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Iris, Release 3.0.1

A powerful, format-agnostic, community-driven Python package for analysing and visualising Earth science
data.

Iris implements a data model based on the CF conventions giving you a powerful, format-agnostic interface for working
with your data. It excels when working with multi-dimensional Earth Science data, where tabular representations
become unwieldy and inefficient.

CF Standard names, units, and coordinate metadata are built into Iris, giving you a rich and expressive interface for
maintaining an accurate representation of your data. Its treatment of data and associated metadata as first-class objects
includes:

* visualisation interface based on matplotlib and cartopy,

¢ unit conversion,

* subsetting and extraction,

* merge and concatenate,

* aggregations and reductions (including min, max, mean and weighted averages),

* interpolation and regridding (including nearest-neighbor, linear and area-weighted), and
e operator overloads (+, —, *, /, etc.).

A number of file formats are recognised by Iris, including CF-compliant NetCDF, GRIB, and PP, and it has a plugin
architecture to allow other formats to be added seamlessly.

Building upon NumPy and dask, Iris scales from efficient single-machine workflows right through to multi-core clus-
ters and HPC. Interoperability with packages from the wider scientific Python ecosystem comes from Iris’ use of
standard NumPy/dask arrays as its underlying data storage.

Iris is part of SciTools, for more information see https://scitools.org.uk/. For Iris 2.4 and earlier documentation please
see the legacy documentation.

Install Iris as a user or developer.
Installing Iris

Example code to create a variety of plots.
Gallery

Find out what has recently changed in Iris.
What’s New

Learn how to use Iris.

User Guide

Browse full Iris functionality by module.
Iris API

As a developer you can contribute to Iris.

Getting Involved
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http://cfconventions.org
http://cfconventions.org/standard-names.html
https://github.com/SciTools/cf_units
https://matplotlib.org/
https://scitools.org.uk/cartopy/docs/latest/
http://www.numpy.org/
https://dask.pydata.org/en/latest/
https://scitools.org.uk/
https://scitools.org.uk/iris/docs/v2.4.0/
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CHAPTER
ONE

INSTALLING IRIS

Iris is available using conda for the following platforms:
¢ Linux 64-bit,
¢ Mac OSX 64-bit, and
* Windows 64-bit.

Windows 10 now has support for Linux distributions via WSL (Windows Subsystem for Linux). This is a great option
to get started with Iris for users and developers. Be aware that we do not currently test against any WSL distributions.

Note: Iris currently supports and is tested against Python 3.6 and Python 3.7.

1.1 Installing Using Conda (Users)

To install Iris using conda, you must first download and install conda, for example from https://docs.conda.io/en/latest/
miniconda.html.

Once conda is installed, you can install Iris using conda with the following command:

’conda install -c¢ conda-forge iris

If you wish to run any of the code in the gallery you will also need the Iris sample data. This can also be installed
using conda:

’conda install -c conda-forge iris-sample-data

Further documentation on using conda and the features it provides can be found at https://conda.io/en/latest/index.html.

1.2 Installing From Source (Developers)

The latest Iris source release is available from https://github.com/SciTools/iris.

For instructions on how to obtain the Iris project source from GitHub see Making Your own Copy (fork) of Iris and Set
up Your Fork for instructions.

Once conda is installed, you can install Iris using conda and then activate it. The example commands below assume
you are in the root directory of your local copy of Iris:



https://docs.microsoft.com/en-us/windows/wsl/install-win10
https://docs.microsoft.com/en-us/windows/wsl/install-win10
https://docs.conda.io/en/latest/miniconda.html
https://docs.conda.io/en/latest/miniconda.html
https://conda.io/en/latest/index.html
https://github.com/SciTools/iris
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conda env create —-file=requirements/ci/iris.yml
conda activate iris-dev

The requirements/ci/iris.yml file defines the Iris development conda environment name and all the relevant
top level conda-forge package dependencies that you need to code, test, and build the documentation. If you wish
to minimise the environment footprint, simply remove any unwanted packages from the requirements file e.g., if you
don’t intend to run the Iris tests locally or build the documentation, then remove all the packages from the festing and
documentation sections.

Note: The requirements/ci/iris.yml file will always use the latest Iris tested Python version available. For
all Python versions that are supported and tested against by Iris, view the contents of the requirements/ci directory.

Finally you need to run the command to configure your shell environment to find your local Iris code:

’python setup.py develop

1.3 Running the Tests

To ensure your setup is configured correctly you can run the test suite using the command:

’python setup.py test

For more information see Running the Tests.

1.4 Custom Site Configuration

The default site configuration values can be overridden by creating the file iris/etc/site.cfqg. For example,
the following snippet can be used to specify a non-standard location for your dot executable:

[System]
dot_path = /usr/bin/dot

An example configuration file is available in iris/etc/site.cfg.template. See iris.config() for fur-
ther configuration options.
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https://github.com/scitools/iris/tree/master/requirements/ci

CHAPTER
TWO

GALLERY

The gallery is divided into sections as described below. All entries show the code used to produce the example plot.
Additionally there are links to download the code directly as source or as part of a jupyter notebook, these links are at
the bottom of the page.

In order to successfully view the jupyter notebook locally so you may experiment with the code you will
need an environment setup with the appropriate dependencies, see Installing Iris for instructions. Ensure that
iris-sample-data is installed as it is used in the gallery. Additionally ensure that you install jupyter. The
command to install both is:

conda install -c conda-forge iris-sample-data Jjupyter

Once you have downloaded the notebooks (bottom of each gallery page), you may start the jupyter notebook via:

’jupyter notebook

If you wish to contribute to the gallery see the Gallery section of the Contributing to the Documentation.

