Data Handling with Metview

File View Animation Zoom Tools Help

ug)
&
Q
Q
Q x ’Jgg coan
5}

Sandor Kertész

Development Section
ECMWF

S~ ECMWF
Metview - Data handling, 2013 December 3 1 —
J -y

© ECMWF 2013



Data handling in Metview
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GRIB

&5

® WMO'’s binary format for gridded data
® The Metview interface is based on GRIB API
® Access to both Edition 1 and 2 files
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GRIB Examiner

® GRIBs contents can be checked with the GRIB Examiner

Fle Edi View Profies Help Different dumps for
. 3 T B P keypronie:[my system-Deaut |~ the selected
fo_surmgrib _ . — .
File: /homelgraphicsicarimetviewiwehinar_dataffc_surf.grib message
Permissions: -rw-r----- Owner: cgr Group: graphics Size: 2 6MB Modified: 2013-11-26 14:28
Total number of messages: 45
examine Index Name Date Time Step Level LevType + | Dump mode
3 20120511 0 . : 0
S 02 ms! 20120511 000D 0 0 sfc Tres view | Rigintexty)
03 tp 20120511 0000 ] 1] sfc |Key name (GRIE AP} |\a‘a|ue |Description
04 10u 20120511 0000 1] 0 sfc - gditionMumber 1 |
05 10v 20120511 0000 ] 0 sfc -~ fable?Varsinn 128
06 2t 20120511 0000 12 0 sfc B i
07 msl 20120511 0000 12 0 sfc g indicatorOfParameter 167
08 tp 20120511 0000 12 il sfc inl i i
09 10u 20120511 0000 12 0 sfc - in |nd|CEtDrﬂTTFDEﬂTLE'u’E| 1
10 10v 20120511 0000 12 0 sfc -] fP
11 2t 20120511 0000 24 1] sfc - Air IEFEI D
12 msl 20120511 0000 24 0 sfe - Sl timeﬁangemdicath 1
13 tp 20120511 0000 24 0 sfc - PE
14 10u 20120511 0000 24 0 sf L e sub Centre ]
Index Mame Date Time / |Step Level LevType clf e E—
nameECMF
name
02 msl 20120511 0000 0 0 sfc decimalScaisFactor 0
dataDate 20120511
03 tp 20120511 0000 ] 0 sfc dataTime 0
_— = = stepUnits 1 # Hour (steplUnits table)
23 tp 20120511 0000 48 0 sfc - stepRange 0
24 10u 20120511 0000 18 1] sfc 0
25 10v 20120511 0000 48 0 sfc o
26 2t 20120511 0000 60 0 sfc 167.128
4] | ocalDefinitionMumber 1 #MARS labelling or ense... E
Log Clear log
Status: Ok

Task: Generating default dump for message: 1

Message list

Status: Ok

Status: Ok

Command: /usrilocaliapps/MetviewlAuxSWigrib_api/1.11.0-64/bin/grib_dump -w count=1 ""homelgraphics/cgrimetviewiwebinar_dataifc_surf.grib"

Noomin
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GRIB Examiner - Values dump

= - Dump mode: | Values -

Dump mode: | Values x|

Go to row: | 1 : (Mumber of points; 29040)

Index / |Latitude Longitude Value All the values for the

10559 25.500 357.000 301.6919 selected message

10560 25.500 358.500 300.3052

10561 24.000 0.000 303.8774

10562 24.000 1.500 304.2954

10563 24.000 3.000 301 1665

10564 24.000 4500 2098.9282

10565 24.000 £.000 208.7759

10566 24.000 7.500 297.1509

10567 24.000 9.000 297 6567

10568 24.000 10.500 2096.5220

10569 24.000 12.000 203.8872

10570 24.000 13.500 297.1079

10571 24.000 15.000 297.9028

10572 24.000 16.500 206.8403

10573 24.000 18.000 206.9438

10574 24.000 189.500 294 5200

10575 24.000 21.000 2951958

10576 24.000 22.500 296.6894

10577 24.000 24.000 206.4712

10578 24.000 25.500 200.8188

10579 24.000 27.000 2034263

10580 24.000 28.500 295 9556

10581 24.000 30.000 2965664

S~ ECMWF
Metview - Data handling, 2013 December 3 ) —
< -

© ECMWF 2013



GRIB Examiner - WMO-style dump

Dump mode: | WMO-style | v Dump mode: | WMO-style |-
Tree view Plain text
Position key name (GRIB ARI) Yalue ||
[#- Section 1 ] -
e Each section of t_he
~1-3  section2Length 32 GRIB message is
- numberOferticalCoordin... 0 shown in a tree
w pviLocation 255 l .
6 dataRepresentationType 0O [Latitude/Longitude Grid (arib1/6 table) ] | view
- 7-B Mi 240 l
- 310 Mj 121 |
- 11-13 latitudeOfFirstGridPoint 0000 I
- 14~ longitudeOfFirstGridP oint 0
- T resolutionAndComponen... 128 [10000000]
-~ 18- .. latitudeCfLastGridPoint -90000 .
- 2= longitudeOfLastGridPoint 358500 !
-~ 24-. iDirectionincrement 1500 .
- 26-... jDirectionincrement 1600 !
- 28 scanningMode 0 [D0000000) .
o BE-28- padding_grid0_1 =44 |
=l Section 4 .
i 5.1 sectiondLenath 58042 !
- i dataFlag 8 [D0001000] .
i i BF  hinaryScaleFactor -9 !
- 710 referenceValue 209.483
I bitsPervalue 16 [
- 12- . values = (29040 5B8081) {
El- Section & [
e SAE TErT
|
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GRIB Examiner - Namespace dump

Namespace is a
GRIB API concept
to define GRIB API

. Dump mode; | Names 'ace '-;
key categories ? .

Dump mode: | Namespace Ladll | oSt st I S

Key name (GRIBE AP} ¢ | Key type Value

gqeography.hitmapFresent lang 0]

geography.gridType string regular_|l
geographyiDirectionincrementinDegrees double 1.5

geography.iScansMegatively long 1]
geographyjDirectionincrementinDegrees double 1.5

geographyjPointsAreConsecutive lang ]

geographyjScansPositively . lang 1]
geographylatiudeOfFirstGridPointinDegrees double S0 / Namespace \
gqeographylatiudeOfLastGridFointinDegrees double -80

geography.longitude OfFirstGridPointinDegrees double 1] gz:g;agehsyc?il;::ps
geographylongitudeOfLastGridPointinDegrees double 3585 y g

the grid resolution,
area etc. GRIB API

K concept /
S~ ECMWF
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GRIB Examiner - Key profiles

ﬂ he default profilh

is called

The message list is

presented using a set of
GRIB API keys. A group
of these keys is called a

key profile.

