Working with ECMWF data in Python

Building a new framework to interact with ECMWF data & services

: Jupyter Untitled Last Checkpoint: an hour ago (unsaved changes)
File Edit View Insert Cell Kemel Widgets Help

B+ < BB 4+ ¥ M B C cCode v = CellToolbar

In [2]: <import metview as mv

In [29]: t = mv.read('2m_temperature.grib')

print(mv.datainfo(t))

mv.cross_sect

Stephan Siemen, lain Russell, L e

In [30]: pal 3

mv.dates

Fernando li, Sandor Kertész s

Jdmv.definition
cmv.describe

Development Section, ECMWF - dsexionary

'e', 'proportion_present': '1', 'propo!

~id_25")

< C @ Python Software Foundation [US] | httpsy/pypi.org/pro| polar = mv.geoview(
map_projection = "polar_stereographic",
map_area_definition = "corners",

: . area [19.62,-31.44,39.66,80.1])
Search projects

In [31]: mv.setoutput('jupyter')
mv.plot(polar, t, pal)

metview 0.9.1

Out[31]:

To view your plot in a Jupytet notebook, call "mv.setoutput(‘jupyter)" at some point before plotting

pip install metview IR
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Active engagement with community
We had now two workshops with wider Python community

* There are already many good efforts and solutions out there
- Many good “wheels” which do not need to be reinvented

- We want to allow easy interactions between frameworks

« Confirmation of our direction for developments

- Using common Python packages for meteorological data

- Handle fields through xarray; pandas for tables/time series

—> Build new Python interfaces the Python way
- Not how legacy Fortran/C interfaces were done

- Still we support them for Python 3

« Building a community is more then just releasing software
under Open Source

- ‘Open Source’ versus ‘Open Development’ > embrace new culture , =

e : : —
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Looking at data processing at scale [f DASK

 Python has long been seen as not capable of
processing large amounts of data efficiently

 This has changed in recent years with the emergence of
packages like pandas, xarray, dask, ...

- We are now looking at how we can use Python itself for larger
datasets and provide tutorials & cookbooks for users how
to process our data

PANG=O0

* We had a very good session on this topic at the last workshop .

— E.g the work of the Pangeo initiative here is very relevant e

= §7 e
Lt

* These and many other interesting presentations from this year’s workshop you can

find at

https://www.ecmwf.int/en/learning/workshops/2018-workshop-developing-python-frameworks-earth-system-sciences

JAANY
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Copernicus Climate Data Store (CDS) released earlier this year

\ IMPLEMENTE

OPEMICUS —c ECMWF @ R Change

Curepen Europe’s eyes on Earth
Comerissian

Home Search Datasets Toolbox Help & support

* New portal to find / download and work with B . Eiove G

Service

CO pe rn i Cu S CI i m ate d ata =1 This is a new service -- your feedback will help us to improve it ERIEFE
Home Search Datasets Applications Yourrequests Toolbox Help & support

02 Plot Map History Plot Map »

[oolbox editor

Data D import cdstoolbox as ct
. " " .
Mean Near-Surface Air Temperature in 2008-01 ,
° ngll—level descrlptlve PY“ on interface
| your workspace + @ct.éppllcatlon(tltle: 1.>lot Map') H
L @ct.input.dropdown('variable', values=[ g
01 Retrieve Data Va | , o L £
2m_temperature', '10m_u_component_of_wind', &
. . 02 Plot Map /7 u '10m_v_component_of_wind', 3
— Allow non-domain users to build apps |
00 Hello World 1)
01 Retrieve data €ct.input.dropdown('year', values=range (2008, 2018))
€ct.input.dropdown('month', values=range(l, 13))
02 Plot map @ct.output.figure()
03 Extract time series and plot graph i .
plot grapl 2 def plot_map(variable, year, month): (opermcus @
11 Calculate time mean and standard deviation e
. :
° - 12 Calculate climatologies Plot on a map the average over a given month. R
I O u O u rS e - 21 Calculate regional mean and anomalies
2m_temperature v
31 Calculate trends dataset = ct.catalogue.retrieve(
41 Calculate GDD 'reanalysis-era5-single-levels', year
42 Use cdo functions { 2008
[ [l 51 Calculate zonal means 'variable': variable,
[l . ‘grid': ['3', '3'],
52 Format maps to allow visual comparison . I iat
. . . . product_type': 'reanalysis', month
3 ‘year': [
2 '2008','2009','2010", 1 -
'2011','2012','2013",
Ve - build 42

