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PREPARATIONS

Please note that this tutorial was designed to be used only at the ECMWF.

Before you start the tutorial you need to execute the following preparatory steps:
1. Start Metview 4 with the following command:
metview4 new -slog &

The optional -slog switch will enable Metview to print detailed logging information to
the standard output.

2. Type the following command in a terminal window:
cp -R /home/graphics/cgx/tutorials/odb_tutorial 4.1 ~/metview
The directory that you just copied into your Metview environment contains all the icons for

the tutorial and the solutions of the exercises, as well. In your main Metview folder now you
should find an 'odb_tutorial 4.1' folder with the following contents (double-click to open).
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Parr 1 - THE ODB DAt4BASE ICcON

In this exercise we will learn about the ODB Database icon and see how to examine its meta-
data content.

The ODB Database Icon

Open folder 'database' inside your 'odb_tutorial 4.1' folder (double-click or right-click, edit).
Here you will find all the ODB Database icons used in the tutorial.

=

These icons represent ODB databases residing on our file system. More precisely, in our case,
these are only symbolic links to the databases to save disk space. Symbolic links can be
really useful for working with the usually quite large ODB databases.

About symbolic links:
To create a symbolic link right-click in the Metview desktop with no icons selected and

choose new link... from the menu and type your database path into the Selection box.
Please note that the text label under symbolic link icons is in italics.

Remarks

e ODB database icons, like any other Metview icons, can be dragged and dropped
between Metview folders. However, if the icon is not a symbolic link the whole data
structure, which is usually very big, is copied/moved over during such an operation,
so it might take a significant amount of time. On the contrary, for a symbolic link the
link itself is copied over during a drag and drop operation so it is safe to use.

The ODB Binary Representations

In the framework of the Observation Handling and Monitoring project a new binary
representation was developed for ODB to enable MARS archiving. This new format is
referred to as ODB-2, while the previous one as ODB-1. The ODB-2 format currently comes
only with a "flat" structure (i.e. with one single table) and represented by a single file instead
of the usual CCMA/ECMA, etc. directory structures.

Metview uses the same icon for both ODB formats, hiding the differences between them and
providing the users with an interface which is format transparent. However, please note that
wind plotting presently requires different approaches for the ODB-1 and ODB-2 formats,
respectively (see P4arr 3 and P4rr 7 for details on the differences).

© ECMWEF 2015 - All rights reserved 5
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The ODB Examiner

Right-click on your ‘CCMA.obs’ ODB Database icon and select examine from the icon
menu. This will start the ODB Examiner application that displays the meta-data of the
database. By default you should see the Tables tab of the interface showing the ODB table
hierarchy. This hierarchy only exists only for the ODB-1 format (so we can see that our
‘CCMA.obs’ icon represents an ODB-1 database). By clicking on a table name the columns
belonging to the selected table are displayed in the right hand side of the interface. There are
two more tabs in the interface: the Columns tab showing the list of all the available columns
and the SET Variables tab providing the users with the list of pre-defined ODB variables.
Explore these tabs and then close the ODB Examiner.

Metview - ODB Examiner: ‘;

File: fhomefgraphicsicgrimetvien/Local ODB/Tutorialidat abase/C CMA. obs
Symlink target: iscratehigraphics/car/odh_dstalCCMA. obs
Parmissions: Irwxrwxrwvx Owner: cgr Group: graphics Size: 08 Modified: 2011-02-26 11:25
Tables | Columns | SETVariables | Staistics | Data |
[* ] | name Type el
—— anemoht phsreal
areatype pklint
sat ausiliary @LINK
barokht phksreal
body @LINK
bufrtype pkLint
chacksum pkoreal
codetype pllint
date yyyymmdd
distribid pklint
distristype  pklint
enda_count  pklint
enkf_1 @LINK L |
enkf_10 @LINK
ankf_2 @LINK
enkf_3 @LINK
enkf_4 @LINK
a2ib enkf_5 @LINK
enkf_6 @LINK
HICC L BLINK
enkf_8 @LINK
— e enkf_9 @LINK
errstat @LINK
flight_phase plint
gp_dist pkareal
gp_rumber  pklint
] aroupid phLint
emsiat instrument_..  pklint
lat pkareal
] T e D] limb_azirmuth  pkSreal

Now right click and examine icon ‘AMSUA.odb’. It points to an ODB-2 database (just like
icon ‘AIREP.odb’). Since there is no table hierarchy to be shown the list of all the available
columns is displayed by default (Columns tab).

S Metview- ODB Examiner - =
File View Seftings Help
File ieniLocal/ODB/Tutorialidatab .odb
Symlink target: iserateh/grap hics/eg o db_datalAMS UA.odb
Permissions: Imxmwoxnas Owner: ogr Group: graphics Size: OB Modified: 2011-04-07 11:22
Tables |t Columns || SET Variables | Statistics | Data |
Name / |Type Icunslanl WMin IMax Wissing value Table
- an_depar@body float n -3.47203 3.95354 [ body
an_sens_obs@hody float ¥ 0 o 4B3067e-317 body
andate@desc int ¥ 20101222 20101222 1675014243 desc
antime @desc int ¥ 0 o 7.85528e+252 desc
biascom@body float n 0738071 433858 483805e-317 body
- biasetrl@bady float n 0737178 4.35366 0.34500e-307 body
- bufttype@hdr int ¥y El 3 1.60221e-306 hdr
- elass@dese sing v NIA A A dese
- codetype@hdr int y 210 210 A hdr
- datastream@sat int n i 1 1.27045.-307 sat
- date@hdr int n 20101221 20101222 0.34590.-307 hdr
[ datum_anflag@body bitfield  n NIA N NIA body
[ datum_event! @body bitfield  y NIA N [ body
[ datum_rdbflag@body bitfield  y NIA A NIA body
[} datum_status@body bitfield  n NIA MIA NIA body
entryno@body int n 3 14 1.02361e-308 body
expver@desc sting v NIA NiA NIA desc
- fo_sens_obs@body float ¥ i [i 10238 1e-306 body
- fg_depar@bady float n -3.34557 3.28031 2.20304e+214 body
- fg_erar@errstat float n 00803554  3.8495 1.00133e-307 errstat E
L4
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The data values stored in the ODB can be also inspected in the ODB Examiner (this feature
is currently working only for ODB-2). Just click on the Data tab to see the data values. If
there are too many values to be shown the ODB Examiner displays the data items in blocks.
The actual size of the data blocks (in terms of rows) can be seen at the bottom of the interface
next to the data block navigation buttons. Data blocks were introduced to reduce memory
usage since the ODB Examiner has to keep in memory all the values shown in the Data tab.

