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Outline
e ODV-DIVA gridding(12:00-12:30)
e Theory (13:30-14:00)
e Implementations (14:00-15:00)
e Diva-on-web (15:30-16:45)
e User feedback (16:45-17:00)
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e Theory (13:30-14:00)
e Implementations (14:00-15:00)
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e Diva-on-web (15:30-16:45)
—_~ ® User feedback (16:45-17:00)
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TEMPERATURE [°C] @ Pressure [decibar=10000 pascals]=first
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TEMPERATURE [°C] @ Pressure [decibar=10000 pascals]=first
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TEMPERATURE [°C] @ Pressure [decibar=10000 pascals]=first TEMPERATURE [°C] @ Pressure [decibar=10000 pascals]=first
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e Theory (13:30-14:00)

e Implementations (14:00-15:00)
e Diva-on-web (15:30-16:45)
e User feedback (16:45-17:00)
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Analysis and data location
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Analysis and data location
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Image of the month:

ARCTIC ICE ON THE MOVE

Ice extent record minima, the opening of the Northeast or Northwest
Sea Passages.. The Arctic is often in the news these days. Modelling
and forecasting its mowves as well as its reaction to climate change
are important issues.

Lesrn more & see the video
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finger ?
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finger ?
Best guess probably near 14°.
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“f:;:izz‘;@ Estimation

e Observer 1: 14°
e Observer 2: 16°

Your best guess ?
15°
But what if observer 1 uses digital thermometer and observer 2 his
finger ?
Best guess probably near 14°.

Exploit knowledge of errors ! I

GHER
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Optimal estimate

T'=T'+e, (e1)=0, To=T'+4e, (e2)=0 (1)
0

statistical average, denoted by ( ) with unbiased estimates (¢.) =
Linear estimate

T=wT, + wyTy = (wi +w)T" + (wi€1 + waer) (2)

(T) = (w1 + wa)T", (3)

we obtain an unbiased estimate of the true state If we take
w1 + w9 = 1. This leaves one parameter free to chose: w,

| Exploit knowledge on errors to find optimal value of w, I
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Choice of weighting ?

T = (1 — wg)Tl + UJQTQ = T1 + UJQ(TQ — Tl) (4)

while in reality there is an error
T —T" = (1 — wy)er + waes, (5)
This error is zero on average but its variance is not zero:
(T = T2 = (1 — w2)2 (€2} + w2 (&) +2(1 — wo)wy (er63)  (6)

The actual errors ¢; and ¢; are not known, but the error variance
<e§> are. Often we can reasonably suppose that the errors ¢; and ¢,

are uncorrelated (e;e5) = 0. The error variance <€2> of the analysis is

(2) = (1 —wa)? (e]) + w3 (€3). (7)

So what ?

2
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“’2:‘122;2’@ Best estimate

With (9) we obtain the minimal error variance

D@ (D Y,
@\ @) W

while the estimate of the temperature itself reads

a_ (1) -
I =1 + ((e%}—l—(e@ (T2 —T1) - (12)

Error variance on the combination of 77 and 75 i1s smaller
than both (¢7) and (3).
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@ Optimal Interpolation —

Same problem but data distributed in space and a prior: information
on background (with variance o2).

Weighting of background (zero value when working with anomalies
and o2 local variance and covariances between points) information
and data points (observed values and observational error variance)

e "Model forecast": Background field.

e Need for covariance of the background field between data
points: each element 7, j of B provides the covariance between
points in location i and j. Covariance between a given point
and all data points is stored in column vector c and the local
variance at the analysis point is noted 2.

e Analysis ¢ of anomaly y with respect to background leads to
spatial analysis at any desired location of covariance between
any two points is known.

$=c(B+R)y (13) .

=
e
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@ Background covariance

de Liege

Problem, how to specify background covariances (between all data
points and between data points and the desired analysis location).

e ¢;= covariance between location of the analysis and data
location of pointi = C(x, x;)
e B,;=covariance between location of data point i and location of
pOint j: C(ZIZZ, Qﬁj)
Approaches

e Normally obtained via statistics on data. Seldom possible
(noticable exception: satellite images).

e Standard Ol: via functions B;; = f(r/L) where r Is the
distance between points i and j, but still function f needs to be
determined. L is the so-called correlation length. Here
statistics on all data couples as a function of distance.