System::Default.
It is read-only!
However you can
create any number

~le Edit Wiew Profiles Help

Metview - Data handling, 2013 December 3

of additional
E‘ '__._I F' Gﬁﬂ Key profilf | mv System:Default | -

K profiles. /
File: lhome/graphics/cgrimetviewiwehinar_datafc_surf grib

Permissions: - nw-r----- Owner: cgr Group: graphics Size: 2. 6ME Modified: 201 3-11-26 14:
Total number of messages: 45

Index Mame Date Time / |Step Level LevType H 1
) 20120511 0000 ) )

nz ms| 20120511 0000 0 0 =i

03 tp 20120511 0000 0 0 sfc

© ECMWF 2013
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GRIB Examiner - Create a new key profile we

[ Key profile: | my System::Default | -

raphicsicgrimetviewiweNgar_datafc_surf grib The easiest way to
51 -PW-T----- Owner: cgr GrotRg graphics Size: 2.6ME Modified: 2013-11-26 14:29
create a new key

r of messages: 45
profile is to
duplicate an

LevType Dump mode:

20120511 0 Ll
207 20544 0 eX|st|ng one

a9 20120511 0000 i m DI.JFII”CETE pruﬂle

ou 20120511 0000 0

v 20120511 0000 0 bt et = b=t

't 20120511 0000 12 | webinarl

nsl 20120511 0000 12

5 20120511 0000 12 | o OK |[@.:;ance|]

ou 20120511 0000 12

Oy 20120511 0000 12 T =TT

1t 20120511 0000 24 0 sfc | | 7
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GRIB Examiner - Populate key profiles

O Metview - Grib Examiner

File Edit “iew Profiles Help
@ LA E F‘ g}j @ﬂle: wehinar D~
ne |Step |Level |Leviype (units ) +| Dump mode: | Namespace |~
] i ] sfc gy,
00 0 i] sfc Fa GRIBEAPI Mamespace: | Default \
oo i 0 sfc m
00 0 0 — s &L | Keyname (GRIBAP)) Just drag and drop
0o 0 0 sfe m s**- ortharme a key from one of
0o 12 1] sfc K .
T 0 = o the dumps into the
gg E g sfe M sphericaNJarmonics message ||St to
sfc m s**- -
00 12 i] sft m s**- startStep add thIS key tO the
i 24 i] sfc K stepRange current key profile
0o 24 i sfc Fa stepType \,‘, /
0o 24 ] sft m steplinits rrg m
00 24 i] sft m s**-1 suhCentra long 0
i 24 i] sfc m s**-1 table2Version long 128
0o 36 1] sfc K tableReference long i
0o 36 ] sft Pa thousand long 100€
0o 36 0 sfc m fimeRangeindicagor long 1
o0 36 1] sfc m s**- totalLength long 581¢
0o 36 i] sfe m s**-1 typeOfLevel string surf:
0o 43 ] sfc K : T long
oo 43 1] sfc Pa
0o 48 0 sfc m string
00 48 i] sft m s**- e double 1.52
oo 43 1] sfc m s**-1 uvRelativeToGrid long i
0o &0 i] sfc K validityDate long 201:
0o &0 i] sfc Pa validityTime long 0
00 60 i] sft m @ values douhle Arra
] [ 1)
Status: Ok
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GRIB plotting

§3

fo_surf.grib

execute

visualise
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Overlaying fields from the same GRIB file

Example: overlay T2 and MSLP forecasts from file fc_surf.grib

® We need to filter out each parameter into a separate file
® We will use the GRIB Filter icon

GRIB Filter

® It allows filtering according to parameter, date, time, level etc.

® |t caches the results (name turns green) and can be used
directly in the same way as GRIB icon
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GRIB Filter: Parameter selection -

File Edit View Profiles Help fl: Surf.gril:l
O FEBPF »
Index / |Mame Date Time Step Level Le* |
20120511 0000 0
02 ms| 20120511 0000 0 0 sf]
03 3] 20120511 0000 0 0 5]
) 04 10u 20120511 0000 0 0 sf]
7 ata GRIE File 05 10v 20120511 0000 0 0 sf]
06 2t 20120511 0000 12 0 ]
07 msl 20120511 0000 12 0 sf]
{ fo_surf.grib 08 tp 20120511 0000 12 0 5]
09 10u 20120511 0000 12 0 5]
i CrE . — 10 0 sf—!
11 P 0 sf
The original GRIB
1 Order
pols |
4 cl
e Operationg —
A Stream IEP*NY
L3
4 Type IE-"'\NV
* File Edit Wiew Profiles Help
A Madel ¥
ANY | =
I O FEEP .
d Leviype
P Ay - Index /
20120511 0000 0
i Levelist AN 02 2t 20120511 0000 12 0
; 03 2t 20120511 0000 24 0
04 2t 20120511 0000 36 0
Y 05 2t 20120511 0000 48 0
06 2t 20120511 0000 60 0
- |~ 07 2t 20120511 0000 72 0
fTempIates\ 08 2t 20120511 0000 84 g

P-pplyl Reset| I Stay opeh |CIDSEI 09 2t 20120511 0000 96
The resulting GRIB
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Overlaying GRIB fields

5 |

te_filter

execute

visualise

@

t7_shade

mslp_filter

Examinge

Save

Metview - uPlot

File  Miew Animation Zoom Tools Help

Friday 11 May 2012 00 UTC ECMWF Analysis surface Mean sea level pressure
Friday 11 May 2012 00 UTC ECMWF Analysis surface 2 metre temperature
35

-4 =30 -0 -5 =10 = o s 10 15 :

)

.2 =

4

-

ik

-yuu

S ECMWF
Metview - Data handling, 2013 December 3 14 —
J -

© ECMWF 2013



Overlaying GRIB fields

[ Metview - uPlot E=FE )

