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A Bayesian predictive model for automating mapping of background radiation has the 
advantage of fully accounting for all uncertainties in the inferred data. Ten training 
datasets of background radiation were used to set up the model. The model is robust 
for data containing only close outliers but fails to accurately predict values when the 
input data is contaminated with extreme outliers, which are the result of a different 
random underlying process than the background data. For an integrated decision 
support system for automating mapping when data contamination is expected, a two 
stage approach is required in which background data are modeled with one set of 
equations and the contaminated data with a different set of equations. 

1. INTRODUCTION 
qÜÉ=pf`OMMQ=ÉñÉêÅáëÉ= êÉèìáêÉÇ= íç= ëÉí=ìé=~=éêÉÇáÅíáçå=ãçÇÉä=ìëáåÖ= íÉå= íê~áåáåÖ=Ç~í~ëÉíë=
êÉéêÉëÉåíáåÖ=Ä~ÅâÖêçìåÇ=ê~Çá~íáçå=Ç~í~=Ñêçã=dÉêã~åóK=qÜÉ=ãçÇÉä=ëÜçìäÇ=ÄÉ=êçÄìëí=êÉJ
Ö~êÇáåÖ=çìíäáÉêëI=~åÇ=çéíáã~ä=Ñçê=~ìíçã~íáÅ=ã~ééáåÖK=

qÜáë=é~éÉê=ÇÉëÅêáÄÉë= ~=_~óÉëá~å=ãçÇÉä=çÑ= áåÑÉêÉåÅÉ=ìëáåÖ= íÜÉ=ÖÉço= êçìíáåÉ= EoáÄÉáêç=
~åÇ=aáÖÖäÉ=OMMNX=aáÖÖäÉ=~åÇ=oáÄÉáêç=OMMOF=Ñçê=íÜÉ=ëí~íáëíáÅ~ä=é~Åâ~ÖÉ=o=Eo=aÉîÉäçéãÉåí=
`çêÉ=qÉ~ã=OMMPF=~åÇ=íÉëí=áíë=ëìáí~Äáäáíó=áå=~ìíçã~íáÅ=ã~ééáåÖK=qÜÉ=íê~áåáåÖ=Ç~í~ëÉíë=ìëÉÇ=
íç=ëÉí=ìé=íÜÉ=áåÑÉêÉåÅÉ=Éèì~íáçåë=ïÉêÉ=íÜÉ=êÉëìäí=çÑ=çåäó=çåÉ=ëé~íá~ä=ìåÇÉêäóáåÖ=éêçÅÉëëK=
qÜáë=é~éÉê=ÇÉãçåëíê~íÉë=íÜ~í=íÜÉ=éêçéçëÉÇ=_~óÉëá~å=ãçÇÉä=áë=êçÄìëí=~ë=äçåÖ=~ë=áí=ãçÇÉäë=
ëáãáä~ê=ëé~íá~ä=éêçÅÉëëÉëI=Äìí=Ñ~áäë=íç=~ÅÅìê~íÉäó=ã~âÉ=éêÉÇáÅíáçåë=ïÜÉå=íÜÉ=Ä~ëáÅ=ëé~íá~ä=
éêçÅÉëë=áë=“Åçåí~ãáå~íÉÇÒ=Äó=~=ëÉÅçåÇ=ëé~íá~ä=éêçÅÉëë=ïáíÜ=~=ÇáÑÑÉêÉåí=ëé~íá~ä=ÅçêêÉä~íáçå=
ê~åÖÉ=íÜ~å=íÜÉ=Ñáêëí=çåÉK=qÜÉ=ëÉÅçåÇ=Åçåí~ãáå~íáåÖ=ëé~íá~ä=éêçÅÉëë=áë=ëÉÉå=~ë=íÜÉ=êÉëìäí=çÑ=
~å=ÉåîáêçåãÉåí~ä=~ÅÅáÇÉåíI=çê=éçáåí=ëçìêÅÉ=éçääìíáçåK=kçåÉ=çÑ=íÜÉ=íê~áåáåÖ=ëÉíë=éêçîáÇÉÇ=
áåÑçêã~íáçå=çå=ëìÅÜ=Åçåí~ãáå~íáçåK=

