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Abstract

An importantissuein air pollution is to tracesourcef chemicalspecieglispersedhrough
the atmospherewith increasingprecisionin the sourceresolution. The high-resolutionre-
trieval at a continentalscaleof the sourceof anatmospherigassve traceris studied,given
a setof concentratioomeasurementsAn information-theoreticahpproachconsistsin using
the principle of maximumentropy on the mean It offers a generalframenork in which the
prior informationonthesourcejmplementedasa Kullback-Leiblerinformationterm,is used
in a e xible andcontrolledway. By a dualtransformatiorinto the spaceof obsenations,the
inversionis shavn to be equivalentto the minimization of a secondaryentrogy functional.
Examplesof suchfunctionalsare given for differentpriors of interestto the retrieval of an
atmospheridracer Variationalassimilation(4D-Var) techniquesare obtainedas off-springs
of themethod.
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The forward transport
Thedispersiorof a pollutantof concentration, atregional/continentascale,over adomain
,where is thespatialdomainand thetime interval, is describedy

— div div div 1)

where parameterizesddydiffusion,and isthewind eld. istheforcing eld. Foran
accidentateleaseit is appropriateo choosethefollowing boundaryconditions

@

where () isthepartof thedomainboundarycorrespondingo the incoming(outgo-
ing) wind eld. Themeasurementf concentrationss formalizedthroughthe equation

with (3)

where  ( ) isaconcentratiorvalue,indexedby .

The adjoint transport
Considera measurement where
function

is the samplingfunction.

, whoseprotocolis describedby the sampling
. Onecanintroducethe adjointequation

— div div (4)
Theboundaryconditionsarechoseras(appropriateo anaccidentateleasecontext)

5
Thenonehasby duality
(6)

Principle of the inversion

Previous resultscan be transposedo a discretenumericalmodel, wherethe domain is
composedf cells , with . Theconcentrationeld is discretizednto . The
discreteform of Eq.(6)is

or where (@)

Maximum entropy on the mean
Prior statisticalinformationon the source ,ontheerrors

Theentrogy onthemeanregularizationis the methodthatmaximizesignorance
(quanti ed asanentropy functional)on the sourceexceptfor thesetof  andtheprior .

Oneexpectstheinversionto yield posteriopdfs and
De ning theKullback-Leiblerdivegences

and — (8)

the entropy
Introducing Lagrangemultipliers

shouldbe maximizedprovided
, thefollowing functionalmustbe optimized

©)

It is calledthelevel-2 primal problem Solvingfor and , the problemcannow bereduced
by duality : it is equivalentto minimizethe secondaryentopy (the level-2 dual problem)
, with

(10

and arethepartition functions Estimatorsare — and—

Example1: Bernoulli prior

A possibleprior for a positive accidentalsourceis a Bernoulli law. The prior pdf in cell
assumes x ed amountof tracer is releasedwith probability . The local partition

functionreadsfor ary cell (afterfactorization)

(11)

sothatthe secondargntropy is (up to aconstant)

with (12)

Thereconstructedourceis then—

Example 2 : Gaussianprior

Thesourceelements follow a multivariatenormallaw . Theerrorsfollow a
normallaw . Fromthesepriors, a secondarentroyy (level-2 dual problem)for
the Gaussiarprior is derived:

- (13)

Thisis equivalentto 4D-Var Physical SpaceAssimilationSystem.Therelatedlevel-1 primal
problemis (thelevel-1 andlevel-2 dual problemscoincide)

- - (14)

Applications to 1D and 3D sourcereconstructions
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Performance of the reconstruction
Onecanassesthe performancef thereconstructiomwith theratio

(general) (gaussian) (15)
which satis es . Oneapplicationof thisindicatoris to quantifythe performancef
thereconstructiorasa functionof the spatialresolution.

Study of the reconstructiondependenceon resolution

Inversionsfor the ETEX-I source
( kg of tracer released),us-
ing the numericaltransportmodel
PoLAIR3D. The plots represent
time-integratedretrievals using a
Poissonprior and 137 synthetic
measurementsyith a spatialres-

olution of
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Computationof : given a set set/res EZ 7

of concentrationmeasurements, 48 meas. 0.082 0.223 0.700 0.996
thereexistsanoptimalresolution 137meas. 0.325 0.515 0.994 0.998
for theretrieval. 237meas. 0.475 0.917 0.998 0.998




