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Broadview Radar Altimetry Toolbox
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2. Along-track data
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1. S-3 Altimeter ToolboX  ¢ces

* Evolution of the Basic Radar Altimetry Toolbox (BRAT)

— New datasets
— New functionalities
— New GUI

 Update and create new tutorial material

e Support both novice and expert users of the Altimetry
Scientific Community.

* Collect feedback from the Altimetry Community on the
new concept and gather suggestions for further
Improvements.
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1. BRAT project

2. Along-track data
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Contents & cnes

1. BRAT project

2. Along-track data
2.1 Basic functioning
2.2 Advanced features

3. Gridded data
4. Wind and waves
5. Waveforms
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R P 2| 1. Choose the folder where you
want to save all your progress.
]
&
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1. Choose the folder where you
5 want to save all your progress.

Lol LRI

2. Call the workspace
‘Delft_course’.

. . N\ 3
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%j;;[s mmmmmmmm | Fiters | Operations | JJ_'J ;; 1. Click On NeW.
78
A
é
@&
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2.1 Basic functioning -

s A 1. Click on New.

eeeeeeeee

2. Callit “S3_L2” (Sentinel 3
& Level 2 products).

nnnnnnnnnnnnnnn

. . N\ 3
Sea-level change: observations, processes and modelling . -
27/08/2017-01/09/2017 - TU DELFT CAMPUS deim>s isardSAT TUDelft

ENGENHARIA /



s,

{-esa
é cnes

H® .

Workspace Elements & x s3.12 P
Datasets | RADSDatasets | Fiters | Operations Ps 1 Cl M k N
el LTI 2 . ICK ONn INew.
Fie Datasets 52
ENET
@ Cy/Users/albert/Desktop/S3 L2 Cycle 113/534_SR 2 LAN__20170719T185315 201 ra
ra
La

2. Callit “S3_L2” (Sentinel 3
Level 2 products).

& 0=

a8

& Select files.

. @U" ) S312Cycell3 »

3. Click on Add File... and choose

3 . . .
the files inside “S3 L2 Cycl
» e files inside ycle
[ Documents
Conven I S3A_SR_2_LAN__20170719T185315_20170719T184345_20170813T235940_3029 020 113___LN3_O_NT_002.5EN3
o Music
= S3A_SR_2_LAN__20170719T194345_20170719T203414_20170814T011813_3029_020_113___LN3_O_NT_002.SEN3

=] Pictures

] ] 3 7 I .
s S sub S34_SR_2_WAT__20170719T185404_20170719T194111 20170814T134654 2827 020_113____MAR_O_NT_002 SENZ : I I l t e D a ta Se ts fo I d e r.
;:";S I =1 vud ersien S34_SR_2_WAT__20170719T195006_20170719T203414_20170814T150101_2647_020_113___MAR_O_NT_002 SEN3 25/08/2017 14:59 File

ideos

creation]

oendl @ Homegroup
doris_sef |

elipsaid] | A albert

equator]|

el 1 Computer
frst_med| &y Local Disk (C)
Ferd o Localisk(py
Fieds Des < BD-RE Diive (E)
abzolut € Network L
absoluts [ Control Panel
age 01 ¢ -

“9e0L] & RecycleBin

5312 Cycle 113

.

Log | Processes

atm_cor_sig0_01 ¢
cor_sig0_01_ku
atm_cor_sig0_01_plrm_ku
brat_index_data
brat_index_data 2
brat_index_data_3

climato_use flag 01_ku &

ER|] 173°150.0°E 42°450.0°S Q
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Workspace View

Tools

* Now you can inspect all the
fields that are contained in the
product.

Window Help
Workspace Elements 8 x S$3_L2
Datasets | RADSDatasets | Filters | Operations
o Tl
0| La| (B
Fie Datasets
=@ 312
8 C:/Users/albert/Desktop/S3 L2 Cycle 113/S3A_SR_2_LAN___20170719T194345_201
@ C/Users/albert/Desktop/S3 L2 Cycle 113/53A_SR 2 WAT__20170719T185404_20

B ®s
==
8 C:/Users/albert/Desktop/S3 L2 Cycle 113/S3A_SR_2_LAN__20170719T185315_201
@ C/Users/albert/Desktop/S3 L2 Cycle 113/S3A_SR_2_WAT___20170719T195006_20