cçê=~ìíçã~íáÅ=ã~ééáåÖ=çÑ=ÉåîáêçåãÉåí~ä=Ç~í~=ïÜÉå=ÉåîáêçåãÉåí~ä=~ÅÅáÇÉåíë=ã~ó=çÅJ
Åìê= ê~åÇçãäóI= ~= íïç= ëí~ÖÉ= ~ééêç~ÅÜ= áë= éêçéçëÉÇK=qÜÉ= áåéìí= Ç~í~= áë= íÉëíÉÇ= Ñçê= ÉñíêÉãÉ=
çìíäáÉêë=äáâÉäó=íç=ÄÉ=íÜÉ=çìíÅçãÉ=çÑ=~=Åçåí~ãáå~íáåÖ=éêçÅÉëëK=fÑ=íÜÉëÉ=çìíäáÉêë=~êÉ=åçí=ÇÉJ
íÉÅíÉÇI= íÜÉå= éêçÅÉÉÇ= ïáíÜ= íÜÉ= _~óÉëá~å= áåÑÉêÉåÅÉ= ãçÇÉä= íê~áåÉÇ= çå= Ä~ÅâÖêçìåÇ= Ç~í~I=
çíÜÉêïáëÉ=ìëÉ=~=ÇáÑÑÉêÉåí=ãçÇÉä=íÜ~í=ã~âÉë=åç=~ëëìãéíáçå=~Äçìí=Ç~í~K=fí=áë=~êÖìÉÇ=íÜ~í=áå=
Å~ëÉë=çÑ=ÉåîáêçåãÉåí~ä=éçääìíáçå=~=ÇÉÅáëáçå=ã~âÉê=ã~ó=ÄÉ=ãçêÉ= áåíÉêÉëíÉÇ= áå= íÜÉ=éêçÄJ
~Äáäáíó=íÜ~í=~=Åçåí~ãáå~åí=î~äìÉ=áë=~ÄçîÉ=~=ÅÉêí~áå=~Åíáçå=íÜêÉëÜçäÇ=íÜ~å=áå=íÜÉ=éêÉÇáÅíÉÇ=
~ÄëçäìíÉ= î~äìÉK= qÜáë= é~éÉê= éêÉëÉåíë= çåäó= íÜÉ= _~óÉëá~å=ãçÇÉä= ìëÉÇ= íç= áåÑÉê= Ä~ÅâÖêçìåÇ=
ê~Çá~íáçå=Ç~í~K=qÜÉ=ë~ãÉ=ãçÇÉä=áåÇáÅ~íÉë=íÜÉ=ÉñáëíÉåÅÉ=çÑ=~=éçáåí=ëçìêÅÉ=éçääìíáçå=éêçÅÉëë=



14-2 BAYESIAN AUTOMATING FITTING FUNCTIONS ARTICLES 

ïÜÉå=ìëÉÇ=ïáíÜ=íÜÉ=Åçåí~ãáå~íÉÇ=Ç~í~I=Äìí=Ñ~áäë= íç=~ÅÅìê~íÉäó=éêÉÇáÅí= íÜÉ=ã~ÖåáíìÇÉ=çÑ=
íÜÉ=Åçåí~ãáå~íáçåK=fÑ=íÜÉ=ãçÇÉä=áë=ìëÉÇ=çåäó=Ñçê=îáëì~ääó=áåÇáÅ~íáåÖ=áÑ=~ÅÅáÇÉåíë=çÅÅìêêÉÇ=
çê= åçíI=ïáíÜçìí= í~âáåÖ= áå= ÅçåëáÇÉê~íáçå= íÜÉ= ~ÄëçäìíÉ= î~äìÉ= çÑ= íÜÉ= éêÉÇáÅíáçåëI= íÜÉå=çåÉ=
~åÇ= íÜÉ= ë~ãÉ=ãçÇÉä=ã~ó= ÄÉI= ~êÖì~ÄäóI= ~ééêçéêá~íÉ= Ñçê= ~ìíçã~íáÅ=ã~ééáåÖ= áå= ÇÉÅáëáçå=
ã~âáåÖK=