S Metview- ODB Examinar -o  x

File Wiew Settings Help

File: Ih hi tvien/Local/ODB/ Tutorial/database/AMS UA.odb

Symlink target: fscratchigraphicsicgriodb_data/AMSUA odb

Permissions: Iz Owner: cgr Group: graphics Size: 0B Modified: 20110407 11:22

Tables | Columns | SET Variables | Statisties | Data

‘nm| lassi@d stream @d | date@d muxup_traj latlon_ i Lindex |hu¢ B
1 T i DCDA MFB 20101222 O 3 26 0 1 11331 3

2 T i DCDA WMFB 20101222 O 3 25 0 1 11331 3

3 T d DCDA MFB 20101222 © 3 25 0 1 11331 3

4 Tanwn d DCDA MFE 20101222 O E] 25 0 1 11331 E]

5 T i DCDA MFB 20101222 O 3 26 0 1 1331 3

[ Tanw Tl DCDA MFB 20101222 O 3 26 0 1 11331 3

7 T i DCDA MFB 20101222 O 3 25 0 1 11331 3

8 T d DCDA MFB 20101222 © 3 25 0 1 11331 3

] Tonw d DCDA MFB 20101222 O E] 25 0 1 11331 E]
10 Tanw Tl DCDA MFB 20101222 O 3 26 0 1 20305 3

n T i DCDA MFB 20101222 O 3 25 0 1 20305 3
12 T [Tl DCDA MFB 20101222 O 3 25 0 1 20305 3

13 T d DCDA MFB 20101222 © 3 25 0 1 20305 3
14 Tanwn d DCDA MFE 20101222 O E] 25 0 1 20305 E]

15 T i DCDA MFB 20101222 O 3 26 0 1 20305 3

16 T [Tl DCDA MFB 20101222 O 3 25 0 1 20305 3

17 T i DCDA MFB 20101222 O 3 25 0 1 20305 3

18 T d DCDA MFB 20101222 © 3 25 0 1 20305 3

19 Tonw d DCDA MFB 20101222 O E] 25 0 1 20305 E]
20 Tanw Tl DCDA MFB 20101222 O 3 26 0 1 20305 3

21 T i DCDA MFB 20101222 O 3 25 0 1 86017 3
22 T d DCDA MFB 20101222 © 3 25 0 1 88017 3
Kl £
Total number of rows: 264804 Data block size: 100000 ows  Datablock: 4 |1 |13 |

L4

e The ODB Examiner contains a file information panel at the top showing the full icon
path. If the icon is a symbolic link this panel also shows the location in the file system
where the link points to.

e FEach column in the Data tab can be sorted by clicking on the column heading.
However, please note that sorting is enabled only if all the available data values can
be displayed at once, i.e. no data blocks are to be used. By default the ODB
Examiner starts splitting the data into data blocks if more than 60 MB is needed to
store the data values in memory. You can override this default value in the Configure
dialog available from the Settings menu in the menu bar.

Maximum size of data blocks (MEB):

50 =
@ e

© ECMWEF 2015 - All rights reserved 7
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Parr 2 - Symor Prorring oN Maps

In this exercise we will retrieve and plot the brightness temperature values for channel 5 from
our ‘AMSUA.odb’ database. Please open folder 'tb' inside folder 'odb_tutorial 4.1' to start the
work.

The ODB Visualiser Icon

The simplest way to plot ODB data in Metview is to use the ODB Visualiser icon. It performs
the query, defines which ODB columns should be interpreted as latitude, longitude and
value(s) and specifies the plot type (symbol or wind plotting), as well. You can find this icon

in the Modules (Plotting) icon drawer.
=
P —l

Create a new ODB Visualiser icon by dragging it into your folder and rename it 'tb_plot'.

First, open its editor and set ODB Plot Type to 'Geo Points' to indicate that we want to plot
the values on a map.

Second, drop your ‘AMSUA.odb’ database icon into the Odb Data field. This specifies the
database for which the query will be performed.

Third, we need to specify the ODB/SQL query and the way the columns are interpreted to
generate the plot. We want to perform the following query:

SELECT
lat@hdr,
lon@hdr,
obsvalue@body
WHERE
vertco reference 1@body = 5

In the ODB Visualiser interface this query cannot be typed in directly but has to be split into
the following individual items:

e Odb Latitude Variable: specifies the name of the column holding the latitude data in
the SELECT statement (here 1at@hdr).

e Odb Longitude Variable: specifies the name of the column holding the longitude
data in the SELECT statement (here 1on@hdr)

e Odb Value Variable: specifies the name of the column holding the value data in the
SELECT statement (here obsvalue@body)

e Odb Where: specifies the WHERE statement. In our example it is as follows:

vertco reference 1l@body = 5

© ECMWEF 2015 - All rights reserved 8
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CCECMWF

Last, we have to specify the units of the geographical co-ordinates (here lat@hdr and
lon@hdr) in the Odb Coordinates Unit field. It is necessary since Metview requires
geographical co-ordinates in degrees, but there is no general way to find out their units in an
ODB database. Instead an explicit declaration is needed from the users. Our database stores
co-ordinates in degrees. So, to correctly interpret our co-ordinate values Odb Coordinates
Unit should be set to ‘Degrees’ (which is the default value so we do not need to change it).

Having finished the modifications your icon editor should look like this:

Remarks

200 Metview

I}tb_pmt

T
ol

- Odb Plot Type

- Odhb Filename

A Odb X Variable

A Odb ¥ Variahle

- Odb Latitude Yariahle

- Odb Longitude Wariahle

4 Qdb ¥ Component Wariahle

- Odb % Component Variable

- Odb Yalue Yariable

- Odh Parameters

- Odb From

m Odh Where

- Odb Data ODEB File
| B
AMEUA ool

Geo Foints |

IEOFF

Iﬂat@hdr

IEIon@hdr

Iﬁobsvalue@bady

ertco_reference_1Bkbody = §

—

]

/ Templates

|.ﬂ.pply| Reset| 1 Stay open

ClDSEl

e The ODB database for which the query is performed can be alternatively specified by
the database path via the Odb Filename input field. Please note that the typed-in
database path is only used by Metview if no database icon is present.

e The maximum number of rows accepted in the ODB retrieval is specified in the Odb
Nb Rows input field. By default (-1) there is no upper limit for the number of rows.