* Inthe bottom right left, you
can find information about the
selected field.

bl |

File Description

Product : NETCDF_CF /S3A/SR_2_STD B

Conventons: CF-1.6
absolute_pass_number: 14802
absolute_rev_number: 7401
acq_station_name:
altimeter_sensor_name: SRAL

contact: eosupport@copernicus. esa.int
creation_time: 2017-08-13723:59:41Z

frst_meas lon: 317.582765
oot s omas Y7 A7AGT 18314 Ran 107 |

Fields Description

first_meas_lon | [geoid_o1:

first_year_ice_class_01_ku geoid_height_above reference_elipsoid field
first_year_ice_class 01_plrm_ku Computed from the geoid model with a correction to
freeboard 20_ku | |refer the value to the mean tide system .. includes the
permanent tide (zero frequency)

hf_fluct_cor 01

Dimensions: time_01=883
ice_sheet_snow_facies_flag 01_ku

ice._sheet_snow_facies_flag_01_ku,
ice_sheet_snow_facies_flag_01_plr
ice_sheet_snow_facies_flag_01_plr
instr_op_mode 01

instr_op_mode_20_ku_flag_values
int_sea_ice_ssha_20_ku
interp_flag_mdt 01
interp_flag_mdt_01 flag_values
interp_flag_mss_soll_01

o

- _FilValue: 2147483647

- add_offset: 0.000000

- coordinates: lon_01lat_01
-institution: GSFC

x
- scale_factor: SuipiE =

instr_op_mode_01 flag_values Somee: EGM2008 B as

instr_op_mode_20_c - standard_name:

instr_op_mode_20_c flag_values geoid_height_above _reference_elipsoid

instr_op_mode_20_ku ~unitsim

171°3345.0°E,35°2615.0°S
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Here is where you choose
between Quick and Advanced
operations.

The Quick ones are SSH, SWH,
SLA, Winds, Sigma0 and
Tracker Range.

159°450.0°E,33°1115.0'N [ ]
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 Here is where you choose
between Quick and Advanced
operations.

* The Quick ones are SSH, SWH,
SLA, Winds, Sigma0 and
Tracker Range.

e Select Sigma 0 and “Plot”.

e || 159°450.0°E,33°1115.0'N )
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™ brat - Delt_cours

H® 6

Workspace Elements 8 x $3_12
Datasets | RADSDatasets | Fiters  Operations |

 Here is where you choose

e between Quick and Advanced

Dataset Filter

@UHI »>Xd%®

Fickds
.
0 ssH
oo operations
Osta ]
O Winds
Sigmal
[ Tracker Range & QuickOperation_Displays_2 [QuickOperation] =
operation [FIEEETEN = | | Dotoset | 12 Fiter | .
e e * The Quick ones are SSH, SWH
QuickOperation Displays 2 30 = = ) )
m - 1
10 . .
4 SLA, Winds, Sigma0O and
—10| ’ ’
K :
5 04
| racker Range
| i - .
I w’wﬁv o a
T -s04
[™ Use Predefined Selection Criteria { ¢
B ) 150 e
Field Description 1 “Tsotopso o S01%° ° . o )
Sy E— S eleCt >igma U an (0
S R -100 0 100 .
lon_01 [degrees_sast]
|| General | Dataoptons | s Options | Anmation |
Plot Type
IEVATH b ren |
Operation Views XYZ
Hist
[QuickOperation_Displays_2 | ritle[QuickOperation_bispiays_2 Type [2=FiLon,Lat) stogrem
R
About quick operations
o quickly evecute an operation, selecta dataset, check a field of interestin the Fields st and | | Output & x
click the Map or Plot buttons to see the result.
You can convert the quick of one by duplicatingitin
“Advanced” mode. A new name, that you il automatically be assigned to the

| E2|| 174'22300W73T30.0N «

Sea-level change: observations, processes and modelling . . -
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T sel ~| * Click to create a new operation
eleals| Gl b e a e .
—— 1 7] A and name it SigmaO
i
“l * Notice there are 4 items in the

Data expressions box:

[ | — X
oy 5 _y
B | R — Data
e — Selection criteria (optional)
* These are the fields that have to
R

be filled with meaningful
information in order to execute
a useful operation.

xxxxxxxxxxx

. . N\ 3
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>| * Selection “Map” type and the X
- and Y data expressions change
to Lon and Lat.