'2014','2015','2016",
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https://cds.climate.copernicus.eu/
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New opportunities through cloud services SRt
= (e ;, b

i .l‘? p,’;\,

- ECMWF looks together with its partners on providing private clouds close to data 204 e

— E.g. Copernicus WEKEO DIAS in co-operation with EUMETSAT & Mercator Ocean

« Making it easier for users to work with ECMWF forecast & Copernicus data
— And Python will play an important role here

— Fast deployment + high level interfaces to abstract technical implementations

Federated /\ Daas Elasticty  FR RS
Commercial / Sass

Cloud /

r .
Data/VAS ¥
p INfOUT
3 Data/VAS (all layers)
Data OUT INfOUT ‘
P (Daas) (all layers)
Y Q { @ Data/VAS

) |
Service .- INfOUT P ) ' » "
Provider Service (all layers) —
A)“ & Previder ‘f{s.ob Connections with Customers
a e \’ Q Connections with Third Parties
o
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Making software easily available within existing frameworks

E European Centre for Medium-Range Weather Forecasts

Shinfield Park, , Readin g, United King gdom <0 http: Jwww.ecmw fint

[JRepositories 11 People 8 Teams 2 Projects 0 Settings
» Source code & examples on GitHub T —-_’ L
Help Donate Login Register
- Packages need be on PyPi and Conda | T
‘ PUBLIC REPOSITORY
ecmwf/jupyter-notebook vy
« ECMWEF Python software on DockerHub i
Navigation Short Description Nackar Pull Cammand [ 29
spyoromon B (opemicrs SECMWE @ gpzros
D Release his e CEol
« SaaS - CDS Toolbox |
This is a Docker ¢( in . m sempersture
the following ECM ) g ° & from mo ey
-— e = |-
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The Metview Python framework

* A high-level Python 3
interface for processing
and visualising ECMWF
data

* Aim is to allow users of
Metview to use easily the
power of Python but still
have all functionality of
Metview; including
visualisation

out[12]:

- Beta release - all Metview
functionality available
from Python 3

 Close co-operation
CDS toolbox

In [12]: mv.plot(dw[O0],

dw[1],
dw[2],
dw[3],

Metview - uPlot

File View Animation Zoom Tools Help

fs.mean(), mv.mtext(text_line 1 = "ENS mean"),
fs.stdev(), mv.mtext(text_line 1 = "ENS spread"),
g[0], cont_pc, mv.mtext(text_ line 1 = "PCl1l"),
g[l], cont_pc, mv.mtext(text_line 1 = "PC2"))

WweE

N 4.

A\
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Quaver
verification

Evolution of Metview to Python == e

L20) z Vo i
File View Go Bookmarks History Tools Help o - . ¥ A wacon 0%
. H e s
EE =i @ 0 4 B> coussprep » 2015 b dayd b ensembleforecast b solutions » e = . .
arib-pl | [ reproj | || ECMWF-40th-anniversary | | | EUMETSATXRIT | | I solutions £3 |4[» v
Be Em Vo isen Pogan seangs ey
& 0OBveD
OX)  |[181v = retrieve( ]
fc_latest_opergrib fc_opergrit title_oper woust_shade {1g2 v a1
183 param nyh,
184 level 700,
A 185 rea_
fc_ens.grib 186 grid [1.5,1.5]
B 1187 )
188
man UK c0{|189 # Compute the gradient of Q
190q =
D 191q gradientb (q)
192 # Extract the area we are calculating on
193q = read ( area : area_xx, data : q)
@@ B
195 # Compute the advection of Q
LRl Tng 196a = q[1]*u + q[2]*v
197a = -a * (10 A 8) # units will be 10e-8 (kg/kg)/sec :I
S 198
) R F2 A . N
(i @ eeeee s 199 # Plot positive advection in blue, negative in red
ens_spreadmy W Movetowastebasket Dol [ 200 contour_common = (
title_sp{E3 Send 201 col \_type : "int 1
202 I
& 203 on* L
'_J 204 0.25 g
ens_prob.m gl 1 oL
title_prob_22
| DataAccsss | Fiters | Macos | Modues@ata) | mi
L @ L] £
Adis Plotting Binning  Coastlines  Contouring Graph Plotting  Legend

e—o0—e 2 |

mars client, web_api, Magics, MIR

C++
Bespoke implementation of
data models and communication
between services

- Evolve — make internally more use of community packages and contribute to them >
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Generation of Python code