© ECMWEF 2015 - All rights reserved
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SCECMWFF

e If column latlon rad@desc is available in an ODB (it is defined for our
‘AMSUA.odb’ database) it tells us the geographical co-ordinate units. Its 0 value
indicates degrees while 1 means radians (you can use the ODB Examiner to check
this value for our database). Besides, it is worth mentioning that all ODBs retrieved
from MARS, as a generic rule, use degrees as geographical co-ordinate units.

Running the Query

Save your ODB Visualiser icon (Apply) then right-click and execute to run the query. Within
a few seconds the icon should turn green indicating that the retrieval was successful and has
been cached. Now your icon behaves exactly like an ODB Database icon. Right-click
examine to look at its content. You can see that the resulting ODB contains only three
columns: lat@hdr, lon@hdr, obsvalue@body. By clicking on the Data tab you can even

see the data values.

Metview - ODB Examiner ,;

File Wiew Help
File: fvarftrnpitrmpdir/cgriitrnp. 5279)mv. 5855 carjrmarsP dbWP k
Parmissions: -rwir-x--- Ownar: cgr Group: graphics Size: 260KB Modified: 2011-02-28 09:53
Tebles | Columna | SETVerables | Stafistics | Data |
| Row | lat@hdr I lon@ hdr | obsvalue®@ body
f1 38.809 4.2936 24535 1
2 73.6931 -3.4167 230.57
3 67.8829 -173.419 234.33
4 28.4244 -170.923 254.02
El 22,6248 -176.224 257.64
] -4.1878 177 454 2539.91
7 -13.382 179,449 234.853
8 -22.2158 19,68 260.3
El -32.1235 1E5.56868 258.92
1o -66.3415 145 008 245.5
11 31.1685 -29.8653 230.73
1z -32.0434 -1.9467 251.38
1z 49.0408 -19.8775 236.79
14 -18.301 -13.1353 258.48
15 4.3073 -21.6432 235.5 E
Total number of rows: 16413

Visualising the Output

Right-click and visualise the icon to plot the retrieved data (please note that you can directly
visualise the icon by skipping the execute step). This will bring up the Metview Display
Window using the default visualisation assigned to symbol plotting. By default the data
values are plotted to the map. Unfortunately, it is not the desired visualisation in our case (we

cannot even see the satellite tracks) so we will further customise the plot.

© ECMWEF 2015 - All rights reserved
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We will change the plot by using markers instead of numbers and change the colour, as well.
Let's create a new Symbol Plotting icon (it can be found in the Visual Definitions icon
drawer, you may need to scroll the drawers to the right).

Rename it ‘symbol’ then edit it, by setting the following parameters:

Legend On
Symbol Type Marker
Symbol Table Mode Advanced
Symbol Advanced Table Max Level Colour Red
Symbol Advanced Table Min Level Colour Blue
Symbol Advanced Table Colour Direction Clockwise
Symbol Advanced Table Marker List 3
Symbol Advanced Table Height List 0.15

Now drop this icon into the plot to see the effect of the changes.

[ Metview- uPlot BE. B
File  view Animation Zoom Tools Help

Buwm QARG =wMe MEju [e e

OdbDatabase: Martmptmpdircrjimp 5405/my 3356.cgrimarsIREXeK
Min: 225.01 Max: 266.73 (16418 points)

20N

70N

e
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@D

We used the Symbol Table Mode in our icon and set it to ‘Advanced’ which enabled us to
automatically define intervals with a separate maker type, colour and size. These settings
work in a similar way as in the Contouring icon.

Our palette was automatically generated from a colour wheel by interpolating in

clockwise direction between Symbol Advanced Table Min Level Colour and “
Symbol Advanced Table Max Level Colour. \J

© ECMWEF 2015 - All rights reserved 11
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The identifiers of the available symbol markers are summarised in the table below. Please
note that the rendering speed of the markers can be significantly different and using a simpler
symbol (in terms of rendering) can greatly reduce the plotting time. For example, the usage of
marker 3 (plus sign) can result in much faster plot generation than that of marker 15 (filled
circle).

14 12
0 O 15 [ ]
1 o] 16 x
2 Fal 17 *
3 + 18 |
4 > 14 A
5 > 20 v
i v 21 ]
7 = 22 ]
8 4 23 L]
9 o 24 4 ]
10 2] 25 # ]
11 = 26 >
12 H 27 ]
13 = 28 [ ]

Changing the Default Symbol Plotting Icon

Since the visual change is so useful (and the rendering process is much faster, as well) we
will now make the settings of our ‘symbol’ icon the defaults for symbol plotting in Metview.

e Open your main Metview folder (select item ‘Main Folder’ from the Folders menu in
the menu bar of the Metview Desktop)

File ‘Wiew Tools Fuldersl

hdain Folder

FParent Falder

e Open the subfolder called ‘System’ and then subfolder ‘Defaults’.

e Do one of the following: edit the Symbol Plotting icon in the ‘Defaults’ folder to
specify your new settings or else delete it and copy your ‘symbol’ icon into this folder
then rename it ‘Symbol Plotting’

For information: To delete an icon, right-click, delete; to move an icon between
folders, drag it with the left mouse button; to copy an icon between folders, drag it
with the middle mouse button.

e Save your changes and visualise your ODB Visualiser icon again - your new default
symbol plotting attributes are automatically applied.

Now close your ‘Defaults’ folder.

© ECMWEF 2015 - All rights reserved 12
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Having a Histogram in the Legend

So far we have used the default legend settings, which resulted in a continuous legend. Now
we will change our legend so that it could display a histogram showing the data distribution
across the data intervals used in the symbol plotting.

Let's create a new Legend icon (it can be found in the Visual Definitions icon drawer).

