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Choose a style:  sh_blured_fM50t50Ist_cell v

To use this new feature we need to set the parameter contour_automatic_setting to 'style_name',
chosen style. In this example it takes value choosen by the previous menu.

contour = magics.mcont(contour_ automatic_setting = 'style name',
contour style name = One_style.value,
legend = ‘on')

magics.plot(projection, data, contour, coast, legend, title)
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Load predefined ECMWF contour setting:
Seting the parameter contour_automate_setting to‘ecmwf will v U styls Geveloped st ECMIWF for this parameter.

More about contour settings In Magics can be found here

contour = magics mcont contour_autcmatic_setting

magics plotiprojection ¢ata Contour legend coast title
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Motivation

Users want:

— An easy way to inspect meteorological data
— An easy way to share results of their work
— Interactive work with data

— Unified presentation of data
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ECMWF & @ECMWF - Sep 21
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How can we help ?

« Long experience of meteorological visualisation

- Improve the visualisation of NetCDF
—> Offer option of automatic styling

—> Investigate Jupyter universe

- Offer a light-weight WMS
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Magics principles

A
v

shading.py

Magics.macro

output = output{output_formats= ['png'l,
output_name_first_page_number= "off",
output_name= "myplot")

O~NOOU A WN

Tempasanre & S50NPa

europe = mmap(subpage_upper_right_longitude= 65.,
subpage_map_projection= "polar_stereographic",
subpage_map_vertical_longitude= 0.0,
subpage_lower_left_longitude= -37.27,
subpage_lower_left_latitude= 21.51,
subpage_upper_right_latitude= 51.28)

mcoast( map_grid_colour= "tan", 7 :
map_coastline colour= "tan") CECMWF

+856 = mgrib( grib_iogub-filessane = "./t850.grb",) mnetcdf( data = magics.mnetcdf(netcdf_filename = "2t.nc",
netcdf_value_variable = "t2m") )

#¥50_contour = mcont(legend="on",
contour_shade= "on",
contour_hilo= "off",
contour= "off",
contour_label= "off",
contour_shade_method= "area_fill",
contour_level_selection_type= "interval",
contour_interval= 4. . -
e e e et T t850_contour = mcont(contour_automatic_setting 'ecmwf', legend='on')
contour_shade_max_level_colour = "red", - -
contour_shade_min_level_colour = "blue",
contour_shade_colour_direction = "clockwise")

plot(output,;™ewsone, t850, t850_contour. cees?T, legend)

o
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Automatic visualisation : where to start ? ecCharts |

« EcCharts products are used
among many member states and
their styles are recognizable for
users

« There are already styles for over
250 meteorological parameters

« For most parameters there is
more than one style

« Making reproducing ecCharts
plots almost trivial

20 el 53 49 A5 41 37 33 29 25 21 3
T T T T T T oo mage: Water vapou (WV) -200 hPa
os T 7 o B % i £)

last 6 hour

Interval 5, thickness 2
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Teaching Magics to recognise data

Inspecting grib keys

===s==s======= MESSAGE Z | Lengtn=ie/6bss ) s==z===z======

editionNumber = 1;
table2Version = 128;

-> Creating rules:
{

"match" : {
"prefered_units" : "C",

# European Centre for Medium-Range Weather Forecasts (common/c-1.table) llsetll . [

centre = 98;

generatingProcessIdentifier = 145;

# Temperature (K) (gribl/2.98.128.table)
indicatorOfParameter = 138;

# Isobaric level pressure in hectoPascals (hPa) (gribl/local/ecmf/3.table , gribl/3.table)

indicatorOfTypeOfLevel = 188;
level = 258;

# Forecast product valid at reference time + P1 (P1>@) (gribl/local/ecmf/5.table , gribl/5.table)

timeRangeIndicator = 9;

# Unknown code table entry (gribl/@.ecmf.table)
subCentre = @;

paramld = 130;

#-READ ONLY- cfNameECMF = air_temperature;
#-READ ONLY- cfName = air_temperature;
#-READ ONLY- cfVarNameECMF = t;

#-READ ONLY- cfVarName = t;

#-READ ONLY- units = K;

#-READ ONLY- nameECMF = Temperature;
#-READ ONLY- name = Temperature;
decimalScaleFactor = 8;

dataDate = 28100282;

dataTime = 8;

# Hour (stepUnits.table)

stepUnits = 1;

stepRange = 8;

startStep = @;

endStep = 8;

#-READ ONLY- marsParam = 138.128;

