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Metview: meteorological workstation v

e Retrieve/manipulate/visualise meteorological data

e Working environment for operational and —w.cmieeie s
research meteorologists Do TR :

e Allows analysts and researchers to easily
build products interactively and run them
In batch mode

Built on core ECMWF technologies:

MARS, GRIB_API, Magics, ODB, Emoslib

e Open Source under Apache Licence 2.0
- Increased interest from research community

e Metview is a co-operation project with INPE (Brazil) &
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Metview history
e Announced at first EGOWS in June 1990 (Oslo)

M—-—-—Et E”:EHJ ...h.-...m.m.m...,.r.u.,‘,,.um);...m,m :::um
There are plans to develop a general and unique sysitem for the TS
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

e First prototype in 1991 INPE

e First operational version in 1993 Metview 1.0
e OpenGL graphics introduced in 1998 Metview 2.0
e New user interface in 2000 Metview 3.0
e Magics++ and Qt introduced in 2010 Metview 4.0
e New Qt Desktop introduced in 2014 Metview 4.5
& ECMWF
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What can Metview do?

Position Key name (GRIE API) Walue
® Da’t a' 5 Section 2
. 1-3 section2Length 32
4 numberOfverticalCo... 0
5 pviLocation 255
[ dataRepresentationT... 0O [Laf
- AC C eS S 7-8  Ni 240
9-10  Nj 121
11-13 latitudeOfFrstGridPoint 9000

H 14-16 longitudeOfArstGrid...
= EX am I n e 17 resolutionAndCompo...
18-20 |atitudeOfLastGridPoint
21-23 longitudeOfLastGrid...

H 24-25 iDirectionincrement
= Man | p U I ate 26-27 jDirectionincremen t
28 scanningMode
29-32 padding_grid0_1

- Plot / Overlay ————

xxxxx

zzzz

11111

= Generate graphics files:
ps, eps, kml, svg, png,...

11111

nnnnn

e Can be run interactively or in batch
® Runs self-contained standalone

- From laptops to supercomputers

- No special data servers required (but easily connected to MARS
or local databases)

& ECMWF

Data Analysis and Visualisation using Metview © ECMWF 2015



Main features v

1) Data handling

- Supports a variety of data types (meteorological and non-
meteorological)

- Rich set of modules and functions for data manipulation
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Main features
2) lcon-based in
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Malin features

3) Drag and Drop support

Metview - Desktop
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Visualisation v
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Drag and Drop

LTS

[ Map view

File View Animation Zoom Tools

Help

Metview -uPlot <2=

ap_sandy
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Drag and Drop

Coastlines

£
coast_grey_light
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Drag and Drop v

w @ Metview - uPlot <2= @ @ @
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Drag and Drop - Overlay v

( Overlay works for all the data types!
o :
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Main features

4) Macro language

& ECMWF

Powerful meteorologically oriented language

Simple script language + modern computer language

Extensive list of functions
Interfaces with Fortran/C/C++ code
Outputs:

= Derived data

= Interactive plotting window

= Multiple plots
Customised editor

Run in batch or interactive modes

# Read a grib file
temp = read ( “/home/graphics/temp.grb”)

# Re-scaling field

if threshold >0 then
temp =temp - 273.5
a = integrate (temp )

end if

# Compute the gradient
g = gradientb (temp )

# Save field
write ( "/homel/graphics/gradient.grb* , q )

# Plot field
plot ([ps,svgl, q)

Data Analysis and Visualisation using Metview © ECMWF 2015 14



Malin features

5) Strong synergy between lcons & Macros

- Every icon can be translated into a Macro command

* @ Mag++Modules o @ &
File %iew Tools Folders Help
ETN -
Cartesian View Model Sxis
- kdacroFramewarkl
z Digplay Window

X Metview <3=

& &

Forse] .
TMadeiMinusObs

Annotation View

F+G ' Fex / weF /() F.G) / fF %)

fi=,F)

Help|
85

J Parameter 1 —GEOPOINTS, GRIE File

- Operator
- a |

J Parameter 2 —GEOPOINTS, GRIE File

Zmt.geo

< TE.orh
i Mars Retrigval
a4 =
|
— | & (Flotting) Y Wiews y\fisual Definitions

X @ Macro* - fhomelgraphics/cgkimetviewiMag++ModulesiMacra @ e &
File Edit View [nset Program Seftings Help

& 0B vE (L |

#Metview Macro

# Read grib model field

temp = read("/home/graphics/Té6.grb")

# Read geopolnts observations

obs = read("/scratch/2mt.geo")

# Compute model - observations

gpt = temp - obs
File loaded L 10,C:1 4

]

