Metview 4 - ECMWEF’s next generation
meteorological workstation
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What is Metview? (1)
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Research Meteorologists £
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What is Metview? (2)

® Data:
.
Retr I eve Position Key name ((]
-l Section 2
1-3 ectionZLen|
. 4 numberOfve
- EX am I n e 5 pviLocation |*
6 dataRe presd
7-8 i
. 910 Nj
M I t 11-13 latitudeOfFir]
- an I p U a e 14-16 longitudeOfFSTGmaET
17 resolutionAndComp
atitudeOfLas d 90
21-23 longitudeOfLastGrid... 358500
- Pl Ot / OV er | ay 24-25 iDirectionincrement 1500
26-27 [Directionincrement 1500
28 scanningMode 0
# 29-32 padding_grid0_1 =4 {
=l Section 4

® Can be run interactively or in batch
® Works with data archives and with local data files
® Can be installed and run standalone on a desktop or laptop

- No data servers required

® At ECMWF we install Metview on central servers

21st EGOWS, Reading, 1 — 4 June 2010 . ECMWF
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Who uses Metview?

® Used internally at ECMWF by researchers and operational
analysts

® Member States (local installations and remotely on our ecgate
server)

® Other national weather services

® Commercial customers
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Metview history (summary)

® Announced at first EGOWS in June 1990 (Oslo)

Metview

There are plans to develop a general and unique system for the
visualization of meteorological data at ECMWF which should serve the
scientist and the operational analyst alike. The Metview concept will
provide a standard framework within which applications relating to the
retrieval, processing and visualization of meteorological data can be

implemented, and will enable both Operations and research

® First operational version (Metview 1.0) in 1993

® OpenGL graphics introduced in 1998 (Metview 2.0)

® New user interface (Metview 3.0) in 2000

21st EGOWS, Reading, 1 — 4 June 2010 . ECMWF
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Metview today

® Metview 3.11.5 is the latest export version (September 2009)

Most subsequent updates have been quite small

Biggest updates are to use a new version of GRIB API

® Main focus is on developing Metview 4

Written in C++ (inherits code from Metview 3)
Changing from Motif/OpenGL to Qt

Using Magics++ instead of MAGICS 6 for plotting
= Extends the power of Magics to interactive usage

= To cope with increasing data volume
= Enables 64-bit version
Built-in OGC client —retrieval and plotting / overlay

Uses autotools for building and installation — ready for RPM

21st EGOWS, Reading, 1 — 4 June 2010 6 £ ECMWF
A\ 4
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Metview concepts - the desktop

® The Metview desktop is like a file manager

- /workshops/EGOWS-2010/example-desktop

File View Tools Folders Help
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Kx9y!
= LIiR A
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7
N >

3/ Macros ) Modules (Data) { Modules (Plotting) / Observations ) Obsolete ) Views )/ VisSD | Visual Definitions

Drawers —> - I o X
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= ] >
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Metview concepts - Icons

® [cons represent everything:

~_ /workshops/EGOWS-2010/example-desktop 9

File View Tools Folders

- Data fl I es (e . g - G R I B ' B U FR’ n etCDF) Maﬁ@et)rieval Temperatuﬁiss Section Headingl I;1Iefteogra:

Data retrieval directives (e.g. MARS . Bl
access, WMS request) b UK Map View
uo .
- Data manipulation directives (e.g. bmSon Fily  GB0 Gasgain e
cross sections, arithmetic F =
com p utat | on S) Compute Gradient Rotational Wind Temperature Contoul

- Visualisation attributes (e.g.
contouring parameters, map areas)

I~
() Macros ) Modules (Data) '{ Modules (Plotting) ' Observations ) Obsole

- Macros, MagML
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Metview concepts - icon editors

® Create a new icon (or use a supplied template)

® Edit the attributes and save before using (optional)

@ |§1empera!ure shade

Heiel

- Contour Shade Max Level

- Contour Shade Colour Method

= temperature shade

tE‘I.DE21

8 & [E

cloud cover  orography Text Plot

g i

yata Access | Filters ) Macros ) Modules (Data) /|

TS

lines Contouring drawing Pfiority

Calculate [N
»
»
® Contour Shade Colour Direction )
Clockwise = -
edit
| None duplicate
| None delete
>
I RRP T
[
-
Contour Shade Method Area Fill
o 1 !
I~ | -
Apply| Reset| 1 Stay open Close”

21st EGOWS, Reading, 1 —4 June 2010
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Metview concepts - icon dropping

e

~_ /workshops/EGOWS-2010/icon-demo &)
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uPlot - the Magics++ Iinteractive plot
window

