ndarray>

Attributes: (12/29)
institution: Met Office Hadley Centre, Fitzroy Road, Exeter, D...
institute_id: MOHC
experiment_id: rcp85
source: HadGEM2-ES (2009) atmosphere: HadGAM2 (N96L38); o...
model_id: HadGEM2-ES
forcing: GHG, SA, Oz, LU, Sl, Vl, BC, OC, (GHG = CO2, N2O,...
... ...
title: HadGEM2-ES model output prepared for CMIP5 RCP8.5
parent_experiment: historical
modeling_realm: atmos
realization: 1
cmor_version: 2.5.0
NCO: 4.7.3

As you can see in the output dataset, time has been averaged over and has been removed.

5.3.3 Average over two dimensions

Averaging over two dimensions is just as simple as averaging over one. The dimensions to be averaged over should be
passed in as a sequence.

[5]: result = average_over_dims(ds, dims=["time", "latitude"], ignore_undetected_dims=False,␣
→˓output_type="xarray")

result[0]

[5]: <xarray.Dataset>
Dimensions: (bnds: 2, lon: 2)
Coordinates:

height float64 1.5
* lon (lon) float64 0.0 187.5

Dimensions without coordinates: bnds
Data variables:

lat_bnds (bnds) float64 dask.array<chunksize=(2,), meta=np.ndarray>
lon_bnds (lon, bnds) float64 dask.array<chunksize=(2, 2), meta=np.ndarray>
tas (lon) float32 dask.array<chunksize=(2,), meta=np.ndarray>

Attributes: (12/29)
institution: Met Office Hadley Centre, Fitzroy Road, Exeter, D...
institute_id: MOHC
experiment_id: rcp85
source: HadGEM2-ES (2009) atmosphere: HadGAM2 (N96L38); o...
model_id: HadGEM2-ES
forcing: GHG, SA, Oz, LU, Sl, Vl, BC, OC, (GHG = CO2, N2O,...
... ...
title: HadGEM2-ES model output prepared for CMIP5 RCP8.5
parent_experiment: historical
modeling_realm: atmos
realization: 1

(continues on next page)
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cmor_version: 2.5.0
NCO: 4.7.3

In this case both the time and latitude dimensions have been removed.

5.3.4 Allowed dimensions

It is only possible to average over longtiude, latitude, level and time. If a different dimension is provided to average
over an error will be raised.

[6]: try:
average_over_dims(

ds,
dims=["incorrect_dim"],
ignore_undetected_dims=False,
output_type="xarray",

)
except InvalidParameterValue as exc:

print(exc)

Dimensions for averaging must be one of ['time', 'level', 'latitude', 'longitude',
→˓'realization']

5.3.5 Dimensions not found

In the case where a dimension has been selected for averaging but it doesn’t exist in the dataset, there are 2 options.

1. To raise an exception when the dimension doesn’t exist, set ignore_undetected_dims = False

[7]: try:
average_over_dims(

ds,
dims=["level", "time"],
ignore_undetected_dims=False,
output_type="xarray",

)
except InvalidParameterValue as exc:

print(exc)

Requested dimensions were not found in input dataset: {'level'}.

2. To ignore when the dimension doesn’t exist, and average over any other requested dimensions anyway, set
ignore_undetected_dims = True

[8]: result = average_over_dims(
ds,
dims=["level", "time"],
ignore_undetected_dims=True,
output_type="xarray",

)
result[0]
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[8]: <xarray.Dataset>
Dimensions: (lat: 2, bnds: 2, lon: 2)
Coordinates:

height float64 1.5
* lat (lat) float64 -90.0 35.0
* lon (lon) float64 0.0 187.5

Dimensions without coordinates: bnds
Data variables:

lat_bnds (lat, bnds) float64 dask.array<chunksize=(2, 2), meta=np.ndarray>
lon_bnds (lon, bnds) float64 dask.array<chunksize=(2, 2), meta=np.ndarray>
tas (lat, lon) float32 dask.array<chunksize=(2, 2), meta=np.ndarray>

Attributes: (12/29)
institution: Met Office Hadley Centre, Fitzroy Road, Exeter, D...
institute_id: MOHC
experiment_id: rcp85
source: HadGEM2-ES (2009) atmosphere: HadGAM2 (N96L38); o...
model_id: HadGEM2-ES
forcing: GHG, SA, Oz, LU, Sl, Vl, BC, OC, (GHG = CO2, N2O,...
... ...
title: HadGEM2-ES model output prepared for CMIP5 RCP8.5
parent_experiment: historical
modeling_realm: atmos
realization: 1
cmor_version: 2.5.0
NCO: 4.7.3

In the case above, a level dimension did not exist, but this was ignored and time was averaged over anyway.

5.3.6 No dimensions supplied

If no dimensions are supplied, no averaging will be applied and the original dataset will be returned.

[9]: result = average_over_dims(
ds,
dims=None,
ignore_undetected_dims=False,
output_type="xarray"

)

result[0]

---------------------------------------------------------------------------
InvalidParameterValue Traceback (most recent call last)
Cell In[9], line 1
----> 1 result = average_over_dims(

2 ds,
3 dims=None,
4 ignore_undetected_dims=False,
5 output_type="xarray"
6 )
8 result[0]

(continues on next page)
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File ~/checkouts/readthedocs.org/user_builds/clisops/conda/latest/lib/python3.11/site-
→˓packages/clisops/ops/average.py:89, in average_over_dims(ds, dims, ignore_undetected_
→˓dims, output_dir, output_type, split_method, file_namer)

54 """Calculate an average over given dimensions.
55
56 Parameters

(...)
86
87 """
88 op = Average(**locals())

---> 89 return op.process()

File ~/checkouts/readthedocs.org/user_builds/clisops/conda/latest/lib/python3.11/site-
→˓packages/clisops/ops/base_operation.py:219, in Operation.process(self)
215 namer = self._get_file_namer()
217 # Process the xarray Dataset - this will (usually) be lazily evaluated so
218 # no actual data will be read

--> 219 processed_ds = self._calculate()
221 # remove fill values from lat/lon/time if required
222 processed_ds = self._remove_redundant_fill_values(processed_ds)

File ~/checkouts/readthedocs.org/user_builds/clisops/conda/latest/lib/python3.11/site-
→˓packages/clisops/ops/average.py:36, in Average._calculate(self)

35 def _calculate(self):
---> 36 avg_ds = average.average_over_dims(

37 self.ds,
38 self.params.get("dims", None),
39 self.params.get("ignore_undetected_dims", None),
40 )
42 return avg_ds

File ~/checkouts/readthedocs.org/user_builds/clisops/conda/latest/lib/python3.11/site-
→˓packages/clisops/core/average.py:186, in average_over_dims(ds, dims, ignore_undetected_
→˓dims)
152 """Average a DataArray or Dataset over the dimensions specified.
153
154 Parameters

(...)
182 )
183 """
185 if not dims:

--> 186 raise InvalidParameterValue(
187 "At least one dimension for averaging must be provided"
188 )
190 if not set(dims).issubset(set(known_coord_types)):
191 raise InvalidParameterValue(
192 f"Dimensions for averaging must be one of {known_coord_types}"
193 )

InvalidParameterValue: At least one dimension for averaging must be provided
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5.3.7 An example of averaging over level

[10]: print("Original dataset")
print(xr.open_dataset(o3_file, use_cftime=True))

result = average_over_dims(
o3_file,
dims=["level"],
ignore_undetected_dims=False,
output_type="xarray",

)

print("Averaged dataset")
result[0]

Original dataset
<xarray.Dataset>
Dimensions: (lat: 2, bnds: 2, lon: 3, time: 1200, plev: 19)
Coordinates:
* lat (lat) float64 -89.5 10.5
* lon (lon) float64 0.625 125.6 250.6
* plev (plev) float64 1e+05 9.25e+04 8.5e+04 7e+04 ... 1e+03 500.0 100.0
* time (time) object 1850-01-16 12:00:00 ... 1949-12-16 12:00:00

Dimensions without coordinates: bnds
Data variables:

lat_bnds (lat, bnds) float64 ...
lon_bnds (lon, bnds) float64 ...
o3 (time, plev, lat, lon) float32 ...
time_bnds (time, bnds) object ...

Attributes: (12/47)
external_variables: areacella
history: Fri Oct 2 16:56:04 2020: ncks -d lat,,,100 -d lo...
table_id: Amon
activity_id: CMIP
branch_method: standard
branch_time_in_child: 0.0
... ...
tracking_id: hdl:21.14100/2601cb41-0071-4ec0-bee6-45045c81dab9
variable_id: o3
variant_info: N/A
references: see further_info_url attribute
variant_label: r1i1p1f1
NCO: netCDF Operators version 4.9.2 (Homepage = http:/...

Averaged dataset

[10]: <xarray.Dataset>
Dimensions: (lat: 2, lon: 3, time: 1200, bnds: 2)
Coordinates:
* lat (lat) float64 -89.5 10.5
* lon (lon) float64 0.625 125.6 250.6
* time (time) object 1850-01-16 12:00:00 ... 1949-12-16 12:00:00

Dimensions without coordinates: bnds
Data variables:

(continues on next page)
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o3 (time, lat, lon) float32 1.629e-06 1.63e-06 ... 1.661e-06
lat_bnds (lat, bnds) float64 ...
lon_bnds (lon, bnds) float64 ...
time_bnds (time, bnds) object ...

Attributes: (12/47)
external_variables: areacella
history: Fri Oct 2 16:56:04 2020: ncks -d lat,,,100 -d lo...
table_id: Amon
activity_id: CMIP
branch_method: standard
branch_time_in_child: 0.0
... ...
tracking_id: hdl:21.14100/2601cb41-0071-4ec0-bee6-45045c81dab9
variable_id: o3
variant_info: N/A
references: see further_info_url attribute
variant_label: r1i1p1f1
NCO: netCDF Operators version 4.9.2 (Homepage = http:/...

In the above, the dimension plev has be removed and averaged over

5.4 clisops regridding functionalities - powered by xesmf

The regridding functionalities of clisops consist of the regridding operator/function regrid in clisops.ops, allowing
one-line remapping of xarray.Datasets or xarray.DataArrays, while orchestrating the use of classes and func-
tions in clisops.core: - the Grid and Weights classes, to check and pre-process input as well as output grids and
to generate the remapping weights - a regrid function, performing the remapping by applying the generated weights
on the input data

For the weight generation and the regridding, the xESMF Regridder class is used, which itself allows an easy appli-
cation of many of the remapping functionalities of ESMF/ESMPy.

[1]: # Imports

%matplotlib inline
import matplotlib.pyplot as plt
import cartopy.crs as ccrs
import psyplot.project as psy
import numpy as np
import xarray as xr
import cf_xarray as cfxr

from pathlib import Path
from git import Repo
# Set required environment variable for ESMPy
import os
os.environ['ESMFMKFILE'] = str(Path(os.__file__).parent.parent / 'esmf.mk')
import xesmf as xe

import clisops as cl # atm. the regrid-main-martin branch of clisops
import clisops.ops as clops

(continues on next page)
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import clisops.core as clore
from clisops.utils import dataset_utils
from roocs_grids import get_grid_file, grid_dict, grid_annotations

print(f"Using xarray in version {xr.__version__}")
print(f"Using cf_xarray in version {cfxr.__version__}")
print(f"Using xESMF in version {xe.__version__}")
print(f"Using clisops in version {cl.__version__}")

xr.set_options(display_style='html')

## Turn off warnings?
import warnings
warnings.simplefilter("ignore")

Matplotlib is building the font cache; this may take a moment.