- * Addthe “lon_20 ku” and
“lat_20_ku” fields and the
“sigD_ocog 20 ku”

* Click “Execute” to see the plot
] for this variable.

v

«|

[CYRCIEINEN): E2|) 159°1115.0°E, 4426 15.0N e |
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Selection “Map” type and the X
and Y data expressions change
to Lon and Lat.

 Addthe “lon_20 ku” and
“lat_20_ku” fields and the
“sigD_ocog 20 ku”

* Click “Execute” to see the plot
for this variable.

eol@s =) =] oA UEsES N e
Sea-level change: observations, processes and modelling de.l mos |SardSAT TU Delft
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* You can check that the
backscatter is higher in the
Antarctic ocean due to the
presence of sea ice.

T8 SN S
PP RONC

& | & OE L

. . N\ “3
Sea-level change: observations, processes and modelling . -
27/08/2017-01/09/2017 - TU DELFT CAMPUS deim>s isardSAT TUDelft

ENGENHARIA /



{zesa

é cnes

* After that, go to Advanced Operations tab:

*  brat - Delft_cour: =o

 We can now see the same field
only against latitude if we do a
plot putting the “lat_20_ku” in
the X Data Expression

B
a8 )y W B

ol &0

General 2t Pt Options Ani
| Fieids ine
| ©)] (@| 2 4| | [sig0-oc0g 20 ku [dB] Color & |Opacity[255 Stipple pattern [Dot Line: =] width [
lat_20_ku

| » Sampling

!

D Q..
gq@x.

Sea-level change: observations, processes and modelling

27/08/2017-01/09/2017 - TU DELFT CAMPUS deim>s isardSAT TUDelft

ENGENHARIA /



\ s,

{:esa

2.1 Basic functioning -

==

* After that, go to Advanced Operations tab:

Workspace View Tools Window Help

* Create a new operation and
name it Ocog_elevation.

 We are going to compute the
elevation of the OCOG retracker
using two fields combined.

. . N\ 3
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* After that, go to Advanced Operations tab:

Workspace View Tools Window Help

1 * Create a new operation and
$ name it Ocog_elevation.

“ = We are going to compute the
elevation of the OCOG retracker
using two fields combined.

* Create a new empty expression
and name it “OCOG_elevation”

olalsl sipeivfied ) * Write in the bottom “alt_20_ ku -
v range_ocog_ 20 ku”. You can
o= 3 check the syntax and assign it to
the expression
Sea-level change: observations, processes and modelling dei%s Isar.dSAT -i-;u Delft
27/08/2017-01/09/2017 - TU DELFT CAMPUS
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Workspace Elements & x S3_ 12 =
Datasets | RADSDatasets | Fiters ~ Operations P ° P E t t t th
== = ress Execute to get the map
L&)
&lejals| G » oo |- o=
Operation Dataset Filter 2 | Ot
[ocog_etevation ~|fss12 R 1 .
Fields | | corrected ocog altimeter range : 20 HzKu
and
range_ocean_qual_20_ku (count) bt faie: S e e Teaciang]
range ocean qual 20 ku flag values | insirumental corrections nduded : UsO it | | |

€ Ocog_elevation_ Dlsplays 3[0c&elevat\on] — . —

e | &0 H
[ ]

The projection can be changed if
needed.

Operation [Ocog_clevation v] | Dataset [ s312 Filter

Lambert Cylindrical - C.R.S. World_Miller_Cylindrical
5 Plate Caree - CR.S. WGS 84 / Plate Carree (deprecated)
Mollweide - C.RS. World_Mollweide
5 Robinson - CR.S. World Robinson
© Lambert Azimuthal - CRS. North_Pole_Lambert_Azimuthal Equal Area
© Azimuthal Equidistant - CR.S. Sphere_Azimuthal Equidistant
% Mercator - CR.S. Popular Visualisation CRS / Mercator

& Orthographic - C.R.S. South_Pole_Lambert_Azimuthal_Equal Area

General  Data Optons |

o e e Near-Sided Perspective - CR.S.
[ococieamal | 2 ¥ show B Stereographic - C.RS. Sphere_Stereographic
| = 1| = e o frrs = =
oA | [ B Default - CRS. WGS84
precson0 [
‘ | s e |
‘ | 7755519,-654519
VITITH
Output g X