# MARS labelling or ensemble forecast data (gribl/localDefinitionNumber.98.table)

localDefinitionNumber = 1;

# ERA5 (mars/class.table)

marsClass = 23;

# Analysis (mars/type.table)

marsType = 2;

# Atmospheric model (mars/stream.table)
marsStream = 10825;
experimentVersionNumber = 8801;
perturbationNumber = @;
numberOfForecastsInEnsemble = @;
shortName = t;

GDSPresent = 1;

bitmapPresent = @;
numberOfverticalCoordinatevalues = 8;
Ni = 1440;

Nj = 721;
latitudeOfFirstGridPointInDegrees = 98;

< ECMWF

{
"levelist" : ['2507],

"paramlid” : "130",
"shortName" : "t",
"levtype” : "pl"

h

"style" : "sh_all_fM64t52i4",

"styles" : [
"sh_all_fM64t52i4",
"ct_red_i2_dash",
"sh_gry fM72t56lst",
"sh_all_fM80t56i4_v2",
"sh_all_fM50t58i2",
"ct_red_i4 t3"

EUROPEAN CENTRE FOR MEDIUM-RANGE WEATHER FORECASTS

-> Applying Magics definition

"sh_all_fM64t52i4" : {
“contour" : "off",
"contour_hilo" : "off",
"contour_interval" : 4,
"contour_label" : "off",
"contour_level selection_type" : "interval”,
"contour_line_thickness" : 3,
"contour_shade" : "on",
"contour_shade_colour_list" :

"rgb(0,0,0.1)/rgh(0.1,0,0.2)/.../red/magenta”,
"contour_shade_colour_method" : "list",
"contour_shade max_level": 52,
"contour_shade_method" : "area_fill",
"contour_shade_min_level" : -72

2



Teaching Magics to recognise data

NetCDF "match” : {

"eccharts_layer" : "t250",

netcdf pl {

n H m.n n
dimensions: pl’efel’ed UnItS . C f
longitude = 360 ; " " -
latitude = 181 ; set": [
level = 3 ;
time = 4 ; {
variables: .
float longitude(longitude) ; "Ievellst" ["250"]1
longitude:units = "degrees_east" ; " "o "
longitude:long_name = "longitude" ; paramld 130 ,
float latitude(latitude) ;
latitude:units = "degrees_north" ; "ShortName" "t"
latitude:long_name = "latitude" ; !
int level(level) ; "Ievtype" "pl"
level:units = "millibars" ;
level:long_name = "pressure_level" ; }
int time(time) ; !
time:units = "hours since 1980-01-01 ©06:00:0.8" ; {
time:long_name = "time" ; "I I"
time:calendar = "gregorian" ; . [ ]]
short t(time, level, latitude, longitude) ; evel . 250 !
t:scale_factor = 0.00149840526246974 ; n m.n "
t:add_offset = 262.173239139654 ; Iong—name ) Temperature !
t:_FillValue = -32767s ; n LLECILL PN n
e e L arashs standard_name" : "air_temperature
t:units = "K" ; }
t:long_name = "Temperature" ;
t:standard_name = "air_temperature" ; ]
short r(time, level, latitude, longitude) ; '
r:scale_factor = 0.802518136408893975 ; n no.n HY LU
r:add_offset = 67.851697226809 ; Style . Sh_a”_fM64t52l4 1
r:_FillValue = -32767s ; n ",
r:missing_value = -32767s ; StyleS . [
r:iunits = "%" ; " AN
r:long_name = "Relative humidity" ; Sh_a"_fM64t52l4 ’
r:standard_name = "relative_humidity" ; ]
// global attributes:
:Conventions = "CF-1.6" ; }
thistory = "2018-07-02 14:23:28 GMT by grib_to_netcdf-2.7.3: grib_to_netcdf pl.grib -o
pl.nc" ; }

l 2o
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Units and Scaling

Why?

— Some styles in ecCharts require specific units (mm for
precipitation, °C for temperature, hPa for MSLP)

— Some units are just more common than the original units in file

What we did?