2.1 General

2.1.1 Example of a Polar Stereographic Plot

Demonstrates plotting data that are defined on a polar stereographic projection.



https://jupyterlab.readthedocs.io/en/stable/
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Toa brightness temperature

[

210 225 240 255 270 285 300 315 330

K
import matplotlib.pyplot as plt
import iris
import iris.plot as iplt
import iris.quickplot as gplt
def main () :
file_path = iris.sample_data_path("toa_brightness_stereographic.nc")
cube = iris.load_cube (file_path)

gplt.contourf (cube)
ax = plt.gcal)
ax.coastlines ()
ax.gridlines ()
iplt.show()

if name == "__main__":
main ()

Total running time of the script: ( 0 minutes 1.145 seconds)
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2.1.2 Quickplot of a 2D Cube on a Map

This example demonstrates a contour plot of global air temperature. The plot title and the labels for the axes are
automatically derived from the metadata.

Air temperature Air temperature

244 252 260 268 276 284 292 300 308 244 252 260 268 276 284 292 300 308

import cartopy.crs as ccrs
import matplotlib.pyplot as plt

import iris
import iris.plot as iplt
import iris.quickplot as gplt

def main () :
fname = iris.sample_data_path("air_temp.pp")
temperature = iris.load_cube (fname)

# Plot #1: contourf with axes longitude from -180 to 180
plt.figure(figsize=(12, 5))

plt.subplot (121)

gplt.contourf (temperature, 15)

plt.gca() .coastlines()

# Plot #2: contourf with axes longitude from 0 to 360
proj = ccrs.PlateCarree (central_longitude=-180.0)
plt.subplot (122, projection=proj)

gplt.contourf (temperature, 15)

plt.gca() .coastlines()

iplt.show ()

if name == "_ _main_ ":
main ()

Total running time of the script: ( 0 minutes 2.021 seconds)

2.1. General 7
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2.1.3 Cross Section Plots

This example demonstrates contour plots of a cross-sectioned multi-dimensional cube which features a hybrid height
vertical coordinate system.

Air potential temperature

600 ~

Altitude / m

400 - - =

200 4 . \

T T T T T T T
359.58 359.59 359.60 359.61 359.62 359.63 359.64 359.65 359.66
Grid longitude [/ degrees

287.65 287.80 287.95 288.10 288.25 288.40 288.55 288.70 288.85
K
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Air potential temperature

Model level number

359.58 359.59 359.60 359.61 359.62 359.63 359.64 359.65 359.60

Grid longitude [ degrees

287.65 287.80 287.95 288.10 288.25 288.40 288.55 288.70 288.85
K

import matplotlib.pyplot as plt

import iris
import iris.plot as iplt
import iris.quickplot as gplt

def main() :

# Load some test data.
fname = iris.sample_data_path ("hybrid height.nc")
theta = iris.load_cube (fname, "air potential_ temperature")

# Extract a single height vs longitude cross-section. N.B. This could
# easily be changed to extract a specific slice, or even to loop over xallx
# cross section slices.
cross_section = next (
theta.slices(["grid_longitude", "model_ level_number"])

gplt.contourf (

cross_section, coords=["grid_ longitude", "altitude"], cmap="RdBu_r"
)
iplt.show()

# Now do the equivalent plot, only against model level
plt.figure()

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

gplt.contourf (
cross_section,
coords=["grid_longitude",
cmap="RdBu_r",

"model_level_number"],

)
iplt.show ()

if  name
main ()

" main_ ":

Total running time of the script: ( 0 minutes 1.136 seconds)

2.1.4 Multi-Line Temperature Profile Plot

Air temperature

— latitude: 77.49999 — latitude: 72.49999
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o
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L 265 1 \
E \
[ ¥] -
] |
= |
: \
260 9
\ {\
}'%le
255
T T T T T T T T
0 50 100 150 200 250 300 350
Longitude / degrees
import matplotlib.pyplot as plt
import iris
import iris.plot as iplt

import iris.quickplot as gplt

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

def main():
fname = iris.sample_data_path("air_temp.pp")

# Load exactly one cube from the given file.
temperature = iris.load_cube (fname)

# We only want a small number of latitudes, so filter some out
# using "extract".
temperature = temperature.extract (

iris.Constraint (latitude=lambda cell: 68 <= cell < 78)

for cube in temperature.slices("longitude"):

# Create a string label to identify this cube (i.e. latitude: value).
cube_label = "latitude: £s" % cube.coord("latitude") .points[0]

# Plot the cube, and associate it with a label.
gplt.plot (cube, label=cube_label)

# Add the legend with 2 columns.
plt.legend (ncol=2)

# Put a grid on the plot.
plt.grid(True)

# Tell matplotlib not to extend the plot axes range to nicely
# rounded numbers.
plt.axis("tight")

# Finally, show it.
iplt.show ()

Total running time of the script: ( 0 minutes 0.318 seconds)

2.1.5 Fitting a Polynomial

This example demonstrates computing a polynomial fit to 1D data from an Iris cube, adding the fit to the cube’s
metadata, and plotting both the 1D data and the fit.