ERROR 1: PROJ: proj_create_from_database: Open of /home/docs/checkouts/readthedocs.org/
→˓user_builds/clisops/conda/latest/share/proj failed

Using xarray in version 2023.2.0
Using cf_xarray in version 0.9.0
Using xESMF in version 0.8.5
Using clisops in version 0.13.0

[2]: # Initialize test data

# Initialize mini-esgf-data
MINIESGF_URL="https://github.com/roocs/mini-esgf-data"
branch = "master"
MINIESGF = Path(Path.home(),".mini-esgf-data", branch)

# Retrieve mini-esgf test data
if not os.path.isdir(MINIESGF):

repo = Repo.clone_from(MINIESGF_URL, MINIESGF)
repo.git.checkout(branch)

else:
repo = Repo(MINIESGF)
repo.git.checkout(branch)
repo.remotes[0].pull()

MINIESGF=Path(MINIESGF,"test_data")

5.4.1 clisops.ops.regrid

One-line remapping with clisops.ops.regrid

def regrid(
ds: Union[xr.Dataset, str, Path],
*,
method: Optional[str] = "nearest_s2d",
adaptive_masking_threshold: Optional[Union[int, float]] = 0.5,

(continues on next page)
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grid: Optional[
Union[xr.Dataset, xr.DataArray, int, float, tuple, str]

] = "adaptive",
output_dir: Optional[Union[str, Path]] = None,
output_type: Optional[str] = "netcdf",
split_method: Optional[str] = "time:auto",
file_namer: Optional[str] = "standard",
keep_attrs: Optional[Union[bool, str]] = True,

) -> List[Union[xr.Dataset, str]]

The different options for the method, grid and adaptive_masking_threshold parameters are described in below
sections:

• clisops.core.Grid

• clisops.core.Weights

• clisops.core.regrid

Remap a global xarray.Dataset to a global 2.5 degree grid using the bilinear method

Load the dataset

[3]: ds_vert_path = Path(MINIESGF, "badc/cmip6/data/CMIP6/CMIP/MPI-M/MPI-ESM1-2-LR/historical/
→˓r1i1p1f1/AERmon/"

"o3/gn/v20190710/o3_AERmon_MPI-ESM1-2-LR_historical_
→˓r1i1p1f1_gn_185001.nc")
ds_vert = xr.open_dataset(ds_vert_path)
ds_vert

[3]: <xarray.Dataset>
Dimensions: (time: 1, bnds: 2, lon: 192, lat: 96, lev: 3)
Coordinates:
* time (time) datetime64[ns] 1850-01-16T12:00:00
* lon (lon) float64 0.0 1.875 3.75 5.625 ... 352.5 354.4 356.2 358.1
* lat (lat) float64 -88.57 -86.72 -84.86 -83.0 ... 84.86 86.72 88.57
* lev (lev) float64 0.9961 0.9826 0.959

Dimensions without coordinates: bnds
Data variables:

time_bnds (time, bnds) datetime64[ns] ...
lon_bnds (lon, bnds) float64 ...
lat_bnds (lat, bnds) float64 ...
lev_bnds (lev, bnds) float64 ...
ap (lev) float64 ...
b (lev) float64 ...
ap_bnds (lev, bnds) float64 ...
b_bnds (lev, bnds) float64 ...
ps (time, lat, lon) float32 ...
o3 (time, lev, lat, lon) float32 ...

Attributes: (12/49)
CDI: Climate Data Interface version 1.9.8 (https://mpi...
history: Tue Oct 26 11:48:46 2021: cdo sellevidx,1/3 -selt...
source: MPI-ESM1.2-LR (2017): \naerosol: none, prescribed...

(continues on next page)
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institution: Max Planck Institute for Meteorology
Conventions: CF-1.7 CMIP-6.2
activity_id: CMIP
... ...
variable_id: o3
variant_label: r1i1p1f1
license: CMIP6 model data produced by MPI-M is licensed un...
cmor_version: 3.5.0
tracking_id: hdl:21.14100/52bee89e-e989-4005-8663-e60210d421d5
CDO: Climate Data Operators version 1.9.8 (https://mpi...

Take a look at the grid

[4]: # Create 2D coordinate variables
lon,lat = np.meshgrid(ds_vert["lon"].data, ds_vert["lat"].data)

# Plot
plt.figure(figsize=(8,5))
plt.scatter(lon[::3, ::3], lat[::3, ::3], s=0.5)
plt.xlabel('lon')
plt.ylabel('lat')

[4]: Text(0, 0.5, 'lat')
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Remap to global 2.5 degree grid with the bilinear method

[5]: ds_remap = clops.regrid(ds_vert, method="bilinear", grid="2pt5deg", output_type="xarray
→˓")[0]
ds_remap

[5]: <xarray.Dataset>
Dimensions: (lat: 72, lon: 144, bnds: 2, time: 1, lev: 3)
Coordinates:
* lat (lat) float64 -88.75 -86.25 -83.75 -81.25 ... 83.75 86.25 88.75
* lon (lon) float64 1.25 3.75 6.25 8.75 ... 351.2 353.8 356.2 358.8
lat_bnds (lat, bnds) float64 -90.0 -87.5 -87.5 -85.0 ... 87.5 87.5 90.0
lon_bnds (lon, bnds) float64 0.0 2.5 2.5 5.0 ... 355.0 357.5 357.5 360.0

* time (time) datetime64[ns] 1850-01-16T12:00:00
* lev (lev) float64 0.9961 0.9826 0.959
ap (lev) float64 0.0 0.0 36.03
b (lev) float64 0.9961 0.9826 0.9586
time_bnds (time, bnds) datetime64[ns] 1850-01-01 1850-02-01
ap_bnds (lev, bnds) float64 0.0 0.0 0.0 0.0 0.0 72.06
b_bnds (lev, bnds) float64 1.0 0.9923 0.9923 0.973 0.973 0.9442
lev_bnds (lev, bnds) float64 1.0 0.9923 0.9923 0.973 0.973 0.9449

Dimensions without coordinates: bnds
Data variables:

ps (time, lat, lon) float32 7.025e+04 7.018e+04 ... 1.01e+05
o3 (time, lev, lat, lon) float32 1.671e-08 1.669e-08 ... 2.321e-08

Attributes: (12/54)
CDI: Climate Data Interface version 1.9.8 (https...
history: Tue Oct 26 11:48:46 2021: cdo sellevidx,1/3...
source: MPI-ESM1.2-LR (2017): \naerosol: none, pres...
institution: Max Planck Institute for Meteorology
Conventions: CF-1.7 CMIP-6.2
activity_id: CMIP
... ...
grid_original: gn
grid_label_original: gn
nominal_resolution_original: 250 km
regrid_operation: bilinear_96x192_72x144_peri
regrid_tool: xESMF_v0.8.5
regrid_weights_uid: 20d38455170b1db562edb4f5e06d3cc6_d4ebf55323...

Plot the remapped data next to the source data

[6]: fig, axes = plt.subplots(ncols=2, figsize=(18,4), subplot_kw={'projection': ccrs.
→˓PlateCarree()})
for ax in axes:

ax.coastlines()

# Source data
ds_vert.o3.isel(time=0, lev=0).plot.pcolormesh(ax=axes[0], x="lon", y="lat", shading=
→˓"auto")
axes[0].title.set_text("Source - MPI-ESM1-2-LR ECHAM6 (T63L47, ~1.9° resolution)")

(continues on next page)

60 Chapter 5. Examples



clisops Documentation, Release 0.13.0

(continued from previous page)

# Remapped data
ds_remap.o3.isel(time=0, lev=0).plot.pcolormesh(ax=axes[1], x="lon", y="lat", shading=
→˓"auto")
axes[1].title.set_text("Target - regular lat-lon (2.5° resolution)")

Remap regional xarray.Dataset to a regional grid of adaptive resolution using the bilinear method

Adaptive resolution means, that the regular lat-lon target grid will have approximately the same resolution as the source
grid.

Load the dataset

[7]: ds_cordex_path = Path(MINIESGF, "pool/data/CORDEX/data/cordex/output/EUR-22/GERICS/MPI-M-
→˓MPI-ESM-LR/"

"rcp85/r1i1p1/GERICS-REMO2015/v1/mon/tas/v20191029/"
"tas_EUR-22_MPI-M-MPI-ESM-LR_rcp85_r1i1p1_GERICS-

→˓REMO2015_v1_mon_202101.nc")
ds_cordex = xr.open_dataset(ds_cordex_path)
ds_cordex

[7]: <xarray.Dataset>
Dimensions: (rlat: 201, rlon: 225, vertices: 4, time: 1,

bnds: 2)
Coordinates:

height float64 ...
lat (rlat, rlon) float32 ...
lon (rlat, rlon) float32 ...

* rlat (rlat) float64 -22.88 -22.66 ... 20.9 21.12
* rlon (rlon) float64 -29.86 -29.64 ... 19.2 19.42
* time (time) datetime64[ns] 2021-01-16T12:00:00

Dimensions without coordinates: vertices, bnds
Data variables:

lat_vertices (rlat, rlon, vertices) float32 ...
lon_vertices (rlat, rlon, vertices) float32 ...
rotated_latitude_longitude int32 ...
tas (time, rlat, rlon) float32 ...
time_bnds (time, bnds) datetime64[ns] ...

Attributes: (12/35)
institution: Helmholtz-Zentrum Geesthacht, Climate Ser...
institute_id: GERICS

(continues on next page)
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experiment_id: rcp85
source: GERICS-REMO2015
model_id: GERICS-REMO2015
forcing: N/A
... ...
parent_experiment: N/A
modeling_realm: atmos
realization: 1
cmor_version: 2.9.1
tracking_id: hdl:21.14103/77bb3489-7951-4f31-bf63-3022...
NCO: netCDF Operators version 4.7.5 (Homepage ...

Take a look at the grid

[8]: plt.figure(figsize=(8,5))
plt.scatter(ds_cordex['lon'][::4, ::4], ds_cordex['lat'][::4, ::4], s=0.1)
plt.xlabel('lon')
plt.ylabel('lat')

[8]: Text(0, 0.5, 'lat')
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Remap to regional regular lat-lon grid of adaptive resolution with the bilinear method

[9]: ds_remap = clops.regrid(ds_cordex, method="bilinear", grid="adaptive", output_type=
→˓"xarray")[0]
ds_remap

[9]: <xarray.Dataset>
Dimensions: (lat: 201, lon: 225, bnds: 2, time: 1)
Coordinates:
* lat (lat) float64 21.89 22.14 22.39 22.64 ... 71.12 71.37 71.62 71.87
* lon (lon) float64 -45.38 -44.88 -44.38 -43.88 ... 65.18 65.67 66.17
lat_bnds (lat, bnds) float64 21.76 22.01 22.01 22.26 ... 71.75 71.75 72.0
lon_bnds (lon, bnds) float64 -45.62 -45.13 -45.13 ... 65.92 65.92 66.42
height float64 2.0

* time (time) datetime64[ns] 2021-01-16T12:00:00
time_bnds (time, bnds) datetime64[ns] 2021-01-01 2021-02-01

Dimensions without coordinates: bnds
Data variables:

tas (time, lat, lon) float32 nan nan nan nan nan ... nan nan nan nan
Attributes: (12/40)

institution: Helmholtz-Zentrum Geesthacht, Climate Ser...
institute_id: GERICS
experiment_id: rcp85
source: GERICS-REMO2015
model_id: GERICS-REMO2015
forcing: N/A
... ...
NCO: netCDF Operators version 4.7.5 (Homepage ...
grid: regional regular_lat_lon 201x225 (45225 c...
grid_label: gr
regrid_operation: bilinear_201x225_201x225
regrid_tool: xESMF_v0.8.5
regrid_weights_uid: 05603f6f046b266ba6bc164c5b3209bf_cbfbd94f...