Example: f = 0% exp(—r?/L?).
e Via functionals (see Kernel of DIVA later)

2
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‘ SeaDataNet

N¢b) c—=o0°C 17
= .

&) with non-dimensional correlation matrixes B, R, ¢

G>J i

= —¢(B+ <R 18
= o-c(B+R) v (19
)

with signal-to noise ratio
0.2
~_ =

7 Also the error field is only depending on the ratio
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“f:;:izz‘;@ DIVA Basics

Variational Inverse Method, (Brasseur et al., 1996). Knowing data d;
at location (z;, y,), search the field ¢ which minimizes

Zﬂj x]ayj)] + HSO_SObHZ (20)

||| = / (oVVp : VVp + a1V -V + ozogp2)dD (21)
D

The background field ¢, is typically the data average value.
e «p penalizes the field itself (anomalies),
e «; penalizes gradients V¢ (no spatial trends),

e «- penalizes variability (regularization of second derivatives
VV),

e «, can be related to a length scale L of the analysis,
e ., penalizes data-analysis misfits (objective).

2
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(22)
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Solution by finite element method. Note decoupling of subbasins.

(Each element is in fact compsed by three sub-elements, each one

with cubic functions)
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E SeaDataNet
Universte Bad news

e No error estimate comes with the method, only an indicator of
data-coverage.

e VIM brand already taken:
£ 98

T %
0§ S
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& %atal\let
Universte Bad news

e No error estimate comes with the method, only an indicator of
data-coverage.

e VIM brand already taken: 8
98

o S0l %"‘ u
AP =y
N

e Method is equivalent to well established existing optimal
Interpolation (Ol)
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DIVA is identical to the well known Optimal Interpolation

e If so-called reproducing kernel of the norm =
covariance function of Ol,

e if the noise Is random, spatially uncorrelated and the
signal/noise ratio parameter is identical with Ol.

In this case, the Ol solution = DIVA solution.

e Advantages of DIVA: regularization, fast finite-element
solution, boundary effects taken into account.

e Difficulties: generalizations to 3D and multivariate versions are
"hybrid".

Major direct advantage of DIVA: matrix to invert is related to the

finite-element mesh, NOT the number of data. Useful for large data
sets (Rixen et al., 2000). Equivalence allows to calculate error fields
with DIVA even if formulation does not rely on error minimisation. GHER
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lllustration of covariance functions

Analysis

b
iy

A
N

LY
l

40 o
= O
J .. \
—
[ab]
= J k
= ; .
5
36
32

-5 0] 5 10 15 20 25 30 35
Longitude (= E)

Analysis

b
iy
T

N
N
T

N
0
T

W
0
T

Latitude (" N)
¢ B

0]
N

—I5 Ll.l é 1 IC.! 1 I5 26 2‘5 3IC| 3I5
Longitude (= E)

-0.4

2

SeaDataNet


http://www.ulg.ac.be

Université
de Liege

2

SeaDataNet

Comparison
Method min(e?) | 3D | Multivar | Ops/image e(r) | apriori C.V. anisotropy
Cressman * * NgNg w(r/L) (L) (*)
O.l. * * * N3 + NgNq * c(r/L) | L,o?/u? (%)
DIVA * (%) (%) N3/? x | K(r/L) | L,02/u? *
DINEOF (%) * * N2/4 (%) stat. N "
N4 : number of data points
Ny : number of grid points for analysis
Ne : number of finite elements
N : number of EOFs
L : correlation length
o2 /e : signal to noise ratio
* . available feature

. available with some adaptations

GHE
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e Theory (13:30-14:00)

e Implementations (14:00-15:00)
e Diva-on-web (15:30-16:45)
e User feedback (16:45-17:00)
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DIVA

DIVA allows the spatial interpolation of data (analysis) in an optimal way, comparable to optimal
interpolation {Ol). In comparison to Ol it takes into account coastlines, sub-basins and advection.
Calculations are highly optimized and rely on a finite element resolution. Tools to generate the finite
element mesh are provided as well as tools to optimize the parameters of the analysis. Quality control
of data can be performed and error fields can be calculated. Also detrending of data is possible. Finally
3D and 4D extensions are included with emphasis on direct computations of climatologies from 0DV &
spreadsheet files.