2.1. General 11
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Trend of US air temperature over time

— data

3019 polynomial fit

300 -
299
298
297
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295

Degree 2 polynomial fit of air temperature / K

T T T
1920 2000 2080
Time

import matplotlib.pyplot as plt
import numpy as np

import iris
import iris.quickplot as gplt

def main() :
# Load some test data.
fname = iris.sample_data_path("A1B north_america.nc")
cube = iris.load_cube (fname)

# Extract a single time series at a latitude and longitude point.
location = next (cube.slices (["time"]))

# Calculate a polynomial fit to the data at this time series.
x_points = location.coord("time") .points

y_points = location.data
degree = 2

p = np.polyfit (x_points, y_points, degree)
y_fitted = np.polyval (p, x_points)

# Add the polynomial fit values to the time series to take
# full advantage of Iris plotting functionality.

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

long_name = "degree_{ /) polynomial fit of_ {}".format (degree, cube.name())
fit = iris.coords.AuxCoord/(

y_fitted, long_name=long_name, units=location.units
)

location.add_aux_coord(fit, 0)

gplt.plot (location.coord("time"), location, label="data")
gplt.plot (
location.coord("time"),
location.coord(long_name),
"g-",
label="polynomial fit",
)
plt.legend(loc="best")
plt.title("Trend of US air temperature over time")

gplt.show ()

Total running time of the script: ( 0 minutes 0.418 seconds)

2.1.6 Rotated Pole Mapping

This example uses several visualisation methods to achieve an array of differing images, including:
* Visualisation of point based data
» Contouring of point based data
* Block plot of contiguous bounded data

* Non native projection and a Natural Earth shaded relief image underlay

2.1. General 13
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Air pressure at sea level
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Air pressure at sea level
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Air pressure at sea level

98400 99000 99600 100200 100800 101400 102000 102600 103200
Pa
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import
import

import
import
import
import

cartopy.crs as ccrs
matplotlib.pyplot as plt

iris
iris.analysis.cartography
iris.plot as iplt
iris.quickplot as gplt

def main() :
# Load some test data.
fname = iris.sample_data_path("rotated_pole.nc")
air_pressure = iris.load_cube (fname)

# Plot #1: Point plot showing data values & a colorbar

plt.figure()
points = gplt.points(air_pressure, c=alr_pressure.data)
cb = plt.colorbar (points, orientation="horizontal™)

cb.

set_label (air_pressure.units)

plt.gca() .coastlines ()
iplt.show()

# Plot #2: Contourf of the point based data
plt.figure ()

gplt.contourf (air_pressure, 15)

plt.gca() .coastlines()

iplt.show()

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

# Plot #3: Contourf overlayed by coloured point data
plt.figure ()

gplt.contourf (air_pressure)
iplt.points(air_pressure, c=air_pressure.data)
plt.gca() .coastlines()

iplt.show ()

# For the purposes of this example, add some bounds to the latitude

# and longitude
air_pressure.coord("grid_latitude") .guess_bounds ()
air_pressure.coord("grid_longitude") .guess_bounds ()

# Plot #4: Block plot

plt.figure ()

plt.axes (projection=ccrs.PlateCarree())
iplt.pcolormesh (air_pressure)

plt.gca() .stock_img ()
plt.gca () .coastlines|()

iplt.show ()

Total running time of the script: ( 0 minutes 1.790 seconds)

2.1.7 Test Data Showing Inset Plots

This example demonstrates the use of a single 3D data cube with time, latitude and longitude dimensions to plot a

temperature series for a single latitude coordinate, with an inset plot of the data region.

18
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Surface temperature / K

Meridional Mean Temperature

310 Data Region
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import
import
import

import
import
import

cartopy.crs as ccrs
matplotlib.pyplot as plt
numpy as np

iris

iris.quickplot as qgplt
iris.plot as iplt

def main() :
cubel iris.load_cube(iris.sample_data_path("ostia_monthly.nc"))
# Slice into cube to retrieve data for the inset map showing the

#

data region

region = cubel[-1, :, :]
# Average over latitude to reduce cube to 1 dimension
plot_line = region.collapsed("latitude", iris.analysis.MEAN)

#

Open a window for plotting

fig = plt.figure()

# Add a single subplot (axes). Could also use "ax_main = plt.subplot ()"
ax_main = fig.add_subplot (1, 1, 1)

# Produce a quick plot of the 1D cube

gplt.plot (plot_1line)

# Set x limits to match the data

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

ax_main.set_x1im(0, plot_line.coord("longitude") .points.max())

# Adjust the y limits so that the inset map won't clash with main plot
ax_main.set_ylim (294, 310)

ax_main.set_title("Meridional Mean Temperature")

# Add grid lines

ax_main.grid()

# Add a second set of axes specifying the fractional coordinates within
# the figure with bottom left corner at x=0.55, y=0.58 with width
# 0.3 and height 0.25.
# Also specify the projection
ax_sub = fig.add_axes(
[0.55, 0.58, 0.3, 0.257,
projection=ccrs.Mollweide (central_longitude=180),

# Use iris.plot (iplt) here so colour bar properties can be specified

# Also use a sequential colour scheme to reduce confusion for those with
# colour-blindness

iplt.pcolormesh(region, cmap="Blues")

# Manually set the orientation and tick marks on your colour bar
ticklist = np.linspace(np.min(region.data), np.max(region.data), 4)
plt.colorbar (orientation="horizontal", ticks=ticklist)
ax_sub.set_title("Data Region")

# Add coastlines

ax_sub.coastlines ()

# request to show entire map, using the colour mesh on the data region only
ax_sub.set_global ()

gplt.show ()

if name == "__main__":
main ()

Total running time of the script: ( 0 minutes 1.211 seconds)

2.1.8 Applying a Filter to a Time-Series
This example demonstrates low pass filtering a time-series by applying a weighted running mean over the time dimen-
sion.

The time-series used is the Darwin-only Southern Oscillation index (SOI), which is filtered using two different Lanczos
filters, one to filter out time-scales of less than two years and one to filter out time-scales of less than 7 years.