Log | Processes

I P sampling

B2 61115.0°E 63°3345.0'S Q

. . N\ 3
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Er— I sl ~| * Press Execute to get the map
glelals| @ > e =
Operation  Domet g plot.
i
“l * The projection can be changed if

needed.

e Save the plot as jpg.

| =] 10°7:30.0°W43°5230.0N Q
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Contents & cnes

1. BRAT project
2. Along-track data

2.1 Basic functioning
2.2 Advanced features

3. Gridded data
4. Wind and waves
5. Waveforms
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2.2 Advanced features ¢ cnes

e Add formulas
* Export
e Filter

e Smooth

Sea-level change: observations, processes and modelling
27/08/2017-01/09/2017 - TU DELFT CAMPUS
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e Apart from dealing with fields
included in the input product
files, the toolbox allows you to
include new expressions and
formulas.

1. Create a new operation
(“S3_SSH_2D”). This time, only
with longitude (‘lon_01’) in the
X expression.

fm‘ 18\[ ‘?ﬁﬂ J yMEANv‘ b - | i1NONEvl _‘)J,_]

g 2. Click on Data, then Insert

‘ empty expression and call it
”SSH”_

<

=0 145°4115.0°W,16°1845.0'N [ ]

. . N\ 3
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| 3. Then, click on insert formula. A
— ; box pops up. Scroll down and
= select “SSH”.

01=883

* You can analise the expression
that appears in the Log after
pressing execute,

“Expression :”

" —

Data —
ﬂx/‘ lEl| [Fg‘ E‘“ 2 ‘ 3wsmv‘ ¢ | [ e o

%issh}

It will vary depending on the
mission being inspected.

Sea-level change: observations, processes and modelling o \ .
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5. Before executing, create
another empty expression
called “SLA” and insert the
“S3_SLA_2D” formula.

Now click on Execute.
* You can find the expressions

used for these formulas on the
Log, or open the

SSH = “ssha_01_ku + mean_sea_surf_sol1_01"

SLA = “ssha_01_ku“.

Sea-level change: observations, processes and modelling
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Take a look at the plot.

| 8. SSHisin green and SLA in red.
| Use the options on the right
to thicken the curves, change
colour, etc.

9. Observe the strange
behaviour with the SLA?.

o What might have caused this?

D
B || 173°48'45.0°E,86°3'45.0°S *
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Take a loo at the plot.

8. SSHisin green and SLA in red.
Use the options on the right
to thicken the curves, change
colour, etc.

9. Observe the strange
behaviour with the SLA?.

o What might have caused this?

Sea-level change: observations, processes and modelling
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Usually, this is land
contamination. But an ocean
mask was already applied.

* You can do 2 things:

1. Plot S3 on Google Earth
(“S3A_ground_track.kml”)

2. Export data into a KML file and
visualise it in Google Earth as well.

Asci: can be seen in 2 built-n text viewer through 'Edit Asdi Export’.
NetCOF: can be used as source data in a new dataset.
GeoTiff: available if the axes of the operation are longitude and latitude.

 — = For this, go to Operations tab and go

to the export button (the KML option
will need to have lat and lon in the
data expressions to be enabled).

B2 178°5230.0°E 3°6615.0°N e

Sea-level change: observations, processes and modelling o \ .
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Go to your workspace folder
and visualise in Google Earth
the generated KML file:

../Operations/ExportGeoTIFF_S3_SSH
2D

2. Observe that all the
measurements over water
bodies or ice sheets are
related with the jumps in SLA.

. . N\ 3
Sea-level change: observations, processes and modelling z - ®
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o = ‘ “| * However, this can be solved by
elelels] Y : . . e
o T - editing the Selection criteria.

Duplicate “S3_SSH 2D” and
add “ filtered” at the end.

Drag ‘surface_type’ into the

Selection criteria box. Find the
= information inside the variable
to know the its value for ocean

| ©| @ 2| |
surfaces. Then type
‘==[the_value])'.
es@e =) ‘ E2| 1781845.0W 4154225 : @
Sea-level change: observations, processes and modelling de.l m ,‘\ S Isar.dSAT -i-;u D Ift
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e Also, there is a predefined,
more complete formula for this
filtering that could be used as

| well.