— Implemented new built in scaling in Magics, that works when
units in file are different than preferred units in definition for style
for parameter

But.....
— Units are not always the same in grib and NetCDF

o
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A solid framework for styles

— There are many meteorological
parameters not present in
ecCharts

— We started designing styles for
most important ones

— Introduction of predefined palettes

 aa »
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Better handling of NetCDF

: Jupyter grib Last Checkpoint: 7 minutes ago (unsaved changes) ﬁ Logout : Jupyter netcdf-ecmwrf Last Checkpoint: 11 minutes ago (unsaved changes) !" Logout
File Edit View Insert Cell Kernel Widgets Help Trusted | Python3 © File Edit View Insert Cell Kernel Widgets Help Trusted | Python3 O
B+ x @ B 4 ¥ MNRin B C M | Code 4| = B+ < @B 4 ¥ MRn B C W Code i =
In [4]: from Magics import macro as magics In [15]: from Magics import macro as magics
data = magics.mgrib(grib_input_file name= "2t.grib") data = magics.mnetcdf(netcdf filename = "2t.nc",
contour = magics.mcont(contour_ automatic_setting = 'ecmwf', legend='on') netcdf_value_variable = "t2m" )
legend = magics.mlegend(legend display type = "continuous”, contour = magics.mcont(contour automatic_setting = 'ecmwf', legend='on')
legend_text_height=0.75, legend = magics.mlegend(legend display type = "continuous",
legend_text colour ='navy') legend_text_height=0.75,
magics.plot(data, contour, legend, magics.mcoast()) legend_text_colour ='navy')
out[4] magics.plot(data, contour, legend, magics.mcoast())
u’ :
Out[15]:
-48 44 -40 -36 -32 -28 -24 -20-16-12 8 4 0 4 8 12 16 20 24 28 32 36 40 44 48 52 56
| -48 -44 40 36 -32 -28 24 -20-16-12 8 4 0 4 8 12 16 20 24 28 32 36 40 44 48 52 56
J = ot = =, . -  — . ws . .
| = © | 7. i % PSS == -
3 L 2 / e o P 3 L%
T , b = £ | e ) < 2
N C i~
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Better handling of NetCDF

 Automatic guess of the internal
representation

« Automatic geo — referencement
» Scaling
« Automatic visualisation

: Jupyter netedf-ecmwf Last Checkpoint: 2 minutes age (autosaved) A
File Edit View |Inset Cell Kernel Widgets Help Trusted
+ %< @B 4 ¥ MRun B C W | Code v

Logout

|Python 3 O

In [19]:  from Magics import macro as magics
import ipywidgets as widgets
from ipywidgets import interact

def update(area):
projection = magics.mmap(
subpage map_ library area = "on",
subpage_map_area name = area

)

data = magics.mnetcdf(netcdf_filename = "2t.nc”,

netcdf value variable = "t2m" )
contour = magics.mcont(contour_automatic_setting = 'ecmwf', legend='on')
legend = magics.mlegend(legend_display type = "continuocus",

legend_text_height=0.75,
legend_text_colour ='navy')
return magics.plot(projection, data, contour, legend, magics.mcoast())

interact(update, area = widgets.Dropdown( options= magics.predefined areas()) )

area

-48444036322824201612-8-4 0 4 8 121620242832364044 485256

CECMWF

Out[19]: <function _ main__ .update(area)>

In [ ]:
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What about xarray ?

« Xxarray has become one of the most
popular tools for working with data

« Both GRIB and NetCDF can be loaded
as xarray dataset

 The metadata attached will be used to
setup an automatic visualisation

: Jupyter xarray-ecmwf Last Checkpoint: a day ago (unsaved changes) A
File Edit View |Insert Cell Kemel Widgets Help Trusted
B+ < BB 42 ¥ MRun B C W Code =

In [1]: from Magics import macro as magics

import ipywidgets as widgets
from ipywidgets import interact
import xarray as Xr

import numpy as np

def update(area):
projection = magics.mmap(
subpage_map_library area = "on",
subpage_map_area_name = area

)

data = xr.open_mfdataset('2t.nc')

data = magics.xarray(data, xarray variable name = "t2m")

contour = magics.mcont(contour_automatic_setting = 'ecmwf’, legend='on')
legend = magics.mlegend(legend display type = "continuous",

legend_text_height=0.75,
legend text_colour ='navy')
return magics.plot(projection, data, contour, legend, magics.mcoast())

interact(update, area = widgets.Dropdown( options= magiecs.predefined areas()) )

area | south_west_europe v

SECMWF

Out[1l]: <function _ main .update(area)>

o
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agn N
How to facilitate the use of Maglcs ? Jemreseskceanres oummn 3 wsr 0 yren 1
L ]
<« Code Pull requests 0 Wiki Insights
Branch: master - Create new file Upload files = Find file History