[3 Frames i_i_a\,re—rs|_l'_‘l_§ta_|

o Friday 11 May 2012 00 UTC ECMWF Analysis suface Wea Frame / |Name |Date |Time |Stf
|:L s i - = 8 i Fr|1:|3:3r11-£1ay?§12 U_;UTL’.‘_-EEBMEFAnaﬁlyslssll;rfaces2r : on 20120511 00oo i
i § msl 20120511 0000 0
2 20120611
R 20120511 .
@ 3 2t 20120511 0oO00 24
- msl 20120511 0000 24
4 2t 20120511 0000 36
msl 20120511 0000 36
'4g) 5 2t 20120511 0oO00 48
msl 20120511 QOO0 48
‘g g 2t 20120511 0000 60
msl 20120511 0000 60
@ 7 2t 20120511 0oO00 72
msl 20120511 Do00 72
g 2t a4
msl a4
g 2t 98
msl 96
GRIB API key
profiles are used to

described each
animation frame
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Statistics and

File View Animation Zoom Tools Help histogram are also
[Fitowindow | -] © @ available

GRIB data inspection

Frames | L\

B
SR | —
Titles  =Coastlines> mslp_filter

Name 2 metre temperature B
Original units K
Scaling (value*1)- 27316
Date 20120511
Friday 11 May 2012 00 UTC ecmf surface Mean sea level pressure Time 0000
Friday 11 May 2012 00 UTC ecmf surface 2 metre temperature Step 0
L I I 0 5 L] = m ®m » 0= w s m@
Level 0
1B0W  140W 120°W 100w Level type sfc
Grid type regular_|l
Dx 158
Dy 15
5 Statistics (for data in visible area)
b =i = g Points 29040
4 |~ I R | Minimum -63.6771
N Lon  -81.050 Lat Maximum 38.2077

Stdev 20.3637 =

Layer Scaled Value Value Lon Lat Dist (km) Skewness 414048

12_filte 22.682285(°C) 295.842285 (K) 27760 1200 7991 Kurtosis 0.8872

mslp_fil  1010.782500 (hpa)  101078.250000(Pa) 27750 -12.00 79.91 Histogram (for data invisible area)

N =
I <IN AT ~—~" T
[ b N~ N o

)] —— ~—]

2000

180W  140°W 120°W 100w

e
o
o
ot
o
v
&b
ot
B0

- = * fsl
(O (@) B -
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GRIB scaling for plotting

S AR WA T SO AT T

Lon  -81.959 Lat -11.514

Name 2 metre temperature

k.
value*1)- 273.16

Time Qooo
Step 1]
Lewvel 0

sfc

=

;‘i: Layer Scaled Value

-

— t2_filte 22682285 (°C)
mslp_fil 1010.782500 (hpa)

Value

295.842285 (K]
101072.250000 (Pa)

regular_lIl

1.5

1.5

Statistics (for data in visible area)
29040

-B3.6771

T L} ]

| i |

Both T2 and MSLP
are scaled

Metview - Data handling, 2013 December 3
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GRIB scaling for plotting

This parameter
tells Metview to
apply scaling for é
certain fields for
contouring

+

t2_shade

- Contour Grid Yalue Harker Index

= Grib Scaling OFf Retrieved Fields

= Grib Scaling OFf Derived Fields

L

Iv

“ Dn

+ On

~ OFf

+ Off

-

I~

/ Tenplates
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prlul Resetl - Stay open
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2
Other usage of GRIB Filter: interpolation we

||
® Spherical harmonics to gridpoint

GRIBE Filter

transformation
® Interpolation between different grids
® Regular Gaussian grid
® Reduced Gaussian grid
® |at-lon grids etc.
® Currently it is based on EMOS lib

S~ ECMWF
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How to use the interpolation?

Example: compute the difference between two different resolution
T500 fields

§3 §3

fo_upper.grib an_upper.grb

Forecast Analysis
1.5x1.5 0.25x0.25 limited
global grid area grid
® The steps involved: )

1. Filter T500 for the matching date and time ] ]
> é We will write
2. Interpolate the global field to the LAM grid a macro!

3. Compute the difference

_/
S~ ECMWF
Metview - Data handling, 2013 December 3 20 —
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Macro: Compute difference #1

Filter parameter and level from
analysis. In Macro the GRIB Filter

—— is invoked via command: read
1 gMetview Macro

2

3 #rRead T500 analysis

4 g_an= (source: "an upper.grib",

5 param: "t",

6 : 500)

-

8 #Read target area borders

9 latl= (g_an, "latitude0fFirstGridPointInDegreses") #north

10 1atz= (g_an,"latitudeofLastGridPointInDegrees") #south
lonl= (g_an, "longitudeCfFirstGridPointInDegrees") #west
lonZ= (g_an, "longitudeOfLastGridPointInDegrees") #east

3

4 #Read target grid resolution

5 dx= (g_an, "iDirectionIncrementInDegrees")

6 dy= (g_an, "jDirectionIncrementInDegress")

17

Here we read a
set of GRIB API
keys

S~ ECMWF
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Macro: Compute difference #2

[ Interpolation J

Filter parameter and level and
step from forecast

s1s date (+96h)

-

18 #rRead T500 forecast for the analy
19 #and interpolate i1t to the target grid
20 g_fec= (source: "fc_upper.grib",
21 param: "t©v,
22 : 500,
3 step: 96,
24 area: [lat2,lonl,latl,lonZ], #ls,w,n,e]
25 grid: [dx,dy] )
26

27 #Ccompute difference
Z28g_res=g_fc-g_an

0 #Return results

3]l return g_res

Difference operator only works
between grids with the same
number of points

Metview - Data handling, 2013 December 3
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Macro: Compute difference #2

W Metview - uPlot

o B [=1RES
File View Animation Zoom Tools Help
| @ e &
N i Fricay 11 May 2012 00 UTC ecmft+96 VT:Tuesday 15 May 2012 00 UTC 500 hPa Temperature
d|ﬁ-m'|‘|' EHECL.ItE q BT T - T I RS- T T S B S B B S 1 2 3 Lo & 7 LI
visualise
EXamine
save
analyse
Arit

2 &

map_eu t_neq

0°E

]

‘l -
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Macro usage: compute wind speed

1l #Metview Macro

Example: E
t 10 3 #fread GRIB
Compu e 4 g= (source: "fc surf.grib")
windspeed from u 5
#Filter 10u
and Vv & #Fi1lter 10
7u= (data: g,
components 8 param: "10u"
9 )
10
11 #Filter 10v
Fieldset _
ti 12 v= (data: g,
operation 13 param: "10wv"
14 ) New value for
15 the key
16 #Compulte sp
17 sp= (u*u+v*v)
Here we set 8
the GRIB 19 #5set shortlName to the correct wvalue
header N 20 sp= (sp, ["shortName", "10=s1i"] )
21
22 #Return results
23 return sp [ GRIB API key J
S~ ECMWF
Metview - Data handling, 2013 December 3 24 —
- -y