2. METHODOLOGY 
få=ÖÉåÉê~äI=éêÉÇáÅíáçå=ìåÅÉêí~áåíó=êÉéêÉëÉåíë=íÜÉ=ÇáÑÑÉêÉåÅÉ=ÄÉíïÉÉå=íÜÉ=êÉ~ä=î~äìÉ=~åÇ=íÜÉ=
éêÉÇáÅíÉÇ=î~äìÉ=~ÅÅçêÇáåÖ=íç=~=ëéÉÅáÑáÉÇ=ãçÇÉäI=~åÇ=ìëì~ääó=áë=Éèì~íÉÇ=ïáíÜ=Éêêçê=~å~äóëáëK=
fåíÉêéêÉíÉÇ=ëíêáÅíäó=áå=íÜÉ=ëí~íáëíáÅ~ä=EÑêÉèìÉåíáëíF=ëÉåëÉI=ìåÅÉêí~áåíó=Å~äÅìä~íÉëI=Äó=ãÉ~åë=çÑ=
~=ëéÉÅáÑáÅ=ÅçåÑáÇÉåÅÉ=äÉîÉä=EÉKÖK=VRBFI=íÜÉ=äáâÉäáÜççÇ=çê=éêçÄ~Äáäáíó=íÜ~í=~=é~êíáÅìä~ê=éêÉJ
ÇáÅíÉÇ=çê=ãÉ~ëìêÉÇ=î~äìÉ=áë=ïáíÜáå=~=ÅÉêí~áå=áåíÉêî~äI=ìëì~ääó=ÅÉåíêÉÇ=çå=íÜ~í=î~äìÉK=

qÜêÉÉ=ã~áå=Ñ~Åíçêë=ÅçåíêáÄìíÉ=íç=íÜÉ=ìåÅÉêí~áåíó=áå=íÜÉ=éêÉÇáÅíÉÇ=î~äìÉëW=NK=áåéìí=ìåJ
ÅÉêí~áåíóX= OK= ëáãìä~íáçå= î~êá~ÄáäáíóX= ~åÇ= PK= ëíêìÅíìê~ä= ìåÅÉêí~áåíó= EjÅh~ó= Éí= ~äK= NVVVFK=
fåéìí=ìåÅÉêí~áåíó=áë=äáåâÉÇ=íç=íÜÉ=ìåÅÉêí~áåíáÉë=~äêÉ~Çó=áãÄÉÇÇÉÇ=áå=íÜÉ=ãÉ~ëìêÉÇ=î~äìÉëK=
páãìä~íáçå= î~êá~Äáäáíó= áë= äáåâÉÇ= íç= ëíçÅÜ~ëíáÅ= éêçÅÉëëÉë= ~åÇ= ëáãìä~íáçåëI= ~åÇ= êÉéêÉëÉåíë=
äçÅ~ä=ìåÅÉêí~áåíó=áå=~=íêìÉ=éêçÄ~ÄáäáëíáÅ=ëÉåëÉK=^=ëíçÅÜ~ëíáÅ=ëáãìä~íáçå=ÖÉåÉê~íÉë=~å=~êê~ó=
çÑ= î~äìÉë= ïáíÜ= Éèì~ä= éêçÄ~ÄáäáíáÉë= çÑ= êÉ~äáò~íáçåK= qÜÉ= êÉ~äáò~íáçåëÛ= ÇÉÖêÉÉ= çÑ= î~êá~Äáäáíó=
ÇÉëÅêáÄÉë=íÜÉ=éêÉÇáÅíáçå=ìåÅÉêí~áåíóK=qÜÉ=~Åíì~ä=ÉñíÉåí=çÑ= íÜÉ= äçÅ~äáòÉÇ=î~êá~Äáäáíó= áå=íÜÉ=
ëé~íá~ä=Ç~í~= áë=ÇÉÑáåÉÇ=Äó=~ää= íÜÉ=éçëëáÄäÉ= êÉ~äáò~íáçåë= Ñçê= É~ÅÜ= ÅççêÇáå~íÉ= äçÅ~íáçåI= ~åÇ=
Å~å=ÄÉ=ëí~íáëíáÅ~ääó=ÇÉëÅêáÄÉÇ=Äó=íÜÉ=ã~ñáãìãI=ãáåáãìãI=ãÉ~åI=î~êá~åÅÉI=~åÇ=ëâÉïåÉëë=
î~äìÉëK= píêìÅíìê~ä= ìåÅÉêí~áåíó= çÅÅìêë= Ñêçã= çìê= ~ëëìãéíáçåë= êÉÖ~êÇáåÖ= Ç~í~= ÇáëíêáÄìíáçå=
~åÇ=ÄÉÜ~îáçìêI=~åÇ=Ñêçã=çìê=ÅÜçáÅÉ=çÑ=~=é~êíáÅìä~ê=ã~íÜÉã~íáÅ~ä=é~ê~ÇáÖã=íç=ãçÇÉä=íÜÉ=
éÜÉåçãÉåçå=ìåÇÉê=ëíìÇó=Eaê~éÉê=NVVRX=jÅh~ó=Éí=~äK=NVVVFK=

få=íÉêãë=çÑ=éêçÄ~Äáäáíó=ëí~íÉãÉåíë=~Äçìí=é~ê~ãÉíÉê=θ=ÖáîÉå=Ç~í~=óI=íÜÉ=_~óÉëá~å=êìäÉ=
Å~å=ÄÉ=ïêáííÉå=~ë=EdÉäã~å=Éí=~äK=NVVUFW=