3. Press Execute and generate a
new view with both the
original SLA values and the

S e : 7 edited ones.

General
. Fields
wolaw 4
lon_01

|l 107°2615.0°E,77°5422.5°S )

. . N\ 3
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e Also, there is a predefined,
more complete formula for this
filtering that could be used as
well (“Ocean data editing
Sentinel3”).

a8 e WD

I P eRORC)

el &0

3. Press Execute and generate a
new view with both the

e — o~ _ original SLA values and the

- edited ones.

* Results improve a lot, even
though a marginal error

— } remains.
Sea-level change: observations, processes and modelling de.l m ,‘\ S Isar.dSAT -i-;u D Ift
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On the Filters tab, a
geographical mask can be
defined to select only regions
from a region of interest

Create a new Filter and add it
to the list.

Sea-level change: observations, processes and modelling
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* Filter (draw a region)

Workspace View Tools Window Help

* On the Filters tap, a
geographical mask can be
defined to select only regions
from a region of interest

Create a new Filter and add it
to the list.

||||||

ccccc

Activate the filters on the filter
list and execute.

P sampling

Sea-level change: observations, processes and modelling
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* On the Filters tap, a
geographical mask can be
defined to select only regions
from a region of interest

B
a8 g WD

& @08

3. Create a new Filter and add it

to the list.
S e 4. Activate the filters on the filter
Mﬂﬂﬂ 4 zéﬁm Cw\or.’cua\: 255 ] widn 3 o .
list and execute.

Sea-level change: observations, processes and modelling
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1 1. Create a new dataset with a
“ whole cycle
(“J2_240 edit.nc”)

2. Create a new operation with
longitude / latitude and the
SLA.

3. Play with the map zooming
and change from 2D to 3D on
the right in order to visualise
smaller changes in SLA. Find

] the areas with lower/higher
variability.

o] a2
SLA
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3. You can also obtain a full-
coloured map (not just tracks)
applying the Loess filter
before executing the
operation.

4. However, Jason-2 tracks are
not close enough to get a
good result and you will get a
low resolution map with too
much interpolated data.

! 5. Try other filter options.

. . 'J,‘.-.m':_‘f:.__‘f . 4
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6. Now create a new dataset and
load the following file:
“Env_GDR_040”. This is an
example available in the BRAT
website. Visualise it.
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Now create a new dataset and
load the following file:
“Env_GDR_040”. This is an
example available in the BRAT
website. Visualise it.

7. Now do the same and add the
Loess cut-off filter with values
set to 5. Reduce SLA range to [-
0.75, 1] and you should get a
map like the one shown here.

. . . 'Jy.-.m'j_‘f:.__‘f . 4
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Contents & cnes

1. BRAT project

2. Along-track data
3. Gridded data

4. Wind and waves
5. Waveforms
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) Yy | = Gridded data are the result of
- converting altimeter

B . « .

° measurements (individual

o tracks), that can come from

different missions, into a
regular grid of calculated,
hypothetical values.

1. Create a new dataset by clicking
on Add Dir... and choose
“/Grid/”. These data is also
available in the BRAT website.

. . N\ 3
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These 4 files that contain pre-
computed SLA over a year.

mmmmmmmmmmm

2. Create a 3D operation with
longitude, latitude and

‘Grid_0001(cm)’ and visualise
it.
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These 4 files that contain pre-
computed SLA over a year.

Create a 3D operation with
longitude, latitude and
‘Grid_0001(cm)’ and visualise
it.

After that, go back to the
Operations tab and select
STDDEV instead of MEAN. This
will create the standard
deviation of the input files.
Visualise it too.
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Standard deviation

Filter

Mean

Operation |Grid_0001 ] | Dataset Grid

Operation |Grid_0001_mean v| | Dataset Grid Filter
. =
= )
. .
"8 L%
e ] ' |
i s
8

S e | = I | Data Options |
Y/ 3| 4 2 P Reset
I Operation Views
] itie [Grid_ooo1_sToEV Type [2=F(Lon,Lat)

| Grid_ooo1_sToeV

[O::: hhhhhhhh ] itie [Grid_0001_mean| Type [z=F(Lon,Lat)
| _.[ | 113°24.0W,154°43.0N I | B2 179°21.1E,180°12.6N
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Contents & cnes