® Interactive, drag & drop, zoomable plots with overlay

Metview - uPlot =
Fle Controls View Animation ZoomStack

19 E|© QOO O @I seeed - 4 = (Saeber)
(o]

Frames [ Layers |

Edit | Key profile: | Metview default | |

Metview - uPlot
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vy Q @ Q009 0O Ofsed - 8 & [ sidebar |
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Current uPlot features (1)

® Layers control —
toggle and reorder

® Zoom history stack
and animation
controls in dockable
toolbars

21st EGOWS, Reading, 1 — 4 June 2010

Layers ) | Frames [ | |

Name

% Coastlines

% z15

% RH

Animation
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Current uPlot features (2)

® Cursor data — follows
I - Lat=55.70 Lon=-1.92
cursor as It moves /RH=58.693

. W
® Frames control —with user
) -zﬁ- Key profile: | Metview default | |
configurable and sortable
Index |Pararn |Date |Tirne |Step |Leve|
columns 0 2t 20100514 1200 24
1 2t 20100514 1200 30
2 2t 20100514 1200 36
3 2t 20100514 1200 42
4 2t 20100514 1200 48
6 2t 20100514 1200 60
7 2t 20100514 1200 66
8 2t 20100514 1200 72
9 2t 20100514 1200 78

- VNN
21st EGOWS, Reading, 1 — 4 June 2010 4 ECMWF
A\ 4
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® Magnifying glass

- Forreading
numbers and small
symbols

® Data mode

- For examining data
values

120°W  100°'W 20°W 60'W 40'W 20°W

21st EGOWS, Reading, 1 —4 June 2010
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Development of uPlot (1)

® Stage 1 — Motif GUI with OpenGL plotting e Edt Cortok

and controls '°| &| ‘*‘| ’ I§I| '!’| ‘

- First version released December 2007
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Development of uPlot (2)

® Stage 2 — Qt GUI with OpenGL plotting

- First prototype May 2009

- Qt became Open Source

in March 2009
(version 4.5)

*  Metview - uPlot -2

File Controls View Animation

ac-».l'a @ 00000 Qlm

Animation

! O00000

Speed

v
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WT:Thur:

Speed: 1.5 fr

AD"W gow 0°E
——

21st EGOWS, Reading, 1 —4 June 2010
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X coastlines 0% ]
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Development of uPlot (3)

® Stage 3 — Qt GUI with Qt plotting
- First release May 2010

Metview - uPlot -

Fle Controls View Animation ZoomStack

q Cursor dats Q0 QO O O [seeed 7 a4 &

Layers [ |

Edit Key profile: | Metview default |«
Saturday 12 January 2008 12 UTC ECMWF Forecast VT:Tuesday 15 January 2008 00 UTC convective

_ IParam |Date |T|me lShep |Lwel ILevty
0.5-1 (J1-3 [[@3-5 @58 [WE8-12 [EW12-16 EW16-20 EN20-25 EE25-30 EE30-200 cp 20080112 1200 30 sfc

.u!";mj cp 20080112 1200 36 sfc
- cp 20080112 1200 42 sfc
- . cp 20080112 1200 48 sfc
cp 20080112 1200 54 sfc
cp 20080112 1200 66 sfc
- Ty cp 20080112 1200 72 sfc
- f' cp 20080112 1200 78 sfc
G cp 20080112 1200 84 sfe
cp 20080112 1200 90 sfe
cp 20080112 1200 96 sfe
ﬂl"':'"
o (;’."
r"‘-
.\ .
|

21st EGOWS, Reading, 1 —4 June 2010 17
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Metview concepts - icons to macros

® Analyst: “I can generate my nice plot using icons I've
customised — it was easy, but now | want to generate this plot

every morning!”

® Metview guru: “Aha! You
can turn your icons into
Macro code in a few
seconds —then you can
generate your plot
automatically!”

21st EGOWS, Reading, 1 —4 June 2010

=

~_ /workshops/EGOWS-2010/icon-demo &)

File View Tools Folders

&)

Temperature Analysis

&

Temperature Shade Blue-Red
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|

-
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A

7
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(317
Contouring

Plot Data Macro
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@
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J~d

|

-

_..) Modules (Plottin
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© ECMWEF 2010

<~ ECMWF



Macro Editor — icon dropping

Plot Data Macro* - /Thome/graphics/cgi/metview/workshops/EGOWS-2010/icon-den

~_ /workshops/EGOWS-2010/icol

Fle Edit View Insert Program Settings
File View Tools Folders _ _
2= O®bvme /
Temperature Analysis ===l |# Importing : /workshops/EGOWS-2016/icon-demo/Temperature Analysis

temperature_analysis = retrieve(
levelist : 1000,
param : o
date H -3,
grid : [1.5,1.5]
)