éEθ=ö=óF=Z=éEó=ö=θF√éEθF=L=éEóFI=ïÜÉêÉW=

éEθ=ö=óF=Z=íÜÉ=äáâÉäáÜççÇI=çê=éêçÄ~Äáäáíó=íÜ~í=íÜÉ=ãçÇÉä=áë=ÖÉåÉê~íáåÖ=íÜÉ=Ç~í~X=

éEó=ö=θF=Z=éêçÄ~ÄáäáëíáÅ=ëí~íÉãÉåí=çÑ=ÄÉäáÉÑ=~Äçìí=íÜÉ=ãçÇÉä=~ÑíÉê=çÄí~áåáåÖ=íÜÉ=Ç~í~I=çê=
ë~ãéäáåÖ=ÇáëíêáÄìíáçåI=éçëíÉêáçê=éêçÄ~Äáäáíó=çê=çìíéìíX=

éEθF=Z=éêçÄ~ÄáäáëíáÅ=ëí~íÉãÉåí=çÑ=ÄÉäáÉÑ=~Äçìí=íÜÉ=ãçÇÉä=ÄÉÑçêÉ=çÄí~áåáåÖ=íÜÉ=Ç~í~I=íÜÉ=
éêáçê=éêçÄ~Äáäáíó=çê=ÉñéÉêí=áåéìíX=

éEóF=Z=~=ëí~åÇ~êÇáòáåÖ=Åçåëí~åíI=áåÇÉéÉåÇÉåí=çÑ=íÜÉ=ãçÇÉäK=

qç=ã~âÉ=áåÑÉêÉåÅÉë=~Äçìí=~å=ìåâåçïå=ãÉ~ëìêÉãÉåí=óI=Ñáêëí=~=éêáçê=éêÉÇáÅíáîÉ=ÇáëíêáJ
Äìíáçå=çÑ=óI=å~ãÉÇ=~äëç=~=ã~êÖáå~ä=ÇáëíêáÄìíáçå=çÑ=ñI=áë=ÅçåëáÇÉêÉÇI=ëìÅÜ=~ë=EdÉäã~å=Éí=~äK=
NVVUFW=

éEóF=Z= )|()( θθ
θ∑ ypp =Ñçê=ÇáëÅêÉíÉ=θI=çê=

éEñF=Z= ∫ θθθ dypp )|()( =áå=Å~ëÉ=çÑ=Åçåíáåìçìë=θ=

qÜÉ= íêìÉ= î~äìÉ=θ= ÄÉäçåÖë= íç= ~=éçéìä~íáçå=çÑ=ãÉ~ëìêÉãÉåíë=ñá=ïáíÜ= ~=ãÉ~å=µ= ~åÇ=~=

î~êá~åÅÉ=σOK=^ÑíÉê=~=ëÉêáÉë=çÑ=ãÉ~ëìêÉãÉåíë=Ñçê=óI=óNI=óO=Á=óåI=~=åÉï=éêÉÇáÅíáçå=Ñçê=óI= y~ I=
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Å~å=ÄÉ=ÅçãéìíÉÇ=íÜêçìÖÜ=~=éçëíÉêáçê=éêÉÇáÅíáîÉ=ÇáëíêáÄìíáçå=çÑ= x~ ïÜáÅÜ=áë=Ä~ëÉÇ=çå=éêÉJ
îáçìë=çÄëÉêî~íáçåë=óNI=óO=Á=óå=EdÉäã~å=Éí=~äKI=NVVUFW=

∫ ∫ ∫=== θθθθθθθθ dypypdypyypdyypyyp )|()|~()|(),|~()|,~(),~(  

qÜÉ=ëÉÅçåÇ=~åÇ=íÜÉ=íÜáêÇ=Éèì~äáíáÉë=ÇÉÑáåÉ=íÜÉ=éçëíÉêáçê=éêÉÇáÅíáîÉ=ÇáëíêáÄìíáçå=~ë=~å=
~îÉê~ÖÉ= çÑ= ÅçåÇáíáçå~ä= éêÉÇáÅíáçåë= çîÉê= íÜÉ= éçëíÉêáçê= ÇáëíêáÄìíáçå= çÑ= θ= EdÉäã~å= Éí= ~äK=
NVVUFK=rëì~ääóI=íÜÉ=éçëíÉêáçê=éêÉÇáÅíáîÉ=ÇáëíêáÄìíáçå=áë=ÅçãéìíÉÇ=ìëáåÖ=ëáãìä~íáçåëI=ëìÅÜ=
~ë=jçåíÉ=`~êäç=EdáÄÄë=çê=j~êÅçî=`Ü~áåëF=çê=Äççíëíê~ééáåÖK=