The research leading to the development of DIVA has received funding from the European Union
Seventh Framework Programme (FP7/2007-2013) under grant agreement n°283607, SeaDatallet 2 &.

BIVALS .
Latest news:

Join the conversation &

Contents [hide]
11In a few words
2 How to getthe code?
3 Userworkshaps
4 The method
5 Publications & documents
B Matlab/Octave tools
7 Qwality control of products
8 Testing new versions
9 SVN commands for Diva

In a few words

Diva is a software developed for gridding in situ data.
It uses a finite-element method & to solve a variational principle which takes into account

1. the distance between analysis and data (observalion constraini).
2 the regulanty of the analysis (smoothness constraint),

SeaDataNet Il Training session, Ost

—p. 27/53
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Additions to basic tool

Advection constraint:  Augmented cost function to deal with
preferred correlation directions, eg, via advection with velocity « and
diffusion A

Ja:J(go)+9/ [u- Vo — AV-Vy|*dD (23)

Other features

Error fields taking data distribution into account.
Toolbox approach allowing to design own versions.

3D and 4D modes by looping, hydrostatic constraint in 3D
mode.

Cross validation tools to infer statistical parameters and error
estimates.

Climatology production version with heterogeneous data
distributions (detrending) .

Outlier detection.

GHER
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Correlation length (°)

‘ ‘ ‘
— sampled covariance

~—e covariance used for fitting
— fitted Bessel covariance []
[ uncertainty

—e— CL from ROMS
—©—CL from DIVA
—6— CL from WOA05

covariance

~b.0 0.5 1.0 1.5 2.0 2.5 3.0
distance [degrees]

Spatial coherence of parameters: here correlation length obtained
with covariance fitting (Troupin et al., 2010).

Universit
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Signal to noise ratio

The most elusive parameter.

074

e Noise is not only instrumental error: EJ

e \ery hard problem to decide on value with dependent data
(cross-validation approaches fail).

A series of estimation tools are provided with DIVA, but here the
experience of oceanographers is critical. A posteriori analysis of
residuals allows to verify coherence. With reasonable amount of
data, parameter not critical for analysis but for error estimates.

0.3

——GCV
0.29F e Random CV
-+ =-CV
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Huge problems

LDEO data base with 4.5 10° measurements (Takahashi et al.,
2009). Running on a laptop within a few minutes. Shown here,
temperature fields.

80

60

Université de Liege
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Outliers detected via comparison of statistically expected residuals
(value provided by the DIVA analysis) and actual residuals.
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@ Detrending ——

Heterogeneous data distribution:

......

trend 200}

First analysis show a biais for each year’s data with respect to first
analysis. Subtract the biais estimate and redo the analysis,
accumulating the biais. After convergence, detrended analysis+biais

of the year.

GHER
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Example without detrending

Analysis and data location

e de Lie

IvVersl

Un

\D

0.8

== DIVA analysis of sin-cosine spatial structure with superimposed
L0 decadal, seasonal and daily cycles and noise
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== DIVA analysis of sin-cosine spatial structure with superimposed
L0 decadal, seasonal and daily cycles and noise. SHeR
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Baltic Salinity Climatology (Bassompierre et al., 2010)
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tphs070710005
— psal010110008
temp101010010 [

big storm in January 1993,
caused massive water through
the Danish straits inflows

with high]salinity

2 enated the Baltic

phosphaté is released by the sediment,
when hypoxia occurs

Universit

tphs0707005= total phosphate July -100 m

increased temperature
P psal 0101108=salinity January level -40 m

increases risk of hypoxia

~__~ temp101010010=temperature October -20 m
? .
1 (Bassompierre et al., 2010)
==

HiN B -
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How to use DIVA?