) . .
J # Importing : /workshops/EGOWS-2010/1icon-demo/Temperature Shade Green-Red
Europe Area
HIOER, o temperature_shade_green_2d_red = pcont(
= legend : "o,
g £ Y contour i Ll 2
B BT ) B A contour_level _selection_type : "level_list",

contour_level_list : [-100,-20,-10,0,5,10,15, 20, 25, 30, 35, 40,50, 100],
contour_shade & "on",
contour_shade_min_level_colour : "yellowish_green",
contour_shade_max_level_colour - "red",
contour_shade_colour_direction - "clockwise",
contour_shade_method : "area_fill",
contour_label - offe,
contour_hilo - “ofr*
)

plot (temperature_analysis, temperature_shade_green_2d_red)

21St EGOWS, Reading GICEEE! L26.C1 |
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Metview macros

® All Metview tasks can be written or saved as macros, and run
In batch mode (or interactively)

® Generate code from icons, or write complex functions yourself
using the extensible high-level meteorologically-oriented
Macro language

function geostrophic_wind(sp_geopot:fieldset)

# Compute gradients with respect to lon and sin(lat)

® ReSUIt|ng Output COUId be: grad_sp=spectral_gradient(sp_geopot)

. # Interpolate into a grid, omit the polar regions
- Derived data (eg GRIB’ netCDF! grad = read(data : grad_sp, grid : [1.5,1.5], area :
ASCII)
# Weighting with R*cos(lat) to get the gradient in x
grad_weight = 6380000 * coslat(grad[1])
- Plots (eg PDF, PNG, KML, for 1=1 to count(grad) do
Postscript) grad[1] = grad[1] / grad_weight
end for

# Compute the coriolis parameter
omega = 2 * 3.14 / 86400.
coriolis = 2 * omega * sinlat(grad[l])

21st EGOWS, Reading, 1 — 4 June 2010 20 £ ECMWF
A\ 4
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Macro Editor - Metview 3 to 4

® Rewrite of macro editor —was Motif, is now Qt

" Metview - nearest_gridpoint_info_test - /lhome/graphics/cgi/metview/Tests/Macros/nearest _gridpoint _ir

Fle Edit Yiew Insert Program Settings
= O®HvmE /

Hata = retrieve {(date : -2, parameterq |data = retrieve (date : -2, parameter: 'T', grid : [1.5,1.5], area:[-20, -20, 60, 60]) (]

‘nearest_gridpoint_info_test

#data = (data > 0) # test for nil vq .
#data = bitmap (data, 1) #data = (data = 8) # test for nil values

#data = bitmap (data, 1
listdef = nearest_gridpoint_info (datg p( /
loop ngp in listdef listdef = nearest gridpoint info (data, 52.345, 1.2)
if (ngp = nil) then
int('it i B A . .
Blszmn Hedsnt loop ngp in listdef
print g"'t'alue s tu:eings if (ngp = nil) then
print {("Latitude : ", ngp.lat] = N S 1
print {("Longitude : ", ngp.lond| print{*it 1s nil')
end if else i
end loop s D, value), ngp.v I sz
print ("Latitude : ", ngp.latitude) o : -
listvals = nearest_gridpoint (data, 53 print ("Longitude : ', ngp.longitude) RELE SR s
AT i end if Cut
print istvals end 1nnp Copy
] Paste
) . . Delete
Mﬁ Output ', listvals = nearest gridpoint (data, 52.345, 1.2) Erm———
Longitude ; 1.5 . i =
Value + nunber240,361 print (listvals) Insert Unicode control character ' =
Latitude : 52,5 -
Longitude : 1.5
A b e Latitude : 52.5 [«]
Longitude 3 1.5 Longitude : 1.5
P29 337890625, 272.131639595, 261.74677) | varlue B el D
Latitude : 52.5
Longitude : 1.5 @
~ [782 GRRAOGATA] 275 79541A15A A7 ZIENATAG_244G GG72ATRA? 730 G2G4ARG13IA 273 8R2A243071
Apply| Reset| i stay open Frogram finished (OK] . 1.648 s [Anished at 1408 02] L 14, C 1

21st EGOWS, Reading, 1 — 4 June 2010 . ECMWF
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Macro Editor — new features