-

/ Templates

‘ Apply' Reset' - Stay open

Close”
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Main features -

5) Strong synergy between lcons & Macros

- Plots can be translated into a Macro program

W =] Metview - uPlot
Eile  View o {on  Zoom Tools Help File Edit View [nsert Program Seftings Help
: 16 ® 000000 = [QI]AD » - ‘
BAde Wi -0 O © 0 0[] [QIQ AT 5 0OvEL
= Sunday 27 January 201312 UTE scmf 140 VTSunday 27 anuary 2013 12 UTE Model kevel 1 Temperature
e K o = o

oo # Metview Macro ]

BwW & i 204 i

# Importing TS91 grb
temp = read ( "/home/graphics/cgk/T91.grb")

cont4d = mcont (
LEGEND : "ON",
CONTOUER_LEVEL_ SELECTION TYPE : "INTERVAL",
- nn

CONTOUR_LABEL TEXT '

CONTOUR__SHADE HER @) AL

CONTOUR__SHADE METHOD : "AREA FILL"
)

# Plot command =
plot ( temp, cont4d )

File saved L1186, C1

<~ ECMWF
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Main features v

6) Can produce a variety of meteorological charts

» Rich set of visualisation attributes
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<~ ECMWF
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Main features v

6) Can produce a variety of meteorological charts
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Malin features

6) Can produce a variety of meteorological charts
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Main features v

6) Can produce a variety of meteorological charts

O Metvew - uPlot
File View Animation Zeom Tools Help
dmwm QR AQ wMe [ e
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Sat METOP-A Sensar AMSLU-A Channel. 5 Param Tb ] _Frames | Layers
NSNS 463508 ALY 2 24 1 24D 220323 I TR 2 T8I DA XD XS IO g

<~ ECMWF

Data Analysis and Visualisation using Metview © ECMWF 2015 20



Malin features

6) Can produce a variety of meteorological charts
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Main features v

6) Can produce a variety of meteorological charts

» Easy to overlay different data sets

InSparancy (%) el s (23 |31

s y —
o P pre- P - F@ @)=
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Who uses Metview?

Used internally at ECMWF by researchers
and operational analysts

- To assess the quality of Observations/Forecast
- To develop new (graphical) products

- For general research activities

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

Other national weather
services and Universities [

Commercial customers of
ECMWEF products

 an
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For more information ...

email us:

“B Metview: metview @ecmwf.int

visit our web pages:

“B https://software.ecmwf.int/metview

» Download

» Source code, virtual machine

» Documentation and tutorials available

» Metview articles in recent ECMWF newsletters

<~ ECMWF
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A quick tour of Metview

Fernando i
Software Applications Team

<~ ECMWF
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Metview Principles e

® First Metview ® Second Metview Principle:
Principle:

o o _ _ “Every Metview Task is a
Everything in Metview Is sequence of actions on
an Ilcon” _ ”

& ECMWF
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Metview Desktop

New user interface in version 4.5!

View StYIeS File Edit View Go Bookmarks History Tools Help

Navigation

Metview - Oesktop

EE = iy @+ 4 @ » themoD » modules » 0. o
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Display: Window Geographical View

Create new [con Ctrl+N g;)
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Create new ... 4 @
H = H Wms(
CIICk nght for > Arrange on grid by name o

Icon Drawers

N\

<~ ECMWF

sQL
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Desktop Menu

Symbal Plotting
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Paste

Show last icon created
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Add folder to bookmarks
Reload

Ctrl+V

Ctrl+
Ctrl++

F5

@
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lcon Standard Editor

Input area —__,

Save/Exit area
\

<~ ECMWF
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Icon name: Coastlines
Folder: /thermoD/modules
Type: MCOAST Modified: 2014-04-24 16:13

Des;top

Input element:
Alphanumeric Field

Input element:
Colour Menu

Input element:
Toggle option

VAP CUASTITTE STy T TR =]
Map Coastline Thickness 11 GI —
Map Coastline Resolution ‘1 Automatic [~

] Map Coastline Land Shade ® On O Off
Map Coastline Land Shade Colour [« \(! Green ]'j
Red: [1 [2] Hue: [120 |2
Green: 255 [3] St [255 [2)
Blue: [ZI‘@ Light: [E@ —
. HTML notation: |#01f01 |
{ Select colour }
Map Coastline Sea Shade ) On @ Off
Map Coastline Sea Shade Colour ! A CH .7}
Map Boundaries ) On @ Off —
Map Cities ) On @ Off
El Map Rivers @ On O Off
Map Rivers Style [Solid. v
Map Rivers Colour [! Blue |'[
Map Rivers Thickness [1 CIII
Map Cities Unit System ,‘ -] =
Man Cities Eant Name [eeg b
Templates > l
7W [ & oK J [@ Cancel ] [ &) Save