1. BRAT project

2. Along-track data
3. Gridded data

4. Wind and waves
5. Waveforms
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e Hurricane Marie

i Saffir—Simpson hurricane wind scale ° I N Augu St 24_28 20 14'

Category Wind speeds

cive 2T0mis, 2137 knats Hurricane Marie hit the west
2157 mph, 2252 km/h . . .

cou SBTOmis, 113138 knots coast of California and Mexico.
130156 mph, 209-251 km/h

Three 50-58 m/s, 96112 knots .
111-129 mph, 178-208 kmh e |t was classified as a Category 5
43-49 m/s, 83-95 knots

T 56110 mph, 154-177 ki hurricane, since it reached peak
3342 mis, 64-82 knots

o1 74-55 mph, 115-153 ki sustained winds of 260 km/h.

* Bottom picture shows its track
during this maximum-intensity
5 days.

e This hurricane was also
observed with altimetry.

Image Source: Wikipedia
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Load the file
“JA2_GPR_2PdP226 130 2014
0826 _024007_20140826_0336
20.nc”.

2. Visualise the wind speed in a

2D plot. Up to almost 100
km/h were measured by
l M Jason-2.
04 l '

FFFFFF LQ stope pattem Sl Lne =l [
::L b [Fipee =] e
I Sea-level change: ob [ [ - 2 H 4
ge: observations, processes and modelling de.l mos Isar.dSAT TU Delft

27/08/2017-01/09/2017 - TU DELFT CAMPUS ENGENHARIA J/



{=esa
é cnes

:|3. Now create another operation

and visualise the SWH of the
same file.

* The highest peaks could be
outliers, but the satellite

measured waves of more than
! 10 m.
1

FFFFFF
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Contents & cnes

1. BRAT project

2. Along-track data
3. Gridded data

4. Wind and waves
5. Waveforms
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5. Waveforms & cnes

Introduction

— The toolbox also allows to go to almost the beginning
of the processing of altimetry: waveforms.

— Waveforms are the echoes that the altimeter receives
back from the observed surface.

— After L1B processing, retrackers are used to retrieve
SSH, SWH, etc. from the resulting L1B waveforms.

Sea-level change: observations, processes and modelling
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-1 1. Create a new dataset with the

3 CryoSat L1B file from February
= 2011 over the Qinghai lake,
@l China.

2. Set ‘lat’ as X and
‘avg_pow_echo_wavef’ as
Data from ‘wavef_data’ tree.

E 3. Execute. Change the
= - “operation view” to Z=F(X,Y)
0] ©| @| B 2| vean | 1] o Lo] &1
s 0 on the bottom left.
|

» Sampling

Image Source: USGS-Landsat 8

. . N\ 3
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BH® b

e — . A 1. Z=F(X)Y) view.
e L
@jojels| @ > o : : .
o E r— “l * You will see a lot of noise. This
Fields =0 echo waveform (nscaled | | | s . . .
P = is due to land contamination.

2. Instead of adding a filter, now
narrow the latitude range (see
figure below).

Latitude

™
fw‘ lSJ‘ l%l é“‘ ::‘ &}MEANV‘ g ‘ i1NDNEV‘ jd

wavef_data.avg_pon_echo_wavef
<€

99.6 998 100 100.2100.4100.6100.8
Longitude
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<1 © The plotlooks completely
different now. Note that the
= waveforms are only a few
> samples long.
* Thisis because it is winter
season and the lake is frozen.
, . And frozen water is very
e [T e specular.
wlola@ sl gopl@od o]
@
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* Now load the other CryoSat file
(July 2011) and compare them.

 Here, it is summer. The lake is
not frozen and the waveforms
are not so short and have a
smooth transition to O.

* Note that there are only 8

delasl 4o Seee s =1 waveforms in this plot. If you
— try to do the 2D plot, you will
ol see a shape like the following
— one.
Sea-level change: observations, processes and modelling dei%s Isar.dSAT -I,-;U Delft

27/08/2017-01/09/2017 - TU DELFT CAMPUS ENGENHARIA J/



\K\“

d=esa
i cnes

Summer School: BRAT Training

We appreciatte your feedback.

Visit altimetry.info and stay
connected with us
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