- _ statistics - /home/graphics/cgi/metview/Tests/Macros/statistics

Fle Edit View |Insert Program Settings

® Transition to Qt toolkit enabled | = ©®v =/~

. # retrieve some data -
many Improvements 1 = retrieve (date : -1, levels : 1000, grid : [1.5, 1.5])
f2 = retrieve (date : -2, levels : 1000, grid : [1.5 5])
. Syntax hlg h Ilg htl ng # perform some calculations for comparison
I ] C\’_flf2 = covar a {fl, f2:|
® ‘Proper’ copy & paste, undo, ... |[[ahizoidn i
cv_f2f2 = ar_a (f2, f2)
var_fl = (f1)
. . f2 =vara (f2) Il
® Printin
g corr_manual = cv_f1f2 7 (sqri(ev_fifl) * sqri(cv_f2f2))
corr_manual2 = cv_f1f2 s (sqrit(var_f1) #* sqri(var_f2)) &
. (" - 7 builtin = corr a (f1, f2) =
® Can incorporate ‘insert function’ |[==te i fa E

Choosing RETRIEVE (MARS) [+]

tool from built-in list of available | cver of 1 s Ee—

corr_manual

macro functions (done), plus corbusitia ] [Fenction =
. . |l |meteogram
online help (still to do) e L

minvalue

® Qt text widgets much more capable oy L

nearest _gridpoint

Of h an d I I n g I arg e am O u ntS Of nearest_gr‘idpoint_info
netcdf_geopoints

output et motor i
= &

Kot

21st EGOWS, Reading, 1 — 4 June 2010 . ECMWF
\ 4
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Macro Editor - MagML editing

X MagML File - /home/graphics/cgi/metview/checks/MagML File E]@ E]
Fle Edit ¥iew Insert Program Settings

= O vim /

String to Fnd -
<magics versilon='3.0'=> |~ i
=drivers= Replace with
<ps name= 'contour_simple' /= [p°”th |'l
;gif_animation name= 'contour_simple' /= [] Case Sensitive [ Find Backward
</drivers> [] Whale Words
<page format ='a4' orientation = 'landscape' =
Replace all in
1 | longitude = '-20° [[ Fle l [ Selection ]
® The new macro editor can also be e -
. k_longitude = '30°
used to edit and run MagML code [ - e s | Lo e

TCUgS L oo Loor. — =1 T

</coastlines=

=plot=
=grib input file name = '/home/graphics/cgx/metview/checks,/t-atmos-an.grib' /=
=contour,/=

=/plot=

<! --<text font = 'Times-Roman' colour = 'rgh(6.1,0.6,0.2)'=Z500 Contour Plot</text=--=
djmap:v

<pageid /=

=/page=
</maglcs=
Using outputs defined in =drivers= tag - will not return result to Metview.
If outputs have relative paths, they will be relative to: '/home/graphics/cgl/metview/checks'.

L: & C: 15

: e
21st EGOWS, Reading, 1 — 4 June 2010 [ - ECMWF
\ 4
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Metview tools — data examiners

® We produce many many data files here every day

® Metview also produces data files and allows users to modify
their headers

® Analysts often want to examine a data file to check for errors
or inconsistencies in its header, for example

® Also useful to compare files produced in different centres

® Various data types have a built-in examiner in Metview (e.g.
GRIB, BUFR, ODB, netCDF)

® Allow examination of the meta-data and structure

i S~ ECMWF
21st EGOWS, Reading, 1 —4 June 2010 24 -
2 -y
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Metview GRIB examiner

® The GRIB examiner lists the messages on the left and gives

meta-data for the selected message on the right

" Metview - Grib Examiner —

Fle View Settings

'ii 4, Keyprofile: | Metview default v

File: fhome/graphics/cgifmetview/cqifztuy. grb
Permissions: -rw-rw-rw- Owner: cgi Group: graphics Size: 8 0MB Modified: 2010-03-02 09:59