Plot the remapped data next to the source data

[10]: fig, axes = plt.subplots(ncols=2, figsize=(18,4), subplot_kw={'projection': ccrs.
→˓PlateCarree()})
for ax in axes: ax.coastlines()

# Source data
ds_cordex.tas.isel(time=0).plot.pcolormesh(ax=axes[0], x="lon", y="lat", shading="auto",␣
→˓cmap="RdBu_r")
axes[0].title.set_text("Source - GERICS-REMO2015 (EUR22, ~0.22° resolution)")
# Remapped data
ds_remap.tas.isel(time=0).plot.pcolormesh(ax=axes[1], x="lon", y="lat", shading="auto",␣
→˓cmap="RdBu_r")
axes[1].title.set_text("Target - regional regular lat-lon (adaptive resolution)")
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Remap unstructured xarray.Dataset to a global grid of adaptive resolution using the nearest neigh-
bour method

For unstructured grids, at least for the moment, only the nearest neighbour remapping method is supported.

Load the dataset

[11]: ds_icono_path = Path(MINIESGF, "badc/cmip6/data/CMIP6/CMIP/MPI-M/ICON-ESM-LR/historical/"
"r1i1p1f1/Omon/thetao/gn/v20210215/"
"thetao_Omon_ICON-ESM-LR_historical_r1i1p1f1_gn_185001.nc

→˓")
ds_icono = xr.open_dataset(ds_icono_path)
ds_icono

[11]: <xarray.Dataset>
Dimensions: (time: 1, bnds: 2, i: 235403, vertices: 3, lev: 2)
Coordinates:
* time (time) datetime64[ns] 1850-01-16T12:00:00
longitude (i) float64 ...
latitude (i) float64 ...

* lev (lev) float64 6.0 17.0
Dimensions without coordinates: bnds, i, vertices
Data variables:

time_bnds (time, bnds) datetime64[ns] ...
longitude_bnds (i, vertices) float64 ...
latitude_bnds (i, vertices) float64 ...
lev_bnds (lev, bnds) float64 ...
thetao (time, lev, i) float32 ...

Attributes: (12/51)
CDI: Climate Data Interface version 1.9.8 (https://mpi...
history: Tue Oct 26 11:15:49 2021: cdo sellevidx,1/2 -selt...
source: ICON-ESM-LR (2017): \naerosol: none, prescribed M...
institution: Max Planck Institute for Meteorology
Conventions: CF-1.7 CMIP-6.2
CDI_grid_type: unstructured
... ...
variable_id: thetao
variant_label: r1i1p1f1
license: CMIP6 model data produced by MPI-M is licensed un...
cmor_version: 3.6.0

(continues on next page)
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tracking_id: hdl:21.14100/5e828f18-2231-443c-b560-b1e4ff2a8ef9
CDO: Climate Data Operators version 1.9.8 (https://mpi...

Take a look at the grid

[12]: plt.figure(figsize=(16,9))
plt.scatter(ds_icono['longitude'][::2], ds_icono['latitude'][::2], s=0.05)
plt.xlabel('lon')
plt.ylabel('lat')

[12]: Text(0, 0.5, 'lat')

Remap to global grid of adaptive resolution with the nearest neighbour method

[13]: ds_remap = clops.regrid(ds_icono, method="nearest_s2d", grid="adaptive", output_type=
→˓"xarray")[0]
ds_remap

[13]: <xarray.Dataset>
Dimensions: (lat: 331, lon: 709, bnds: 2, time: 1, lev: 2)
Coordinates:
* lat (lat) float64 -78.62 -78.11 -77.6 -77.09 ... 88.7 89.21 89.72
* lon (lon) float64 0.003196 0.5117 1.02 1.529 ... 359.0 359.5 360.0
lat_bnds (lat, bnds) float64 -78.87 -78.36 -78.36 ... 89.46 89.46 89.97
lon_bnds (lon, bnds) float64 -0.251 0.2574 0.2574 ... 359.7 359.7 360.3

* time (time) datetime64[ns] 1850-01-16T12:00:00
(continues on next page)
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* lev (lev) float64 6.0 17.0
time_bnds (time, bnds) datetime64[ns] 1850-01-01 1850-02-01
lev_bnds (lev, bnds) float64 0.0 11.5 11.5 22.0

Dimensions without coordinates: bnds
Data variables:

thetao (time, lev, lat, lon) float32 nan nan nan nan ... -1.8 -1.8 -1.8
Attributes: (12/56)

CDI: Climate Data Interface version 1.9.8 (https...
history: Tue Oct 26 11:15:49 2021: cdo sellevidx,1/2...
source: ICON-ESM-LR (2017): \naerosol: none, prescr...
institution: Max Planck Institute for Meteorology
Conventions: CF-1.7 CMIP-6.2
CDI_grid_type: unstructured
... ...
grid_original: gn
grid_label_original: gn
nominal_resolution_original: 50 km
regrid_operation: nearest_s2d_1x235403_331x709
regrid_tool: xESMF_v0.8.5
regrid_weights_uid: ec7db0ee9226e085bfe8207b8de0672d_e2c8b52440...

Plot source data and remapped data

(Using psyplot to plot the unstructured data since xarray does not (yet?) support it.)

[14]: # Source data
maps=psy.plot.mapplot(ds_icono_path, cmap="RdBu_r", title="Source - ICON-ESM-LR ICON-O␣
→˓(Ruby-0, 40km resolution)",

time=[0], lev=[0])
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[15]: # Remapped data
plt.figure(figsize=(9,4));
ax = plt.axes(projection=ccrs.PlateCarree());
ds_remap.thetao.isel(time=0, lev=0).plot.pcolormesh(ax=ax, x="lon", y="lat", shading=
→˓"auto",

cmap="RdBu_r", vmin = -1, vmax=40)
ax.title.set_text("Target - regular lat-lon (adaptive resolution)")
ax.coastlines()

[15]: <cartopy.mpl.feature_artist.FeatureArtist at 0x7f2b1bf7db10>
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5.4.2 clisops.core.Grid

Create a grid object from an xarray.Dataset

Load the dataset

[16]: dso_path = Path(MINIESGF, "badc/cmip6/data/CMIP6/CMIP/MPI-M/MPI-ESM1-2-HR/historical/
→˓r1i1p1f1/Omon/tos/gn/"

"v20190710/tos_Omon_MPI-ESM1-2-HR_historical_r1i1p1f1_gn_
→˓185001.nc")
dso = xr.open_dataset(dso_path)
dso

[16]: <xarray.Dataset>
Dimensions: (i: 802, j: 404, time: 1, bnds: 2, vertices: 4)
Coordinates:
* i (i) int32 0 1 2 3 4 5 6 ... 795 796 797 798 799 800 801
* j (j) int32 0 1 2 3 4 5 6 ... 397 398 399 400 401 402 403
latitude (j, i) float64 ...
longitude (j, i) float64 ...

* time (time) datetime64[ns] 1850-01-16T12:00:00
Dimensions without coordinates: bnds, vertices
Data variables:

time_bnds (time, bnds) datetime64[ns] ...
tos (time, j, i) float32 ...
vertices_latitude (j, i, vertices) float64 ...
vertices_longitude (j, i, vertices) float64 ...

Attributes: (12/48)
Conventions: CF-1.7 CMIP-6.2
activity_id: CMIP
branch_method: standard

(continues on next page)
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branch_time_in_child: 0.0
branch_time_in_parent: 0.0
contact: cmip6-mpi-esm@dkrz.de
... ...
variable_id: tos
variant_label: r1i1p1f1
license: CMIP6 model data produced by MPI-M is licensed un...
cmor_version: 3.5.0
tracking_id: hdl:21.14100/ccd8388f-4f80-4a1e-ba47-66fe65bbeece
NCO: netCDF Operators version 4.7.8 (Homepage = http:/...

Create the Grid object

[17]: grido = clore.Grid(ds=dso)
grido

[17]: clisops 404x802_cells_grid
Lat x Lon: 404 x 802
Gridcells: 324008
Format: CF
Type: curvilinear
Extent: global
Source: Dataset
Bounds? True
Collapsed cells? True
Duplicated cells? True
Permanent Mask: None
md5 hash: a55c642a80a2b5a8adcc71a9db4fc5f5

The xarray.Dataset is attached to the clisops.core.Grid object. Auxiliary coordinates and data variables have
been (re)set appropriately.

[18]: grido.ds

[18]: <xarray.Dataset>
Dimensions: (i: 802, j: 404, time: 1, bnds: 2, vertices: 4)
Coordinates:
* i (i) int32 0 1 2 3 4 5 6 ... 795 796 797 798 799 800 801
* j (j) int32 0 1 2 3 4 5 6 ... 397 398 399 400 401 402 403
latitude (j, i) float64 51.15 51.15 51.15 ... -78.67 -78.67
longitude (j, i) float64 83.1 83.06 83.01 ... 82.4 82.85 83.3

* time (time) datetime64[ns] 1850-01-16T12:00:00
time_bnds (time, bnds) datetime64[ns] ...
vertices_latitude (j, i, vertices) float64 51.49 51.39 ... -78.67 -78.48
vertices_longitude (j, i, vertices) float64 83.01 83.0 ... 83.08 83.08

Dimensions without coordinates: bnds, vertices
Data variables:

tos (time, j, i) float32 ...
Attributes: (12/48)

Conventions: CF-1.7 CMIP-6.2
activity_id: CMIP

(continues on next page)
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branch_method: standard
branch_time_in_child: 0.0
branch_time_in_parent: 0.0
contact: cmip6-mpi-esm@dkrz.de
... ...
variable_id: tos
variant_label: r1i1p1f1
license: CMIP6 model data produced by MPI-M is licensed un...
cmor_version: 3.5.0
tracking_id: hdl:21.14100/ccd8388f-4f80-4a1e-ba47-66fe65bbeece
NCO: netCDF Operators version 4.7.8 (Homepage = http:/...

Plot the data

[19]: plt.figure(figsize=(9,4))
ax = plt.axes(projection=ccrs.PlateCarree())
grido.ds.tos.isel(time=0).plot.pcolormesh(ax=ax, x=grido.lon, y=grido.lat, shading="auto
→˓",

cmap="RdBu_r", vmin = -1, vmax=40)
ax.coastlines()

[19]: <cartopy.mpl.feature_artist.FeatureArtist at 0x7f2b12acb590>
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Create a grid object from an xarray.DataArray

Note that xarray.DataArray objects do not support the bounds of coordinate variables to be defined.

Extract tos DataArray

[20]: dao = dso.tos
dao

[20]: <xarray.DataArray 'tos' (time: 1, j: 404, i: 802)>
[324008 values with dtype=float32]
Coordinates:
* i (i) int32 0 1 2 3 4 5 6 7 8 ... 794 795 796 797 798 799 800 801
* j (j) int32 0 1 2 3 4 5 6 7 8 ... 396 397 398 399 400 401 402 403
latitude (j, i) float64 51.15 51.15 51.15 51.15 ... -78.67 -78.67 -78.67
longitude (j, i) float64 83.1 83.06 83.01 82.96 ... 81.95 82.4 82.85 83.3

* time (time) datetime64[ns] 1850-01-16T12:00:00
Attributes:

standard_name: sea_surface_temperature
long_name: Sea Surface Temperature
comment: Temperature of upper boundary of the liquid ocean, includ...
units: degC
original_name: tos
cell_methods: area: mean where sea time: mean
cell_measures: area: areacello
history: 2019-08-25T06:00:45Z altered by CMOR: replaced missing va...