© ECMWF 2013



W}

Macro usage: compute precipitation for intervals

® Precipitation is often stored as an accumulated quantity

® We want to see precipitation for a given interval (e.g. 12h, 24h)

Example: compute
precipitation for 12 h
intervals from file
fc_surf.grib

[ We filter tp ] /
/ Operation \

between slices
of fieldsets:
we compute

the difference
of adjacent

K fields /

-

+

=3
BFEYE =
= =

tpmy

ad tp fields from the GRIB file

"fo surf.grib",
n t_pll

source:
pararm:

14
15 #Return r

16 return gr

L |

S~ ECMWF
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Precipitation computation explained

Our original

@ f1 f2 f3 ............................ fnum $ fieldset has

num fields

12 #Compute tp for 12h intervals
12 gr=g[2,num] -g[l,num-1]

14
[ g[2,num] ] 2 2 J fnum
[ grt.num-1] | 2 e g
[ g[2,num]- J f2-f1 f3-F2 s fnum-fnum-1
g[1,num-1]

S~ ECMWF
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Macro usage: more functions

® A rich set of macro functions exists for GRIB. A few examples:

latitudes(), longitudes(), values(): read the latitudes, longitudes and
values of a field into vectors (in-memory arrays)

average(): compute average
mask(): set field values to 0 or 1 using an area mask
bitmap(): assign missing values to a field using a mask

nobitmap(): replace missing values

® See Macro Tutorial 3 for some elaborated examples, such as
masking one field based on the values of another (e.g. apply a
land sea mask to a field to remove (i.e. to bitmap) points over
sea)

S ECMWF
Metview - Data handling, 2013 December 3 27 —
-0~

© ECMWF 2013



Complex plot types for GRIB

® These plots require
data extraction from
multiple fields and
some computations
as well

® There are a set of
GRIB specific icons
to generate:

l

Cross sections

Hovmgller diagrams

Wi

[
[
® Zonal mean plots
o

Vertical profiles

[ &

Metview - Data handling, 2013 December 3
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Lat Long Matrix

® Metview’s ASCII
format for gridded
data

® Turned into GRIB
internally

® Can be edited as a
text file

Tl

IELat Lang atrix i<t

HLLMATRIH

HORE TH=S10
HEST=0
HLAT=91
HLOMN=130
GRID=2/2
CEMTRE=98
PARAM=130
TRELEZ2=123
MISSIMHG=-99%9
#DATA
239,044082642
239,442520142
239,4356155852
240,747207642
243,215957e42
2558 ,817520142
274, 165176392
272,4073635892

DATE=201003E03,

5

239, 044032642
=229,435425392
239, 348770142
240, 5958770142
242, 57hE22e42
275, 290176352
274 223770142
272, 719365552

239, 0440832642
229, 53233892
239,317520142
240, 520645142
244, 1964262592
275 ,680801252
274, 403457642
273,399551252

239, 044052642
239,582145142
239, 325352642
240, 497207642
244, 161270142
275,708145142
275, 712051292
274, 524551292

239,044032642
239, 537EE2642
239, 3722075642
240, 352676352
244 ,028457642
275, 993301552
276, 005020142
275 ,649551552

RABRIRIRAIRIRIRT R

-~

J Templates

.ﬂ.pplyl Reset| i Stay open

Metview - Data handling, 2013 December 3
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Lat Long Matrix — Behaves like a GRIB

Examine

"

Lat Long kAatri=.t<t

S~

Visualise B I i

Metview - Data handling, 2013 December 3

W'E‘ Metview - Grib Examiner BER
File Edit “iew Profiles Help
@ I\BY m j 'E'] g} Key profile: | mv System:Default |+
Index / |Mame Date Time Step Leve| Dump mode: | Standard |~
2 2 | TP ——
b e Treeview | Plaintext |
Key name (GRIB API) [value [~
- editionMumber 1
- table2Version 128
- centre 98
eneratingProcess|dentifier 254
ndicatorOfParameter 130
ndicatoromypeoflevel 1
- level a
timeRangeIndicator 0
subCentre 1]
paramld 130
cfNameECMF air_tem
- cfame air_tem
- UNits K
- nameECMF Temper
- decimalScaleFactor 0
- dataDate 201003
- dataTime 1200
- stepUnits 1
stepRange 0 @ e —
[« | N 2 R L]
Status: 0 y
2
Y
i ViBERE 03 M 201012 LITC ¥ 10T e e 3 03 i 20 c
g o s me o @w _ ow  mw  ux e e owe  we  oox  mx wrs mos

t

; e
T
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BUFR

®

® WMO'’s binary format for observation data
® Metview offers a high level interface to work with BUFR