fåÑçêã~íáçå=~Äçìí=éêáçê=ÇáëíêáÄìíáçåë=Å~å=ÄÉ=ÉáíÜÉê=çÄí~áåÉÇ=Ñêçã=é~ëí=Ç~í~=çê=ÉñéÉêí=
âåçïäÉÇÖÉI=çê=Ñêçã=~=ÑìåÅíáçå=çÑ=é~ê~ãÉíÉêëK=

cêÉèìÉåíáëí=ëí~íáëíáÅë=Å~å=ÄÉ=ëÉÉå=~ë=~=é~êíáÅìä~ê=Å~ëÉ=çÑ=_~óÉëá~å=ëí~íáëíáÅë=ïÜÉå=~ää=íÜÉ=
éêáçê=éêçÄ~ÄáäáíáÉë=~êÉ=Éèì~ä=EÑä~í=çê=åçåáåÑçêã~íáîÉ=éêáçêFI=~åÇ=íÜÉ=éçëíÉêáçê=éêçÄ~ÄáäáíóI=
çê=ÄÉäáÉÑë= ~Äçìí= íÜÉ=ãçÇÉä= ~ÑíÉê=çÄí~áåáåÖ= íÜÉ=Ç~í~I= áë=éêçéçêíáçå~ä=ïáíÜ= íÜÉ= äáâÉäáÜççÇ=
íÜ~í=íÜÉ=ãçÇÉä=áë=ÖÉåÉê~íáåÖ=íÜÉ=Ç~í~K=

_~óÉëá~å= áåÑÉêÉåÅÉ= ~ëëìãÉë= íÜÉ=ãÉ~å= ~åÇ= íÜÉ= Åçî~êá~åÅÉ= é~ê~ãÉíÉêë= íç= ÄÉ= ê~åÇçã=
î~êá~ÄäÉëI=~åÇ= áåíÉÖê~íÉë=çîÉê= íÜÉ=é~ê~ãÉíÉêëÛ= ëé~ÅÉ= íç=ÖÉí= íÜÉ=éêÉÇáÅíáîÉ=ÇáëíêáÄìíáçå=çÑ=
~åó=ãÉ~ëìêÉãÉåí= EoáÄÉáêç=~åÇ=aáÖÖäÉ=NVVVFK=qÜÉ= Ñçêã~ä= ëçäìíáçå= íç=~åó=Éëíáã~íáçå=çê=
éêÉÇáÅíáçå= íê~åëä~íÉë= áåíç= íÜÉ= áåÑÉêÉåÅÉ= çÑ= íÜÉ= ÅçåÇáíáçå~ä= ÇáëíêáÄìíáçå= çÑ= íÜÉ= ìåâåçïå=
é~ê~ãÉíÉêë=Ä~ëÉÇ=çå=ïÜ~í=Ü~ë=ÄÉÉå=çÄëÉêîÉÇK=qÜÉ=é~ê~ãÉíÉêëÛ=éêáçê=ÇáëíêáÄìíáçå=ëìãë=ìé=
çìê=âåçïäÉÇÖÉ=~åÇ=ÄÉäáÉÑë=~Äçìí= íÜÉ=ìåÇÉêäóáåÖ=ëé~íá~ä=éêçÅÉëëK=qÜÉ=é~ê~ãÉíÉêëÛ=éçëíÉJ
êáçê= ÇáëíêáÄìíáçå= áë= çÄí~áåÉÇ= Äó= ìéÇ~íáåÖ= íÜÉ= éêáçê= ÇáëíêáÄìíáçå= íÜêçìÖÜçìí= Ç~í~=
ãÉ~ëìêÉãÉåíëK=`çåëÉèìÉåíäóI=íÜÉ=_~óÉëá~å=éêÉÇáÅíáîÉ=ÇáëíêáÄìíáçå=ÅçêêÉëéçåÇë=íç=íÜÉ=~îJ
Éê~ÖÉ=çÑ=Åä~ëëáÅ~ä=éêÉÇáÅíáîÉ=ÇáëíêáÄìíáçåë=Ñçê=âåçïå=î~äìÉë=çÑ=íÜÉ=é~ê~ãÉíÉêëÛ=ìåÇÉêäóáåÖ=
ëé~íá~ä=éêçÅÉëëI=ïÉáÖÜíÉÇ=Äó= íÜÉ=é~ê~ãÉíÉêëÛ=éçëíÉêáçê=ÇáëíêáÄìíáçå= EoáÄÉáêç=~åÇ=aáÖÖäÉI=
NVVVFK=få=íÜáë=Å~ëÉI=éêÉÇáÅíáçå=î~êá~åÅÉ=ïáää=~ÅÅçìåí=Ñçê=íÜÉ=ìåÅÉêí~áåíó=áå=íÜÉ=é~ê~ãÉíÉêëÛ=
Éëíáã~íáçåëK=