Data Analysis and

Visualisation using Metview © ECMWF 2015
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Option Menu
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Display Window

Controls

Metadata

Metview - uPlot

File View WAnimation Zoom Tools Help
Aaes @ier 1o® 000000 s QRAE »@e
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Visual Definition (visdef )

< @ & B (E

Axis Plotting  Binning Coastlines  Legend  Text Plotting

A & e

Contouring  Wind Plotting Observation Plotting Symbol Plotting Graph Plotting
v v v v
Gridded Observation Scattered point || Graph

|

Qbs: Mondoy 7 Novernber 2003 12UTC 7000Po temp
ot ES e e

Craph
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Desktop Behaviour (1)

e KDE settings relevant to Metview:
(personal preference)

1) Change the window behaviour
- KDE menu (icon at bottom-|eft)
- System Settings
- Window behaviour
- Window behaviour
- Set Focus stealing prevention level to “None”
- Set Policy to “Focus Follows Mouse”
- Disable Click raises active window
- Apply and close the dialog
S ECMWF
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Desktop Behaviour (2)

2) Change the desktop behaviour

- KDE menu (icon at bottom-|eft)
- System Settings

- Desktop

- Screen Edges

- Disable the settings

=  Maximise windows by dragging...

= Tile windows by dragging....
- Apply and close the dialog

& ECMWF
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Starting Metview

e To start Metview, please type the following command from
an xterm:

metview_new &

e Please minimise the xterm but do not close it

& ECMWF
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Metview Tutorial: A Quick Tour

Get the data and icons for the day

e From a command line type:

~trx/mv_data/get day 1l.sh

e A new folder called “training” will appear in your Metview
desktop

e A new folder called “day 1" will appear in your “training”
folder

e Please do exercise “A Quick Tour of Metview” in the
provided sub-folder “a quick tour”

& ECMWF
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Additional Notes

e Metview scans its open folders for new files every 8
seconds

e ‘View | Reload’ forces an immediate rescan (F5)

e Deleted icons go into the Wastebasket — right-click,
Empty to finally delete icons from there

e Contouring often has automatic unit conversion — can be
deactivated in the Contour icon

e Cursor data — shows both scaled and non-scaled values
e Layer meta-data reflects the selected area

s
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Case Study: Contouring Hurricane Sandy

lain Russell
Software Applications Team
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Metview Tutorial: Case Study — Contouring Sandy‘w&}

Sandy
30th October 2012 00:00 UTC
Precipitation over the next 3 hours (mm)
[ 0.5-2 . 2-4 . 410 B 10-25 I 25-50 N 50-100 [N 100-250 —=MSLP ® NYC

40w

=
\Q”'Q ===

e Please do exercise “Case Study: Plotting Hurricane Sandy
on a Map” in the provided sub-folder “contouring sandy”
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Data In Metview — Part 1

Sandor Kertész
Software Applications Team
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Data handling in Metview

Databases

Custom DB

\ Access #n

MARS Retrieval\\

J

<~ ECMWF

Data Files
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link
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AlB

wfRo]=

ASCII

\Table

o
+

BUFR GEOPOINTS netCDF

i B

LLMATRIX ODB

ane )

[ ]
netCDF

S

FLEXTRA

Examine ‘

Visualise ‘

F

Macro

4

» Compute ‘—k

B &

‘ GRIB BUFR

Filter —
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Metview Tutorial;: Data Part 1

Get the data and icons for the day

e From a command line type:

~trx/mv_data/get day 2.sh

e A new folder called “day_2” will appear in your “training”
folder

e Please do exercise “Data Part 1” in the provided sub-folder
“data 1”

& ECMWF
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Additional Notes (1) W
e What data is stored in MARS?

- WebMars catalogue: http://www.ecmwf.int/en/forecasts/datasets

e MARS access through Metview:

- On ECMWF machines, including ecgate server
- Can set up at local institute
- MARS Web API

e MARS language syntax

- List of values: 0/12/24/36/48
- Range of values: 0/TO/48/BY/12

e MARS date format

- Specific dates, e.g. 20090303

- Relative dates, e.g. -1 (yesterday)
& ECMWF
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Additional Notes (2) v

e Use action save from the icon menu to get a local copy
of data files

e If an icon goes red, then check the message log (Ctrl-L)
e Icons can be input to other icons, thus forming a chain

& ECMWF
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Processing data in Metview
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Processing Data - Fieldsets W

e Definition

- Entity composed of several meteorological fields, (e.g. output of a
MARS retrieval).

e Operations and functions on fieldsets

- Operations on two fieldsets are carried out between each pair of
corresponding values within each pair of corresponding fields.
The result is a new fieldset.