® Internally we use BUFRDC (part of EMOS lib) to decode BUFR
messages

® There is a BUFR tutorial available on the Metview web page

S~ ECMWF
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BUFR Examiner

® BUFRs contents can be checked with the BUFR Examiner

0 Metview - Bufr Examiner
File Edit

E‘ j F‘ F;'Z? Key profile: | my System Defau\t_v

View Profiles Help

Dumps for all the

! q -
4 _ _ —— sections in the
File: /hnome/graphics/carfmebviewiwehinar_data/synop.bufr
sWnap. biufr Permissions: -nr-x-- Owner: cgr Group: graphics Size: 152KB Modified: 2013-11-29 09:42
Total number of messages: 668 message
Go to message: |1 S Gotosubset |1 S| (Number of subsets: 1)
. Index /| Typ Sut C Ssc Date Time Lat1 - Section 0-3 | Data | Data, hitmaps expanded |
eraming 0 1 1 2013-05-15 00:00 d Index |Descriptor |Name |Va|ue |Units -
E o [ EHI— 2mZn5TSSNNnINAnHG ISt WEc o100 Timo Biock Mumber 5 NUMERIC
e 3 0 1 R 2012-05-15 00:00 4197 - | RTRAS P e A P TR
4 0 1 98 | 2012-05-15 00.00 Index |Descrlpt0r |Name |"u"alue
5 0 1 R 2012-05-15 00:00
[ 0 1 R 2012-05-15 00:00 0 01001 Wmo Block Mumber 2
7 0 1 R 2012-05-15 00:00 :
§ d i TR SR taes ol 1 01002 Wmo Statmn Mumber 495
9 0 1 98 1 2012-05-15 00:00 2 02001 Type Of Station 1
10 0 1 R 2012-05-15 00:00
11 0 1 R 2012-05-15 00:00 3 04001 Year 2012
19 n 1 ag 1 201 9-05.15 _nn-nn hi nanna lrinth L1
r n 51 43 1 (%) uruut FEIYNLT SEUUTT Lo NUlE 1) =) m
Index /| Typ Sut ¥ Ssc Date Time Lat1 Si1a 4 |1 fooos pressurs 101460 PA
= = = = = : 12 10051 Fressure Reduced To Mean Sea Level 101540 PA
0 2012-05-15 :gg; E 13 10081 3-Hour Pressure Change .10 PA
. = 14 10063 Characteristic Of Pressure Tendency 8 CODE TABELI
2 0 1 98 1 2012-05-15 00:00 35.85 :g-gg ; 18 11011 Wind DirsctionAt10 M 0 DEGREE TR
3 0 1 43 1 2012-05-15 00:00 41 .87 ta3g 1 L6012 Wind Speed At10 M 0 s
: ] P a7 12008 Dry-Bulb Temparature At 2 M 2924 K
4 0 1 98 1 2012-05-15 00:00 5418 5372 7 ll4g 42008  Dew-Point TemperaturzAt2 M 2894 K
E n 4 (§l=] 4 N4 AR AE An-nn EAE2 5418 1 14 13003 Relative Humidity [Missing] %
B2 [ [ L L0TZUS-TS UOOUT 8303 1 [fop 90001 Horizontal Visibility 20000 M
23 0 1 98 1 2012-05-15 00:00 5213 & f50 5ppp3 Present Weather (See Nata 1) 2 CODE TABLI
° 0 | 2012-05-15 0000 5238 1 |57 300ps  PastWeather (1) (See Nate 2) 1 CODE TABLI
0 1 98 1 2012-05-15 00:00 5257 23 20005 PastWeather (2) (See Nata 2) 1 CODE TABLI
( 0 1 R 2012-05-15 00:00 5118 T Gloud Gover (Total) i =
27 n 1 ag 1 M1 2NEAE An-An F1a
[ | D] il |
Log Clearlog
Message list ()
Task: Generating BUFR data dump for message: 1 and for subset 1
Method: BUFRX
Status: O [
Task: Generating BUFR bitmap dump for message: 1 and for subset: 1
Method: BUFRX
Status: OK
Status: O A

Metview - Data handling, 2013 December 3
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BUFR Plotting

® We can directly visualise BUFR files with conventional
observations (e.g. SYNOP)

0 Metview - uPlot <2=
File Wiew Animation Zoom Tools Help
4 R i |[100% e e

synophuft ——— ]
¥nop exeCute Q| = = - e —— —
. e =1 f:‘
visualise g:; B ST :\ r”'/{r// -
[ == ¢ % ﬁ ad
+ =5 = i 14 =
Examine - E e B ¢ ey %ﬁg@aﬂ .|
oY) oon i %ﬁ Tom _s S ,«.:’-‘“;‘3:,.. > s0°N
save —5 T o, ‘;?’y S A"
1ag) .,%B{C( £ 8. 8 [ _Fe-o“\?’
E s mﬁ‘g\f 1nTa-m\ ﬁf_&”\\ _, 51453&-—( 216 Vem
=) L A

analyse W Som & TS N T
' RS . -,}Qséff e

8| 1 7 <1

. ey I
Ed|t % ? - ot LoEE ol u—_f_g‘i’kj “E -ﬁsi\ -.12\ o e
¥ \'..%__ - ai\"‘rﬂ 4{ u{ wa 59 P _:>16 at 2 sl e
d | t 2D<D /quf_'w-"ﬁi_ "’fg’--u‘\m s :{s’\ '_; : R T ‘“9 B . -)16\ “ S -
Uplicate 50N - — i G5 b SN
T - e G a w7 ' = =2
o wE S ] el c . - 13
delete ER— ‘J”": ' @2@ o “‘?u .- 12\“ NN
= 72 5, e LR
8 ; 7 m,.f f""u , 2 <2 - ].I_L;' “ g ﬁ_IEB -0 e /f‘—\i>,7
|i‘ s 0O w, 9 S mmeemmty e [ T L ”f E
Empt!ﬁ'l ~ |:l_z:? ‘;mr DN - 'i[l e (\2- w1 e _2:}__ §
— 12 {0 7 ) % . s
L] g«’;ﬁw—*&—ﬁm,’l{,, ‘i( A m . éj\ .w\ms T, 70 05 (Em} - 22’ o 12 4_'6\
output T mem T, o CPIRY s\-\«_, s b sqme=g st ol |
T ek (e s G e eI N

I s R | s a & b fill { ;: ML
- = oo/ | mgr‘na} ”‘5\_ / ’_@@{,ﬁé‘é_ m‘ﬁ [ 7_"%\ e
Z = . S AgTes

18 1 215
o

24 =154 - s R iq’g\ 2,
1 |s|u:| et 1 L @3_." .m0
A P et SR Qe =N

T e " — 10 " B e -0 e m ]
fom s . o8 = =
,-'/ - E\E "
- e —— — @
v \ . e

i S ECMWF
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BUFR: Accessing data

Example: extract and plot T2 with symbol plotting from file
synop.bufr

® We need to use the Observation Filter icon

=

® It can perform filtering according to parameter, level,
area, time, channel etc.

i i S~ ECMWF
Metview - Data handling, 2013 December 3 34 —
90~
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BUFR: Filtering

We set the output
f the filterin
| Section 0-3 ] Data | Data, hitmaps expanded | o t e _te g
ndexlDescnptor INar‘ne |'u"a|ue IUnits Operatlon to
11011 Wind Dirsction AL 10 M 0 DEGR Geopoints
15 141012 B L o P~ Wl U ers
17 12004 Dn.r—BuIb Temperature At 2 M 2924 K
18 TZooe 2894 K
19 13003 Relative Humidity —
20 20001 orizantal Visibility
21 20003 Present Weather (See Note 1) X [
22 20004 WPastWeather (1) (See Note 2) & IiTE—DDE‘—ﬂ'tEr
23 20005 astWeather (2) (See Note 2)