(1

Edit it, by setting the following parameter:

Legend Display Type | Histogram

Now drop the icon into the plot to see how the legend has been changed: it now contains an
additional area holding the histogram.

Fixing the Symbol Plotting Intervals

Now zoom in and out of different areas. What happens to the palette - does it stay constant?
The default behaviour is to create 10 interval levels within the range of data actually plotted.
As the area changes, so does the range of values being plotted.

Let’s create a palette which will not be altered when we change the area. Copy your ‘symbol’
icon (either right-click + duplicate, or drag with the middle mouse button), and rename the
copy ‘symbol_fixed’ by clicking on its title. Edit the icon and make the following changes:

Symbol Advanced Table Selection Type Interval
Symbol Advanced Table Min Value 220
Symbol Advanced Table Max Value 270
Symbol Advanced Table Interval 5

Now when you apply this icon you will see that the palette is fixed wherever you zoom.

Changing the Title

The title of the ODB plot was automatically generated. It contains the database name (in this
case it is a temporary file, the result of the query) and some statistics. To use a custom title we
need a Text Plotting icon (it can be found in the Visual Definitions icon drawer).

© ECMWEF 2015 - All rights reserved 13
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This time you do not need to create a new icon since there is one called ‘title’ already
prepared for you. Edit this icon to see how the title is constructed. Then simply drag it into
the Display Window and see how your title has been changed.

Inspecting the Data Values

Data values at the cursor position can be inspected with the Cursor Data Tool, which can be
activated by pressing on the gun-sight icon in the toolbar of the Display Window. The
Cursor Data Tool displays the co-ordinates of the current cursor position and the information
for the nearest data point to this position.

.-]f-‘;l @

You may find hard to use the Cursor Data Tool for ODB since it is complicated to properly
position the cursor in data dense regions in the plot. To overcome this difficulty you need to
launch the Magnifier by pressing on the magnifier icon in the toolbar and navigate it to your

area of interest in the plot.
QL

Now if you move the cursor inside the magnifying glass it is significantly easier to
distinguish the individual data points since you navigate the cursor inside a closed-up region.

B0 40" 200w o"E 20°E 40°E Lon -1.91 Lat 5315
amé—‘—,»)//-_ x Layer  Value Lon Lat Dist (km)
1 \ : th_plot 24063 -1.89 5347 3511
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o Q } o " el Hc,j
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N Fn v
1 ek
e Fs s i
| 2 IR ]
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Parr 3 - Winp ProrriNnG oN Maps

In this exercise we will retrieve and plot wind vectors for aircraft data above 250 hPa using
the ODB Visualiser icon.

Please note that the ODB Visualiser icon needs to retrieve both wind components within a
single ODB/SQL query. This type of query is working fine for ODB-1 databases. However, it
is working for ODB-2 databases only if the wind components are stored in different columns
(but this is not the general case). Therefore we will demonstrate wind plotting here with an
ODB-1 database (‘CCMA.obs’) and show an alternative way for ODB-2 data in P4rr 7 of the
tutorial.

Writing a Wind Data Query

In our ‘CCMA.obs’ database the u and v wind component values are stored in the same
column (obsvalue) strictly following each other. It means that a u value is always followed
by a v value in the database. To gain access for the u and v values independently we need a
way somehow to refer to the next row in the database. This can be done by adding the #1
suffix to the column names in question. So our query to retrieve wind vectors for aircraft data
above 250 hPa can be written as:

SELECT
lat@hdr,
lon@hdr,
obsvalue@hdr,
obsvalue@hdr#l

FROM hdr, body

WHERE
obstypelhdr = 2 and
varno@body = 3 and
varno@body#l = 4 and
vertco reference 1l@body < 25000

Here the u wind component data is specified by obsvalue@body (With varno@body=3)

while the v wind component data comes from the next row specified by obsvalue@body#1
(with varno@body#1=4).

Creating an ODB Visualiser Icon

Now open folder 'wind' inside your 'odb_tutorial 4.1' folder. Create a new ODB Visualiser
icon and rename it 'wind_ plot'. Open its editor and set ODB Plot Type to 'Geo Vectors' to
indicate that we want to plot vectors on a map.

Then, change the icon to perform the query specified above for the ‘CCMA.obs’ icon located
in this folder. This can be done in a similar fashion to our symbol plotting example in Parr 2 .

© ECMWEF 2015 - All rights reserved 15
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The main difference is that this time we plot wind data, so we need to work with the u and v
wind components instead of scalar data values.

O d Metview

I}wind_plot
HeIE]
iy
W Odh Plat T
olvpe Gen Vectors |
- Odhb Filename IEOFF
4 Odb Data CDE File
» %i
CoMA.ohs
4 Odb X Yariahle I
4 Odb v Variahle I
1 Odb Latitude Variable IEIat@hdr
1 QOdb Longitude Yariable Iﬁlon@hdr
1 Qdb ¥ Component Yariahle Iﬁubsvalue@budy
- Odh % Component Wariable Iﬁubsvalue@budyﬁ
W Odb Value Variable I I~
4 Odb Parameters I
= Odb From Izhdr, bady
= Odb Where phetypebhdr = 2 and 4
varnoBhody = 3 and
varnoBhocdy#l = 4 and
vertoco_reference_16body < 25000
/
|- I -~
/ Templates
Applyl Reset| 4 Stay open _lcluse

First, drop your ‘CCMA.obs’ ODB Database icon into the Odb Data field. This defines the
database for which the query will be performed.

Second, we need to specify the query by setting the following individual items:

e Odb Latitude Variable: specifies the name of the column holding the latitude data in
the SELECT statement (here 1at@hdr)

e Odb Longitude Variable: specifies the name of the column holding the longitude
data in the SELECT statement (here 1on@hdr)

e Odb X Component Variable: specifies the name of the column holding the u wind
component data in the SELECT statement (here obsvalue@body)

e Odb Y Component Variable: specifies the name of the column holding the v wind
component data in the SELECT statement (here obsvalue@body#1)

© ECMWEF 2015 - All rights reserved 16
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e Odb Value Variable: specifies the name of the column whose values willl be used to
generate the colour palette for the wind plotting. We leave this item empty because it
instructs Metview to use the wind speed for this purpose.

e Odb From: specifies the FROM statement (it is only needed for ODB-1 databases).

e Odb Where: specifies the WHERE statement. In our example it is as follows:

obstypelhdr = 2 and

varno@body = 3 and
varno@body#l = 4 and

vertco reference 1@body < 25000

Last, Odb Coordinates Unit has to be set to ‘Radians’ since our database stores geographical
co-ordinates in radians.