B e Position Key name (GRIB API) Value
‘ Index Date |T|rne Step |Param B =I5 Section 1
019 20100301 1200 0 u - [5 section 2
020 20100301 1200 0 v 1-3  section2Length 32
021 20100301 1200 0 z 4 numberOfVerticalCoordinateValues 0
023 20100301 1200 0 u | 6 dataRepresentationType 0 [Latitude/Longitude G
024 20100301 1200 0 v i 7.8 Ni 240
025 20100228 1200 24 z 9-10 Nj 121
N L e e s—hso 11-13 latitudeOffirstGridPoint 90000
s e — 14-16_longitudeOffirstGridPoint 0
035 20100228 1200 24 u I pl 700 Faaae IDrecaanincre ment 1500
036 20100228 1200 24 v Il pl 700 26-27 |Directionincrement 1500
037 20100228 1200 24 z 1 pl 500 28 scanningMode 0 [00000000]
038 20100228 1200 24 t I pl 500 4 29-32 padding_gridd_1 =i
039 20100228 1200 24 u I pl 500 5| Section 4
040 20100228 1200 24 v [ pl 500 5 Section S5
041 20100228 1200 24 z il pl 400 -
042 20100228 1200 24 t il pl 400 =1
e e — 7GR
Log
| Status: OK [«]
Task: Generating WMO-style dump for message; 31
Command: jusr/local/libimetaps/lib/grib_api/1.8.4/bin/grib_dump -O -w count=31 "fheme/graphics/cgiimetview/cgifztuv grb”
Status: OK
Task: Generating default dump for message: 31
C 3: jusrflocalilib/met, libfgrib_api/1.8.4/bin/grib_dump -w count=31 “/h graphics/cgi iewfcgifztuv. grb® -
Status: OK e

 as

21st EGOWS, Reading, 1 —4 June 2010 25
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Metview GRIB examiner

® The columns on the left-hand side are sortable and user
definable

" Key Profile Manager \

~Key profiles ———————————— —~Key list in profile ~Key selector
[EMW| [Kcy name (GRIB API) Key name (Browser) Message index: [1—:::
count Index Namespace: (Default =
mars.date Date —————
mars.time Time jScansPositively Ia
mars.step Step julianDay
kindOfProduct
dataRepresentationType Rep kurtosis
mars.levtype Levtype latLonValues
mars. levelist Level
latitude OfAirstGridPointinDegrees =
latitudeOfLastGridPoint U
latitude OfLastGridPointinDegrees
latitudes
lengthOfHeaders
level
libraryVersion
localDefinitionNumber
T ‘ localExtensionPadding
localUsePresent
- ( ( longitude OfFrstGridPoint @
Duplicate ] | Add ] Delete | lonaitudeOffirstGridPointinDearees

Delete ‘ . Down J : Up ‘ Add to key list |

| Pox IIXCance|]

: e
21st EGOWS, Reading, 1 — 4 June 2010 . ECMWF
\ 4
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Metview and Observation Monitoring

® To replace existing tools and create new ones with Metview 4

® Interact with ODB (Observation DataBase)

- Retrieve, query/filter, examine, plot, overlay

Motview - ODH E

Fle yiew
File: MA conv
Permissions: drwsra-- Owner: cgr Group: graphics Size: 261M8 Medified: 20100326 15 20
Elle  Gonwrals Yiew Enimatien  ZoamStack Vorshoer 008 3
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OBSTAT (ECMWF)

Metview - OBSTAT ScatterPlot Tool -

Scatterplot Examiner
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Metview as an OGC client @

® Metview 4 has an OGC client

® Fits neatly into Metview’s
architecture

® Enter the server address

- Selectable layers, etc are
presented in the interface

- Preview the layer/style

- Advanced request editing
possible

- Save your choice = > e

- Drop into a Metview plot BT i e gt
window to visualise or g
overlay with other data
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Other Metview tools

® Metview 3 has many tools that have not yet been carried over

to Metview 4
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Our experiences of using Qt ‘Q{_

® Motif served us well in the past, but Metview has benefited
greatly from using Qt

® MUCH easier to work with than Motif
® Encourages more development of tools
® Good books, training and online help available

® |n our implementation, graphics performance better than
software OpenGL, but not quite as good as hardware OpenGL
(obviously depends on particular implementations!)

® Graphics more consistent over a network than OpenGL (this
was an important reason behind the decision to move to Qt)

- More independent of graphics hardware than OpenGL

® Qtis being frequently improved
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Metview 4 - the future W@

® Replace all Motif code with Qt

® Revisit all modules — some will be reintroduced as they are,
some will be re-written, some will be removed

® Continue to add clients for more web services (WCS, WFS)

® Development of more specific tools (satellite data
manipulation)

® Further support for formats from the GIS world (shape, geotiff)
® Extension of batch/macro capabilities (e.g. Python interface?)
® Release plans

- June 2010: internal release candidate
- September 2010: first external release

- Updates will add new features (more frequently than Metview 3)

i S~ ECMWF
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For more information

email us:
YB Metview: metview@ecmwf.int
“B Magics: magics@ecmwf.int

visit our web pages:
“B http://www.ecmwf.int/publications/manuals/metview/

‘B http://Iwww.ecmwf.int/publications/manuals/magics/magplus/

subscribe to our RSS feed:

“B http://www.ecmwf.int/publications/manuals/magics/news/graphicsnews.rss
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