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Common problem

Appears when trying to produce maps, calculate volume averages,
prepare initial conditions for models, quality control of data ...
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Solutions
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Statistical spatial analysis

Tools Formats Method
ODV spreadsheet

WOCE
WOA... Cressmann weighting

netCDF (toolbox), CSV ascii, ... Polynomial interpolation ...

CSV ascii, ... Kriging, OI, ...

ODV spreadsheet Variational

Mostly graphics oriented, without "oceanographic" knowledge.
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DIVA basics
Variational Inverse Method, (Brasseur et al., 1996). Knowing data dj
at location (xj , yj), search the field ϕ which minimizes

J [ϕ] =

Nd∑
j=1

µj [dj − ϕ(xj , yj)]
2 + ‖ϕ− ϕb‖

2 (1)

‖ϕ‖ =

∫
D

(α2∇∇ϕ : ∇∇ϕ+ α1∇ϕ · ∇ϕ+ α0ϕ
2)dD (2)

The background field ϕb is typically the data average value.

• α0 penalizes the field itself (anomalies),

• α1 penalizes gradients ∇ϕ (no trends) ,

• α2 penalizes variability (regularization of second derivatives
∇∇ϕ).

• α∗ can be related to a length scale L of the analysis.

• µj penalizes data-analysis misfits (objective).
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DIVA basics

µ =
σ2

ǫ2
4π

L2
(3)

where the σ2/ǫ2 is known as a signal to noise ratio S/N .

Solution by finite element method including DIVA mesh generator
using topographic data. Note decoupling of subbasins.
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DIVA as OI
DIVA is identical to the well known Optimal Interpolation
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• if so-called reproducing kernel of the norm=covariance
function of OI,

• if the noise is random, spatially uncorrelated and the
signal/noise ratio parameter is identical.

In this case, the OI solution=DIVA solution.

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

• Difficulties: generalizations to 3D, error estimates 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. DIVA GeoHydrodynamics and
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Illustration of covariance functions
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Additions to basic tool
Advection constraint: Augmented cost function to deal with
preferred correlation directions, eg, via advection with velocity u and
diffusion A

Ja = J(ϕ) + θ

∫
D

[u · ∇ϕ−A∇·∇ϕ]
2
dD (4)

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.
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Covariances with advection
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How to use DIVA?
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DIVA on WEB

http://gher-diva.phys.ulg.ac.be
For occasional use or quick data exploration
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DIVA on WEB

• A first prototype of DIVA on WEB was developped (not aimed
as a tool for climatology production but as an easy way to
access the tools for occasional uses).

• User uploads its 2D data in simple ascii format (test version
now with ONE ODV4 spreadsheet support).

• Based on OpenLayer, OGC-compliant using Phyton. Maps are
generated internally by a request to a server located in Liege.
The request itself is prepared by a Web interface. Results are
shown in OpenLayers.

• Requests could come from other servers. (ICES and VLIZ
expressed interest).

• Additional outputs as netCDF files, Matlab (or Octave) files
and KML files (Google Earth).

For the moment only restrictions on CPU time and data quantity.
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Comparison

Method min(ǫ2) 3D Multivar Ops/image ǫ(r) a priori C.V. anisotropy

Cressman ⋆ ⋆ NdNa w(r/L) (L) (⋆)

O.I. ⋆ ⋆ ⋆ N3

d +NdNa ⋆ c(r/L) L, σ2/µ2 (⋆)

DIVA ⋆ (⋆) (⋆) N
5/2
e ⋆ K(r/L) L, σ2/µ2 ⋆

DINEOF (⋆) ⋆ ⋆ N
5/4
a (⋆) stat. N ⋆

Nd : number of data points

Na : number of grid points for analysis

Ne : number of finite elements

N : number of EOFs

L : correlation length

σ2/ǫ2 : signal to noise ratio

⋆ : available feature

(⋆) : available with some adaptations
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Reference tool for SeaDataNet:

• Large data sets expected

• Error fields requested

• GUI, ODV-interface, WEB-interface (beginners) or scripts
(expert mode)

• 3D (= stacking of 2D)

• G.C.V. for calibration of L and S/N .

