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DIVA: Data Interpolating Variational Analysis

Objective: derive gridded fields from in situ observations
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DIVA: Data Interpolating Variational Analysis

Objective: derive gridded fields from in situ observations

Method: variational inverse method: derive continuous field
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DIVA: Data Interpolating Variational Analysis

Objective: derive gridded fields from in situ observations
Method: variational inverse method: derive continuous field

Solver: finite-element mesh

decouples basins based on
topography

can take ocean currents into
account

can detect trends in the data
can detect and remove outliers

consistent error variance
estimation
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DIVA: Data Interpolating Variational Analysis

Objective: derive gridded fields from in situ observations
Method: variational inverse method: derive continuous field
Solver: finite-element mesh

Code: switched from SVN to github:
www.github.com/gher-ulg/DIVA
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Recent developments: mainly user-driven

1. Data weighting decrease the weight of close-by observations in the analysis
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SST analyses over the Baltic Sea
without (left) and with (right) data
weighting.

In situ data over July 1900-2012




Recent developments: mainly user-driven
1. Data weighting decrease the weight of close-by observations in the analysis

2. Extraction of topography from GEBCO more robust and accurate
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Recent developments: mainly user-driven

1. Data weighting decrease the weight of close-by observations in the analysis
(necessary for time series)

2. Extraction of topography from GEBCO more robust and accurate

3. Creation of very large 4D netCDF files (>2Go) V.4.6.11
4. divacutNCDF: cut the domain of the final NetCDF V4.6.11
5. Bottom analysis: distance counted from ocean bottom ocean V.4.7.1
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Recent developments: mainly user-driven

A T

Data weighting decrease the weight of close-by observations in the analysis
(necessary for time series)

Extraction of topography from GEBCO more robust and accurate

Creation of very large 4D netCDF files (>2Go) V.4.6.11
divacutNCDF: cut the domain of the final NetCDF V.4.6.11
Bottom analysis: distance counted from ocean bottom ocean V.4.7.1

Variable correlation length depending on the gradient of the depth for bottom
analyses v.4.7.1
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Recent developments: mainly user-driven
1. Data weighting decrease the weight of close-by observations in the analysis

Extraction of topography from GEBCO more robust and accurate
Creation of very large 4D netCDF files (>2Go)
divacutNCDF: cut the domain of the final NetCDF

Bottom analysis: distance counted from ocean bottom ocean

AN T o

Variable correlation length depending on the gradient of the depth for bottom
analyses

7. Conversion of EMODnet bathymetry to DIVA-readable forma
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OceanBrowser: a web-interface to visualize gridded
products
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OceanBrowser: a web-interface to visualize gridded
products

EMODnet portal:
http://ec.oceanbrowser.net/emodnet/
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OceanBrowser: a web-interface to visualize gridded
products

EMODnet portal:
http://ec.oceanbrowser.net/emodnet/

Features:
» Horizontal and vertical sections

» Scalar and vector fields
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OceanBrowser: a web-interface to visualize gridded
products

EMODnet portal:
http://ec.oceanbrowser.net/emodnet/

Features:
» Horizontal and vertical sections

» Scalar and vector fields

Uses:
Visualisation of DIVA products in:

» SeaDataNet - SeaDataCloud
» EMODnet Chemistry
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Present
features



Layer selection

Select data products

> Simple directory structure Search: Add external layers
. —Layer
on the server mapped mto a 4~ B water body nitrate (1970-2009) -
. . . | LJ Nitrate Nitrogen [NO3-N, umol/I] masked using relative
hierarchical list of layers error threshold 0.3
L] Nitrate Nitrogen [NO3-N, umol/I] masked using relative

» NetCDF ﬁles added | | error threshold 0.5

4~ B Additional fields

on—the—ﬂy (1’10 server restaﬂ) L Nitrate Nitrogen [NO3-N, umol/I]
L] Error standard deviation of Nitrate Nitrogen [NO3-N,
. umol/l]
» Virtual sub-folders can be L Relative error of Nitrate Nitrogen [NO3-N, umol/I]

added to hlde/hlghhght 1 Logarithm10 of number of data in bins .
me variabl
some variables
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Layer selection

Select data products

| 2 Slmp]e directory structure SeLarch: Add external layers
[ Layer
on the server mapped into a 4B water body nitrate (1970-2009) -
R i . |- L0 Nitrate Nitrogen [NO3-N, umol/I] masked using relative
hierarchical list of layers error threshold 0.3
L Nitrate Nitrogen [NO3-N, umol/I] masked using relative
| error threshold 0.5 |
> NetCDF files added | Additional fields
on—the—ﬂy (1’10 server restaﬂ) L Nitrate Nitrogen [NO3-N, umol/I]
- 4 Error standard deviation of Nitrate Nitrogen [NO3-N,
. umol/1]
» Virtual sub-folders can be L Relative error of Nitrate Nitrogen [NO3-N, umol/I]
added to hlde/hlghhght ) Logarithm10 of number of data in bins .
me variabl
some variables

For DIVA fields:
Istlevel: analysis masked by an error threshold
2nd level: full field available under "Additional fields”




Horizontal section

Right panel: controls current layer

Select depth and time

Plot style

Metadata

Download of data product oy, e




Vertical section

User interface

» Vertical section drawn with
the mouse

> Data product extracted
along this section

» Section coordinates can be
saved (to visualize two
parameters exactly along
the same section)

T <icct coto products | Update | Report a problem | About | Help |

Overview map

[~Define section
Interaction mode
Or

Load/Save sections

Axis control
Section range (deg)
8.8201 7.9533

depth [m]

Create of retrieve coordinates
for the vertical section

Changes axis of the
Depth range (m) i i
e seasy  Vertical section

& n
' — 9

Vertical section

2 4 6
distance [arc deg.]