result = fieldset_l + fieldset_z

& ECMWF
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Processing Data - Fieldsets

Field 1 + ﬁ = | i
Field 2 + W - é?)
Field 3 + w = ’{7
-+ =
<> ECMWF
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Processing Data - Fieldsets

OO0 O O

<~ ECMWF
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Processing Data - Fieldsets

e Lots more functionality available for fieldsets, for

example:

- Interpolation between grids

- Conversion between fields and scattered points

- Extraction of sub-areas

- Computations

- Filtering

& ECMWF
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: : . &
Processing Data — Fieldsets and Geopoints W

e Operations between fields and geopoints
- First, the field values are interpolated onto the geopoints locations

- Then computations are done in ‘geopoints space’

5 Z[E m k) 7 = = = = o= =5 25 e m 28 ma = = ;e ZJ3 = |5

G0*N

S0°N

<~ ECMWF
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Metview Tutorial: Processing Data

e Please do “Processing Data” in the provided sub-folder
“processing data”

& ECMWF

Data Analysis and Visualisation using Metview © ECMWF 2015

50



Additional Notes v

e Extracting fields from fieldsets
= fieldset [number]
= fieldset [number,number]

= fieldset [number,number,number]

e Examples :
y = x[2] # copies field 2 of x into y
y = x[3,8] # copies fields 3,4,5,6,7 and 8
y = x[1,20,4] # copies fields 1, 5, 9, 13 and 17

e Concatenating fields :
a = fsl & £fs2 & fs3

& ECMWF
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Views and layout

Fernando i
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The VIEW concept v

Forscstamrct Toa &b Pacton o] Europe 300-220 720 420 —
’ ECMWF Data Coverage (All obs) - SSM/I
= 25/FEB/2004; 00 UTC
1 o - g
Il | E
AT R SRR L T N AL : -
AR W AN A e
, i N2 AR 7 0 G v 2
“:'VVWV’VV’V - .
o S :

ECNAWF Analysis VT Tuesday 24 February 2004 12UTC Surface: sea ce cover
ECMWE Anaysis VT Tuesday 24 February 2004 12UTC Surace: Seace/SoillLev1) Temperalure METVIEW

TRAINING COURSE -~

Obs: Sunday 3 March 2002 12UJC Surfisynop

e

383895, 55559 54,9
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Display Window icon — layout editor

Icon name: Display Window

B> ; :
e Folder: /MetErrors/Alain

Type: PLOT_SUPERPAGE Modified: 2014-04-25 15:05

&5 e EE

HBOE

o

LS
~

[aly

Cross Section View

=
o mny
Sre—
'

Vertical Profile View

Templates

B

Cartesian View

-)rd
-}

Geographical View

A

Annotation View

> |

Views

> |

t & 0K l[@gancelJ [ ¥ Save ]
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Metview Tutorial: Views and Layout

e Please do exercise “Analysis Views” in the provided sub-
folder “analysis views”

e Please do exercise “Layout in Metview”, also in the
provided sub-folder “analysis views”

& ECMWF
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Part 4 — Additional Notes v

e Many options are common to all views (position, ...)

e Axis Plotting icons can be used to modify the look of the
axes (e.g. fonts, titles, colours, etc)

& ECMWF
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Case study: Cross section of Hurricane Sandy
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Metview Tutorial: Case Study — Cross Sectlon of my4

NYC

Sandy e

Cross section of Vort|C|ty (relatlve) 20121 030 00 step 0 Expver 0001 ‘o

Pressure (hPa)

N4 //%\

48.67°N/88°W 46°N/g4"w

1000

N I80°W  40.67° Nﬂs W 38°N/72°W 35.33°N/68°W  32.67° NIG4 W 30°N/60"

e Please do “Case Study: Cross Section of Sandy” in the
provided sub-folder “sandy cross section”
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Data in Metview — Part 2
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More Data Formats

e NetCDF

Multi-dimensional arrays (matrices, lines, points)

e Geopoints

Metview-specific

- ASCII, scattered geographical data points

e ASCII tables

E.g. CSV - columns of values

e Other ASCII

e ODB (Observation Database, ECMWF)

& ECMWF
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Visualisers -

e GRIB is ‘easy’ to plot

- Standardised meta-data — geographic coordinates, resolution, etc

e Some other formats (e.g. netCDF) are more versatile and
can contain matrices, scattered points, multiple
variables, etc

- users need to tell Metview what to plot

» visualiser icons

& ECMWF
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Metview Tutorial: Data Part 2

Get the data and icons for the day

e From a command line type:

~trx/mv_data/get day 3.sh

e A new folder called “day_3” will appear in your “training”
folder

e Please do exercise “Data Part 2” in the provided sub-folder
“data 2”

& ECMWF
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Additional Notes v

e Note the different plot types available in the Visualiser
icons

- Allow arange of ways to interpret and plot data, e.g. geographic,
x/y, matrices, vector pairs, ...