Having finished editing your icon editor it should look like the picture on the previous page.

Running the Query

Save your ODB Visualiser icon (Apply) then right-click and execute to run the query. Within
a few seconds the icon should turn green indicating that the retrieval was successful and has
been cached. Now your icon behaves exactly like an ODB Database icon. Right-click
examine to look at its content.

Visualising the Output

Right-click and visualise the icon to plot the retrieved data (please note that you can directly
visualise this icon by skipping the execute step). This will bring up the Metview Display
Window using the default visualisation assigned to wind plotting (your default settings might
be different to the one used to generate this plot).

We will change the plot by applying a colour palette according to the wind speed and change
the wind arrow size and thinning, as well.
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Let's create a new Wind Plotting icon (it can be found in the Visual Definitions icon drawer,
you may need to scroll the drawers to the right).

&

Rename it ‘colour wind’ then edit it, by setting the following parameters:

Wind Field Type Arrows
Wind Advanced Method On

Wind Arrow Unit Velocity 50.

Wind Thinning Factor 1.0

Wind Advanced Colour Max Level Colour Red
Wind Advanced Colour Min Level Colour Blue
Wind Advanced Colour Direction Clockwise

Now drop this icon into the plot to see the effect of the changes.
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We used the Wind Advanced Method in our icon that enabled us to automatically define
wind speed intervals and assign a nice palette to them. These settings work in a similar way
to the Contouring icon. Please note that our palette was automatically generated from a colour
wheel by interpolating in clockwise direction between Wind Advanced Colour Min Level
Colour and Wind Advanced Colour Max Level Colour.
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Fixing the Wind Speed Intervals

SCECMWFF

If you zoom in and out of different areas you can see that the palette does not stay constant.

The default behaviour is to create 10 interval levels within the range of data actually plotted.

As the area changes, so does the range of values being plotted.

Now we will create a palette which will not be altered when we change the area. Copy the
Wind Plotting icon (either right-click + duplicate, or drag with the middle mouse button), and

rename the copy ‘fixed wind’ by clicking on its title. Edit the icon and make the following

changes:

Wind Advanced Colour Selection Type Interval
Wind Advanced Colour Min Value 0
Wind Advanced Colour Max Value 90
Wind Advanced Colour Level Interval 5

Now when you apply this icon you will see that the palette is fixed wherever you zoom.

Changing the Title

To change the automatically generated ODB title you need to simply drag an already

prepared Text Plotting icon called 'title' into the Display Window.
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Part 4 - Scarrer Prots

In this exercise we will generate scatter plots for the analysis and first guess departures values
of brightness temperature. As in the previous exercises we will use channel 5 from our
‘AMSUA.odb’ database. Please open folder 'scatter' inside folder 'odb tutorial 4.1' to start
the work.

About Scatter Plots

Scatter plots are used to display values in a Cartesian co-ordinate system for two variables for
a set of data. In such plots the data is visualised as a collection of points where one variable
specifies the positions on the horizontal axis and the other variable specifies the positions on
the vertical axis. In our case column fg depar@body defines the data for the horizontal axis
and column an_depar@body defines the data for the vertical axis.

Creating an ODB Visualiser Icon

Create a new ODB Visualiser icon and rename it 'scatter_plot' then open its editor.

First, set ODB Plot Type to 'Xy Points' to indicate that we want to plot symbols in a
Cartesian view.

Second, drop your ‘AMSUA.odb’ ODB Database icon into the Odb Data field. This
specifies the database for which the query will be performed.

Last, we need to specify the ODB/SQL query and the way the columns are to be interpreted
to generate the plot. We want to perform the following query:

SELECT
fg depar@body,
an_ depar@body,
WHERE
vertco reference 1l@body = 5

In the ODB Visualiser interface this query cannot be typed in directly but has to be split into
the following individual items:

e Odb X Variable: specifies the name of the column holding the x data in the SELECT
statement (here £g_depar@body) .

e Odb Y Variable: specifies the name of the column holding the y data in the SELECT
statement (here an_depar@body) .

e Odb Value Variable: specifies the name of the column whose values will be used to
generate the colour palette for the scatter plot. We will leave this item empty because
we do not want to use this feature in this example.
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e Odb Where: specifies the WHERE statement. In our example it is as follows:

vertco reference 1@body = 5

Having finished the modifications your icon editor should look like this:
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Running the Query

Save your ODB Visualiser icon (Apply) then right-click and execute to run the query. Within
a few seconds the icon should turn green indicating that the retrieval was successful and has
been cached. Now your icon behaves exactly like an ODB Database icon. Right-click
examine to look at its content.
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Visualising the Output

Right-click and visualise the icon to plot the data (please note that you can directly visualise
this icon by skipping the execute step). This will bring up the Metview Display Window
using the default visualisation (black circles) assigned to this kind of plots.
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We can change the symbol (its type, colour and size) used for the plot with a Symbol Plotting
icon. This time you do not need to create a new icon since there is one called
‘scatter_symbol’ already prepared for you. Edit this icon to see its settings then simply drag it
into the Display Window and see how your plot has been changed.
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Defining Binning

The main problem with our scatter plot is that it has dense regions where the data distribution
is really hard to see. To overcome this difficulty we will create a density map out of our
scatter plot. We can achieve it by turning our scattered dataset into a gridded dataset via
binning. Binning means that we split the scatter plot area into grid cells by defining bins
along the horizontal and vertical axes. Then for each cell we assign the number of points it
contains as a grid value.

We will define the properties of the binning via the Binning icon.

Let's create a new Binning icon (it can be found in the Visual Definitions icon drawer, you
may need to scroll the drawers to the right). Rename it ‘bin 100’ then edit it, by setting the
following parameters:

Binning X Count 100
Binning Y Count 100

With these settings we will split the data value range for both the x and y axes into 100 bins
to generate the gridded dataset.