- Data EUFR File

= Output < Geographical Points ) - |

We can save
the result into

1 Parameter @ a file
Parameters are sing Data ignore |
defined by their SV —
BUFR descriptors |
|
Tm\

|P-.pp|y| Heset' - Stay open

tZ.gpt

S~ ECMWF
Metview - Data handling, 2013 December 3 35 —
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Geopoints

® Metview’s custom format to store scattered geo-referenced
data

® ASCII files with 4 different types: The default is shown here:

#GEO

PARAMETER = 12004

lat long level date time value
#DATA

36.15 -5.35 0 20120515 0000 292.4
35.85 14.48 0 20120515 0000 288.8
41.97 21.65 0 20120515 0000 282.4

S~ ECMWF
Metview - Data handling, 2013 December 3 36 —
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Geopoints Examiner

® Geopoints contents
can be checked with
the Geopoints Metview - Geopoints Examiner

File Edit View Help
Examiner
File: /home/graphicsicgrimetviewiwehbinar_dataft2. gpt
Permissions: -rwxr-x--- Owner: cgr Group: graphics Size: 28KE Modified: 2013-11-25 09:45
L] L] Format: Traditional
. Thls Is how the Total number of points: 660
result of the BUFR [~ =
Index /| Lat_y Lon_x Level Date Time Value n
filtering looks like | ' 5 EE T ' |
2 35.85 14.48 0 20120515 0 288.8
3 41.97 21.65 0 20120515 0 282.4
4 5418 7.9 0 20120515 0 282.5
[} 54.53 9.55 0 20120515 0 279.5
G 54.53 11.07 0 20120515 0 282.7
7 53.63 9.98 0 20120515 0 282.7
g 541 134 0 20120515 0 281.6
9 53.05 8.8 0 20120515 0 281.2
10 52.47 9.68 0 20120515 0 284
11 52.22 1412 0 20120515 0 282.5
12 51.3 B6.77 0 20120515 0 283.3
13 51.43 12.23 0 20120515 0 281.4
14 51.13 13.75 0 20120515 0 279.4
15 50.37 6.87 0 20120515 0 2821
16 50.05 8.6 0 20120515 0 279.2
) 17 48.68 9.23 0 20120515 0 2821
examineg 18 49.5 11.05 0 20120515 0 2783
19 54.38 1015 0 20120515 0 2821
20 53.72 715 0 20120515 0 282
21 54.18 12.08 1] 20120515 1] 284.6
22 53.03 14 0 20120515 0 281.6
23 5213 77 0 20120515 0 283
24 52.38 13.07 0 20120515 0 280.9
25 52.57 13.32 0 20120515 0 2828
26 51.18 8.48 0 20120515 0 279.7
27 51.8 10.62 0 20120515 0 277.7 @
el=] F117 14 QR n N1 INRA R n 787 1
Status: Ol A

Metview - Data handling, 2013 December 3
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0
Geopoints Plotting "

By default the

® We can directly visualise Geopoints numbers are plotted
to the map

® |t is based on symbol plotting

2 Metview - uPlot

File  View Animation Zoom Tools  Help
o i e @
a
Q
2%
Ry
0'E 20°E
- b =
tegpt 1EOPL R gl
e - i Mt
execute = = ‘ : T N
yisualise ® o — B G T e
& = = -
8 .5'-? s 2 i el
EFaming Yl m1a : 7 { ﬁgé%%’}@ﬂn 2
s -~ - i3 7
cave T : SN -1 TR
202 2767 o 2es s 815
s Z}% ?"‘L 20ds 2:%11312733 é‘%?;fzsuzgn ?72737 222;%%%
analyse = AT R
—_— " pre e = E 1.8
adit S0 il 243 I e B 1855 2:;23 21?53::22:;:39 - soN
* Bimys  PBAT i = ) o mee ”i&zsz Tess #]
duplicate =0 e i) S
iy e Togds
delete TEEs— 2802874 ZQE{-— ?&25’6
%%M 2842 25492379 2018
efmpty - i DR on
B —— e o o0 Mszsi}m’ #
output =emie 8]
2003 Ve
g3 23680 — ¢ . U,
g -f__«_zﬁggggsﬁ“ 2$§§%7 @"2915\ 288 8 . ! - -
J & = =
- K—”—'\_ "y
0'E 0B [Z
A \

i i S ECMWF
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Customisation with Symbol Plotting

® The Symbol Plotting icon offers a large number of options for
plot customisation

® We can use the Advanced Table Mode to define a nice colour
palette between the min and max colours (just like for

Contouring)
M o Memew - uPiot
5] Fitto Window
LB Metview
Q
Q
' e - - -
[ [— | T
- £ D A e
& T =7 0 | et )
® Legend > o0 o or o B - A S ;
m Symbol Type Marker 1

m Symbol Table Mode

..............

® Symbol Advanced Table Colour Direction

4 Symbol &dvanced Table Colour List

Metview - Data handling, 2013 December 3

Advanced |

W Symbol Advanced Table Max Level Colour _
-

W Symbol Advanced Table Min Level Colour

»

Clockwise = |
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Geopoints Plotting

File  “iew Animation Zoom Tools Help

my*

Statistics and
histogram are also
available

4 || Fitto Window |+ | & &

= T }/ =]
= {;ﬁg ~

80N

¢ e
L ‘
1 . . =
A
Lon 6137 Lat 49286 *%T
Layer  Value Lon Lat  Dist(km)
tgpt 282400000 622 4862 3771 |

‘@%

Metview - Data handling, 2013 December 3
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\

Frames | Layers | Data l
=
=]
Titles <Coastlines> [N
-Metadala -V‘aluas
Data type GEOPOINTS =
File NaritmpAmpdircaritmp.1 4457/ 208
Statistics (for data in visible arjih)
Points 660
Minimum 264.1
Maximum 297
Average 282.051
Stdev 4.80024
Skewness 0.022022
Kurtosis 0.488287
Histogram (for data in visible area)
240-
180-
120
&0
howomoh ok % % WY
Bar From To
[ ] 264.1 268
3] 268 272
ogd 272 276
o/ 276 280 -
B 284
o/ 284 288 1
oo 288 292 {+]
e — o ﬂ
ol \ G
@ E] [ symbol Plotting |+