- Choose the plot type before entering other parameters!

& ECMWF
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Handling time in Metview
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Handling Time in Metview

e Note that time itself is multi-dimensional!
- Run time (base time) and forecast step
- Runtime + step = valid time

- Also analysis data which has step=0

* Can extract time from most data types —in Macro , we
have the date variable type . s

& ECMWF
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Handling Time in Metview W

e Dates defined as a built-in type - year, month, day, hour,
minute and second.

e Dates can be created as literals using :
- yyyy-mm-dd

- yyyy-DDD

- where : yr, yyyy - 4 digit yr, mm - 2 digit month, dd - 2 digit day,
DDD - 3 digit Julian day.

e The time can be added using :
HH:MM or HH:MM:SS
E.Q.
start date = 2003-03-20 12:01

P
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Handling Time in Metview

e Date arithmetic works with ‘1’ being a day

dl = 2015-12-31
d2 =dl + 1
print (d2)
2016-01-01 00:00:00

& ECMWF
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Handling Time in Metview

e Function date () creates dates from numbers:

dl
today
yesterday

date (20080129)
date (0)
date(-1)

e Hour, minute and second components are zero.

e To create a full date, use decimal dates:
d = date (20080129.5)

or

d = 2008-01-29 + 0.5

or

d = 2008-01-29 + hour(12)

& ECMWF
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Handling Time in Metview

e Note that numbers passed to Metview modules are
automatically converted to dates:

r = retrieve(date : -1, ...)
r = retrieve (date : 20070101, ...)
& ECMWF
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Handling Time in Metview

e Loops on dates using a for loop:

for d = 2007-01-01 to 2007-03-01 do
# each step is 1 day
end for

for d = 2007-01-01 to 2007-03-01 by 2 do
# each step is 2 days
end for

for d = 2007-01-01 to 2007-03-01 by hour(6) do
print (d)
# each step is 6 hours

end for

 an
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Data Overlay

e Multi-data visualisations, e.g. T+Z,...

- When are different data overlaid in the same plot?

e Default data overlay rules

e Need more control? — Use the Data Overlay Setting

& ECMWF
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Metview Tutorial: Handling Time

e Please do exercise “Handling Time in Metview” in the
provided sub-folder “time”

& ECMWF
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Graph Plotting
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Graph Plotting v

e It’s not only geographical plots!

Date; 2010-12-22 Time: 00
Sat METOP-A Sensor: AMSU-A Channel: 5 Param: Th ]
Type: WFB

0010hPa vertical velocity (0.01hPa) Trop_Ocean

———  ERA4D ———  nNAA2 ———  ERAIN

L LA |
(A
. | il \
: il ) 71.9¢
64
X 7618 Y 0494 2/ — ig

Layer Value X ¥
fc_anoms 0540000 764 054

hybridJJressﬁreAIeveI )

u

LA LR

1900 1915 1930 195 1960 1975 1990

~> ECMWF
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Graph Plotting: The Elements

e Graph plots consist of:

Cartesian View: defines the coordinate system

Data!

Visdefs for the data

Axis Plotting: defines the look of the axes — colours, titles, etc.

0010hPa vertical velocity (0.01hPa) Trop_Ocean

Legend

ERA-40

Text Plotting; controls the title

MNRAZ

ERA-Int

w l 'l} ' ',’“M‘\“ i ||
| g

-0.01

-0.015-
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Metview Tutorial: Graph Plotting

e Please do exercise “Graph Plotting in Metview” in the
provided sub-folder “graph”

& ECMWF
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Additional Notes v

e It is possible to use two Cartesian View icons to produce a
‘double’ axis

SCM: 38r2 Sim: gabls3_ctl
Start day: 20060701 Start hour: 43200

LW radiative Flux ()
-295.781 -270 -240 -210 -180 -15 -120 -90 -60 -502088

Atmospheric Model Levels

& ECMWF
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Case Study: Plotting the track of Hurricane Sandy
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Software Applications Team
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Metview Tutorial: Case Study Plottlngt

of Hurricane Sandy -

/

N

N

/

N

12h
S tQ?