20 Chapter 2. Gallery
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References
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Southern Oscillation Index (Darwin Only)
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import matplotlib.pyplot as plt
import numpy as np

import iris
import iris.plot as iplt

def low_pass_weights (window, cutoff):

"""Calculate weights for a low pass Lanczos filter.
Args:

window: int
The length of the filter window.

cutoff: float
The cutoff frequency in inverse time steps.

mmn

order = ((window - 1) // 2) + 1

nwts = 2 % order + 1

w = np.zeros ([nwts])

n = nwts // 2

wln] = 2 x cutoff

k = np.arange (1.0, n)

sigma = np.sin(np.pi * k / n) * n / (np.pi * k)
firstfactor = np.sin(2.0 % np.pi * cutoff » k) / (np.pi * k)
wn -1 : 0 : -1] = firstfactor » sigma

win + 1 : —-1] = firstfactor * sigma

return w[l:-1]

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

def main () :
# Load the monthly-valued Southern Oscillation Index (SOI) time-series.
fname = iris.sample_data_path("SOI_Darwin.nc")
sol = iris.load_cube (fname)

# Window length for filters.
window = 121

# Construct 2-year (24-month) and 7-year (84-month) low pass filters
# for the SOI data which is monthly.

wgts24 = low_pass_weights (window, 1.0 / 24.0)

wgts84 = low_pass_weights (window, 1.0 / 84.0)

# Apply each filter using the rolling window method used with the weights
# keyword argument. A weighted sum is required because the magnitude of
# the weights are just as important as their relative sizes.
soi24 = soi.rolling_window (
"time", iris.analysis.SUM, len(wgts24), weights=wgts24
)
s0i84 = soi.rolling_window (
"time", iris.analysis.SUM, len(wgts84), weights=wgts84

# Plot the SOI time series and both filtered versions.
plt.figure(figsize=(9, 4))
iplt.plot (
soi,
color="0.7",
linewidth=1.0,
linestyle="-",
alpha=1.0,
label="no filter",
)
iplt.plot (
soi?24,
color="b",
linewidth=2.0,
linestyle="-",
alpha=0.7,
label="2-year filter",
)
iplt.plot (
so0i84,
color="r"
linewidth=2.0,
linestyle="-",
alpha=0.7,
label="7-year filter",
)
plt.ylim([-4, 4])
plt.title("Southern Oscillation Index (Darwin Only)")
plt.xlabel ("Time")
plt.ylabel ("SOI"M)
plt.legend(fontsize=10)
iplt.show ()

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

if name == "__main__ ":

main ()

Total running time of the script: ( 0 minutes 1.702 seconds)

2.1.9 Deriving the Coriolis Frequency Over the Globe

This code computes the Coriolis frequency and stores it in a cube with associated metadata. It then plots the Coriolis
frequency on an orthographic projection.

Coriolis frequency

T
-1.2e-04 -6.0e-05 0.0e+00 6.0e-05 1.2e-04
51

import cartopy.crs as ccrs
import matplotlib.pyplot as plt
import numpy as np

import iris
from iris.coord_ systems import GeogCS
import iris.plot as iplt

def main () :

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

# Start with arrays for latitudes and longitudes, with a given number of
# coordinates in the arrays.

coordinate_points = 200
longitudes = np.linspace(-180.0, 180.0, coordinate_points)
latitudes = np.linspace(-90.0, 90.0, coordinate_points)

lon2d, lat2d = np.meshgrid(longitudes, latitudes)

# Omega is the Earth's rotation rate, expressed in radians per second
omega = 7.29e-5

# The data for our cube is the Coriolis frequency,

# 'f = 2 % omega * sin(phi) ', which is computed for each grid point over
# the globe from the 2-dimensional latitude array.

data = 2.0 » omega * np.sin(np.deg2rad(lat2d))

# We now need to define a coordinate system for the plot.
# Here we'll use GeogCS; 6371229 is the radius of the Earth in metres.
cs = GeogCS(6371229)

# The Iris coords module turns the latitude list into a coordinate array.
# Coords then applies an appropriate standard name and unit to it.
lat_coord = iris.coords.DimCoord (

latitudes, standard_name="latitude", units="degrees", coord_system=cs

# The above process is repeated for the longitude coordinates.
lon_coord = iris.coords.DimCoord (
longitudes, standard_name="longitude", units="degrees", coord_system=cs

# Now we add bounds to our latitude and longitude coordinates.

# We want simple, contiguous bounds for our regularly-spaced coordinate
# points so we use the guess_bounds () method of the coordinate. For more
# complex coordinates, we could derive and set the bounds manually.
lat_coord.guess_bounds ()

lon_coord.guess_bounds ()

# Now we input our data array into the cube.
new_cube = iris.cube.Cube (
data,
standard_name="coriolis_parameter",
units="s-1",
dim_coords_and_dims=[ (lat_coord, 0), (lon_coord, 1)],

# Now let's plot our cube, along with coastlines, a title and an
# appropriately-labelled colour bar:
ax = plt.axes (projection=ccrs.Orthographic())
ax.coastlines (resolution="10m")
mesh = iplt.pcolormesh (new_cube, cmap="seismic")
tick_levels = [-0.00012, -0.00006, 0.0, 0.00006, 0.00012]
plt.colorbar (

mesh,

orientation="horizontal",

label="s-1",

ticks=tick_levels,

format="%.1e",

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

)
plt.title("Coriolis frequency")
plt.show ()

if name == "__main__ ":

main ()

Total running time of the script: ( 0 minutes 3.915 seconds)

2.1.10 Calculating a Custom Statistic

This example shows how to define and use a custom iris.analysis.Aggregator, that provides a new
statistical operator for use with cube aggregation functions such as collapsed(), aggregated_by () or
rolling window().