Now we will create a new ODB Visualiser icon to be used with our Binning icon. Copy your
‘scatter_plot’ icon (either right-click + duplicate, or drag with the middle mouse button), and
rename the copy ‘bin_plot’ by clicking on its title. Edit the icon and make the following
changes:

Set ODB Plot Type to 'Xy Binning' to indicate that we want to generate a new dataset with
binning and want to plot it in a Cartesian view.

Then, drop your ‘bin 100’ Binning icon into the Odb Binning field as the picture below
illustrates it.

. Metview
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Degrees |
- Cdb Binning Binning
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Visualising the Binned Dataset

Right-click and visualise icon 'bin_plot' to retrieve the data, perform the binning and plot the
resulting dataset. This will bring up the Metview Display Window using the default
contouring visualisation assigned to gridded datasets (your default contouring settings might
be different to the one used to generate this plot).

Unfortunately isolines is not the desired visualisation type in our case (our data is not smooth
enough) so we need to further customise the contouring settings. The best choice for us is to
use grid shading since it applies shading for the grid cells themselves and we get the correct
representation of our grid in the plot. (Please note that grid shading is different to cell
shading, since the latter always involves an interpolation to define a new set of grid cells that
the shading is applied for.)

Let's create a new Contouring icon (it can be found in the Visual Definitions icon drawer,
you may need to scroll the drawers to the right).

A

Rename it ‘bin_grid shade’ then edit it, by setting the following parameters:

Legend On
Contour Off
Contour Level Selection Type Count
Contour Reference Level 0.
Contour Min Level 1.
Contour Shade Min Level 1.
Contour Level Count 20
Contour Shade On
Contour Shade Technique Grid Shading
Contour Shade Method Area Fill
Contour Shade Max Level Colour Red
Contour Shade Min Level Colour Blue
Contour Shade Colour Direction Clockwise
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Now drop this icon into the plot to see the effect of the changes.
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In our Contouring icon we set the minimum value to 'l.' to exclude grid cells containing no
points at all and used 20 intervals between the minimum and the maximum to define the
colour palette. Please note that our palette was automatically generated from a colour wheel
by interpolating in clockwise direction between Contour Shade Min Level Colour and
Contour Shade Max Level Colour.

Changing the View

We will further customise the plot by changing the axis value ranges and adding axis labels
and grid-lines to it. To change these properties we need a Cartesian View icon (it can be
found in the Visual Definitions icon drawer).

This time you do not need to create a new icon since there is one called ‘scatter view’ already
prepared for you. Edit this icon to see how the view is constructed (please note that the axis

properties are defined via the embedded Horizontal Axis and Vertical Axis icons). Then simply
drag it into the Display Window and see how your plot has been changed.
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Changing the Title

To change the automatically generated ODB title you need to simply drag an already

prepared Text Plotting icon called 'title' into the Display Window.
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Parr 5 - Prorring Wire Macro

In this example we will write the macro equivalent of the exercise we solved in P4rr 2 : we
would like to retrieve and plot the brightness temperature for channel 5 for our
‘AMSUA.odb’ database. We will work in folder 'tb' again.

Basics

The implementation of ODB data plotting in Metview macro follows the same principles as
in the interactive mode. In macro we work with the macro command equivalents of the ODB
icons we have seen so far:

e ODB Database icon: its corresponding macro command is read.
e ODB Visualiser icon: its corresponding macro command is odb_visualiser.

Another feature is that multi-line text, which we used for the WHERE statement in the ODB
Visualiser icon, should be specified as a set of concatenated strings in macro. This technique
is worth using if we do not want to put the (otherwise long) ODB queries into one line.

Automatic macro generation

The quickest way to generate a macro is to simply save a visualisation on screen as a Macro
icon. Visualise your ODB data again, drop the symbol plotting and title icons into the plot
and click on the macro icon in the tool bar of the Display Window.

File Controls _Animation Zoom

2 @) m q

Now a new Macro icon called 'MacroFrameworkN' is generated in your folder. Right-click
visualise this icon. Now you should see your original plot reproduced.

Please note that this macro is to be used primarily as a framework. Depending on the
complexity of the plot macros generated in this way may not work as expected and in such
cases you may need to fine-tune them manually. So, we will use an alternative way and
write our macro in the macro editor.

Step 1 - Writing a macro

Since we already have all the icons for our example we will not write the macro from scratch
but instead we drop the icons into the Macro editor and just re-edit the automatically
generated code.
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Create a new Macro icon (it can be found in the Macros icon drawer) and rename it 'stepl’.
When you open the Macro editor (right-click edit) you can see that the first line contains
#Metview Macro. Having this special comment in the first line helps Metview to identify
the file as a macro, so we want to keep this comment in the first line.

Now position the cursor in the editor a few lines below the line of #Metview Macro. By
doing so we specified the position where the icon-drop generated code will be placed. Then
drop your 'tb_plot' ODB Visualiser icon into the Macro editor. You should see something
like this (after removing the comment lines starting with # Importing):

#Metview Macro
amsua_ 2e db = read("AMSUA.odb")
tb plot = odb visualiser(
odb where : " vertco reference l@body = 5 ",

odb data : amsua_ Ze odb

)

You only have to add the following command to the macro to plot the result:

plot (tb_plot)
Now, if you execute this macro (right-click execute or click on the Play button in the Macro

editor) you should see a Display Window popping up with your default symbol plotting
visualisation.

Step 2 — Adding More Features

Duplicate the 'stepl' Macro icon (right-click duplicate) and rename the duplicate 'step2'. In
this step we will add our symbol plotting and title icons to the macro.

Position the cursor above the plot command in the Macro editor and drop your
'symbol fixed' icon into it. Repeat this with the 'title' icon. Then modify the plot command by
adding these new arguments after the tb plot variable:

plot (tb plot,symbol fixed,title)
Now, if you run this macro you should see your modified plot in the Display Window.
Remarks

e The macro equivalent of the wind plotting exercise in P4rr 3 and that of the scatter
plot exercise in P4rT 4 can be written in a very similar way to what was shown above

for symbol plotting. The solutions can be found and studied in folder ‘wind_solution’
and 'scatter_solution', respectively.
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Parr 6 - THE ODB FiLter Icon

In this exercise we will learn about the ODB Filter icon.