40°s  20°S
SALNTY [PSST8]

——m— N |
!

OXYGEN [UMOL/KG]
= = =i
R T
ey >
st
20°N 40°N BO0°N

PHSPHT [UMOL RG] SILCAT [UIMOL/KG]

" RS T
|- "f-‘T AN "

{3

DEPTH (A1)

oo

: N

&) Diva web-interface (beta)

Mo

i i i 39.00
Analysis with Diva

38.75
Correlation length [deg]: |3 38.50
Signal to noise ratio: |1 )

38.25

divafit

38.00
Optional parameters 37.75
Maximum rel. error (from 0 to 1): |z 37.50
Range of color-bar (min,max): 37.25

37.00

e .
13 67539, 34.66914

Previous {Make anal :;\5,/‘udaf:eE

o

oS EQ 20°N 40N

me v e

QXYGEN [UMOL

CALL

TO STORES MODULI

$$$$$$$$$$$S$S$$$$$$$$$$$$$$$$S

Total nb. of pts uhere gridded solution is asked = 10201
Finished storing

$$$$$$$$$$$S$S$$$$$$$$$$$$$$$$S
CALL TO GCUFAC MODULE:

$$$$$$$$$$$S$S$$$$$$$$$$$$$$$$$

Trace average estimate:

0.

0336772668

rins of misfits

1.32904057

MAXIMUM NUMBER OF INTEGER
MAXIMUM NUMBER OF REAL
PRIOR ESTIMATE OF INTEGER
PRIOR ESTIMATE OF REAL

USED:
USED:
USED:
USED:

192895
6775828
888230
9522239

1 868888888888888888888888888888888888888888888888888888888888888888888888&

.U.A. - 4.2.2 - Execution Completed ¢
&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
Output of results for user

“fort
fort
“fort
“fort
“fort

“fort.
“fort.

.8y’
.82"
.83
87"
.86
T
7

oyt

=3
s 4
=
b 4
=

. Joutput/fieldgher.anl’
./output/valatxyascii.anl’
./output/fieldascii.anl’
./output/errorfieldgher.anl’
./output/errorfieldascii.anl’
./output/fieldatdatapoint.anl’

-» *../output/geuval .dat"
Creation of file GridInfo.dat

“fort.87 ->

*../output/ghertonetcdf/fort .87’
Creating netcdf file only for field

since Uarbak and ispec are 1 @

%%x SUCCESS writing NetCDF file results.nc

pnalysis is Finished

SeaDataNet
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e Theory (13:30-14:00)

e Implementations (14:00-15:00)
e Diva-on-web (15:30-16:45)
e User feedback (16:45-17:00)
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Univerit Diva-on-web

http://gher-diva. phys. ul g. ac. be/ web- vi s/ di va. ht m

| Statistigvswl;, Download analysis ] Link or embed J Report a problem l.-. Help

N\

iege

File: I Parcourir_ |

Column separator: Ispace or tab vi
Decimal separator: |dot () vi

Format

é de L

The file must be an ASCII text file with i
three columns. The columns represent |
longitude, latitude and value of the

observation respectively. For example: 180.70313, -123.04688 |

29.7667 45.15 16.146
29.7667 45.15 16.346

IVersSl

Un

Sample global temperature data from

ARGO
MNext |

\./ .

L0 e
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Upload || 'Grid Analysis

Grid coordinates

Longitude resolution: |2
Latitude resolution: |2

SeaDataNet

Longitude range: |-180 180

Latitude range: |-72 la7

o

e

e and latitude to resolutior

Depth level (m): |p_
Bathymetric data base:
| Global (GEBCO, 30 sec) ]

4 ‘::-'. . _ = : ‘ I
. - T .| 1.40275, 61.99181 |

Base Layer
® GEBCO
¥ NASA Blue marble
® Metacarta
Q' | and-sea mask
¥ 0 m isobath

Overlays

& | ocation of observations

GHER
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Upload Grid Analysis

Analysis with Diva

Correlation length [deg]: [10.3516
Signal to noise ratio: |1.{}36?9_§

"f‘-F

dive

0.963967

Optional parameters

Quali of the fit (0: bad 1: good):