Mon29

Tue30

Wed31

e Please do exercise “Case Study Plottlng the track of
Hurricane Sandy” in the provided sub-folder “sandy

track”
S ECMWF
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Publishing graphical output

Stephan Siemen
Magics developer

<~ ECMWF
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The role of Magics in Metview

e Magics is ECMWF’s plotting package

Tuned to handle meteorological data
GRIB, BUFR, ODB, CSV

APIs: Python, Fortran and Metview

Used also for the web (ecCharts, Metgrams)

e Everything graphical in Metview is done through Magics

& ECMWF
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Output formats v

e PostScript & EPS
- Vector format for printing
e PDF

- Static vector format for web & archive

“tLsvg - inkscape
. Fle Edit View Layer Object Path Taxt Effects whi

itebosrd Help
BEA4 AR +% Hd4D QQQ TEDE FH BTEE 4@
QLA < U ST sty e EG @t e |2 (SEEE
e e e e N e e P, i) P P ™ u|

m

- Raster format for web

e SVG

»  ECMWF Analysis VT: Thursday 10 March 2011 12 UTC 1000 hPa Temperature :
’ kg

[ 1] T

NEPFPRPISCOLOLLA
=1 o i =

- Vector format for web |
o KML/KMZ - |
i ' 7 R~ T
- Format for Google Earth & Maps ¥ R__‘,q,y_q,jf*_’_ s

- Used by Metview only
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. . . &
Metview Tutorial: Graphical Output Formats W

Get the data and icons for the day

e From a command line type:

~trx/mv_data/get day 4.sh

e A new folder called “day_4” will appear in your “training”
folder

e Please do exercise “Working with graphical output” in the
provided sub-folder “graphics formats”

& ECMWF
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Macro in-depth
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Macro Essentials - Variables

e No need for declaration

e Dynamic typing

a=1 # type(a) = ’'number’

a = '"hello’ # type(a) = ’string’

a = [4, 5] # type(a) = ’list’

a= |7, 8| # type(a) = ’‘vector’
& ECMWF
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Macro Essentials - Variables

e Scope and Visibility
- Variables inside functions are local

e Functions cannot see ‘outside’ variables

x =9 # cannot see y here
function func

y = 10 # cannot see x here
end func

# cannot see y here

& ECMWF
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Macro Essentials - Variables

e Scope and Visibility

... unless a variable is defined to be ‘global’

global gl = 9 # cannot see yl here
function func

yl = 10 + gl # can see gl here
end func

# cannot see yl here

& ECMWF
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Macro Essentials - Variables

e Scope and Visibility
- ... a better solution is to pass a parameter
- ...that way, the function can be reused in other macros

func (x) # x is passed as a parameter

function func (t : number) #t adopts value of x
vyl =10 + t # yl = 10 + 9

end func

& ECMWF
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Macro Essentials - Variables e

e Destroying variables automatically
- When they go out of scope

function plot a
a = retrieve(...)
plot(a)

end plot a

# Main routine

plot a() # a is created and destroyed

& ECMWF
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Macro Essentials - Variables

e Destroying variables manually

- Set to zero
- (Variables can ‘hold’ lots of data, either in memory or in temporary
files)
a = retrieve(...)

plot(a) # we have finished with ’"a’ now

a=290
b = retrieve(...)
plot (b)

 an
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Macro Essentials - Strings

® '"Hello’ isthe same as "Hello”

e Concatenate strings with strings, numbers and dates

using the ’&’ operator

eg. "partl ” & "part2 ” & 3

produces “partl part2 3”

e Obtain substrings with substring()

€.J. substring (”"Metview”, 2, 4)

produces “etv” T \
first last
 aa
v ECMWF Data Analysis and Visualisation using Metview © ECMWF 2015
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Macro Essentials - Strings

e Split a string into parts using parse ()

e Creates a list of substrings

n = parse("z500.grib", ".")
print ("name = ", n[l], " extension =
n[2])

prints the following string :

& ECMWF

name = z500 extension = grib

Data Analysis and Visualisation using Metview © ECMWF 2015

92



Macro Essentials - Lists -

e Ordered, heterogeneous collection of values. Not limited
In length. List elements can be of any type, including

lists. List are built using square brackets, and can be
Initialised with nil:

I

[3 , 4 , "foo" , "bar"]

~— 1 = nil
1=1s& [2,3,[3,4]]
1 =16s& ["strl"] & ["str2"]
T~ europe = [35,-12.5,75,42.5] # S, W, N, E

& ECMWF
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Macro Essentials - Lists -

e Accessing List Elements
e Indexes start at 1

mylist = [10,20,30,40]

a = mylist[1] # a 10

b mylist[2,4] # b [20,30,40] (m to n)
mylist[1,4,2] # ¢ = [10,30] (step 2)

@

 an
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Macro Essentials - Lists

e Useful List Functions
num elements = count (mylist)

sorted = sort (mylist)