In the previous exercises we saw how to visualise ODB data with the ODB Visualiser icon.
This icon is working well for visualisation, however, it is not suitable for performing general
retrievals (with more than four columns) and does not allow direct access to the retrieved
values (for data processing in macro). To achieve these goals we need to use the ODB Filter
icon which is able to perform arbitrary ODB queries and save the results as new ODBs on
output.

The Exercise

As a demonstration of the ODB Filter icon we will compute and plot the analysis increments
in observation space for the brightness temperature. Like in P4rr 2 we will work again with
channel 5 from our ‘AMSUA.odb’ database. Because our database does not contain the
analysis increment we will compute it as the difference of the analysis departure and the first
guess departure. First, we will write and perform the query needed for the exercise via the
ODB Filter icon, then we will write a macro to do the computations and plot the final result.

The ODB Filter Icon

Open folder 'filter' inside your 'odb tutorial 4.1' folder. Create a new ODB Filter icon (you
can find it in the Filters icon drawer) and rename it ‘filter dep’. Open its editor and perform
the following steps:

e Drop your ‘AMSUA.odb’ ODB Database icon into the Odb Data field. This specifies
the database for which the query will be performed.
e Type in the following ODB/SQL query in the Odb Query multi-line text input field.

select
lat@hdr as lat,
lon@hdr as 1lon,
fg depar@body as fg dep,
an_depar@body as an dep
where
vertco reference 1@body = 5

Now your icon editor should look like this:
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Remarks

e It is advised to use the full column names in the query because this fully complies
with the SQL standards and newer versions of ODB require this as well.

e We used aliases (e.g. as lat) since it highly simplifies the referencing to the
columns in the visualisation and macro processing.

e The ODB database for which the query is performed can be alternatively specified by
the database path via the Odb Filename input field. Please note that the typed-in
database path is only used by Metview if no database icon is present.

e The maximum number of rows accepted in the ODB retrieval is specified in the Odb
Nb Rows input field. By default (-1) there is no upper limit for the number of rows.

Running the Query

Save your ODB Filter icon (Apply) then right-click and execute to run the query. Within a
few seconds the icon should turn green indicating that the retrieval was successful and has
been cached. Now your icon behaves exactly like an ODB Database icon. Right-click
examine to look at its content.

Metview - ODB Examiner

Now you can see that as we defined it in the query the resulting ODB contains only four
columns: lat, lon, fg dep and an_dep.
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Writing a Macro

Now we will write a macro to compute the analysis increment and visualise it.

Create a new Macro icon and rename it ‘stepl’. Open the Macro editor (right-click edit) and
move the cursor somewhere below the #Metview Macro line at the top. Then drop your
‘filter_ dep’ icon into the editor. You should see something like this (after removing the
comment lines starting with # Importing):

#Metview Macro

amsua_ 2e odb= read("AMSUA.odb")

filter dep = odb filter(
odb query : "select " &
" lat@hdr as lat, " &
" lon@hdr as lon, " &
fg depar@body as fg dep, " &
an_depar@body as an dep " &

"

"

"where " &
" vertco reference l@body = 5 ",
odb data : amsua_Z2e odb

)

This piece of code performs the query and stores the result in an ODB database which is now
represented by the filter dep macro variable. Metview offers the values built-in macro
function to read ODB column data into vectors. We need all the four columns for the
computations and the visualisation, so we read them all one by one:

lat = values (filter dep,"lat")
lon = values (filter dep,"lon")
fg dep = values (filter dep, "fg dep")
an dep = values (filter dep,"an dep")

Having each ODB column stored in a vector we compute the analysis increment as the
difference between the analysis departure and the first guess departure. First, we allocate a

vector to store the result:

num=count (lat)
incr = vector (num)

then compute the difference between the all the elements of the an dep and £g dep vectors:
incr = an dep —-fg dep

The last step is the visualisation of the result. The simplest way is to build a geopoints object

out of the needed vectors (these are 1at, lon and incr, respectively) and pass it to the plot

command:

geo=create geo (num, "xyv")
geo=set latitudes(geo, lat)
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geo=set longitudes (geo, lon)
geo=set values (geo, incr)

plot (geo)
Now, if you execute this macro (right-click execute or click on the Play button in the Macro

editor) you should see a Display Window popping up with this result (your plot might look
different depending on your default symbol plotting settings):
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Enhancing the Plot

In our plot the large increments (in terms of absolute value) are not clearly highlighted
because the plot is dominated by the bright green colour assigned to the near-zero values. To
enhance the plot we would like to apply another colour palette by using:

e green colour and small symbols for the values between -0.1 and 0.1
e Dblue palette for the negative values below -0.1
e red-to-yellow palette for the positive values above 0.1

It is complicated to create such a colour palette with one Symbol Plotting icon but we can
overcome this difficulty by using three Symbol Plotting icons instead. This time you do not
have to create these icons since they are already prepared for you.

Now visualise your plot again. Find the ‘sym small, ‘sym neg’ and 'sym pos' Symbol
Plotting icons in the folder and select them together - either drag a rectangle around them, or

click on each whilst holding down SHIFT. Then drag them together into the plot.

In the last step drag the ‘title’ Text Plotting icon into the plot, as well.
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You will see an enhanced plot as shown below:
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Modifying the Macro

We are satisfied with the new colour palette and with the title as well, so in the last step of the
exercise we will add these new settings to our macro.

Duplicate the 'stepl' macro icon (right-click Duplicate) and rename the duplicate 'step2'.
Position the cursor above the plot command in the Macro editor and drop your
'sym_small', ‘sym_neg’, ‘sym pos’ and ‘title’ icons into it (you can drop them together or one
by one).

Then modify the plot command by adding these new arguments after the geo variable:

plot (geo,sym neg,sym small,sym pos,title)

Now, if you visualise the macro you should see your modified plot in the Display Window.
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Parr 7 - Winp ProrrinGg witH ODB-2 Dat4

In this exercise we will present an example macro to show how to plot ODB-2 wind data if
both the wind components are stored in the same column in the database. We will
demonstrate this plotting technique on aircraft wind data above 250 hPa from our
‘AIREP.odb’ ODB-2 database.