Maximum rel. error (from 0 to 1): |n.3 _

covariance
o

400

300

100

-100

-200

-300

-400

— sampled covariance
«— Covariance used for fitting

—— fitted Bessel covariance
. uncertainty

10 20 30 40 50
distance [degrees]

I
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SeaDataNet

Upload [ Grid | Analysis |

Analysis with Diva

Correlation length [deg]: |1u.3515
Signal to noise ratio: |1.:}35?9

V4

IVEISIlE C

Quality of the fit (0: bad 1: good):
0.963967

Optional parameters

Maximum rel. error (from 0 to 1): |a.3_

s

44.64844, 30.17578

Un
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Upload Grid Analysis

Analysis with Diva

Correlation length [deg]: |10.3516
Signal to noise ratio: |1.l}86?9_

Quality of the fit (0: bad 1: good):
0.963967

Optional parameters

Maximum rel. error (from 0 to 1): [0.3 LR P — . Colormap:

m .-

Invert colormap: @
99.14063, 99.3 Plotting style: [Fiat shading ~J
Minimum color-bar range: |{}—

Maximum color-bar range: |30
Number of contour-lines: |40

IVErSl

Un
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Upload Grid Analysis

Analysis with Diva

Correlation length [deg]: |10.3516 ' e - -
Quality of the fit (0: bad 1: good): Available formats:
0.963%67
U) * NetCDF file (.nc)
Optional parameters * Octave or Matlab (.mat)
= P z « Google Earth (_kmi)
G>J Maximum rel. error (from 0 to 1): o3 * Image Format: | PNG =
: 4

-11.25000, -105.00000

I
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Upload Grid Analysis

Analysis with Diva

Correlation length [deg]: |10.351¢m : II
Signal to noise ratio: mﬁ Link or embed in your web site %

Link:  |nttp://gher-diva.phys.ulg.

— Quaiit'f of the fit (0: bad 1: goo  Embed: |<iframe src ="http://gher-
N 0.963967

Copy and paste this line of code in your web page. To keep your
results on our web-server, you must click on save below. We would
appreciate if you leave your name and email address [more].

Optional parameters

Name: |

Make ana

Email: |

I
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Using Diva on web

Contents [hide]
1 What is the Diva web-interface
2 Using the Interface
2.1 Upload
2.1.1 Exdracted data
2.1.200V4 files
2.2 Grid
3 Analysis
4 Embed in your web site
5 Tested browsers
6 CPU time limit
7 Memory usage

What is the Diva web-interface

The Diva web-interface (available at http://gher-diva.phys ulg.ac be/web-vis/diva html &) is a web semvice to interpolate ocean data on a regular grid. It uses Data-Interpolating Variational
Analysis &' (Diva) for the interpolation.

If you use the results generated by Diva-on-web, please include the following citation:
A_Barth, A Alvera-Azcarate, C. Troupin. M. Ouberdous, and J.-M. Beckers. A web interface for griding arbitrarily distributed in situ data based on Data-Interpalating Variational Analysis
{Diva). Advances in Geosciences, 28:29-37. 2010. doi: 10.5194/adgeo-28-29-2010. URL http:/fuww adv-geosci net/28/29/2010/ &

Using the Interface

Upload

Extracted data
The file containing the in situ data must must be an ASCII text file with three columns. The columns represent longitude, latitude and value of the observation respectivaly. For example:

29.76687 45.15 16.148
: 29.7667 45.15 16.346
! 29.7667 45.15 16.526
: 29.8167 45.15 2.016

The in situ data is thus extracted for a given time and depth (using programs such Ocean Data Data View).

0DV4 files

00VA4 files conforming to this standard (http:/fwww seadatanet org/Standards-Software/Data-Trans port-Formats &) can also be used. In addition to the variable to analyse, the ODVA4 file
must have the columns named Station, Longitude, Latitude, Depth and time_ISO8601 (for time in yyyy-mm-ddThh:mm:ss_sss).