Help Donate

Login Register notebook-examples / visualisation /

sylvielamythepaut Update README.md Latest commit 0806228 26 seconds ago

Fepo Info ags

Short Description Docker Pull Gommand [ &)

Jupyter Notebook image with ECMWF software installed docker pull ecmwf/jupyter-notebook

Full Deseription Owner

Jupyter Notebook image with ECMWF software installed

This is a Docker contalner image based on jupyter/bass-notebook:Bc85s4b43a26, including the following
ECMWF software:

* Magics++ 3.3.0.1
+ ecCodes 2.9.0
= Metview 5.2.1

docker run --rm -p 8888:8888 -v "$PWD":/home/jovyan/work ecmwf/jupyter-notebook

= m basic Adding netcdf example 19 minutes ago
magics 0.9.2.dev0 v | taestvrsion
g seesme mgallery Simple shading thumbnail 2 days ago
pip dinstall mag'i cs I Last released: Sep 17, 2018 mimages Cleaning 2 minutes ago
s tutorials Contours shading notebook update 2 days ago
Explore Help [SNSIGRURNN Sign in £ README.md Update README.md 26 seconds ago
E) magics.ipynb Adding visualisation examples 2 days ago
PUBLIC REPOSITORY

i README.md P

ecmwf/jupyter-notebook v

oa)
had EQMWF Introduction to Magics

Magics is the latest generation of the ECMWF's meteorological plotting software. It offers an easy
way to visualise data coded in meteorological formats such as GRIB, NetCDF and BUFR.

Its simple python interface allows users to quickly setup projection and geographical areas and
apply easily a defined visualisation.

This gallery of tutorials and examples will help discover its functionality

® Easy visualisation of GRIB data
e Easy visualisation of NetCDF data
® Easy visualisation of xarray data

Tutorials

Setting the geographical view Customise coastlines Introduction to contouring
= T - el

+

o]

Gallery
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Another use of the automatic styling: The skinny WMS

* The idea:

— scan directory with NetCDF or grib data to
collect:

« Base time, steps and valid time
* Relevant styles ( detected by Magics)
- GetCapabillities

— Call Magics to render the image
(format+projection+data+style)
- GetMap

 aa
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"Skinny" WMS — our way to do It

« The implementation :
— Create a small web service
to serve the 2 functions.
— Package it in a container
— Publish the container to a Docker
registry

e To run:

< 127.0.01 ¢
Failed [SD-11702]... ERAS_pressu... netcdf-ecmwf Home 127.0.0.1:5000 stedf
- — —— — o B 3 T T
T - SR
| ¥, — pr —ad
> — T AT IV iy 2
P s ,3:: ,_;,‘v{'” =y ez
R e < L P
=y | A AT - 2N
T8 S S 2 T T *
> ‘\_’ f?;. O S
. el e 7% L L~
< 3
e, ; > ‘r‘
- <
B~ e \ \ <.
A = ~
. o i
‘{:f o
3 i Yo
l ‘n f. WL
Ve ® 7 wms-server — Python « Python wmslib/wmssvr.py — 98x11 A
“4 * Serving Flask app "wmssvr" (lazy loading)
.| * Environment: production
WARNING: Do not use the development server in a production environment.
* Debug mode: on
N * Running on http://127.0.0.1:5000/ (Press CTRL+C to quit)
% x Restarting with stat
* Debugger is active!
* Debugger PIN: 500-122-818
1 127.0.0.1 - - [15/0ct/2018 18:30:05] "GET / HTTP/1.1" 200 -
|— Stylelibrary::init()
| § 3 Leaflet |

docker run -v /path/to/data-files:/data ecmwf/wms-server:1.4 /data

o
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"Skinny" WMS — our way to do It

* Next steps:
— Try more data types

— Build more experience on GRIB and
NetCDF metadata

— Improve our support for projections.
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Conclusions:

* Visualisation has always been important to understand data.

El contour Automatic Setting Styls Name
E] Contour Style Name <« =2 sn_all_Mvisoissiz
* We plan :
— To create more rules for automatic styling
— To keep a consistent approach on the visualisation i
— To improve our support of NetCDF S
* Automatic detection of the internal
representation ' "
e Automatic styling . .
Widgitj/Map
— To improve Magics by using it in various contexts ( =
ECMWEF Data Portals, CDS toolbox )
— To participate to python community and offer easy ==
to use and reliable visualisation.

o
A~ 4 ECMWF EUROPEAN CENTRE FOR MEDIUM-RANGE WEATHER FORECASTS

17