Vertical section

The path of a vertical sec-
tion can be generated auto-
matically by:

> Fixed distance

from coast or

» fixed ocean depth

[ Horizontal Section | JI scicct data products | Update | Report a problem | About [ Help |

Define section
Interaction mode
Distance (km)

50

Entor the d

wih a smple
mep.

Generate | Will
 Load/save sections.

[~Axis control
Section range (deg):
0.0716 36.981

Depth range (m)
-309.31 -0.367!

4. Choose particular section |

=

1. Select "Distance from coast"

Do tom ot | |

2. Enter the fixed
... distance from coast

ol B

appear in the overview map
nn

300

3. Click on "Generate", all possible sections

nimate

20
depth [m]

30
distance [arc deg.]
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Data product download

Download layer x

Data products:

| Download NetCDF | | OPeNDAP Service | §

Image/Animation:

Width (px): Height (px):
x-range:  |-4.319/31.891 y-range:  29.69551.316
Format: |PNG '\ ‘ Download |

The creation of animation (WebM or MP4) may take several
minutes.

» NetCDF or OPeNDAP protocol

» Images or animations




Observation location: WFES / WPS

Web Feature/ Processing Service

et

£
. o

Before: WFS — location of every observation

Now: WPS — image with the observation location
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Dynamic plots

Profiles

observations of Water body dissolved oxygen concentration

Plot type: | profile v | | configureplot | [ plot

| _View)) sosviormr @ o) 2 wiws 2010-08-16

e 2009-04.03 = :
min me: [1508601]
@ 20071120 diin i

20060708 Remove | Update

£
20050223

E
:
g
8

2003-10-12

2002-05-30

20010115

x: field value
y: depth

color: time




Dynamic plots

Time series

X: time
y: field value
color: depth




Dynamic plots

Time section

observations of Water body dissolved oxygen concentration x

Oxygen [umol/t]

X: time
y: depth
color: field value




List of all observations

Observations in SeaData{Net,Cloud} and EMODnet Chemistry
identified by:

Used observations

» EDMO code: institution
CDI: identifier

For each plot: list of all
used observations + link to
central repository

+ EDMO code: 193 - local CDI: 20001003101 NUTR

1
20011003215 NUTR
0011005371 NUTS

20011007a54_NUTR

it
77AR2000 00178 H09
1 4

1
77AR2001_00027_H09

1: 77AR2001 00269 H09
+ EDMO code: 545 - local CDI: 77AR2001 00293 H09




Recent
developments



Combined European product

Origin: analyses performed by EMODnet partners
Features: all seasons, several depths, 5 variables
Boundaries: smooth filter to ensure continuity

Water body silicate
masked using

relative error
threshold 0.5

|

10 20 30
depth: [meters]
0.0 e
time: [season]

| | winter 2000

Remove|| Update

| | Animate

w EMODnet






DIVAnd: N-dimensional version of DIVA

[ Old DIVA: 2-dimensional analysis
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DIVAnd: N-dimensional version of DIVA

[ Old DIVA: 2-dimensional analysis
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[] First version: Matlab / Octave

B Present version: Julia language
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» HF radar velocities
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DIVAnd: N-dimensional version of DIVA

[ Old DIVA: 2-dimensional analysis
B New DIVAnd: N-dimensional analysis
[] First version: Matlab / Octave

B Present version: Julia language

B Realistic applications:

» Climatologies
» HF radar velocities
» Sea level anomaly from satellite

Code: available from O
www.github.com/gher-ulg/divand.jl
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Jupyter notebooks as a user interface

Notebook = interactive environment combinining:

> Text

» Code fragments

> Images / animations
» Equations

m (18]

Data points
We use the function add_to_plot with m (he projection) as an optional argument.

fig = plt. figure(figsize=(2, 2))
Data.add_to_plot (n=m, =3

m.drawneridians (np. Linspace(Param.xori, Paran.xend, 4), labels=[0, 6, 6, 1], linewidth=b.2, fontsize=6)
m.drawparallels (np. Linspace (Param.yori, Paran.yend, 4), labels=[1, 0, ©, 0], linewidth=0.2, fontsize=6)

Dt savetig(os.path. join(figdir, ‘datapoints.png))
Pt show()
plt.close()
4517 Local/Lb/pytho o/ site-packages/mp_toolts/basenap/_indt_
nction vas deprecated in version 2
)

py:3222: MatplotlibDeprecationnarning: The ishold fu

_.py:3231: MatplotlibDeprecationWarning: axes.hold is

Just/local, P Pt L
See the APT Changes docusent. (http://matplotlib.ora/api/api._changes.htal)

for more detail
ax.hold(b)

Data points

47.5°N,

42.5°N|
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gy | prorne!



Summary & conclusions

1. Visualization of gridded data sets:

along a horizontal section
along a vertical section
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Full NetCDF file
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Animation export (webm, mp4)
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Summary & conclusions

1. Visualization of gridded data sets:
along a horizontal section
along a vertical section

2. Using OGC standards

3. Download options:

Full NetCDF file

Subset via OPeNDAP

Image export (PNG, EPS, SVG, ...)
Animation export (webm, mp4)

4. Installation and migration to CINECA simplified using docker

5. Display of observation density
(for a specified depth and time range)

time series
profile plots

6. Innovative developments in spatial interpolation methods
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all the developments available in

www.github.com/gher-ulg
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