<> ECMWF



A

Macro: difference between GRIB and Geopoints

Example:

compute the
difference
between the T2
forecast and
observations

/ This step \

involves
interpolation
of the GRIB
data to the

Geopoints
K locations /

The result is
another
Geopoints

Metview - Data handling, 2013 December 3

\

[0 o BN [ L T B R W I 0 B )

LD

10

source: "fc surf
param: "Zt©",
step: 56

#Read observations from

llgpt: (Iltz‘gptllj

12
13
14
15
16

#Compute the difference
res=g-gpt

'|.'|" 317 17 T +
#RepLLrI] I'esulils

17 return res

o

{96h) from the GRIB file

.grib",

.
gepoints

y SCECMWF
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W%
Compute difference between GRIB and Geopoints

M| metview - uPiot HEL R
File  VWiew Animation Zoom Tools Help
. . [P0 %5 |(100% e @
grib_minus_geo.my =
execUte 2 . B
@ > £
visualise o5 74
Examine [ =
Zave ’ e T B
=
analyse
Forecast minus QL\/_//
observation - >
differences i __f

S ECMWF
Metview - Data handling, 2013 December 3 42 —
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Geopoints to GRIB

Example: interpolate T2 observations onto a grid then apply
contouring

® We need to use the

REH T
. \\ IiGEDpDintS to GRIE

Geopoints to GRIB
icon - Geapaints GEOPOINTS
., t2.opt
Geopaoints to GRIB ¥ Area \
3
W Grid

® This icon
interpolates
Geopoints data onto

nterpolation kethod

Reciprocal -
r lar lat-lon gri
2 egu a at -o .g d - FParameter IEZSE
and encodes it into
= :
GRIB Templates
[ The grid definition J apply | Reset| i Stay open

S~ ECMWF
Metview - Data handling, 2013 December 3 43 —
J -y
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Geopoints to GRIB

- " \:;: M/ & Metview - uPlot <2> BE. B
= File View Animation Zoom Tools Help
e ExeCLUte 0 &% [1o0% e @
GEDPDIntS t|:| GHIB 'v'lSUEl“SE Q, Tuesday 15 May 2012 00 UTC ecmft+0 VT:Tuesday 15 May 2012 00 L;ITEC surface unknown B
Q
Examine Q
oy i
save i
analyse -
| ke
Arlit @

T2 observations
interpolated onto a
0.1x0.1 grid

D]

Metview - Data handling, 2013 December 3
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NetCDF
EEN

|
netCDF

® UNIDATA'’s binary format for multidimensional arrays

® Metview’s NetCDF plotting interface was added a few years
ago

S~ ECMWF
Metview - Data handling, 2013 December 3 45 —
90~
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NetCDF Examiner

® NetCDF contents can be checked with the NetCDF Examiner

mEE=
]
restCOF

fo_surf.nc

NG

s

examing

P

Tree view of
metadata

0 Metview - Metcdf Examiner

File ‘iew Help

@] v

File: fhomeigraphicsicgrimetviewwebinar_datafc_surf.n L

Permissions: -rw-r--—- Owner: cgr Group: graphics Size

0 Metview - Metcdf Examiner

File

Wiew Help

File: fhomelgraphicsfcgrimetviewiwebi ataifc_surf.ne

Metadata | MNedump | Permissions: -rw-r----- Owner; up: graphics Size: 2.6ME Modified: 2(
Parameters Values m
L --”?obr::ﬁude netedrfc_surf{
B |atitude dimensions: _
B time longitude = 240
B vat latitude =121
EE S variables: fme=2.
Dimensinns (time, latitude, longit ’ float longitude(longitude) ;

- Aftribute s longitude:units = "degrees_east";
scale_factor 0.001719816618064 longitude:long_name = "longitude” ;
add_offset 263 466318436418 float latitude(latitude) ;

Fillvalue -32767s latitude:units = "degrees_north" ;
missing_valug 327675 o _ .Iatltude.lnng_name ="|atitude" ;
units K inttime(time) ; . _ _
time:units = "hours since 15800-01-01 00:00:0.1
- long_name 2 metre temperature time:long_name = "time"
- Data values shortv2ttime, latitude, longitude) ;
[ msl v2tscale_factor=0.0017198166180648 ;
EH tp v2tadd_offset= 263 466318436418,
Bk v10u v2t_FillValue=-32767s |
[ vl 0v v2tmissing_value =-32767s
=h Dimensions w2tunits = "K' ;
- longitude 240 v2tlong_name ="2 metre temperature" ;
- latitucle 121 short msi{time, [atitude, longitude) ;
e time 9 msl:scale_factor=01624277081775585 ;
Status: COK IEind [ ] [ Mext ] [ Frevious ]

Metview - Data handling, 2013 December 3
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NetCDF: How to plot it?

® NetCDF is so flexible it can contain almost any kind of data

® We need to use the NetCDF Visualiser icon

® |t defines the way variables/dimensions are used for plotting

S ECMWF
Metview - Data handling, 2013 December 3 47 —
-0~
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Wé’}
Plotting NetCDF data

( The plot type J

|

= IEtZ_nu:_vis
Example: z

plOt T2 from ™ Metcdr Plot Type < Geo Matriz i>
file

- Metcdf Filename OFE
fc_surf.nc
— - Metcdf Data — Rttov Input Data, Scm Output Data, Scm e
" EEw
. .
1 0 rrtCOF
' fo_surfnc
t2_nc_wis W MNetcdf Latitude 'ariable atitude \
W Metodf Longitude Variable - .
Jongitude
Latitude and A Metcdf X Wariable

longitude variables

A Metcdf % Yariable

A Metcdf X2 Yariable

. - Metcdf ¥ Yariable
The variable to

plot (T2 is called W Metcdf Yalue Yariable
v2t in our file)

et

Metview - Data handling, 2013 December 3
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NetCDF: Plotting

t2_nc_vis

Metview - Data handling, 2013 December 3

te_nc_wis

ExECUte

wisualise

E=amine

save

analyse

edit
duplicate
delete

ermpty

output

No scaling applies for
NetCDF values: we have
values in Kelvins

MO TITLE
O*E ZO"E S0°E BO"E BO"E 10 "E 160°E
— ————
= —— p——— :
D ‘J‘? oM ==
3 _9_1-’/-__ . - -h__qs
— _ =
2 -;uﬁd- | Lon 37520 Lat
E
32:*; Layer Value Lon Lat Dist (km) |
Jl/{'ﬁ% t2_nc_vi 287.811035 -37.52 4211 -1.00 —
AT oy T
.-"-fI " - _,_\'- >\-\‘%‘;‘~ EA”_}} ;‘I}"J-"M'\G ’ﬁﬂii e
S (o9 )\ =G LN ) SV I ¥ o[
a1 = a) 'F'St:ﬂ — ] i = "Eﬂ . 0
L F P
:Kd_iﬂ 7 'H(J%G ~— SR LJEH EL.‘E-,r-*h 5 2 5=
TN | SO TSR
l{;_ = {f o [ A== e T —“q?;}:_ffh 3 [:!LE-';?-:-\
i e = T
"i_‘ i‘ .:I;_I"‘\I'_Q..r"i of ,-: {u‘ I'“._ r‘::'
o) L — N
¥ SSECMWF
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NetCDF: Macro Usage