Create Grid object for MPIOM tos dataarray:

[21]: grido_tos = clore.Grid(ds=dao)
grido_tos

[21]: clisops 404x802_cells_grid
Lat x Lon: 404 x 802
Gridcells: 324008
Format: CF
Type: curvilinear
Extent: global
Source: Dataset
Bounds? False
Collapsed cells? None
Duplicated cells? True
Permanent Mask: None
md5 hash: d6214b2150fd961e02d2842ce3533eec
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Create a grid object using a grid_instructor

• global grid: grid_instructor = (lon_step, lat_step) or grid_instructor = step

• regional grid:grid_instructor = (lon_start, lon_end, lon_step, lat_start, lat_end,
lat_step) or grid_instructor = (start, end, step)

[22]: grid_1deg = clore.Grid(grid_instructor=1)
grid_1deg

[22]: clisops 180x360_cells_grid
Lat x Lon: 180 x 360
Gridcells: 64800
Format: CF
Type: regular_lat_lon
Extent: global
Source: xESMF
Bounds? True
Collapsed cells? False
Duplicated cells? False
Permanent Mask: None
md5 hash: ff485fa62d5f72e2db23980e3c76efa7

[23]: grid_1degx2deg_regional = clore.Grid(grid_instructor=(0., 90., 1., 35., 50., 2. ))
grid_1degx2deg_regional

[23]: clisops 7x90_cells_grid
Lat x Lon: 7 x 90
Gridcells: 630
Format: CF
Type: regular_lat_lon
Extent: regional
Source: xESMF
Bounds? True
Collapsed cells? False
Duplicated cells? False
Permanent Mask: None
md5 hash: c2ddd1634879f48dfa1bdde053198fcb

Create a grid object using a grid_id

Makes use of the predefined grids of roocs_grids, which is a collection of grids used for example for the IPCC Atlas
and for CMIP6 Regridding Weights generation.

[24]: for key, gridinfo in grid_annotations.items(): print(f"- {key:20} {gridinfo}")

- 0pt25deg Global 0.25 degree grid with one cell centered at 0.125E,0.125N
- World_Ocean_Atlas Global 1.0 degree grid with one cell centered at 0.5E,0.5N. As␣
→˓used by the World Ocean Atlas.
- 1deg Global 1.0 degree grid with one cell centered at 0.5E,0.5N. As␣
→˓used by the World Ocean Atlas.
- 2pt5deg Global 2.5 degree grid with one cell centered at 1.25E,1.25N.
- MERRA-2 Global 0.65x0.5 (latxlon) degree grid with one cell centered at␣
→˓0E,0N. As used by MERRA-2.
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- 0pt625x0pt5deg Global 0.65x0.5 (latxlon) degree grid with one cell centered at␣
→˓0E,0N. As used by MERRA-2.
- ERA-Interim Global 0.75 degree grid with one cell centered at 0E,0N. As used␣
→˓by ERA-Interim.
- 0pt75deg Global 0.75 degree grid with one cell centered at 0E,0N. As used␣
→˓by ERA-Interim.
- ERA-40 Global 1.25 degree grid with one cell centered at 0E,0N. As used␣
→˓by ERA-40.
- 1pt25deg Global 1.25 degree grid with one cell centered at 0E,0N. As used␣
→˓by ERA-40.
- ERA5 Global 0.25 degree grid with one cell centered at 0E,0N. As used␣
→˓by ERA-5.
- 0pt25deg_era5 Global 0.25 degree grid with one cell centered at 0E,0N. As used␣
→˓by ERA-5.
- 0pt25deg_era5_lsm Global 0.25 degree grid with one cell centered at 0E,0N. As used␣
→˓by ERA-5. Includes a fractional land-sea mask.
- 0pt5deg_lsm Global 0.5 degree grid with one cell centered at 0.25E,0.25N.␣
→˓Includes a fractional land-sea mask.
- 1deg_lsm Global 1.0 degree grid with one cell centered at 0.5E,0.5N. As␣
→˓used by the World Ocean Atlas. Includes a fractional land-sea mask.
- 2deg_lsm Global 2.0 degree grid with one cell centered at 1.0E,1.0N.
- 0pt25deg_era5_lsm_binary Global 0.25 degree grid with one cell centered at 0E,0N. As␣
→˓used by ERA-5. Includes a binary land-sea mask with land/sea fraction cut at >=0.5.
- 1deg_lsm_binary Global 1.0 degree grid with one cell centered at 0.5E,0.5N. As␣
→˓used by the World Ocean Atlas. Includes a binary land-sea mask with land/sea fraction␣
→˓cut at >=0.5.
- 2deg_lsm_binary Global 2.0 degree grid with one cell centered at 1.0E,1.0N.␣
→˓Includes a binary land-sea mask with land/sea fraction cut at >=0.5.
- T31 Gaussian global grid of approx. 3.8 degree resolution, 48x96␣
→˓nlatxnlon. Associated to a T31 spectral grid representation.
- T42 Gaussian global grid of approx. 2.8 degree resolution, 64x128␣
→˓nlatxnlon. Associated to a T42 spectral grid representation.
- T63_lsm_binary Gaussian global grid of approx. 1.9 degree resolution, 96x192␣
→˓nlatxnlon. Associated to a T63 spectral grid representation. Includes a binary land-
→˓sea mask.
- T127_lsm_binary Gaussian global grid of approx. 1.0 degree resolution, 192x384␣
→˓nlatxnlon. Associated to a T127 spectral grid representation. Includes a binary land-
→˓sea mask.
- T255 Gaussian global grid of approx. 0.5 degree resolution, 384x768␣
→˓nlatxnlon. Associated to a T255 spectral grid representation.

[25]: grid_era5 = clore.Grid(grid_id = "0pt25deg_era5")
grid_era5

[25]: clisops 721x1440_cells_grid
Lat x Lon: 721 x 1440
Gridcells: 1038240
Format: CF
Type: regular_lat_lon
Extent: global
Source: Predefined_0pt25deg_era5
Bounds? True

(continues on next page)
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Collapsed cells? False
Duplicated cells? False
Permanent Mask: None
md5 hash: cdf4f59eab828857bc0c2819c0c465d7

clisops.core.Grid objects can be compared to one another

Optional verbose output gives information on where the grids differ: lat, lon, lat_bnds, lon_bnds, mask?

Compare the tos dataset to the tos dataarray

[26]: comp = grido.compare_grid(grido_tos, verbose = True)
print("Grids are equal?", comp)

The two grids differ in their respective lat_bnds, lon_bnds.
Grids are equal? False

Compare both 0.25° ERA5 Grids

[27]: # Create the Grid object
grid_era5_lsm = clore.Grid(grid_id = "0pt25deg_era5_lsm", compute_bounds=True)

[28]: # Compare
comp = grid_era5.compare_grid(grid_era5_lsm, verbose=True)
print("Grids are equal?", comp)

The two grids are considered equal.
Grids are equal? True

Strip clisops.core.Grid objects of all data_vars and coords unrelated to the horizontal grid

[29]: grid_era5_lsm.ds

[29]: <xarray.Dataset>
Dimensions: (longitude: 1440, latitude: 721, time: 1, bnds: 2)
Coordinates:
* longitude (longitude) float64 0.0 0.25 0.5 0.75 ... 359.0 359.2 359.5 359.8
* latitude (latitude) float64 90.0 89.75 89.5 89.25 ... -89.5 -89.75 -90.0
* time (time) datetime64[ns] 2010-01-01
lat_bnds (latitude, bnds) float64 89.88 90.0 89.62 ... -89.62 -90.0 -89.88
lon_bnds (longitude, bnds) float64 -0.125 0.125 0.125 ... 359.6 359.9

Dimensions without coordinates: bnds
Data variables:

lsm (time, latitude, longitude) float32 ...
z (time, latitude, longitude) float32 ...

Attributes:
Conventions: CF-1.6
history: 2020-10-21 11:41:35 GMT by grib_to_netcdf-2.16.0: /opt/ecmw...
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The parameter keep_attrs can be set, the default is False.

[30]: grid_era5_lsm._drop_vars(keep_attrs=False)
grid_era5_lsm.ds

[30]: <xarray.Dataset>
Dimensions: (longitude: 1440, latitude: 721, bnds: 2)
Coordinates:
* longitude (longitude) float64 0.0 0.25 0.5 0.75 ... 359.0 359.2 359.5 359.8
* latitude (latitude) float64 90.0 89.75 89.5 89.25 ... -89.5 -89.75 -90.0
lat_bnds (latitude, bnds) float64 89.88 90.0 89.62 ... -89.62 -90.0 -89.88
lon_bnds (longitude, bnds) float64 -0.125 0.125 0.125 ... 359.6 359.9

Dimensions without coordinates: bnds
Data variables:

*empty*

Transfer coordinate variables between clisops.core.Grid objects that are unrelated to the horizontal
grid

The parameter keep_attrs can be set, the default is True. All settings for keep_attrs are described later in section
clisops.core.regrid.

Load the dataset

[31]: ds_vert_path = Path(MINIESGF, "badc/cmip6/data/CMIP6/CMIP/MPI-M/MPI-ESM1-2-LR/historical/
→˓r1i1p1f1/"

"AERmon/o3/gn/v20190710/o3_AERmon_MPI-ESM1-2-LR_historical_
→˓r1i1p1f1_gn_185001.nc")
ds_vert = xr.open_dataset(ds_vert_path)
ds_vert

[31]: <xarray.Dataset>
Dimensions: (time: 1, bnds: 2, lon: 192, lat: 96, lev: 3)
Coordinates:
* time (time) datetime64[ns] 1850-01-16T12:00:00
* lon (lon) float64 0.0 1.875 3.75 5.625 ... 352.5 354.4 356.2 358.1
* lat (lat) float64 -88.57 -86.72 -84.86 -83.0 ... 84.86 86.72 88.57
* lev (lev) float64 0.9961 0.9826 0.959

Dimensions without coordinates: bnds
Data variables:

time_bnds (time, bnds) datetime64[ns] ...
lon_bnds (lon, bnds) float64 ...
lat_bnds (lat, bnds) float64 ...
lev_bnds (lev, bnds) float64 ...
ap (lev) float64 ...
b (lev) float64 ...
ap_bnds (lev, bnds) float64 ...
b_bnds (lev, bnds) float64 ...
ps (time, lat, lon) float32 ...
o3 (time, lev, lat, lon) float32 ...

Attributes: (12/49)
CDI: Climate Data Interface version 1.9.8 (https://mpi...
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history: Tue Oct 26 11:48:46 2021: cdo sellevidx,1/3 -selt...
source: MPI-ESM1.2-LR (2017): \naerosol: none, prescribed...
institution: Max Planck Institute for Meteorology
Conventions: CF-1.7 CMIP-6.2
activity_id: CMIP
... ...
variable_id: o3
variant_label: r1i1p1f1
license: CMIP6 model data produced by MPI-M is licensed un...
cmor_version: 3.5.0
tracking_id: hdl:21.14100/52bee89e-e989-4005-8663-e60210d421d5
CDO: Climate Data Operators version 1.9.8 (https://mpi...