få=éê~ÅíáÅÉI= áí= áë=çÑíÉå= áãéê~ÅíáÅ~ä= íç= ÉñéäáÅáíäó=ÇÉîÉäçé=~=ã~íÜÉã~íáÅ~ä= Éèì~íáçå= Ñçê=
íÜÉ=_~óÉëá~å=éêÉÇáÅíáîÉ=ÇáëíêáÄìíáçåK=qç=çîÉêÅçãÉ=íÜáë=ÇáÑÑáÅìäíóI=íÜÉ=Åçããçå=éê~ÅíáÅÉ=áë=
íç= ÖÉåÉê~íÉ= ~= ê~åÇçã= ë~ãéäÉ= Ñêçã= íÜÉ= _~óÉëá~å= éêÉÇáÅíáîÉ= ÇáëíêáÄìíáçå= ìëáåÖ= jçåíÉ=
`~êäç=ë~ãéäáåÖ=~äÖçêáíÜãëI=~åÇ=Å~äÅìä~íÉ= Ñêçã=íÜÉëÉ=ëáãìä~íáçåë=~åó=ëí~íáëíáÅ~ä=é~ê~ãÉJ
íÉêë=çÑ=áåíÉêÉëíK=qÜÉ=Éëíáã~íÉ=Ñçê=íÜÉ=_~óÉëá~å=éçáåí=éêÉÇáÅíáçå=Å~å=ÄÉ=ÉáíÜÉê=íÜÉ=ãÉ~å=çê=
íÜÉ=ãÉÇá~å=çÑ=íÜÉ=ëáãìä~íáçåëI=ÇÉéÉåÇáåÖ=çÑ=áíë=ÇáëíêáÄìíáçåK=

oáÄÉáêç=~åÇ=aáÖÖäÉ=ENVVVF=Ü~îÉ=ÇÉãçåëíê~íÉÇ=íÜ~í=çêÇáå~êó=çê=ìåáîÉêë~ä=âêáÖáåÖ=ãÉíÜJ
çÇë=éêçÇìÅÉ=~å=~å~äóíáÅ=_~óÉëá~å=éêÉÇáÅíáîÉ=ÇáëíêáÄìíáçå=ïÜÉå=çåäó=íÜÉ=ãÉ~å=é~ê~ãÉíÉê=áë=
ÅçåëáÇÉêÉÇ=ìåâåçïå=~åÇ=ê~åÇçã=î~êá~ÄäÉK=tÜÉå=~ää=é~ê~ãÉíÉêë=~êÉ=ìåâåçïå=EáKÉK=ãÉ~åI=
î~êá~åÅÉ=~åÇ=ê~åÖÉ=çê=ÅçêêÉä~íáçå=é~ê~ãÉíÉêF= áåÑÉêÉåÅÉ=Äó=jçåíÉ=`~êäç=ëáãìä~íáçåë=~êÉ=
ìëÉÇ= íç=ÇÉÑáåÉ= íÜÉ= àçáåí=éçëíÉêáçê=ÇáëíêáÄìíáçå=~åÇ=íÜìë= íÜÉ=_~óÉëá~å=éêÉÇáÅíáîÉ=ÇáëíêáÄìJ
íáçåK=