# can provide custom sorting function

if (2 in mylist) then

end if

& ECMWF
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Macro Essentials - Lists

e Useful List Functions
mylist = ['b’, 'a’, "a’", 'c’]
# find occurrences of ’a’ in list

index = find(mylist, ’'a’) # 2
indexes = find(mylist, 'a’, 'all’) # [2,63]

# return list of unique members

reduced = unique (mylist) # [’b’, "a’, ’'c’]

& ECMWF
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Macro Essentials - Lists

e List Operations

e Operators acting on lists will act on each list element,
returning a list of results

® a = [3, 4]
b=a+5 # b is now [8, 9]
c=a*Db # c is now [24, 36]

e Lists are general-purpose, and are not recommended for
handling large amounts (thousands) of numbers — for
that, use vectors (see later)

& ECMWF
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. nnf%
Macro Essentials - Vectors

e Ordered, array of numbers. Much more efficient than lists
for high volumes of numeric data. Vectors are built using
the vertical bar symbol, and can be initialised with nil:

v= 1|7, 8, 9

nil # start from nil and append

v=v & |4.4, 5.5, 3.14| & |8, 9|

v = vector (10000) # pre-allocate space

v[l] = 4 # assign values to indexes

& ECMWF
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: my~
Macro Essentials - Vectors

e Can extract data arrays from most data types into vector
variables:

values (fieldset)

values (geopoints)

values (netcdf) # takes from current wvariable

values (table, ‘col2’)

< < < < <
Il

values (odb, ‘precip’)

& ECMWF
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Macro Essentials - Vectors

e Assigning/replacing a range of values at once:

v = 110,20,30,40|
v[2] = |99,99| # v is now |10,99,99,40|

<~ ECMWF
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: my~
Macro Essentials - Vectors

e Operations and functions are applied to each element:

x = |3, 4, 5]
x + 10 # y is now |13, 14, 15|

9]
I

c = cos (x)

u=,7.3, 4.2, 3.6]|
v=|-4.4, 1.1, -2.1]
spd = sqrt((u*u) + (v*v))

& ECMWF
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Macro Essentials - Vectors

e Accessing vector elements

e Indexes start at 1

v = |10,20,30,40]
a = v[1] # a =10
b = v[2,4] # b =120,30,40| (m to n)
c =v[l,4,2] # ¢c = |10,30| (step 2)
d =v[1,4,2,2] #d = |10,20,30,40]
# (take 2 at each step)
& ECMWF
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Macro Essentials — Loops, Tests & Functions v

e The for, while, repeat, loop statements

- See ‘Metview Macro Syntax’ handout

e The if/else, when, case statements

- See ‘Metview Macro Syntax’ handout

e Function declarations

- See ‘Metview Macro Syntax’ handout

& ECMWF
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Macro Essentials - Functions Wa

e Multiple versions

& ECMWF

Can declare multiple functions with the same name, but with
different parameter number/types.

function fn test ()
function fn test (paraml: string)

function fn test (paraml: number)

Correct one will be chosen according to the supplied parameters
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Macro Essentials - Definitions

e A collection of named items (members)
e Eg

(x : 1, v : 2) # create definition

o
I

cC = a.x # get value of ’'x’
or

c e a[llxll]

e Like a struct in ‘C’ or a dictionary in Python

& ECMWF
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Macro Essentials - Definitions

e Icon-functions take definitions:
acoast = mcoast(
map coastline resolution
map coastline colour
map grid colour
map grid longitude increment
map label colour

map coastline land shade

map coastline land shade colour:

)

& ECMWF

"high",
"red",
"grey",
10,
‘grey",
"on",

"cream"
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Macro Essentials - Definitions

param def = ( param : "Z",
type : "FC",
date : -1,

step : 24 )

# retrieve as LL grid or not according to user

# choice

if (use LL = "yes") then
param def.grid = [1.5,1.5]

end 1if

Z ret = retrieve (param def)

 an
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Macro Essentials - Definitions

common input = (

retrieve (

Uan

retrieve (

Van

& ECMWF

levtype "PL",
levelist : 850,
time : 12,

grid : [2.5,2.5],

type : "AN" )

common_ input,
date : -1,
param : "U" )

common_ input,
date : -2,
param : "V" )
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Fortran and C in Macro - Introduction v

e Users can write their own Macro functions in Fortran or
C/C++, extending the Macro language

e Used in tasks which cannot be achieved by macro
functions. Or use existing FORTRAN/C code to save time.

e FORTRAN/C-Metview macro interfaces support input data
of types GRIB, number, string and vector. BUFR, images
and matrices are waiting implementation.