In this case, we have a 240-year sequence of yearly average surface temperature over North America, and we want to
calculate in how many years these exceed a certain temperature over a spell of 5 years or more.

Number of 5-year warm spells in 240 years

0 30 60 90 120 150 180 210 240

import matplotlib.pyplot as plt
import numpy as np

import iris

(continues on next page)
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from iris.analysis import Aggregator
import iris.plot as iplt

import iris.quickplot as gplt

from iris.util import rolling_ window

# Define a function to perform the custom statistical operation.
# Note: in order to meet the requirements of iris.analysis.Aggregator, it must
# do the calculation over an arbitrary (given) data axis.
def count_spells(data, threshold, axis, spell_length):
won
Function to calculate the number of points in a sequence where the value
has exceeded a threshold value for at least a certain number of timepoints.

Generalised to operate on multiple time sequences arranged on a specific
axis of a multidimensional array.

Args:

* data (array):
raw data to be compared with value threshold.

* threshold (float):
threshold point for 'significant' datapoints.

* axis (int):
number of the array dimension mapping the time sequences.
(Can also be negative, e.g. '—-1' means last dimension)

* spell_length (int):
number of consecutive times at which value > threshold to "count".

mon

if axis < 0:

# just cope with negative axis numbers

axis += data.ndim
# Threshold the data to find the 'significant' points.
data_hits = data > threshold
# Make an array with data values "windowed" along the time axis.
hit_windows = rolling_window(data_hits, window=spell_length, axis=axis)
# Find the windows "full of True-s" (along the added 'window axis').
full _windows = np.all (hit_windows, axis=axis + 1)
# Count points fulfilling the condition (along the time axis).
spell_point_counts = np.sum(full_windows, axis=axis, dtype=int)
return spell_point_counts

def main () :
# Load the whole time-sequence as a single cube.
file_path = iris.sample_data_path("El_north_america.nc")
cube = iris.load_cube (file_path)

# Make an aggregator from the user function.
SPELL_COUNT = Aggregator (
"spell _count", count_spells, units_func=lambda units: 1

(continues on next page)
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# Define the parameters of the test.
threshold_temperature = 280.0
spell_years = 5

# Calculate the statistic.

warm_periods = cube.collapsed(
"time",
SPELL_COUNT,
threshold=threshold_temperature,
spell_length=spell_years,

)

warm_periods.rename ("Number of 5-year warm spells in 240 years")

# Plot the results.

gplt.contourf (warm_periods, cmap="RdY1lBu_ r")
plt.gca () .coastlines|()

iplt.show ()

if name == "_ _main_ ":

main ()

Total running time of the script: ( 0 minutes 1.785 seconds)

2.1.11 Colouring Anomaly Data With Logarithmic Scaling

In this example, we need to plot anomaly data where the values have a “logarithmic” significance — i.e. we want to
give approximately equal ranges of colour between data values of, say, 1 and 10 as between 10 and 100.

As the data range also contains zero, that obviously does not suit a simple logarithmic interpretation. However, values
of less than a certain absolute magnitude may be considered “not significant”, so we put these into a separate “zero
band” which is plotted in white.

To do this, we create a custom value mapping function (normalization) using the matplotlib Norm class mat-
plotlib.colours.SymLogNorm. We use this to make a cell-filled pseudocolour plot with a colorbar.

NOTE: By “pseudocolour”, we mean that each data point is drawn as a “cell” region on the plot, coloured ac-
cording to its data value. This is provided in Iris by the functions iris.plot.pcolor() and iris.plot.
pcolormesh (), which call the underlying matplotlib functions of the same names (i.e. matplotlib.pyplot.pcolor
and matplotlib.pyplot.pcolormesh). See also: http://en.wikipedia.org/wiki/False_color#Pseudocolor.
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Temperature anomaly
1982 differences from 1860-2099 average.
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import cartopy.crs as ccrs
import matplotlib.pyplot as plt
import matplotlib.colors as mcols

import iris
import iris.coord_categorisation
import iris.plot as iplt

def main() :
# Load a sample alir temperatures sequence.
file_path = iris.sample_data_path("El_north_america.nc")
temperatures = iris.load_cube (file_path)

# Create a year—-number coordinate from the time information.
iris.coord_categorisation.add_year (temperatures, "time")

# Create a sample anomaly field for one chosen year, by extracting that

# yvear and subtracting the time mean.
sample_year = 1982

year_temperature = temperatures.extract (iris.Constraint (year=sample_year))

time_mean = temperatures.collapsed("time", iris.analysis.MEAN)
anomaly = year_temperature - time_mean

# Construct a plot title string explaining which years are involved.

(continues on next page)
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years = temperatures.coord("year") .points

plot_title = "Temperature anomaly"

plot_title += "\n{} differences from {}-{} average.".format (
sample_year, years[0], years[-1]

# Define scaling levels for the logarithmic colouring.
minimum_log_level = 0.1
maximum_scale_level = 3.0

# Use a standard colour map which varies blue-white-red.

# For suitable options, see the 'Diverging colormaps' section in:
# http://matplotlib.org/examples/color/colormaps_reference.html
anom_cmap = "bwr"

# Create a 'logarithmic' data normalization.
anom_norm = mcols.SymLogNorm (
linthresh=minimum_log_level,
linscale=0,
vmin=-maximum_scale_level,
vmax=maximum_scale_level,

)

# Setting "linthresh=minimum log_level" makes its non-logarithmic

# data range equal to our 'zero band'.

# Setting "linscale=0" maps the whole zero band to the middle colour value
# (i.e. 0.5), which is the neutral point of a "diverging" style colormap.