aáÖÖäÉ=~åÇ=oáÄÉáêç=EOMMOF=áãéäÉãÉåíÉÇ=íÜÉ=ÖÉço=êçìíáåÉ=Ñçê=íÜÉ=ëí~íáëíáÅ~ä=é~Åâ~ÖÉ=o=
ìëáåÖ=íÜÉ=ÑçääçïáåÖ=~äÖçêáíÜãë=áå=ïÜáÅÜ=íÜÉ=Åçåíáåìçìë=ÇáëíêáÄìíáçå=Ñçê Φ=áë=êÉéä~ÅÉÇ=Äó=~=
ÇáëÅêÉí=~ééêçñáã~íáçåI=~åÇ=ïÜÉêÉ Φ=áë=íÜÉ=ëÅ~äÉ=é~ê~ãÉíÉê=çÑ=íÜÉ=ÅçêêÉä~íáçå=ÑìåÅíáçåI β=
áë=íÜÉ=ãÉ~å=ãçÇÉä=é~ê~ãÉíÉêI=~åÇ=σ=O=áë=íÜÉ=Ç~í~=î~êá~åÅÉW=
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^äÖçêáíÜã=Ñçê=ë~ãéäáåÖ=íÜÉ=é~ê~ãÉíÉêëÛ=àçáåí=ÇáëíêáÄìíáçåW=

NK `ÜççëÉ=~å=~êê~ó=çÑ=î~äìÉë=Ñçê=íÜÉ=ÅçêêÉä~íáçå=é~ê~ãÉíÉê Φ= áå=~ÅÅçêÇ~åÅÉ=ïáíÜ=çìê=
éêáçê=âåçïäÉÇÖÉ=~Äçìí=íÜÉ=ìåÇÉêäóáåÖ=ëé~íá~ä=éêçÅÉëëI=~åÇ=~ëëáÖå=~=ÇáëÅêÉíÉ=ìåáÑçêã=
éêáçê=ÇáëíêáÄìíáçå=Ñçê=Φ=Ä~ëÉÇ=çå=íÜÉ=éêÉîáçìëäó=ÅÜçëÉå=î~äìÉëX=

OK lÄí~áå= íÜÉ=Φ= éçëíÉêáçê= éêçÄ~ÄáäáíáÉë= Äó= ÇÉÑáåáåÖ= ~= ÇáëÅêÉíÉ= éçëíÉêáçê= ÇáëíêáÄìíáçå=
ïáíÜ=éêçÄ~Äáäáíó=éEΦöóFX=

PK p~ãéäÉ=~=î~äìÉ=çÑ=Φ=Ñêçã=íÜÉ=ÇáëÅêÉíÉ=ÇáëíêáÄìíáçå=éEΦöóFX=
QK mäìÖJáå= íÜÉ= ë~ãéäÉÇ=î~äìÉ Φ= áå= íÜÉ=ÇáëíêáÄìíáçå= xβI=σOöóI=ΦzI= ~åÇ= ë~ãéäÉ= Ñêçã=íÜáë=

ÇáëíêáÄìíáçåI=ïÜÉêÉ=β=áë=íÜÉ=ãÉ~å=é~ê~ãÉíÉê=~åÇ=σO=áë=íÜÉ=Ç~í~=î~êá~åÅÉX=
RK oÉéÉ~í= éçáåíë= P= ~åÇ= Q= ~ë=ã~åó= íáãÉë= ~ë= ÇÉëáêÉÇK= qÜÉ= êÉëìäíáåÖ= ë~ãéäÉ= EβI=σOI ΦF=

êÉéêÉëÉåíë=~=ë~ãéäÉ=Ñêçã=íÜÉ=àçáåí=éçëíÉêáçê=ÇáëíêáÄìíáçåK=

^äÖçêáíÜã=Ñçê=íÜÉ=_~óÉëá~å=éêÉÇáÅíáîÉ=ÇáëíêáÄìíáçåW=

NK cçääçï=ëíÉéë=N=Ó=P=Ñêçã=íÜÉ=~ÄçîÉ=~äÖçêáíÜãX=
OK mäìÖJáå=íÜÉ=ë~ãéäÉÇ=î~äìÉ=Φ=áåíç=xóoöóI Φz=~åÇ=ë~ãéäÉ=Ñêçã=áí=íç=ÖÉí=êÉ~äáò~íáçåë=çÑ=

íÜÉ=éêÉÇáÅíáîÉ=ÇáëíêáÄìíáçå=óo=Z=pEñoFX=
PK oÉéÉ~í=íÜÉ=~ÄçîÉ=ëíÉéë=~ë=ã~åó=íáãÉë=~ë=åÉÉÇÉÇ=íç=çÄí~áå=ë~ãéäÉë=Ñêçã=íÜÉ=éêÉÇáÅJ