Create grid object

[32]: grid_vert = clore.Grid(ds_vert)
grid_vert

[32]: clisops 96x192_cells_grid
Lat x Lon: 96 x 192
Gridcells: 18432
Format: CF
Type: regular_lat_lon
Extent: global
Source: Dataset
Bounds? True
Collapsed cells? False
Duplicated cells? False
Permanent Mask: None
md5 hash: 20d38455170b1db562edb4f5e06d3cc6

Transfer the coordinates to the ERA5 grid object

[33]: grid_era5_lsm._transfer_coords(grid_vert, keep_attrs=True)
grid_era5_lsm.ds

[33]: <xarray.Dataset>
Dimensions: (longitude: 1440, latitude: 721, bnds: 2, time: 1, lev: 3)
Coordinates:
* longitude (longitude) float64 0.0 0.25 0.5 0.75 ... 359.0 359.2 359.5 359.8
* latitude (latitude) float64 90.0 89.75 89.5 89.25 ... -89.5 -89.75 -90.0
lat_bnds (latitude, bnds) float64 89.88 90.0 89.62 ... -89.62 -90.0 -89.88
lon_bnds (longitude, bnds) float64 -0.125 0.125 0.125 ... 359.6 359.9

* time (time) datetime64[ns] 1850-01-16T12:00:00
time_bnds (time, bnds) datetime64[ns] ...
ap (lev) float64 0.0 0.0 36.03
b (lev) float64 0.9961 0.9826 0.9586

* lev (lev) float64 0.9961 0.9826 0.959
ap_bnds (lev, bnds) float64 0.0 0.0 0.0 0.0 0.0 72.06
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b_bnds (lev, bnds) float64 1.0 0.9923 0.9923 0.973 0.973 0.9442
lev_bnds (lev, bnds) float64 1.0 0.9923 0.9923 0.973 0.973 0.9449

Dimensions without coordinates: bnds
Data variables:

*empty*
Attributes: (12/49)

CDI: Climate Data Interface version 1.9.8 (https://mpi...
history: Tue Oct 26 11:48:46 2021: cdo sellevidx,1/3 -selt...
source: MPI-ESM1.2-LR (2017): \naerosol: none, prescribed...
institution: Max Planck Institute for Meteorology
Conventions: CF-1.7 CMIP-6.2
activity_id: CMIP
... ...
variable_id: o3
variant_label: r1i1p1f1
license: CMIP6 model data produced by MPI-M is licensed un...
cmor_version: 3.5.0
tracking_id: hdl:21.14100/52bee89e-e989-4005-8663-e60210d421d5
CDO: Climate Data Operators version 1.9.8 (https://mpi...

5.4.3 clisops.core.Weights

Create regridding weights to regrid between two grids. Supported are the following of xESMF’s remapping methods:
* nearest_s2d * bilinear * conservative * patch

Create 2-degree target grid

[34]: grid_2deg = clore.Grid(grid_id="2deg_lsm", compute_bounds=True)
grid_2deg

[34]: clisops 90x180_cells_grid
Lat x Lon: 90 x 180
Gridcells: 16200
Format: CF
Type: regular_lat_lon
Extent: global
Source: Predefined_2deg_lsm
Bounds? True
Collapsed cells? False
Duplicated cells? False
Permanent Mask: None
md5 hash: 438f79b4376004d360a56fa2c0abb9f0
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Create conservative remapping weights using the clisops.core.Weights class

grid_in and grid_out are Grid objects

[35]: %time weights = clore.Weights(grid_in = grido, grid_out = grid_2deg, method="conservative
→˓")

CPU times: user 10.4 s, sys: 333 ms, total: 10.8 s
Wall time: 10.8 s

Local weights cache

Weights are cached on disk and do not have to be created more than once. The default cache directory is platform-
dependent and set via the package platformdirs. For Linux it is '/home/my_user/.local/share/clisops/
weights_dir' and can optionally be adjusted:

• permanently by modifying the parameter grid_weights: local_weights_dir in the roocs.ini configura-
tion file that can be found in the clisops installation directory

• or temporarily via:

from clisops import core as clore
clore.weights_cache_init("/dir/for/weights/cache")

[36]: from clisops.core.regrid import CONFIG
print(CONFIG["clisops:grid_weights"]["local_weights_dir"])

/home/docs/.local/share/clisops/grid_weights

[37]: !ls -sh {CONFIG["clisops:grid_weights"]["local_weights_dir"]}

total 32M
904K grid_05603f6f046b266ba6bc164c5b3209bf.nc
32K grid_20d38455170b1db562edb4f5e06d3cc6.nc
24K grid_438f79b4376004d360a56fa2c0abb9f0.nc
8.6M grid_a55c642a80a2b5a8adcc71a9db4fc5f5.nc
24K grid_cbfbd94fc4feee0c6b34841124e4adf8.nc
20K grid_d4ebf553238ebf865140bded4c8e73b9.nc
40K grid_e2c8b52440eb2392c600702aa1c532ef.nc
7.3M grid_ec7db0ee9226e085bfe8207b8de0672d.nc
4.0K weights_05603f6f046b266ba6bc164c5b3209bf_cbfbd94fc4feee0c6b34841124e4adf8_unperi_no-
→˓degen_bilinear.json
2.0M weights_05603f6f046b266ba6bc164c5b3209bf_cbfbd94fc4feee0c6b34841124e4adf8_unperi_no-
→˓degen_bilinear.nc
4.0K weights_20d38455170b1db562edb4f5e06d3cc6_d4ebf553238ebf865140bded4c8e73b9_peri_no-
→˓degen_bilinear.json
1.5M weights_20d38455170b1db562edb4f5e06d3cc6_d4ebf553238ebf865140bded4c8e73b9_peri_no-
→˓degen_bilinear.nc
4.0K weights_a55c642a80a2b5a8adcc71a9db4fc5f5_438f79b4376004d360a56fa2c0abb9f0_peri_skip-
→˓degen_conservative.json
7.6M weights_a55c642a80a2b5a8adcc71a9db4fc5f5_438f79b4376004d360a56fa2c0abb9f0_peri_skip-
→˓degen_conservative.nc
4.0K weights_ec7db0ee9226e085bfe8207b8de0672d_e2c8b52440eb2392c600702aa1c532ef_peri_no-
→˓degen_nearest_s2d.json
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3.6M weights_ec7db0ee9226e085bfe8207b8de0672d_e2c8b52440eb2392c600702aa1c532ef_peri_no-
→˓degen_nearest_s2d.nc

[38]: !cat {CONFIG["clisops:grid_weights"]["local_weights_dir"]}/weights_*_conservative.json

{
"def_filename": "conservative_404x802_90x180.nc",
"filename": "weights_a55c642a80a2b5a8adcc71a9db4fc5f5_

→˓438f79b4376004d360a56fa2c0abb9f0_peri_skip-degen_conservative.nc",
"format": "xESMF",
"ignore_degenerate": "True",
"method": "conservative",
"periodic": "True",
"source_extent": "global",
"source_format": "CF",
"source_lat": "latitude",
"source_lat_bnds": "vertices_latitude",
"source_lon": "longitude",
"source_lon_bnds": "vertices_longitude",
"source_ncells": 324008,
"source_nlat": 404,
"source_nlon": 802,
"source_source": "/home/docs/.mini-esgf-data/master/test_data/badc/cmip6/data/CMIP6/

→˓CMIP/MPI-M/MPI-ESM1-2-HR/historical/r1i1p1f1/Omon/tos/gn/v20190710/tos_Omon_MPI-ESM1-2-
→˓HR_historical_r1i1p1f1_gn_185001.nc",

"source_tracking_id": "hdl:21.14100/ccd8388f-4f80-4a1e-ba47-66fe65bbeece",
"source_type": "curvilinear",
"source_uid": "a55c642a80a2b5a8adcc71a9db4fc5f5",
"target_extent": "global",
"target_format": "CF",
"target_lat": "lat",
"target_lat_bnds": "lat_bnds",
"target_lon": "lon",
"target_lon_bnds": "lon_bnds",
"target_ncells": 16200,
"target_nlat": 90,
"target_nlon": 180,
"target_source": "/home/docs/checkouts/readthedocs.org/user_builds/clisops/conda/

→˓latest/lib/python3.11/site-packages/roocs_grids/grids/land_sea_mask_2degree.nc4",
"target_tracking_id": "",
"target_type": "regular_lat_lon",
"target_uid": "438f79b4376004d360a56fa2c0abb9f0",
"tool": "xESMF_v0.8.5",
"uid": "a55c642a80a2b5a8adcc71a9db4fc5f5_438f79b4376004d360a56fa2c0abb9f0_peri_skip-

→˓degen_conservative"
}

Now the weights will be read directly from the cache

[39]: %time weights = clore.Weights(grid_in = grido, grid_out = grid_2deg, method="conservative
→˓")
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CPU times: user 185 ms, sys: 56 ms, total: 241 ms
Wall time: 241 ms

The weights cache can be flushed, which removes all weight and grid files as well as the json files holding the meta-
data. To see what would be removed, one can use the dryrun=True parameter. To re-initialize the weights cache
in a different directory, one can use the weights_dir_init="/new/dir/for/weights/cache" parameter. Even
when re-initializing the weights cache under a new path, using clore.weights_cache_flush, no directory is get-
ting removed, only above listed files. When dryrun is not set, the files that are getting deleted can be displayed with
verbose=True.

[40]: clore.weights_cache_flush(dryrun=True)

Flushing the clisops weights cache ('/home/docs/.local/share/clisops/grid_weights')␣
→˓would remove:
- /home/docs/.local/share/clisops/grid_weights/weights_20d38455170b1db562edb4f5e06d3cc6_
→˓d4ebf553238ebf865140bded4c8e73b9_peri_no-degen_bilinear.json
- /home/docs/.local/share/clisops/grid_weights/weights_05603f6f046b266ba6bc164c5b3209bf_
→˓cbfbd94fc4feee0c6b34841124e4adf8_unperi_no-degen_bilinear.json
- /home/docs/.local/share/clisops/grid_weights/weights_ec7db0ee9226e085bfe8207b8de0672d_
→˓e2c8b52440eb2392c600702aa1c532ef_peri_no-degen_nearest_s2d.json
- /home/docs/.local/share/clisops/grid_weights/weights_a55c642a80a2b5a8adcc71a9db4fc5f5_
→˓438f79b4376004d360a56fa2c0abb9f0_peri_skip-degen_conservative.json
- /home/docs/.local/share/clisops/grid_weights/weights_20d38455170b1db562edb4f5e06d3cc6_
→˓d4ebf553238ebf865140bded4c8e73b9_peri_no-degen_bilinear.nc
- /home/docs/.local/share/clisops/grid_weights/weights_a55c642a80a2b5a8adcc71a9db4fc5f5_
→˓438f79b4376004d360a56fa2c0abb9f0_peri_skip-degen_conservative.nc
- /home/docs/.local/share/clisops/grid_weights/weights_05603f6f046b266ba6bc164c5b3209bf_
→˓cbfbd94fc4feee0c6b34841124e4adf8_unperi_no-degen_bilinear.nc
- /home/docs/.local/share/clisops/grid_weights/weights_ec7db0ee9226e085bfe8207b8de0672d_
→˓e2c8b52440eb2392c600702aa1c532ef_peri_no-degen_nearest_s2d.nc
- /home/docs/.local/share/clisops/grid_weights/grid_ec7db0ee9226e085bfe8207b8de0672d.nc
- /home/docs/.local/share/clisops/grid_weights/grid_20d38455170b1db562edb4f5e06d3cc6.nc
- /home/docs/.local/share/clisops/grid_weights/grid_e2c8b52440eb2392c600702aa1c532ef.nc
- /home/docs/.local/share/clisops/grid_weights/grid_a55c642a80a2b5a8adcc71a9db4fc5f5.nc
- /home/docs/.local/share/clisops/grid_weights/grid_d4ebf553238ebf865140bded4c8e73b9.nc
- /home/docs/.local/share/clisops/grid_weights/grid_cbfbd94fc4feee0c6b34841124e4adf8.nc
- /home/docs/.local/share/clisops/grid_weights/grid_438f79b4376004d360a56fa2c0abb9f0.nc
- /home/docs/.local/share/clisops/grid_weights/grid_05603f6f046b266ba6bc164c5b3209bf.nc