# Create an Axes, specifying the map projection.
plt.axes (projection=ccrs.LambertConformal ())

# Make a pseudocolour plot using this colour scheme.
mesh = iplt.pcolormesh (anomaly, cmap=anom_cmap, nhorm=anom_norm)

# Add a colourbar, with extensions to show handling of out-of-range values.
bar = plt.colorbar (mesh, orientation="horizontal", extend="both")

# Set some suitable fixed "logarithmic" colourbar tick positions.
tick_levels = [-3, -1, -0.3, 0.0, 0.3, 1, 3]
bar.set_ticks (tick_levels)

# Modify the tick labels so that the centre one shows "+/-<minumum-level>".
tick_levels[3] = r"$S\pm${:g)".format (minimum_log_level)
bar.set_ticklabels (tick_levels)

# Label the colourbar to show the units.
bar.set_label ("[{}, log scale]".format (anomaly.units))

# Add coastlines and a title.
plt.gca () .coastlines|()
plt.title(plot_title)

# Display the result.

iplt.show()

if name == "__main__ ":
main ()
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Total running time of the script: ( 0 minutes 0.949 seconds)

2.1.12 Plotting in Different Projections
This example shows how to overlay data and graphics in different projections, demonstrating various features of Iris,
Cartopy and matplotlib.

We wish to overlay two datasets, defined on different rotated-pole grids. To display both together, we make a pseu-
docoloured plot of the first, overlaid with contour lines from the second. We also add some lines and text annotations
drawn in various projections.

We plot these over a specified region, in two different map projections.

A pseudocolour plot on the Equidistant Cylindrical projection,
with overlaid contours.
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A pseudocolour plot on the North Polar Stereographic projection,

with overlaid contours.

' e

import cartopy.crs as ccrs
import matplotlib.pyplot as plt
import numpy as np

import iris
import iris.plot as iplt

# Define a Cartopy 'ordinary' lat-lon coordinate reference system.
crs_latlon = ccrs.PlateCarree()

def make_plot (projection_name, projection_crs):

# Create a matplotlib Figure.
plt.figure()

Add a matplotlib Axes, specifying the required display projection.
NOTE: specifying 'projection' (a "cartopy.crs.Projection") makes the
resulting Axes a "cartopy.mpl.geoaxes.GeoAxes", which supports plotting
in different coordinate systems.

ax = plt.axes(projection=projection_crs)

H FH W H

# Set display limits to include a set region of latitude x longitude.
# (Note: Cartopy-specific).
ax.set_extent ((-80.0, 20.0, 10.0, 80.0), crs=crs_latlon)

(continues on next page)
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# Add coastlines and meridians/parallels (Cartopy-specific).
ax.coastlines (linewidth=0.75, color="navy")
ax.gridlines (crs=crs_latlon, linestyle="-")

# Plot the first dataset as a pseudocolour filled plot.
maindata_filepath = iris.sample_data_path ("rotated pole.nc")

main_data = iris.load_cube (maindata_filepath)
# NOTE: iplt.pcolormesh calls "pyplot.pcolormesh", passing in a coordinate
# system with the 'transform' keyword: This enables the Axes (a cartopy

# GeoAxes) to reproject the plot into the display projection.
iplt.pcolormesh (main_data, cmap="RdBu_r")

# Overplot the other dataset (which has a different grid), as contours.
overlay_filepath = iris.sample_data_path("space_weather.nc")
overlay_data = iris.load_cube (overlay_filepath, "total electron content")
# NOTE: as above, "iris.plot.contour" calls "pyplot.contour" with a
# 'transform' keyword, enabling Cartopy reprojection.
iplt.contour (

overlay_data, 20, linewidths=2.0, colors="darkgreen", linestyles="-"

# Draw a margin line, some way in from the border of the 'main' data...
# First calculate rectangle corners, 7% in from each corner of the data.
x_coord, y_coord = main_data.coord(axis="x"), main_data.coord(axis="y")
x_start, x_end = np.min(x_coord.points), np.max(x_coord.points)

y_start, y_end = np.min(y_coord.points), np.max(y_coord.points)

margin = 0.07

margin_fractions = np.array([margin, 1.0 - margin])

x_lower, x_upper = x_start + (x_end - x_start) » margin_fractions
y_lower, y_upper = y_start + (y_end - y_start) * margin_fractions
box_x_points = x_lower + (x_upper - x_lower) x np.array([O, 1, 1, 0, 01])

box_y_points = y_lower + (y_upper - y_lower) x np.array ([0, 0, 1, 1, 01)
# Get the Iris coordinate sytem of the X coordinate (Y should be the same).

cs_datal = x_coord.coord_system
# Construct an equivalent Cartopy coordinate reference system ("crs").
crs_datal = cs_datal.as_cartopy_crs()

# Draw the rectangle in this crs, with matplotlib "pyplot.plot".
# NOTE: the 'transform' keyword specifies a non-display coordinate system
# for the plot points (as used by the "iris.plot" functions).
plt.plot (
box_x_points,
box_y_points,
transform=crs_datal,
linewidth=2.0,
color="white",
linestyle="--",

# Mark some particular places with a small circle and a name label...
# Define some test points with latitude and longitude coordinates.
city_data = [

("London", 51.5072, 0.1275),

("Halifax, NS", 44.67, -63.61),

("Reykjavik", 64.1333, -21.9333),
]
# Place a single marker point and a text annotation at each place.
for name, lat, lon in city_data:

(continues on next page)
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plt.plot (
lon,
lat,
marker="o"
markersize=7.0,
markeredgewidth=2.5,
markerfacecolor="black",
markeredgecolor="white",
transform=crs_latlon,
)
# NOTE: the "plt.annotate call" does not have a "transform=" keyword,
# so for this one we transform the coordinates with a Cartopy call.
at_x, at_y = ax.projection.transform_point (
lon, lat, src_crs=crs_latlon
)
plt.annotate (
name,
xy=(at_x, at_y),
xytext= (30, 20),
textcoords="offset points",
color="black",
backgroundcolor="white",
size="large",
arrowprops=dict (arrowstyle="->", color="white", linewidth=2.5),

# Add a title, and display.

plt.title(
"A pseudocolour plot on the {} projection,\n"
"with overlaid contours.".format (projection_name)

)
iplt.show ()

def main () :
# Demonstrate with two different display projections.
make_plot ("Equidistant Cylindrical", ccrs.PlateCarree())
make_plot ("North Polar Stereographic", ccrs.NorthPolarStereo())

Total running time of the script: ( 0 minutes 0.907 seconds)

2.1.13 Loading a Cube From a Custom File Format

This example shows how a custom text file can be loaded using the standard Iris load mechanism.

The first stage in the process is to define an Iris Format Specification for the file format. To create a format
specification we need to define the following:

» format_name - Some text that describes the format specification we are creating
« file_element - FileElement object describing the element which identifies this FormatSpecification.

Possible values are:
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iris.io.format_picker.MagicNumber (n, o) The n bytes from the file at offset o.
iris.io.format_picker.FileExtension () The file’s extension.
iris.io.format_picker.LeadingLine () The first line of the file.

« file_element_value - The value that the file_element should take if a file matches this FormatSpecification

* handler (optional) - A generator function that will be called when the file specification has been identified.
This function is provided by the user and provides the means to parse the whole file. If no handler function is
provided, then identification is still possible without any handling.

The handler function must define the following arguments:
— list of filenames to process
— callback function - An optional function to filter/alter the Iris cubes returned
The handler function must be defined as generator which yields each cube as they are produced.

e priority (optional) - Integer giving a priority for considering this specification where higher priority means
sooner consideration
In the following example, the function 1oad_NAME_TITITI () has been defined to handle the loading of the raw data

from the custom file format. This function is called from NAME_t o_cube () which uses this data to create and yield
Iris cubes.

In the main () function the filenames are loaded via the iris.load_cube function which automatically invokes
the FormatSpecification we defined. The cube returned from the load function is then used to produce a plot.

Volcanic ash concentration forecast
valid at 0600 11/05/2010

Ash concentration / g m-3
0.0002 =x=0.002
BN 0.002 =x=0.004
H x>=0.004
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import datetime

from cf units import Unit, CALENDAR_GREGORIAN
import matplotlib.pyplot as plt
import numpy as np

import iris

import iris.coords as icoords

import iris.coord_systems as icoord_systems
import iris.fileformats

import iris.io.format_picker as format_picker
import iris.plot as iplt

UTC_format = "$H%M%Z 2%d/%m/%Y"

FLOAT_HEADERS = |

]

"X grid origin",
"Y grid origin",
"X grid resolution",
"Y grid resolution",

INT_HEADERS = ["X grid size", "Y grid size", "Number of fields"]
DATE_HEADERS = ["Run time", "Start of release", "End of release"]

COLUMN_NAMES

def

[
"species_category",
"species",
"cell_measure",
"quantity",

"unit" ,

"z_level",

"time",

load_NAME_TIII (filename) :

mrrmn

Loads the Met Office's NAME III grid output files returning headers, column
definitions and data arrays as 3 separate lists.

mmn

# Loading a file gives a generator of lines which can be progressed using
# the next () function. This will come in handy as we wish to progress
# through the file line by line.
with open(filename) as file_handle:
# Define a dictionary which can hold the header metadata for this file.
headers = {}

# Skip the NAME header of the file which looks something like
# 'NAME III (version X.X.X)'.
next (file_handle)

# Read the next 16 lines of header information, putting the form
# "header name: header value" into a dictionary.
for _ in range(16):

header_name, header_value = next (file_handle) .split (":")

(continues on next page)
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# Strip off any spurious space characters in the header name and
# value.

header_name = header_name.strip/()

header_value = header_value.strip()

# Cast some headers into floats or integers if they match a given
# header name.
if header_name in FLOAT_HEADERS:

header_value = float (header_value)
elif header_name in INT_HEADERS:
header_value = int (header_value)

elif header_name in DATE_HEADERS:
# convert the time to python datetimes
header_value = datetime.datetime.strptime (
header_value, UTC_format

headers[header_name] = header_value

# Skip the next blank line in the file.
next (file_handle)

# Read the next 7 lines of column definitions.
column_headings = {}
for column_header_name in COLUMN_NAMES :
column_headings[column_header_name] = [
col.strip() for col in next (file_handle) .split (", ")
10:-1]

# Convert the time to python datetimes.
new_time_column_header = []
for i, t in enumerate (column_headings["time"]) :
# The first 4 columns aren't time at all, so don't convert them to
# datetimes.
if 1 >= 4:
t = datetime.datetime.strptime(t, UTC_format)
new_time_column_header.append (t)
column_headings["time"] = new_time_column_header

# Skip the blank line after the column headers.
next (file_handle)

# Make a list of data arrays to hold the data for each column.
data_shape = (headers["Y grid size"], headers["X grid size"])
data_arrays = [

np.zeros (data_shape, dtype=np.float32)

for i in range (headers|["Number of fields"])

# Iterate over the remaining lines which represent the data in a column
# form.
for line in file_handle:
# Split the line by comma, removing the last empty column caused by
# the trailing comma.
vals = line.split(",")[:-1]

(continues on next page)
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Cast the x and y grid positions to floats and convert them to
zero based indices (the numbers are 1 based grid positions where
0.5 represents half a grid point.)