Running the Macro

Open folder 'wind odb2' inside your 'odb tutorial 4.1' folder. You will find here the
‘AIREP.odb’ ODB Database icon and a macro called ‘plot wind’. If you right click and
visualise the macro it will retrieve and plot the wind data from the database. You should see
a Display Window popping up with the result (your plot might look different depending on
your default wind plotting settings):
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This result was achieved by executing the following steps in the macro:

Perform two queries: one for the u and one for the v wind component.
Get the data values from the two resulting ODBs as vectors.

Build an xy_vector geopoints object out of this data

Visualise the geopoints object
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Explaining the Macro

Open the Macro editor for our macro (right-click edit) to study its source code.

The macro starts the #Metview Macro declaration. Then we load our database into a macro
object.

mydb= read ("AIREP.odb")

We perform two ODB/SQL queries for this database via the odb filter command. The
first query retrieves the u wind component while the second query retrieves the v wind
component. As a result we have two ODB objects: filter u containing columns lat, lon
and u, and filter v containing columns lat, lon and v. Since the u and v wind data come
strictly after each other in the database we can be sure that the two ODBs have the same
number of rows and their 1at and 1on columns are identical.

filter u = odb filter(
odb query : "select " &
" lat@hdr as lat, " &
" lon@hdr as lon, " &
" obsvalue@body as u, " &
"where " &
" obstype@hdr = 2 and " &
" wvarno@body = 3 and "
" wvertco reference l@body > 25000 ",
odb_data : myodb
)

filter v = odb_filter(
odb query : "select " &
" lat@hdr as lat, " &
"  lon@hdr as lon, " &
" obsvalue@body as v, " &
"where " &
" obstype@hdr = 2 and " &
"  varno@body = 4 and "
" wvertco reference l@body > 25000 ",
odb data : myodb

In the next step we extract the lat, lon, u and v ODB columns into vectors via the
values () macro function.

lat = values(filter u,"lat")
lon = values (filter u,"lon")
u = values (filter u,"u")
v = values(filter v,"v")

Having each necessary ODB column stored in a vector we build an xy_vector geopoints
object out of them.
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geo=create geo (count (lat),"xy vector")
geo=set latitudes(geo, lat)
geo=set longitudes (geo, lon)
geo=set values (geo,u)
geo=set valueZs (geo,V)
In the last step we specify our wind plotting visual definition
colour wind = mwind( .. )
then our title
title = mtext( .. )

and visualise the geopoints object itself

plot (geo,colour wind, title)
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ParT 8 - MARS RETRIEVALS

In this exercise we will introduce how to retrieve ODB data from MARS in Metview.

Please note that the examples presented in this chapter are not guaranteed to work for you
since the MARS ODB archive is still under development and subject to changes.

The MARS Retrieval Icon

In Metview we can access ODB from MARS by using the standard MARS Retrieval icon.
This icon is located in the Data Acces icon drawer.

&)

Now create a new MARS Retrieval icon by dragging it into your folder and rename it
'mars_hirs'. We will edit this icon in order to retrieve HIRS data available for yesterday at 00

UT and also use the filter option to select only a subset of the archived columns. Our retrieval
can be written as follows:

retrieve,

class = od,

type = MFB,

stream = DA,

expver =1,

obsgroup = hirs,

date = -1,

time = 00,

filter = "select lat,lon, obsvalue, vertco reference 1”

Now edit your MARS Retrieval icon so that it could perform this retrieval.

Remarks

e Please be aware that the Obsgroup parameter in the icon editor does not contain the
string “hirs”. Instead it offers a list of numerical IDs. The ID of HIRS is 2.

Running the Retrieval

Save your MARS Retrieval icon (Apply) then right-click and execute to run the query.

Within a few seconds the icon should turn green indicating that the retrieval was successful
and has been cached.
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Working with the Retrieved Data

Now your icon behaves exactly like an ODB Database icon and all the relevant techniques
introduced in the previous Chapters (P4rr I - P4arr 7 ) can be used with it. It means that you
can examine, visualise and manipulate the data it holds.

e To examine: just right-click examine to look at its content.

e To visualise: you need to use an ODB Visualiser icon (see P4rr 2 ). There is one,
called 'plot_hirs', already prepared for you in the folder. It is to plot the observation
values for channel 5 on a map. Just edit this icon and drop your MARS Retrieval icon
into the ODB Data field. Save the icon (Apply) then right-click and visualise to
generate the plot.

e To manipulate: you need to write a macro (please read the next section about how to
do it).

Macro Usage

The usage of ODB MARS retrievals in Metview macro follows the same principles as in the
interactive mode. In macro we work with the macro command equivalent of the MARS
Retrieval icon which is retrieve.

Now we will write a simple macro to retrieve our HIRS ODB data from MARS and compute
and print the minimum, maximum and mean of the observed data values.

Create a new Macro icon and rename it ‘step1’. Open the Macro editor (right-click edit) and
move the cursor somewhere below the #Metview Macro line at the top. Then drop your
‘mars_hirs’ icon into the editor. You should see something like this (after removing the
comment lines starting with # Importing):

#Metview Macro

mars hirs = retrieve(
type : "mfb",
repres : "bu",
obsgroup : "hirs",
time : 00,
resol : "",
filter : "select lat, lon, obsvalue, vertco reference 1"

)

This piece of code performs the retrieval and stores the result in an ODB database which is
now represented by the mars hirs macro variable.

In the next step we will use the values built-in macro function to read the ODB data values
into a vector.

val = values (mars_hirs, "obsvalue@body")
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The last step is to compute some statistics for vector val and print them the into the standard
output.

min v=minvalue (val)
max v=maxvalue (val)
mean_ v=mean (val)

print ("min: ",min v," max: ",max v,"

mean: ",mean V)

Now, if you execute this macro (right-click execute or click on the Play button in the Macro
editor) you should see the following text appearing in the standard output:

min: 191.710006714 max: 301.720001221 mean: 238.441305601

Further Macro Examples

There are two more macro examples in the folder to show you how to use ODB MARS
retrievals in Metview macro:

e macro filter: it shows how to manipulate ODB MARS data with the
odb_filter function (see P4rr 6 ) to derive new datasets.

e macro plot: it shows how to plot data from an ODB MARS retrieval. It is
basically the macro equivalent of the 'plot_hirs' ODB Visualiser icon.
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