[41]: clore.weights_cache_flush(verbose=True)

Flushing the clisops weights cache ('/home/docs/.local/share/clisops/grid_weights').␣
→˓Removing ...
- /home/docs/.local/share/clisops/grid_weights/weights_20d38455170b1db562edb4f5e06d3cc6_
→˓d4ebf553238ebf865140bded4c8e73b9_peri_no-degen_bilinear.json
- /home/docs/.local/share/clisops/grid_weights/weights_05603f6f046b266ba6bc164c5b3209bf_
→˓cbfbd94fc4feee0c6b34841124e4adf8_unperi_no-degen_bilinear.json
- /home/docs/.local/share/clisops/grid_weights/weights_ec7db0ee9226e085bfe8207b8de0672d_
→˓e2c8b52440eb2392c600702aa1c532ef_peri_no-degen_nearest_s2d.json
- /home/docs/.local/share/clisops/grid_weights/weights_a55c642a80a2b5a8adcc71a9db4fc5f5_
→˓438f79b4376004d360a56fa2c0abb9f0_peri_skip-degen_conservative.json
- /home/docs/.local/share/clisops/grid_weights/weights_20d38455170b1db562edb4f5e06d3cc6_
→˓d4ebf553238ebf865140bded4c8e73b9_peri_no-degen_bilinear.nc
- /home/docs/.local/share/clisops/grid_weights/weights_a55c642a80a2b5a8adcc71a9db4fc5f5_

(continues on next page)
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→˓438f79b4376004d360a56fa2c0abb9f0_peri_skip-degen_conservative.nc
- /home/docs/.local/share/clisops/grid_weights/weights_05603f6f046b266ba6bc164c5b3209bf_
→˓cbfbd94fc4feee0c6b34841124e4adf8_unperi_no-degen_bilinear.nc
- /home/docs/.local/share/clisops/grid_weights/weights_ec7db0ee9226e085bfe8207b8de0672d_
→˓e2c8b52440eb2392c600702aa1c532ef_peri_no-degen_nearest_s2d.nc
- /home/docs/.local/share/clisops/grid_weights/grid_ec7db0ee9226e085bfe8207b8de0672d.nc
- /home/docs/.local/share/clisops/grid_weights/grid_20d38455170b1db562edb4f5e06d3cc6.nc
- /home/docs/.local/share/clisops/grid_weights/grid_e2c8b52440eb2392c600702aa1c532ef.nc
- /home/docs/.local/share/clisops/grid_weights/grid_a55c642a80a2b5a8adcc71a9db4fc5f5.nc
- /home/docs/.local/share/clisops/grid_weights/grid_d4ebf553238ebf865140bded4c8e73b9.nc
- /home/docs/.local/share/clisops/grid_weights/grid_cbfbd94fc4feee0c6b34841124e4adf8.nc
- /home/docs/.local/share/clisops/grid_weights/grid_438f79b4376004d360a56fa2c0abb9f0.nc
- /home/docs/.local/share/clisops/grid_weights/grid_05603f6f046b266ba6bc164c5b3209bf.nc
Initialized new weights cache at /home/docs/.local/share/clisops/grid_weights

5.4.4 clisops.core.regrid

This function allows to perform the eventual regridding and provides a resulting xarray.Dataset

def regrid(
grid_in: Grid,
grid_out: Grid,
weights: Weights,
adaptive_masking_threshold: Optional[float] = 0.5,
keep_attrs: Optional[bool] = True,

):

• grid_in and grid_out are Grid objects, weights is a Weights object.

• adaptive_masking_threshold (AMT) A value within the [0., 1.] interval that defines the maximum RATIO
of missing_values amongst the total number of data values contributing to the calculation of the target grid cell
value. For a fraction [0., AMT[ of the contributing source data missing, the target grid cell will be set to miss-
ing_value, else, it will be re-normalized by the factor 1./(1.-RATIO). Thus, if AMT is set to 1, all source grid
cells that contribute to a target grid cell must be missing in order for the target grid cell to be defined as missing
itself. Values greater than 1 or less than 0 will cause adaptive masking to be turned off. This adaptive masking
technique allows to reuse generated weights for differently masked data (e.g. land-sea masks or orographic masks
that vary with depth / height).

• keep_attrs can have the following settings:

– True : The resulting xarray.Dataset will have all attributes of grid_in.ds.attrs, despite attributes
that have to be added and altered due to the new grid.

– False : The resulting xarray.Dataset will have no attributes despite attributes generated by the regrid-
ding process.

– "target" : The resulting xarray.Dataset will have all attributes of grid_out.ds.attrs, despite
attributes generated by the regridding process. Not recommended.
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In the following an example showing the function application and the effect of the adaptive masking.

[42]: ds_out_amt0 = clore.regrid(grido, grid_2deg, weights, adaptive_masking_threshold=-1)

[43]: ds_out_amt1 = clore.regrid(grido, grid_2deg, weights, adaptive_masking_threshold=0.5)

Plot the resulting data

[44]: # Create panel plot of regridded data (global)
fig, axes = plt.subplots(ncols=2, nrows=1,

figsize=(18, 5), # global
subplot_kw={'projection': ccrs.PlateCarree()})

ds_out_amt0["tos"].isel(time=0).plot.pcolormesh(ax=axes[0], vmin=0, vmax=30, cmap="plasma
→˓")
axes[0].title.set_text("Target (2° regular lat-lon) - No adaptive masking")

ds_out_amt1["tos"].isel(time=0).plot.pcolormesh(ax=axes[1], vmin=0, vmax=30, cmap="plasma
→˓")
axes[1].title.set_text("Target (2° regular lat-lon) - Adaptive masking")

for axis in axes.flatten():
axis.coastlines()
axis.set_xlabel('lon')
axis.set_ylabel('lat')

[45]: # Create panel plot of regridded data (Japan)
fig, axes = plt.subplots(ncols=3, nrows=1,

figsize=(18, 4), # Japan
subplot_kw={'projection': ccrs.PlateCarree()})

grido.ds.tos.isel(time=0).plot.pcolormesh(ax=axes[0], x=grido.lon, y=grido.lat,
vmin=0, vmax=30, cmap="plasma", shading="auto")

axes[0].title.set_text("Source - MPI-ESM1-2-HR MPIOM (TP04, ~0.4° resolution)")

ds_out_amt0["tos"].isel(time=0).plot.pcolormesh(ax=axes[1], vmin=0, vmax=30, cmap="plasma
→˓")
axes[1].title.set_text("Target - No adaptive masking")

(continues on next page)
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(continued from previous page)

ds_out_amt1["tos"].isel(time=0).plot.pcolormesh(ax=axes[2], vmin=0, vmax=30, cmap="plasma
→˓")
axes[2].title.set_text("Target - Adaptive masking")

for axis in axes.flatten():
axis.coastlines()
axis.set_xlabel('lon')
axis.set_ylabel('lat')
axis.set_xlim([125, 150])
axis.set_ylim([25, 50])
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CHAPTER

SIX

CONTRIBUTING

Contributions are welcome, and they are greatly appreciated! Every little bit helps, and credit will always be given.

You can contribute in many ways:

6.1 Types of Contributions

6.1.1 Report Bugs

Report bugs at https://github.com/roocs/clisops/issues.

If you are reporting a bug, please include:

• Your operating system name and version.

• Any details about your local setup that might be helpful in troubleshooting.

• Detailed steps to reproduce the bug.

6.1.2 Fix Bugs

Look through the GitHub issues for bugs. Anything tagged with “bug” and “help wanted” is open to whoever wants to
implement it.

6.1.3 Implement Features

Look through the GitHub issues for features. Anything tagged with “enhancement” and “help wanted” is open to
whoever wants to implement it.

6.1.4 Write Documentation

clisops could always use more documentation, whether as part of the official clisops docs, in docstrings, or even on the
web in blog posts, articles, and such.
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6.1.5 Submit Feedback

The best way to send feedback is to file an issue at https://github.com/roocs/clisops/issues.

If you are proposing a feature:

• Explain in detail how it would work.

• Keep the scope as narrow as possible, to make it easier to implement.

• Remember that this is a volunteer-driven project, and that contributions are welcome :)

6.2 Get Started!

Ready to contribute? Here’s how to set up clisops for local development.

1. Fork the clisops repo on GitHub.

2. Clone your fork locally:

$ git clone git@github.com:roocs/clisops.git

3. Install your local copy into a virtualenv. Assuming you have virtualenvwrapper installed, this is how you set up
your fork for local development:

# For virtualenv environments:
$ mkvirtualenv clisops

# For Anaconda/Miniconda environments:
$ conda create -n clisops python=(3.8, 3.9, 3.10, etc.)

$ cd clisops/
$ pip install -e .

4. Create a branch for local development:

$ git checkout -b name-of-your-bugfix-or-feature

Now you can make your changes locally!

5. When you are done making changes, check that you verify your changes with flake8 and black and run the tests,
including testing other Python versions with tox:

# For virtualenv environments:
$ pip install flake8 black pytest pytest-loguru tox

# For Anaconda/Miniconda environments:
$ conda install -c conda-forge flake8 black pytest pytest-loguru tox

$ flake8 clisops tests
$ black clisops tests
$ pytest
$ tox

6. Before committing your changes, we ask that you install pre-commit in your virtualenv. Pre-commit runs git
hooks that ensure that your code resembles that of the project and catches and corrects any small errors or
inconsistencies when you git commit:
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# For virtualenv environments:
$ pip install pre-commit

# For Anaconda/Miniconda environments:
$ conda install -c conda-forge pre-commit

$ pre-commit install
$ pre-commit run --all-files

7. Commit your changes and push your branch to GitHub:

$ git add *

$ git commit -m "Your detailed description of your changes."
# `pre-commit` will run checks at this point:
# if no errors are found, changes will be committed.
# if errors are found, modifications will be made. Simply `git commit` again.

$ git push origin name-of-your-bugfix-or-feature

8. Submit a pull request through the GitHub website.

6.3 Logging

clisops uses the loguru library as its primary logging engine. In order to integrate this kind of logging in processes,
we can use their logger:

from loguru import logger

logger.warning("This a warning message!")

The mechanism for enabling log reporting in scripts/notebooks using loguru is as follows:

import sys
from loguru import logger

logger.enable("clisops")
LEVEL = "INFO || DEBUG || WARNING || etc."
logger.add(sys.stdout, level=LEVEL) # for logging to stdout
# or
logger.add("my_log_file.log", level=LEVEL, enqueue=True) # for logging to a file

For convenience, a preset logger configuration can be enabled via clisops.enable_logging().

from clisops import enable_logging

enable_logging()
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6.4 Pull Request Guidelines

Before you submit a pull request, please follow these guidelines:

1. Open an issue on our GitHub repository with your issue that you’d like to fix or feature that you’d like to imple-
ment.

2. Perform the changes, commit and push them either to new a branch within roocs/clisops or to your personal fork
of clisops.

Warning: Try to keep your contributions within the scope of the issue that you are addressing. While it
might be tempting to fix other aspects of the library as it comes up, it’s better to simply to flag the problems
in case others are already working on it.

Consider adding a “# TODO:” comment if the need arises.

3. Pull requests should raise test coverage for the clisops library. Code coverage is an indicator of how extensively
tested the library is. If you are adding a new set of functions, they must be tested and coverage percentage
should not significantly decrease.