Example: convert
values of T2 from
Kelvin to Celsius

® The NetCDF macro
interface is based
on the current
variable concept:
all operations are
only valid to the
currently selected
NetCDF variable!

Metview - Data handling, 2013 December 3 50

L

nc_k_to C.my

1 #Metview Macro

2

3 #Read netcdf file

4 nc= ("fo surf.nc")

5

b #Get the list of netcdf variables
Twvar list = (nec)

8

9 #Find index for t2Z2

0 i1dx= (var_list,"wZt")

1

2 #Set the current variable to t2
13 (ne, idx)

14

15 #Change the values of the current variable
lénc = nec - 273.16

17

18 #Return results

1% return nc

S ECMWF
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@}
NetCDF: Plotting the modified data w

Now we have
values in Celsius

- tz_nc_vis
t2_no_vi gxecute
|_visualise | |

Examing

save

\ MO TITLE

2o Metview ¥ 0"E

=“-|?12 ne_vis
=] | fc_nc_ ?/f"—ﬂ_

I — | —
® Metcdf Plot Type Geo Matrix | > -
1 Metcdf Filename I?OFF _;}%’F ;
_‘i:tmﬁ Layer Value Lon Lat Dist (km)
- Metcdf Data Ritov Input Data, Scm Cutput oy e ﬂ‘& ,"3- . == 40*N
_,-_T_?L}_{;;: 12_nec_vi 25971348 11.23 21.34  -1.00
L 1 P |—
¥ S 30N
1| R T
A ]
{’%ﬂ"_jﬁ m| = = k'l — \x’i __-"'ﬂl = 'd:':-'f I;:- 20°H
W Metcdf Latitude Wariahle . E K = = 4
Jatitude e O o l'll L 3
W Rletcdf Longitude ariable IEIDngitude e-—\u_? e ’]Q‘/ T\\{Q /-Z .
: A i LT i = R 0N
- Metcdf X Variahle I
- Metcdf % Variahle | ;
= i =

/ Templates *,

|-qpp|5f| HESetl I Stay open Closel

S~ ECMWF
Metview - Data handling, 2013 December 3 51 —
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ASCII Table Data

1
2
3

® ASCII file with data arranged with one variable per column
® Can contain a header
® CSV files can be handled as Table Data

® Geopoints files can be treated as Table Data as well

latitude, longitude, fc,an, fc-an
90,0,-30.29, -25.81,4.48
90,4,-30.29, -25.81,4.48
» 90,8, -30.29, -25.81,4.48
data.csv 90,12, -30.29,-25.81,4.48
90,16, -30.29,-25.81,4.48
90,20, -30.29,-25.81,4.48
90,24, -30.29,-25.81,4.48

S~ ECMWF
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Plotting Table Data

® Table Data plotting is based on the Table Visualiser icon

A

B

C

1
2

® |t defines the way columns are used for plotting

A
=

i i S~ ECMWF
Metview - Data handling, 2013 December 3 53 —
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Wé’}

Plotting Table Data
T WAL

FLYLFias

-T CSVY_nap_wvis
Example: plot the =
forec_ast values T ;ﬁm p.,in; >
from file data.csv
- Table Filenane OFF
- Table Data —Hotes, GEODPOINTS, Table-
- o
—II‘ dat.laljc:su

CEvY_nap_vis

F Table Longitude Yariable

—
™ Table Yariable Identifier T |
a e aria 2 encirier ype Index i
2
il

\

F Table Latitude Yariable
We need to tell the

visualiser which d Table ¥ Component Yariable
columns should be
used from the file d Table Y Conponent Yariable
F Table Yalue Yariable 3

S~ ECMWF
Metview - Data handling, 2013 December 3 —
J -y
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Plotting Table data

CSV_Hap_vis execute

visualise

examineg

Save

analyse

Z

t_syn

S~ ECMWF
Metview - Data handling, 2013 December 3 55 —
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[ The plot type J

Scatterplots from Table data

m Metview ‘ .
Example: generate a g [Bevravie ¢
scatterplot from file =
data.csv with forecast in X - Table Plot Tupe @
axis and analysis in Y R
axis, and values (for o
colouring) taken from fc_ J Table Data —MHotes, GEDPOIMTS, Table-
=
an. i
dafa,csu
- Table X Type Hunber
- Table Y Type Humber
We need to tell the ® Table Yariable Identifier Type T
visualiser which _l
columns should be F Table X Yariable 3
used for X, Y and
value F Table Y Yariable q
F Table Yalue Yariable Ivﬁ
- Table Binning rBinning

i i S~ ECMWF
Metview - Data handling, 2013 December 3 56 —
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Scatterplots from Table data

CEV_HY_Wis  oxecute

visualise

examineg

Save

analyse

7%

t_diff

(W Metview - uPlot [

File View Animation Zoom Tools Help

[ & e ®

S~ ECMWF
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Table Data: macro usage

Example: compute
the mean of the
forecast-analysis
values (5th column)
from file data.csv

1 #Metview Macro
2
3 #FRead netcdf file

4 t= (table filename: "data.csv")

6 #Read the fc-an ceolumn inte a vector

Tv = (t,"feo-an")
8 #could be v=values|(t,5) as well
9 #since fc-an is the fifth column
10
11 #Print mean
12 ("mean=",
13
14

{ The output of

the macro J » mean=-0.0265241545894
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For more information ...

email us:

‘D Metview:  metview@ecmwf.int

visit our web pages:
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> Documentation and tutorials

» Download the virtual machine

Thursday, 5t" December, 9:30 AM UTC: Q&A

www.hipchat.com/gRuxxenlY
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