Multiple ODV4 files can also be placed in a zip file. Al files in zip file are interpreted as ODV4 files. However files ending with metadata.csv are ignored.

Meidd
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e Theory (13:30-14:00)

e Implementations (14:00-15:00)
e Diva-on-web (15:30-16:45)
e User feedback (16:45-17:00)
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%ataiﬂet
niversie Feedback

e Report non-standard ODV4 files retrieved from SDN interface
to SDN-TTT

e Report diva runtime errors (be it in ODV or WWW or
stand-alone) to M Quber dous@l g. ac. be

e For installation of GODIVA (4D batch mode), contact us

e When reporting problems in batch-mode version, try to
pinpoint errors and minimal example which reproduces error
(please do not come with "It does not work")

e For bugs on diva-on-web, use web interface for reporting
e Do not hesitate to add things to a wishlist

e Strong interactions during DIVA workshops
http:// nodb. oce. ul g. ac. be/ medi awi ki /i ndex. php/ Di va_wor kshop 2012

GHER
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http://modb.oce.ulg.ac.be/mediawiki/index.php/Diva_workshop_2012

temperature and salinity fields in the Mediterranean Sea: Climatological analyses il
of a historical data set. Deep Sea Research, 43:159-192, 1996.
http://orbi.ulg.ac. be/handl e/ 2268/ 4788

Ch. Troupin, F. Machin, M. Ouberdous, D. Sirjacobs, A. Barth, J.-M. Beckers.
High-resolution Climatology of the North-East Atlantic using Data-Interpolating
Variational Analysis (Diva). Journal of Geophysical Research, 114, 2010.
http://orbi.ul g.ac. be/handl e/ 2268/ 68400

Université
de Liege

@ ~ P. Brasseur, J.-M. Beckers, J.-M. Brankart, and R. Schoenauen. Seasonal

g

g

M. Rixen, J.-M. Beckers, J.-M. Brankart, and P. Brasseur. A numerically efficient
data analysis method with error map generation. Ocean Modelling, 2:45-60,
2000. http://orbi . ul g. ac. be/ handl e/ 2268/ 40371

E{

A. Karafistan, J.-M. Martin, M. Rixen, and J.-M. Beckers. Space and time
distributions of phosphates in the Mediterranean Sea. Deep Sea Research,
49:67-82, 2002. htt p: // orbi . ul g. ac. be/ handl e/ 2268/ 4289

§

Tyberghein, L., Verbruggen, H., Klaas, P., Troupin, C., Mineur, F., De Clerck, O.,
2011. ORACLE: a global environmental dataset for marine species distribution
modeling. Global Ecology and Biogeography.

http://orbi.ul g.ac. be/ handl e/ 2268/ 112937

Barth, A., Alvera-Azcéarate, A., Troupin, C., Ouberdous, M., Beckers, J.M., 2010.
A web interface for griding arbitrarily distributed in situ data based on Data-
Interpolating Variational Analysis (DIVA). Adv. Geosci. 28, 29-37.
http://orbi.ul g.ac. be/handl e/ 2268/ 81401
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M. Rixen, J.-M. Beckers, S. Levitus, J. Antonov, T. Boyer, C. Maillard, M. Fichaut, @
E. Balopoulos, S. lona, H. Dooley, M.-J. Garcia, B. Manca, A. Giorgetti, G. il
@ Manzella, N. Mikhailov, N. Pinardi, M. Zavatarelli, and the Medar Consortium.
The Western Mediterranean Deep Water: a proxy for global climate change.
Geophysical Research Letters, 32, 2005.
http://orbi.ulg.ac. be/handl e/ 2268/ 4299

C. Troupin, A. Barth, D. Sirjacobs, M. Ouberdous, J.-M. Brankart, P. Brasseur, M.
Rixen, A. Alvera-Azcéarate, M. Belounis, A. Capet, F. Lenartz, M.-E. Toussaint,
J.-M. Beckers. Generation of analysis and consistent error fields using the Data
Interpolating Variational Analysis (DIVA). Ocean Modelling, 52, 90-101, 2012.
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