4. If the pull request adds functionality, your functions should include docstring explanations. So long as the doc-
strings are syntactically correct, sphinx-autodoc will be able to automatically parse the information. Please
ensure that the docstrings adhere to one of the following standards:

• numpydoc

• reStructuredText (ReST)

The version history should also be updated. Remember to add the feature or bug fixes explanation to the appro-
priate section in the HISTORY.rst.

5. The pull request should work for Python 3.8+ as well as raise test coverage. Pull requests are also checked for
documentation build status and for PEP8 compliance.

The build statuses and build errors for pull requests can be found at: https://github.com/roocs/clisops/actions/
workflows/main.yml

Warning: PEP8 and black formatting is strongly enforced. Ensure that your changes pass Flake8 and Black
tests prior to pushing your final commits to your branch. Code formatting errors are treated as build errors
and will block your pull request from being accepted.

6.5 Tips

To run a subset of tests:

$ pytest tests.test_clisops
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6.6 Versioning

A reminder for the maintainers on how to bump the version.

In order to update and release the library to PyPI, it’s good to use a semantic versioning scheme.

The method we use is as follows:

major.minor.patch

Major releases denote major changes resulting in a stable API;

Minor is to be used when adding a module, process or set of components;

Patch should be used for bug fixes and optimizations;

6.7 Packaging/Deploying

A reminder for the maintainers on how to deploy. This section is only relevant for maintainers when they are producing
a new point release for the package.

1. Create a new branch from master (e.g. prepare-release-v1.2.3).

2. Update the HISTORY.rst file to change the unreleased section to the current date.

3. Create a pull request from your branch to master.

4. Once the pull request is merged, create a new release on GitHub. On the main branch, run:

$ bump-my-version bump minor # In most cases, we will be releasing a minor␣
→˓version
$ git push
$ git push --tags

This will trigger the CI to build the package and upload it to TestPyPI. In order to upload to PyPI, this
can be done by publishing a new version on GitHub. This will then trigger the workflow to build and
upload the package to PyPI.

5. Once the release is published, it will go into a staging mode on Github Actions. Admins can then approve the
release (an e-mail will be sent) and it will be published on PyPI.

6.7.1 The Manual Approach

From the command line in your distribution, simply run the following from the clone’s main dev branch:

# To build the packages (sources and wheel)
$ python -m flit build

# To upload to PyPI
$ python -m flit publish dist/*

The new version based off of the version checked out will now be available via pip ($ pip install clisops).
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6.7.2 Releasing on conda-forge

Initial Release

In order to prepare an initial release on conda-forge, we strongly suggest consulting the following links:

• https://conda-forge.org/docs/maintainer/adding_pkgs.html

• https://github.com/conda-forge/staged-recipes

Subsequent releases

If the conda-forge feedstock recipe is built from PyPI, then when a new release is published on PyPI, regro-cf-autotick-
bot will open Pull Requests automatically on the conda-forge feedstock. It is up to the conda-forge feedstock maintainers
to verify that the package is building properly before merging the Pull Request to the main branch.

Before updating the main conda-forge recipe, we strongly suggest performing the following checks:

• Ensure that dependencies and dependency versions correspond with those of the tagged version, with open
or pinned versions for the host requirements.

• If possible, configure tests within the conda-forge build CI (e.g. imports: clisops, commands: pytest
clisops)
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CREDITS

7.1 Development Lead

• Ag Stephens <ag.stephens@stfc.ac.uk> @agstephens

7.2 Co-Developers

• Eleanor Smith <eleanor.smith@stfc.ac.uk> @ellesmith88

• Carsten Ehbrecht <ehbrecht@dkrz.de> @cehbrecht

• Trevor James Smith <smith.trevorj@ouranos.ca> @Zeitsperre

7.3 Contributors

• Pascal Bourgault <bourgault.pascal@ouranos.ca> @aulemahal

• David Huard <huard.david@ouranos.ca> @huard

• Travis Logan <logan.travis@ouranos.ca> @tlogan2000

• Martin Schupfner <schupfner@dkrz.de> @sol1105

• Marco Braun <Braun.Marco@ouranos.ca> @vindelico

• Charles Gauthier <gauthier.charles@ouranos.ca> @charlesgauthier-udm
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CHAPTER

EIGHT

VERSION HISTORY

8.1 v0.13.1 (unreleased)

8.1.1 Other Changes

• Internal warnings now consistently use the clisops configured loguru logger (#335).

8.2 v0.13.0 (2024-02-16)

8.2.1 New Features

• clisops now officially supports Python 3.12 (#330).

8.2.2 Bug Fixes

• Fixed standard file-namer fallback method (#318).

• Fixed KeyError for temporal subsetting by components if not all components can be found in the dataset (#316).

• Raising KeyError for temporal subsetting by components when no time steps match the selection criteria (#316).

• Coordinate detection for remapping operator via standard_name if detection via cf-xarray fails / is ambiguous
(#316).

• Remove encoding settings with regards to compression for string variables to avoid netCDF write errors with
newer netcdf-c library versions (>4.9.0) (#319).

• Fixed a few docstrings, specifies some class methods as static methods (#321).

• Renamed a few internal variables for clarity, rephrased a few sentences for grammar/spelling (#321).

• Fixed a bug related to the creation of the weights_dir for regridding that was causing issues for Windows platforms
(#313).
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8.2.3 Other Changes

• The compression level is capped at 1 to reduce write times (#319).

• Updated pre-commit hooks, pinned linting tools to their pre-commit equivalents (#321).

• Added a pre-commit hook as well as a configuration for codespell (#321).

• Added dependabot to maintain package and GitHub Action versions (#322).

• The require_module decorator can now accept supported version information (#321).

• Testing data caching now uses platformdirs to determine the OS-appropriate caching location (#321).

• Updated black in linting tools to v24.2.0 (#330).

• Changes some print calls into logging calls in the tests (#330).

• A warning is now emitted on clisops import if the installed xesmf is too old (#330).

• Replaced styfle/cancel-workflow-action with GitHub Workflow concurrency settings (#330).

8.3 v0.12.2 (2024-01-03)

8.3.1 New Features

• clisops.ops.average.average_shape added (#312). Exposing average_shape from clisops.core to
clisops.ops.

8.3.2 Bug Fixes

• Now also applying fix for datasets with shifted longitude frames (#218) for the regrid operator (#313).

8.3.3 Other Changes

• Warnings are now emitted when the user attempts to regrid a zonal mean dataset (#313).

8.4 v0.12.1 (2023-11-30)

8.4.1 Bug Fixes

• Instead of raising an exception, now aligning _FillValue and missing_value if they deviate from one another.
(#309).
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8.4.2 Other Changes

• Warnings are now emitted if the user attempts to run the regridding utilities with a version of xarray that is not
compatible with cf-xarray. (#310).

• Dependency pins now constrain the xarray version when installing with $ pip install “.[extra]”. (#310).

8.5 v0.12.0 (2023-11-23)

8.5.1 New Features

• clisops.ops.regrid, clisops.core.regrid, clisops.core.Weights and clisops.core.Grid added
(#243). Allowing the remapping of geospatial data on various grids by applying the xESMF regridder.

8.5.2 Bug Fixes

• Calling subset_shape() with a locstream case (#288) returned all coordinates inside inner_mask which is equiv-
alent to the bounding box of the polygon, not the area inside the polygon. Fixed by defining the inner_mask in
subset_shape() for the locstream case. (#292).

8.5.3 Other Changes

• Extending the removal of redundant _FillValue attributes to all data variables and coordinates (#243).

• Extending the removal of redundant coordinates in the coordinates variable attribute from bounds to all data
variables (#243).

• GitHub Workflows for upstream dependencies are now examined a schedule or via workflow_dispatch (#243).

• black steps are now called lint for clarity/inclusiveness of other linting hooks. (#243).

• pre-commit hooks now include checks for TOML files, and for ReadTheDocs and GitHub Actions configuration
files. (#243).

• pre-commit hooks now include sorting of TOML file sections and running black on docstring Python examples.
(#306).

• clisops now uses GitHub Actions with environments for handling deployment via Trusted Publishing. (#306).

• Documentation has been updated to reflect the new GitHub Actions CI/CD workflow. (#306).

• bump2version has been replaced with bump-my-version for handling versioning. (#306).

8.6 v0.11.0 (2023-08-22)

8.6.1 New Features

• clisops has adopted PEP 517 and PEP 621 and now uses pyproject.toml files (using the flit backend) for
package configuration. (#296).

• Metadata has been modified to reflect current development status and scope of CLISOPS. (#296).

• New file (requirements_upstream.txt) and Makefile recipe ("$ make upstream") for tracking and easily
installing upstream dependencies. (#296).
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8.6.2 Bug Fixes

• The tests folder has been flattened and namespace files haves been removed in order to prevent pip from rec-
ognizing the folder as its own package. (#296).

• The contribution guidelines were duplicated in two locations and contained conflicting information. The guide-
lines have now been consolidated into a single location and updated to reflect package changes. (#296).

8.6.3 Other Changes

• GitHub Workflows for pure Python builds now use tox (4.0) to run tests. (#296).

• GitHub Workflows for conda builds now test clisops using the mamba-org/setup-micromamba action. (#296).

• The travis.yml file has been removed. (#296).

8.7 v0.10.1 (2023-08-21)

8.7.1 Bug Fixes

• Fixed an issue with the type hinting for subset functions that were broken due to changes in xarray (2023.08).
(#295).

• Updated ReadTheDocs configuration to use Mambaforge (22.9) as engine for building documentation. (#295).

8.8 v0.10.0 (2023-06-28)

8.8.1 New Features

• Added support for Python 3.11 (#287).

8.8.2 Bug Fixes

• Fixed bug in core.subset.shape_bbox_indexer with the union of invalid geometries. Added regression test.
(#280)

• Added support in core.subset.shape_bbox_indexer for Point and MultiPoint geometries. (#283)

• Fixed core.subset.subset_bbox and core.subset.subset_shape for datasets with 1D longitude and latitude (ex:
Station data). (#288)

96 Chapter 8. Version History



clisops Documentation, Release 0.13.0

8.8.3 Other Changes

• Shapely 2.0 is now faster than pygeos for create_mask. Removed pygeos from extra dependencies and pinned
shapely above 2.0. (#289)

8.9 v0.9.6 (2023-04-05)

8.9.1 Bug Fixes

• Fixed an issue with the pytest fixtures that was needlessly calling load_esgf_test_data multiple times while
tests were running (#278).

• Corrected a temporary workaround for updating split geometries that was causing issues with modern pandas
versions (#278).

8.9.2 Other Changes

• Removed some obsolete tests and adjusted pytest to always report in colour (#272).

• Split conda CI builds to explicitly test against xarray/stable and xarray/dev (#272).

• GitHub CI now reports coverage statistics to Coveralls.io (#276).

• Updated geopandas (>=0.11), pyproj (>=3.3.0), shapely (>=1.9), tox (>=4.0), xarray (>=0.21), and xesmf
(>=0.6.3) to use more modern versions (#278).

8.10 v0.9.5 (2022-12-14)

8.10.1 Bug Fixes

• Fixed core.subset.check_levels_exist decorator by rounding (precision 4) level values like 1000.00000001 (#265).

8.11 v0.9.4 (2022-12-13)

8.11.1 Bug Fixes

• Fixed core.subset_bbox when using level_values (#263).

• Fixed core.subset_level_by_values using xarray method nearest (#262).

• Updated a test expectation to support newer xarray behaviour (#259).
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8.12 v0.9.3 (2022-10-03)

8.12.1 Bug Fixes

• Fixed a bug associated with the new xarray (2022.6.0+) accessor for native indexers that was introduced in (#241).
(#250, #251).

8.12.2 Other Changes

• Fixed a handful of static type hints that were sending out warnings, despite proper use. (#251).