F. Python Script.py-a‘hon;e/graphics/cgi/melview/proj(;.cts;’Metview il-l_PyEt_J-n/Examples’ohs-ﬁIter-and-plot/Python Script.py - & x“
File Edit View Insert Program Settings Help

90 Q6H6 v 8

= mv.geoview ( e

obs-filter-and-plot - /projects/Metview in Python/Examp!
File View Go Bookmarks History Tools Help

FAEEEIERER
| gradients | | obsiter-and-plot £ | | | cross-segd ole-ax

@

obs bufr t2m

coloured_symbols - /Demos/General - Metview ? v Q

i - Icon name: coloured_symbols
Y| Folder: /Demos/General
Type: MSYMB Modified: 2018-10-27 12:49

(Ve p—
- B o1 Show disabled parameters | I"’ T

Python Script.py

E] symbol Advanced Table Max Level Colour [>>| ‘ - Red

[:E | E] symbol Advanced Table Min Level Colour (<< ‘ -Blue

| Wheel | Grid Red: |0 |7
land_sea_shade | coloured_symbols Green: [0 |*]
Blue: |255 |2

Opacity: =—=

HTML: |#0000ff

> Modules (Data) b Modules (Plotting) b Views b

File loaded Macro: |'RGB(0.O, |~

€

E] symbol Advanced Table Colour Direction ‘ Clockwise

-

< [

Templates > ’

- ECMWF EUROPEAN CENTRE FOR MEDIUM-RANGE WEATHER FOREC/ _ Reset | | | ok || cancel |
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Other benefits of high level definitions

« Concept is also used by web framework & CDS

— Easy way to migrate definitions between systems

* Allows reuse and sharing of codes
— Definitions can easily be reused
— Higher level use; e.g. automatic styling

< ECMWF

Contour Automatic Setting

Contour Style Name

h_all_f2t50i2

sh_all_fot640_energy

sh_all_f30t100i10
[=7] sh_al_fst7oist

sh_all_fmM32t42i2
sh_all_fM48t56i4
sh_all_fM48t56i4_ct_wh

sh_all_fM50t58i2
Il o i smacneaoia

Img

Method Method : Area fill Level range : -32 to 42 Interval : 2 Thickness : 3 Colour
: All colours Used for wind

Layers wind_speed, 10m_fg_interval

v || Keywords rainbow

=
EUROPEAN CENTRE FOR MEDIUM
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: Jupyter principal_component_analysis & Logout

Using NumPy

and SC|Py File Edit View Inset Cell Kernel  Help Trusted | Python 3 O

+ < B 4 ¥ MRun B C W Markdown v

Principal component analysis of ensemble
forecast fields
‘aNumPy

S

In this example we will perform a principal component (PCA) analysis on ensemble
forecast fields stored in GRIB format. We will use a combination of Metview, numpy and
scipy to achieve this.

In [ ]: dmport metview as mv
import numpy as np
from scipy import linalg as LA

o ECMWF CUROPE File z500_ens.grib contains 500 hPa geopotential ECMWF ensemble forecast (50
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| ~ Jjupyter field_obs_difference B [ogout
Using pandas

File Edit View Insert Cell Kernel Help Trusted | Python 3 O

+ < B 4+ v MRun B C MW Markdown v

Difference between gridded field (GRIB) and
scattered observations (BUFR)

pandas {ﬁf

In this example we will load a gridded model field in GRIB format and a set of
observation data in BUFR format. We will then use Metview to examine the data, and
compute and plot their differences. Then we will export the set of differences into a
pandas dataframe for further inspection.

In [ ]: 1import metview as mv

In [ ]: luse_mars = False # 1f False, then read data from disk

Metview retrieves/reads GRIB data into its Fieldset class.

_c ECMWF EUROPE
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. " Jupyter ens_mean_spread_xarray @ Loga
Using xarray -

File Edit View Insert Cell Kernel Help Trusted | Python 3

+ < A B 4 ¥ MWRun B C W Markdown v

Computing ensemble mean and spread with
xarray and plotting the results with Metview

g" xarray

In this example we will compute and plot the ensemble mean and spread (standard
deviation) for multiple steps of ECMWF forecast fields stored in GRIB format. We will use a
combination of Metview and xarray to achieve this goal.