= int (float (vals[0]) — 1.5)

int (float (vals[1]) — 1.5)

NOOW SR S S

# Populate the data arrays (i.e. all columns but the leading 4).
for i, data_array in enumerate (data_arrays) :
data_arrayly, x] = float(vals[i + 4])

return headers, column_headings, data_arrays

def NAME_to_cube (filenames, callback):

mmn

Returns a generator of cubes given a list of filenames and a callback.

mmn

for filename in filenames:
header, column_headings, data_arrays = load_NAME_TIITI (filename)

for i, data_array in enumerate (data_arrays):
# turn the dictionary of column headers with a list of header
# information for each field into a dictionary of headers for just
# this field. Ignore the first 4 columns of grid position (data was
# located with the data array).
field _headings = dict(
(k, v[i + 4]) for k, v in column_headings.items ()

# make an cube
cube = iris.cube.Cube (data_array)

# define the name and unit
name = "%s 25" % (
field_headings|["species"],
field _headings["quantity"],
)
name = name.upper () .replace(" ", "_")
cube.rename (name)
# Some units are badly encoded in the file, fix this by putting a
# space in between. (if gs is not found, then the string will be
# returned unchanged)
cube.units = field_headings["unit"].replace("gs", "g s")

# define and add the singular coordinates of the field (flight
# level, time etc.)
cube.add_aux_coord (
icoords.AuxCoord (
field _headings["z_level"],
long_name="flight level",
units="1",

# define the time unit and use it to serialise the datetime for the
# time coordinate

(continues on next page)
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time_unit = Unit ("hours since epoch", calendar=CALENDAR_GREGORIAN)

time_coord = icoords.AuxCoord (
time_unit.date2num(field_headings["time"]),
standard_name="time",
units=time_unit,

)

cube.add_aux_coord (time_coord)
# build a coordinate system which can be referenced by latitude and
# longitude coordinates

lat_lon_coord_system = icoord_systems.GeogCS (6371229)

# build regular latitude and longitude coordinates which have

# bounds

start = header["X grid origin"] + header["X grid resolution"]
step = header["X grid resolution"]

count = header["X grid size"]

pts = start + np.arange(count, dtype=np.float32) = step
lon_coord = icoords.DimCoord (

pts,

standard_name="longitude",

units="degrees",

coord_system=lat_lon_coord_system,
)

lon_coord.guess_bounds ()

start = header["Y grid origin"] + header["Y grid resolution"]
step = header["Y grid resolution"]
count = header["Y grid size"]

pts = start + np.arange(count, dtype=np.float32) = step
lat_coord = icoords.DimCoord (

pts,

standard_name="latitude",

units="degrees",

coord_system=lat_lon_coord_system,
)

lat_coord.guess_bounds ()

# add the latitude and longitude coordinates to the cube, with
# mappings to data dimensions

cube.add_dim_coord(lat_coord, 0)

cube.add_dim_coord(lon_coord, 1)

# implement standard iris callback capability. Although callbacks
# are not used in this example, the standard mechanism for a custom
# loader to implement a callback is shown:
cube = iris.io.run_callback (
callback, cube, [header, field_headings, data_array], filename

# yield the cube created (the loop will continue when the next ()
# element is requested)
yield cube

# Create a format_picker specification of the NAME file format giving it a
# priority greater than the built in NAME loader.

(continues on next page)
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_NAME_TIII_spec = format_picker.FormatSpecification (
"Name III",
format_picker.LeadingLine(),
lambda line: line.startswith(b"NAME III"),
NAME_to_cube,
priority=6,

# Register the NAME loader with iris
iris.fileformats.FORMAT_AGENT.add_spec (_NAME_III_spec)

def main () :
fname = iris.sample_data_path ("NAME output.txt")

boundary_volc_ash_constraint = iris.Constraint (
"VOLCANIC_ASH_AIR_CONCENTRATION", flight_level="From FL0O00 - FL200"

# Callback shown as None to illustrate where a cube-level callback function
# would be used if required
cube = iris.load_cube (fname, boundary_volc_ash_constraint, callback=None)

# draw contour levels for the data (the top level is just a catch-all)
levels = (0.0002, 0.002, 0.004, 1el0)
cs = iplt.contourf (

cube,

levels=levels,

colors=("#80ffff", "#939598", "#e00404"),

# draw a black outline at the lowest contour to highlight affected areas
iplt.contour (cube, levels=(levels[0], 100), colors="black™)

# set an extent and a background image for the map
ax = plt.gcal)

ax.set_extent ((-90, 20, 20, 75))

ax.stock_img ("ne_shaded")

# make a legend, with custom labels, for the coloured contour set
artists, _ = cs.legend_elements ()
labels = [
r"s$%s < x \leqg %s$" % (levels[0], levels][l]),
r"$%s < x \leg %s$" % (levels[l], levels([2]),
r'"S$Sx > 2sS" % levels[2],
]
ax.legend(
artists, labels, title="Ash concentration / g m-3", loc="upper left"

time = cube.coord("time")
time_date = time.units.num2date (time.points[0]) .strftime (UTC_format)

(continues on next page)
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)

plt.title("Volcanic ash concentration forecast\nvalid at %s" % time_date)

iplt.show()

if name == "__main__ ":

main ()

Total running time of the script: ( 0 minutes 0.866 seconds)

2.2 Meteorology

2.2.1 lonosphere Space Weather

This space weather example plots a filled contour of rotated pole point data with a shaded relief image underlay. The
plot shows aggregated vertical electron content in 