• Replaced all skipped doctests with sphinx-compatible python code blocks to prevent errors in downstream
projects. (#251).

• Adjusted GitHub Actions builds to ensure that the conda-xesmf run uses the latest xarray available. (#251).

8.13 v0.9.2 (2022-09-06)

8.13.1 Breaking Changes

• Support has been dropped for Python3.7 and extended to Python3.10. Python3.7 is no longer tested in GitHub
actions (#234).

• packaging has been added as a dependency (#241).

8.13.2 Bug Fixes

• Adapted clisops.core.subset_bbox_indexer to the newest indexing API changes in xarray, with back-
wards compatibility (#241).

8.13.3 Other Changes

• Docstrings and documentation configuration adjustments have been made to ensure that builds are adequately
tested (#232, #235).

8.14 v0.9.1 (2022-05-12)

8.14.1 Bug fixes

• Fix inconsistent bounds in metadata after subset operation (#224).
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8.14.2 Other Changes

• Use roocs-utils 0.6.2 to avoid test failure (#226).

• Removed unneeded testing dep from environment.yml (#223).

• Merged pre-commit autoupdate (#227).

8.15 v0.9.0 (2022-04-13)

8.15.1 New Features

• clisops.ops.average.average_time and clisops.core.average.average_time added (#211). Al-
lowing averaging over time frequencies of day, month and year.

• New function create_time_bounds in clisops.utils.time_utils, to generate time bounds for temporally
averaged datasets.

• clisops now uses the loguru library as its primary logging engine (#216). The mechanism for enabling log
reporting in scripts/notebooks using loguru is as follows:

import sys
from loguru import logger

logger.activate("clisops")
LEVEL = "INFO || DEBUG || WARNING || etc."
logger.add(sys.stdout, level=LEVEL) # for logging to stdout
# or
logger.add("my_log_file.log", level=LEVEL, enqueue=True) # for logging to a file

8.15.2 Other Changes

• Pandas now pinned below version 1.4.0.

• Pre-commit configuration updated with code style conventions (black, pyupgrade) set to Python3.7+ (#219).

• loguru is now an install dependency, with pytest-loguru as a development-only dependency.

• Added function to convert the longitude axis between different longitude frames (eg. [-180, 180] and [0, 360])
(#217, #218).

8.16 v0.8.0 (2022-01-13)

8.16.1 New Features

• clisops.core.average.average_shape copies the global and variable attributes from the input data to the
results.

• clisops.ops.average.average_time and clisops.core.average.average_time added. Allowing av-
eraging over time frequencies of day, month and year.

• New function create_time_bounds in clisops.utils.time_utils, to generate time bounds for temporally
averaged datasets.
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8.16.2 Bug fixes

• average_shape and create_weight_maskswere adapted to work with xESMF 0.6.2, while maintaining com-
patibility with earlier versions.

• Fix added to remove _FillValue added to coordinate variables and bounds by xarray when outputting to
netCDF.

8.16.3 Other Changes

• Passing DataArray objects to clisops.core.average.average_shape is now deprecated. Averaging re-
quires grid cell boundaries, which are not DataArray coordinates, but independent Dataset variables. Please
pass Dataset objects and an optional list of variables to average.

• average_shape performs an initial subset over the averaging region, before computing the weights, to reduce
memory usage.

• Minimum xesmf version set to 0.6.2.

• Minimum pygeos version set to 0.9.

• Replace cascaded_union by unary_union to anticipate a shapely deprecation.

8.17 v0.7.0 (2021-10-26)

8.17.1 Breaking Changes

• time input for time in ops.subset.subset but now be one of [<class
‘roocs_utils.parameter.param_utils.Interval’>, <class ‘roocs_utils.parameter.param_utils.Series’>, <class
‘NoneType’>, <class ‘str’>].

• level input for level in ops.subset.subset but now be one of [<class
‘roocs_utils.parameter.param_utils.Interval’>, <class ‘roocs_utils.parameter.param_utils.Series’>, <class
‘NoneType’>, <class ‘str’>].

• roocs-utils>= 0.5.0 required.

8.17.2 New Features

• time_values and level_values arguments added to core.subset.subset_bbox which allows the user to
provide a list of time/level values to select.

• subset_time_by_values and subset_level_by_values added to core.subset.subset_bbox. These
allow subsetting on sequence of datetimes or levels.

• subset_time_by_components added to core.subset.subset_bbox. This allows subsetting by time com-
ponents - year, month, day etc.

• check_levels_exist and check_datetimes_exist function checkers added in core.subset to check re-
quested levels and datetimes exist. An exception is raised if they do not exist in the dataset.

• time_components argument added to ops.subset to allowing subsetting by time components such as year,
month, day etc.
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8.17.3 Other Changes

• Python 3.6 no longer tested in GitHub actions.

8.18 v0.6.5 (2021-06-10)

8.18.1 New Features

• New optional dependency PyGEOS, when installed the performance of core.subset.create_mask and cure.
subset.subset_shape are greatly improved.

8.19 v0.6.4 (2021-05-17)

8.19.1 Breaking Changes

• Exception raised in core.average.average_over_dims when dims is None.

• Exception raised in core.average.average_over_shape when grid and polygon have no overlapping values.

8.19.2 New Features

• ops.subset.subset now ensures all latitude and longitude bounds are in ascending order before passing to
core.subset.subset_bbox

• core.subset.subset_level now checks that the order of the bounds matches the order of the level data.

• core.subset._check_desc_coords now checks the bounds provided are ascending before flipping them.

8.19.3 Other Changes

• clisops logging no longer disables other loggers.

• GitHub CI now leverages tox for testing as well as tests averaging functions via a conda-based build.

• Added a CI build to run against xarray@master that is allowed to fail.

8.20 v0.6.3 (2021-03-30)

8.20.1 Breaking Changes

• Raise an exception in core.subset.subset_bbox when there are no data points in the result.

• roocs-utils>=0.3.0 required.
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8.20.2 Bug Fixes

• In core.subset.check_start_end_dates check if start and end date requested exist in the calendar of the
dataset. If not, nudge the date forward if start date or backwards if end date.

8.20.3 Other Changes

• Error message improved to include longitude bounds of the dataset when the bounds requested in ops.subset.
subset are not within range and rolling could not be completed.

8.21 v0.6.2 (2021-03-22)

8.21.1 Bug Fixes

• Better support for disjoint shapes in subset_shape.

• Identify latitude and longitude using cf-xarray rather than by “lat” and “lon”

8.21.2 New Features

• Add output_staging_dir option in etc/roocs.ini, to write files to initially before moving them to the requested
output_dir.

• Notebook of examples for average over dims operation added.

8.22 v0.6.1 (2021-02-23)

8.22.1 Bug Fixes

• Add cf-xarray as dependency. This is a dependency of roocs-utils>=0.2.1 so is not a breaking change.

• Remove python-dateutil, fiona and geojson as dependencies, no longer needed.

8.23 v0.6.0 (2021-02-22)

8.23.1 Breaking Changes

• New dev dependency: GitPython==3.1.12

• roocs-utils>=0.2.1 required.
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8.23.2 New Features

• average_over_dims added into average.core and average.ops

• New core.average.average_shape + core.subset.subset_create_weight_masks. Depends on
xESMF >= 0.5.2, which is a new optional dependency.

8.23.3 Bug Fixes

• Fixed issue where the temporal subset was ignored if level subset selected.

• Roll dataset used in subsetting when the requested longitude bounds are not within those of the dataset.

• Fixed issue with subsetting grid lon and lat coordinates that are in descending order for core.subset.
subset_bbox.

8.23.4 Other Changes

• Changes to allow datasets without a time dimension to be processed without issues.

• Use DatasetMapper from roocs-utils to ensure all datasets are mapped to file paths correctly.

• Using file caching to gather mini-esgf-data test data.

• Added a dev recipe for pip installations (pip install clisops[dev]).

• Updated pre-commit and pre-commit hooks to newest versions.

• Migrated linux-based integration builds to GitHub CI.

• Added functionality to core.subset.create_mask so it can accept GeoDataFrameswith non-integer indexes.

• clisops.utils.file_namers adjusted to allow values to be overwritten and extras to be added to the end
before the file extension.

8.24 v0.5.1 (2021-01-11)

8.24.1 Breaking Changes

• Reverting breaking changes made by the change to core.subset.create_mask. This change introduces a
second evaluation for shapes touching grid-points.

8.24.2 Other Changes

• Using file caching to gather xclim test data.

• Change made to core.subset.subset_bbox._check_desc_coords to cope with subsetting when only one
latitude or longitude exists in the input dataset
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8.25 v0.5.0 (2020-12-17)

8.25.1 Breaking Changes

• Moved core.subset.create_mask_vectorize to core.subset.create_mask. The old spatial join option
was removed.

• core.subset.subset_shape lost its vectorize kwarg, as it is now default.

• roocs-utils>0.1.5 used

8.25.2 Other Changes

• udunits2>=2.2 removed as a requirement to make clisops completely pip installable.

• rtee and libspatialindex removed as requirements, making it easier to install through pip.

• Static types updated to include missing but permitted types.

• Better handling for paths in ops.subset allowing windows build to be fixed.

8.26 v0.4.0 (2020-11-10)

Adding new features, updating doc strings and documentation and inclusion of static type support.

8.26.1 Breaking Changes

• clisops now requires udunits2>=2.2.

• roocs-utils>=0.1.4 is now required.

• space parameter of clisops.ops.subset renamed to area.

• chunk_rules parameter of clisops.ops.subset renamed to split_method.

• filenamer parameter of clisops.ops.subset renamed to file_namer.

8.26.2 New Features

• subset_level added.

• PR template.

• Config file now exists at clisops.etc.roocs.ini. This can be overwritten by setting the environment variable
ROOCS_CONFIG to the file path of a config file.

• Static typing added to subset operation function.

• info and debugging are now logged rather than printed.

• Notebook of examples for subset operation added.

• split_method implemented to split output files by if they exceed the memory limit provided in clisops.
etc.roocs.ini named file_size_limit. Currently only the time:auto exists which splits evenly on time
ranges.
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• file_namer implemented in clisops.ops.subset. This has simple and standard options. simple num-
bers output files whereas standard names them according to the input dataset.

• Memory usage when completing the subsetting operation is now managed using dask chunking. The memory
limit for memory usage for this process is set in clisops.etc.roocs.ini under chunk_memory_limit.

8.26.3 Bug Fixes

• Nudging time values to nearest available in dataset to fix a bug where subsetting failed when the exact date did
not exist in the dataset.

8.26.4 Other Changes

• cfunits dependency removed - not needed.

• requirements.txt and environment.yml synced.

• Documentation updated to include API.

• Read the docs build now tested in CI pipeline.

• md files changed to rst.

• tests now use mini-esgf-data by default.

8.27 v0.3.1 (2020-08-04)

8.27.1 Other Changes

• Add missing rtree dependency to ensure correct spatial indexing.

8.28 v0.3.0 (2020-07-23)

8.28.1 Other Changes

• Update testdata and subset module (#34).

8.29 v0.2.1 (2020-07-08)

8.29.1 Other Changes

• Fixed docs version (#25).
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8.30 v0.2.0 (2020-06-19)

8.30.1 New Features

• Integration of xclim subset module in clisops.core.subset.

• Added jupyter notebook with and example for subsetting from xclim.

8.30.2 Other Changes

• Fixed RTD doc build.

• Updated travis CI according to xclim requirements.

• Now employing PEP8 + Black compatible autoformatting.

• Pre-commit is now used to launch code formatting inspections for local development.

8.31 v0.1.0 (2020-04-22)

• First release.
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