Jupyter... WMS ...
All we need Is an easy way of visualising

meteorological data ...

’: Jupyter ERAS5_pressure_levels_automated_styling_netcdf Last Gheckpoint: 3 hours ago (unsav

File Edit View Insert Cell Kemel Widgets Help

B+ @ B 4 % MNRin B C » Code $ =2

Choose a style:  sh_blured_fM50t50Ist_cell v

title - magics mtext

legend = magics mlegend legend_display_type tiny

To use this new feature we need to set the parameter contour_automatic_setting to 'style_name', an(

chosen style. In this example it takes value choosen by the previous menu. Data Maps piac
e e pe i Load predefined ECMWF contour setting:
JoRTCUTS
ew ¥ L e Setting the parameter contour_automatic setting to‘ecmwr will give us style developed st ECMWWF for this parameter
In [26]: contour = magics.mcont(contour_ automatic_setting = 'style name', porns

More about contour seftings in Magics can be found here
contour_style name = One_style.value,

legend = ‘on')
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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
The 1-day Extreme Forecast Index (EFI) forecast showed anomalously high wind

gusts for parts of Europe from #stormAli. In the south red areas are focused over
land; computations can now identify when conditions will be highly unusual over

land but less unusual over the sea.

®

v Seetravel times, traffic and nearby places

your workspace
M 01 Retriava Dta el

11 Calcuate time mean a
12 Calculaze climatciogies
21 Calculata regional mean and anomaliss
31 Galculate trsrdls

41 Calculata GDO

42 Use ot functicns

51 Galeudate zonal means

5 Formal maps 1o allow visual compariscn

02 Plot Mg

L

v

# Pinned Tweet

v

¥ Vi Temperature highlights for September - #Copernicus #C3S. Most of Europe
was warmer than average, esp Portugal & Spain. Iceland, Ireland & Scotland
generally cooler than average. Globally it was around 0.4°C warmer than the

g Copernicus ECMWF @CopernicusECMWF - Oct 5

average September. Read more [E3bit.ly/2yg42LM

Surface air temperature anomaly for September 2018 relative to 1981-2010

ECMWF (& gnteomne

Sylvie Lamy-Thepaut

This s 2 new service - your feedback will help s to Improve it

Plot Map

ixport cdetoolbox as ot

e
fct.autpat. Eigurel }

et plot_nap(variskle, year, menth): ¢
Plok en a map the avarage ever a glvan month, e
2m_temparature
dataser = ct.catalogue. retrisver
oan single-levels , —
{
1 varishle, 2008
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How can we help ?

Automatic visualisation

Magics
Meteorological formats Grib/NetCDF
Easy visualisation settings

Better handling of NetCDF

Eccodes
Easy handling of Grib Data

Metview
Computation
High level concept

Jupyter Notebooks

ecCharts
The web stack

More than 250 parameters
A WMS services

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



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
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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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Temperature on different pressure levels example

"match" : {
"eccharts_layer"
"prefered_units"
"set" : [

{

l|t5@0ll,
IICII,

. s

"evelist"
II500II N
II450II N

e
~

1,
"paramId" : "130",
"shortName" : "t",
!I'Levtypell : IIP'LII

1,

"style" : "sh_all_fM52t48i4",

"styles" : [
"sh_all_fM52t48i4",
"sh_all_fMe4t52i4",
"ct_red_i2_dash",
"sh_all_fM52t48i4_light",
"sh_gry_fM72t561st",
"sh_all_fM8et56i4_v2",
"sh_all_fM50t58i2",
"ct_red_14_t3"

< ECMWF

—— GRIB —

"match" : {
"eccharts_layer" : "t250",
"prefered_units" ¢ "C",
"set" : [

{
"levelist" @ [
250",
300",
n350",
l|40l|
1,

"paramId" : "130",
"shortName" = "t",
?I-Levtypell : Ilplll
s
1,
"style" : "sh_all_fM64t52i4",
"styles" ¢ [
"sh_all_fMe4t52i4",
"et_red_i2_dash",
"sh_gry_fM72t561st",
"sh_all_fM8et56i4_v2",
"sh_all_fMs5et58i2",
"ct_red_i4_t3"

EUROPEAN CENTRE FOR MEDIUM-RANGE WEATHER FORECASTS

{
"mat

ch" ¢ {
"eccharts_layer" : [
"tez2s",
"t8s5e_field",
"taee",
"t7ee",
"teoe"
1,
"prefered_units" : "C",
ngat" [
{

"levelist" ¢ [
ngpan,
nga5n,
ng5En,
ng75n,
"1000",
ngsen,
nga5n,
ngoar,
"goa",
ng5en,
"7oe",
n75@",
nyIsn,
ngygn

1,

"paramId" : "130",
"shorthName" : "t",
r!levtyper! H F!p'LI'!