• Land and underwater islands/obstacles taken into account
(covariance changed).

GeoHydrodynamics and
Environment   Research

GHER
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Parameter calibration

0.0 0.5 1.0 1.5 2.0 2.5 3.0
distance [degrees]
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sampled covariance

covariance used for fitting

fitted Bessel covariance

uncertainty

Spatial coherence of parameters: here correlation length obtained
with covariance fitting (Troupin et al., 2010).
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Signal to noise ratio
The most elusive parameter.

• Noise is not only instrumental error:

• Very 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.
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Data availability

THE problem.

• "Enough data" different for cruise snapshots or climatologies

• Recurrent discussion: if and how to mask analyses. Scientific
approach (provide field and error estimate) vs large public
approach (danger of misinterpretation or misuse).

• Validation and QC of products (independent data, other
climatologies).
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Regional products within SeaDataNet

Installation of latest DIVA version and additional climatology-
production tools.
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Climatology on WEB

Regional products uniformly and automatically prepared as 4D
netCDF files. Hence possibility for common interface:

http://gher-diva.phys.ulg.ac.be
Includes vertical transect tool.
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Huge problems

LDEO data base with 4.5 106 measurements (Takahashi et al.,
2009). Running on a laptop within a few minutes. Shown here,
temperature fields.
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Huge problems, outliers and relative error field

Outliers detected via comparison of statistically expected residuals
(value provided by the DIVA analysis) and actual residuals.
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Heterogeneous case

Baltic Salinity Climatology (Bassompierre et al., 2010)
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Heterogeneous case, trends

(Bassompierre et al., 2010)
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Computational aspects

• Migration to F95 with dynamic memory allocation.

• Open source tools for large matrix calculations and parallel
machines. (But best parallelization remains on parameters,
seasons ...)

• Feeding of very large data arrays (107).

• Web visualization (both single DIVA analysis and 4D netCDF
files).

In all cases, backward compatibility, portability and independence
on proprietary software
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Functional aspects

• Common problem in SeaDataNet and other projects: lack of
biochemical data, strange statistical distributions.
⋆ Multivariate approach with non-collocated data.
⋆ Data transformation tools including anamorphosis.
⋆ Absence-presence data for probability analysis.
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• Adapting input possibilities.

• Investigate solutions to calibration with dependent data.
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Very profound changes?

• N-Dimensional generalization. Easy in finite differences, awful
in FEM, with need to rewrite completely the code.

• More complicated physical laws (source terms, vertical
advection...).

• Diva-on-web to be used from within CDI interface for analyses
on the fly ? (Including possibility to process restricted data
without actually delivering them?).

• Rethinking of folder structure for better support of multiple
users in a single installation.

Some kind of conservatism here: robustness is priority (102 to 104

spatial analyses for a 4D product). Funding ?
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Proud of

• SeaDataNet regional centers now well working with DIVA4D.

• Group that was most sceptical at Athens SDN annual meeting
now the most happy user.

• DIVA development nicely user driven (annual workshop).

• ODV4 spreadsheet format gaining acceptance and easying up
operations.

• DIVA incorporation into ODV very stable.

• Product preparation very effective at spotting outliers (visually
or by automated a posteriori outlier detection) and testing data
flow.
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Detrending

Heterogeneous data distribution:

2001

2002

detrended

no detrending

trend 2001
6

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.
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Example without detrending

DIVA analysis of sin-cosine spatial structure with superimposed
decadal, seasonal and daily cycles and noise. DIVA GeoHydrodynamics and

Environment   Research

GHER
– p. 38/40

http://www.ulg.ac.be


U
ni

ve
rs

ité
de

Li
èg

e

? !
◭◮
⇐⇒
❒✆

Example with detrending

DIVA analysis of sin-cosine spatial structure with superimposed
decadal, seasonal and daily cycles and noise. DIVA GeoHydrodynamics and
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Trends can also be retrieved
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