e See examples in solutions folder

& ECMWF
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User Interfaces in Macro - Introduction my

e Users can write their own simple user interfaces in Macro

e One way to allow other users to call a macro and change
Its parameters without modifying code or passing
command-line arguments

e See example in solutions folder

[
Base Date -2 < -
Base Time 12 |~
Step (hours) 24 |~
FParameter T |~
Area 30-25/50/65 a| [«
= W OK @ Cancel

& ECMWF
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Missing Values

e Fields and other data can have missing values
e Be aware of this!

e They can also be used to mask data, returning a specific
subset of points

Thursday 01 March 2012 12 UTC ecmft+0 VT.Thursday 01 March 2012 12 UTC 850 hPa Temperature
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Metview Tutorial: Macro

e Please do exercise “Organising Macros” in the provided
sub-folder “organising macros”

e Please do exercise “Missing Values and Masks” in the
provided sub-folder “missing values”
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Titles and workflow

lain Russell
Software Applications Team
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Titles

e Automatic text for fields
e User-defined text

- With or without elements extracted from the data

- Styled using HTML notation

Wednesday 04 March 2015 12 UTC ecmf t+0 VT:Wed
L+M, M+H, H+L M+M+L, clouds

TE0"W 140 "W 120" 100" 20w G0 ™ 40"
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Optimising Your Workflow

e How to store icons for easy re-use
e Changing the defaults

<~ ECMWF

Data Analysis and Visualisation using Metview © ECMWF 2015 115



Metview Tutorial: Titles and Workflow

e Please do exercise “Optimising Your Workflow” in the
provided sub-folder “workflow”

e Please do exercise “Customising Your Plot Title” in the
provided sub-folder “titles”
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Case Study: Ensemble forecast

Sandor Kertész
Software Applications Team
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e Please do exercise “Case Study: Ensemble Forecast” in
the provided sub-folder “ensemble forecast”
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Running Metview in batch mode

lain Russell
Software Applications Team
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Running Metview In Batch Mode

e Can run macros directly from the command line:

- metview —-b <macro_name> [arg1 arg2 ...]

e Arguments passed after the name of the macro to run
e Can also get environment variables

e The macro can detect whether it was run from the
command line or the user interface

- Can do different things in each case
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Running Metview In Batch Mode

Get the data and icons for the day

e From a command line type:

~trx/mv_data/get day 5.sh

e A new folder called “day_5" will appear in your “training”
folder

e Please do exercise “Running Metview in Batch Mode” in
the provided sub-folder “batch”
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Submitting Batch jobs on ecgate
(separate presentation)

Xavi Abellan
User Support
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Exploring Metview

lain Russell
Software Applications Team
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Exploring Metview (1)

e User interface

<~ ECMWF
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Exploring Metview (2)

e Mail - exchange icons by email
e Archive - convert a group of icons into an archive

e Monitor —to monitor and control tasks

= Check the progress of long tasks

= Abort a misbehaving Metview process

e Station — search Station Database

= Access Metview database of 10,000 WMO stations
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Exploring Metview (3)

e More applications, plot types and tools
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Exploring Metview: Tutorials e

e Many other tutorials available, including:

VAPOR

— | FLEXTRA

https://[software.ecmwf.int/metview
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https://software.ecmwf.int/metview

Metview Tutorial: Titles and Workflow

e Please do exercise “Working with Folders and Icons” in the
provided sub-folder “explore”

e Please do exercise “Exploring Metview” in the provided
sub-folder “explore”

S
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Closing remarks
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Deploying Metview

e Compilation from source
- The installation has been made much easier over recent years
= CMake based build system is now the same for all ECMWF packages
= Support for Mac OS X 10.10 was added
e Used of pre-built versions
- More and more communities start building binary packages of Metview

= Opensuse Build Service (OBS) offers RPMs for OpenSuse, SLES,
Redhat, CentOS and Fedora

= Ubuntu 15.04 will have Metview in its Science repository
- Virtual machines are available to start quickly with Metview
= On SuseStudio this can be used to build appliances for cloud services

- There are plans to provide a Metview Docker image
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Keep In touch ....

.... also when things work ;-)

Global warming relative to 20th-century average
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For more information ...

email us:

B Metview: metview @ecmwf.int

visit our web pages:
“B https://software.ecmwf.int/metview
» Download

» Source code, virtual machine

» Documentation and tutorials available

> Metview articles in recent ECMWF newsletters
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Hope to see you again!

e Using ECMWF Forecast meeting, 8-10 June

- This years focus on the communication (visualisation)
of uncertainties

e Visualisation in Meteorology week, 28 Sep — 2 Oct

- Workshop on Meteorological Operational Systems

- EGOWS - European Working Group on Operational
meteorological Workstation Systems

- OGC PlugFest
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Hope you enjoyed the course and found it useful!

Please leave us your feedback ©
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