}s

{
"long_name" : "Temperature",
—
N etC D F "standard_name" i "air_temperature"
}

1

"style" i "sh_all_fMm52t48i4",

"styles" : [
"sh_all_fM52t48i4",
"sh_all_fMe4t52i4",
"ct_red_i2_dash",
"sh_all_fM52t4814_light",
"sh_gry_fM72t561st",
"ct_red_i4_t3",
"sh_all_fMsetse6i4_va",
"sh_all_fmsetssgia",
"transparent_zero_blue"



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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E] Contour Shade Palette Name

Building on top of the framework - Metview £>

=

N T chars_grsen_bown 20

Palette selector

Name:  |ANY

Origin: | ANY

Colour: |ANY

Count: |ANY

Parameter: |ANY

Palette MName

[ N cccharts_green_brown2_28
I T :ccharts_green_brown_13
l-:-:l eccharts_green_brown_16
s_green_brown_20
E-:-] ecchans _green_brown_29
O | eccharts_green_grey_10
[0 T M =ccharts_green_magenta_f
[ " 7] eccharts_green_magenta_transparent25_g
E::,_I- eccharts_green_magenta_transparents0_6
[ | ecchans _green_| magenta transparem?S 6

[N Wl e _araoan + £

Style selector

El Contour Automatic Setting ‘ Style Mame

E] Contour Style Name

[<< =5 sh_all fvsnissi2

Name ANY

Layer: |ANY

Keyword | temperature

Colour. | ANY

Matching styles
sh_all_fv32t42i2

sh_all_fv4gts6i4

sh_all_fV48156i4_ct_wh

sh_all_fus2tdsid
sh_all_fvi52t4814_light

[ sh_ai_mvsars2is

sh_all_fVMBOtS6I4_v2

| r

Style
Img

Method

Layers

sh_all_fMs0tsaiz E

Method : Area fill Level range : -80 to 56 Interval : 4
Thickness : 3 Colour : All colours Used for

temperature
2t, mn2t, mx2t, 1925, 1850_field, t&00, t700, t600,
1500, 1250 -

- ECMWF EUROPEAN CENTRE FOR MEDIUM-RANGE WEATHER FORECASTS
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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 [ ]:

 aa
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What about xarray ?

« Xarray 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 could be
used to setup an automatic
visualization

: 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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| Python 3 O
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The next steps -> creating a WMS

- WMS is a popular service

— The GetCapabillitiies to describe
« The data: their availability, and available options for visualisation
« The supported projections.

— GetMap to get the selected data as graphical product with the selected
style/projection

— GetFeaturelnfo to trigger further interactions on a geographical point.

« Many WMS clients out there, so users can keep working with their favorite
tool (Open Layers, Leaflet, Qgis, Metview)

— Most of them offer nice to way to browse the data to display, with all the common
zoom and pan.

— Tiling for performance and cachability

o
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"Skinny" WMS — our way to do It

* 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

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

 aa
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"Skinny" WMS — our way to do It

O 0 o

o606 < > @M 127.0.0.1 ¢
° A SN |a” de| NoO. B [ @ 2 Filed [SD-1702l..  ERASpressu. | netcdf-ecmwi Home
= =
e s st g P
< M 127.0.0.1 ¢ O
Failed [SD-11702]... ERAS_pressu... netcdf-ecmwf Home 127.0.0.1:5000 stedf
— — T T
= Nt o
e . — F
.78 = - : c’.’,_{;/"—‘/
—_— -l PV — L
S S ’?_e""' > Taan S c_?__(L_AQS-
Vi - = - e 2~

[4?

| = K> =4 N -4
. Z «__,_/I/{\,g\\%\\%%_“‘b S \,\7‘;‘» :
- _‘}Cj,ff--' “"Zq_i o ’“;—77 ‘: 5 ‘—\_j

E 4 -\\— (-‘\ — Jy

/ -
- f./ \.L ’C\

£ 3

* Running on http://127.0.0.1:5000/ (Press CTRL+C to quit)
* Restarting with stat

* Debugger is active!

* Debugger PIN: 500-122-818

127.0.0.1 - - [15/0ct/2018 18:30:05] "GET / HTTP/1.1" 200 -
StylelLibrary::init()

. ~
% wms-server — Python « Python wmslib/wmssvr.py — 98x11 \ Y J}-ﬂ,mﬂ
* Serving Flask app "wmssvr" (lazy loading) ;>
* Environment: production o
WARNING: Do not use the development server in a production environment. e
Use a production WSGI server instead. =
Debug mode: on :/__/_: -

127.0.0.1:5000 Ftcdf te

| © background

1 10fg
T kx
| mx2t
mwp
sf

| foreground ‘ﬂl
| grid

| boundaries

)

Leaflet
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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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A\ 4 ECMWF EUROPEAN CENTRE FOR MEDIUM-RANGE WEATHER FORECASTS 18



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 Skinny WMS 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
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