In [ ]: import metview as mv
import xarray as xr

File wgust_ens.grib contains ECMWF ensemble forecast retrieved from MARS for 10m

windgust with 50 perturbed members and 3 timesteps. We read this data into a Fieldset

which is Metview's own class to handle GRIB data. Alternatively, if you have access to it,
SSECMWF ko these fields can be retrieved directly from MARS by enabling the "retrieve” branch in the
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O Pull requests Issues Marketplace Explore A

Benefitting the wider community

f . b I . k d C d [ ecmwf / cfgrib ® Unwatch~ 13 % Unstar 65 YFork 7
C g rl B I n I n g Xa rray a n eC O es <> Code Issues 10 Pull requests 1 Projects 0 Wiki Insights Settings
A Python interface to map GRIB files to the NetCDF Common Data Model following the CF Convention using ecCodes Edit
 Essential building block for Metview-Python
D 699 commits P 2 branches © 22 releases 22 2 contributors s Apache-2.0

Branch: master v New pull request Create new file =~ Upload files  Find file
® TO e m b ra Ce Xa rray fo r aI I 0 u r fi e I d d ata , We E alexamici Merge branch 'master' of github.com:ecmwf/cfgrib Latest commit 8ac4730 7 hours ago

noeded to know hat we could handis

all our GRIB 1 & 2 data [ pydata / xarray R o: | (ks oo0 | [Fron] o

Code Issues 496 i Pull requests 51 Projects 0 Wiki Insights

— Therefore it was important for us to have a

: Add a GRIB backend via ECMWF cfgrib / ecCodes
solution based on ecCodes n grib /

ISV CoM shoyer merged 29 commits into pydata:master from alexamici:feature/grib-support-via-cfgrib 11 days ago

- Developed With Our partners at : -o pen & Conversation 54 -0- Commits 29 # Checks 0 D Files changed 11 +162 -8 NEEN

solutions
alexamici commented 19 days ago « edited ~ Contributor Reviewers
'g; shoyer J
This is currently a WIP PR for review. . jhamman )

¢ O pe n to th e Wh O I e CO m m u n ity Addresses #2475 - only read support is proposed for now. a StephanSiemen (o}

— First user; CDS toolbox ‘

Documented, including whats-new.rst for all changes and api.rst for new API. Assignees

The implementation depends on the python module cfgrib and the C-library ecCodes to be installed. No one assigned

Work in progress items: Labels

the coordinate rename doesn't really belong here, move it to cfgrib, —

port cfgrib backend to use the new CachingFileManager interface

implement proper locking Projects

T
JAANY
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Metview and CDS data — Jupyter wind_gust_nc_era5_cds A | Logout

File Edit View Insert Cell Kernel Help Trusted | Python 3 O
1 Climate Change + < @A B 4+ v MHRun B C MW Markdown v
Service
Retrieving netCDF data from the CDS and
plotting it with Metview
"Hj\ " Climate Change
Service
netCDF
Demonstrates how to retrieve netCDF data from the Climate Data Store (CDS) and
visualise it with Metview using automatic styling and a polar stereographic projection.
In [ ]: import metview as mv
import cdsapi
Retrieves ERAS instantaneous 10 metre wind gust data in netCDF format using the CDS
AP| (access needs to be set up first). If you do not have access to the CDS-API| then
initialise variable use_cds = False. A copy of the data is provided on disk.
o
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How can | use Metview Python right now?

 Documentation on Confluence

— https://confluence.ecmwf.int/metview/Metview's+Python+Interface

* Docker image on DockerHub

— https://hub.docker.com/r/ecmwf/jupyter-notebook/

 Available on github and PyPi

— https://qithub.com/ecmwf/metview-python

— pilp 1install metview

— Requires the Metview binaries to be installed too

Metview from home:SStepke project
Select Your Operating System

» Check out our Jupyter notebook examples at

https://qithub.com/ecmwi/notebook-examples

 aa
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At ECMWF
* Installed on all machines
» Use module load metview-python

& GitHub, Inc. [US] | https://github.com/ecmwf/metview-python

Pull requests Issues Marketplace Explore

L ecmwf / metview-python

<> Code Pull requests 0 Wiki Insights Settings

Python interface to Metview meteorological workstation and batch system ht

Manage topics ¢ C @ Python Software Foundation [US] | https://pypi.org/project/metview/ ¥ ¢

0 Search projects Q Help Donate Login Register

Branch: mas

B metview 0.9.1 v | aestrerson
fainruss|

| docs p‘i p install metview IR Last released: 5 minutes ago

| examplg

B metview
Metview Python API.

Il requirer

Navigation Project description

5 Bratei Python interface to Metview, a meteorological workstation and batch system for accessing,

examining, manipulating and visualising meteorological data. See documentation at

D Release history https://software.ecmwf.int/metview/Metview’s+Python+Interface

X Download files a
Requirements
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