íáîÉ=ÇáëíêáÄìíáçåK=

aáÑÑÉêÉåí=éêáçêë= Ñçê=íÜÉ=ÅçêêÉä~íáçå=é~ê~ãÉíÉê=ã~ó=ÄÉ=ÅÜçëÉåK=^=Ñä~í=çê=åçåáåÑçêã~J
íáîÉ= éêáçê= áãéäáÉë= ~ää=Φ= î~äìÉë= ~êÉ= Éèì~ääó= éä~ìëáÄäÉI= ïÜáäÉ= ~= ÇÉÅêÉ~ëáåÖ= éêáçê=ïáíÜ= íÜÉ=
éçëëáÄáäáíó=íç=ÅÜççëÉ=íÜÉ=ëÜ~éÉ=Äìí=åçí=íÜÉ=ëÅ~äÉ=ÜóéÉêé~ê~ãÉíÉêI=çê=~å=~ëóããÉíêáÅ=éêáçê=
êÉéêÉëÉåíáåÖ=~=ÅÉêí~áå=ÇáëíêáÄìíáçå=ëìÅÜ=~ë=d~ãã~I=çê= äçÖJåçêã~ä=êÉÑäÉÅí=çìê=ÄÉäáÉÑ= íÜ~í=
ÅÉêí~áå=î~äìÉë=~êÉ=ãçêÉ=éêçÄ~ÄäÉ=íÜ~å=çíÜÉêë=EoáÄÉáêç=~åÇ=aáÖÖäÉ=NVVVFK=cçê=ÅçêêÉä~íáçå=
ÑìåÅíáçåë=ëìÅÜ=~ë=íÜÉ=ÉñéçåÉåíá~ä=~åÇ=ëéÜÉêáÅ~ä=ÑìåÅíáçåëI=íÜÉ=Φ=é~ê~ãÉíÉê=êÉéêÉëÉåíë=íÜÉ=
“ê~åÖÉÒ= é~ê~ãÉíÉê= ïáíÜ= íÜÉ= ë~ãÉ= ëáÖåáÑáÅ~åÅÉ= ~ë= áå= âêáÖáåÖK= qÜÉ= _~óÉëá~å= ëáãìä~íáçå=
ÅçìåíÉêé~êí=çÑ=~=VRB=ÅçåÑáÇÉåÅÉ=áåíÉêî~ä=áë=íÜÉ=ÇáÑÑÉêÉåÅÉ=ÄÉíïÉÉå=VTKR=èìáåíáäÉ=~åÇ=OKR=
èìáåíáäÉ=î~äìÉë=Ñçê=É~ÅÜ=éçáåí=ëáãìä~íáçåëK=

qÜÉçêÉíáÅ~ääóI= íÜÉ=âêáÖáåÖ=éêÉÇáÅíáçå=î~êá~åÅÉ=áë=ëã~ääÉê= íÜ~å=íÜÉ=_~óÉëá~å=éêÉÇáÅíáçå=
î~êá~åÅÉI=Äìí=áå=êÉ~äáíó=íÜáë=áë=åçí=åÉÅÉëë~êáäó=íÜÉ=Å~ëÉI=ÉëéÉÅá~ääó=Ñçê=éêÉÇáÅíáçå=î~äìÉë=çÑ=
íÜÉ=ìåçÄëÉêîÉÇ=ê~åÇçã=î~êá~ÄäÉëK=qÜáë=Å~å=ÄÉ=Éñéä~áå=Äó=íÜÉ=Ñ~Åí=íÜ~í=âêáÖáåÖ=Éëíáã~íçê=áë=
Ä~ëÉÇ=çå=~î~áä~ÄäÉ=Äìí=åçí=åÉÅÉëë~êáäó=êÉäÉî~åí=áåÑçêã~íáçå=~Äçìí=íÜÉ=ìåÇÉêäóáåÖ=ëé~íá~ä=
éêçÅÉëëI=ïÜáäÉ= íÜÉ=_~óÉëá~å=Éëíáã~íçê= áë=Ä~ëÉÇ=çå=~ëëìãéíáçåë=~Äçìí=íÜÉ=êÉäÉî~åí= áåÑçêJ
ã~íáçå= ëìãã~êáòÉÇ= áå= ~= ëíçÅÜ~ëíáÅ= ãçÇÉä= Ei~åíìÉàçìä= OMMOFK= lÄîáçìëäóI= íÜÉ= ãçêÉ=
~ÅÅìê~íÉ= íÜÉ=ãçÇÉä= ÇÉëÅêáÄÉë= íÜÉ= éÜóëáÅ~ä= êÉ~äáíó= çÑ= íÜÉ= ìåÇÉêäóáåÖ= ëé~íá~ä= éêçÅÉëëI= íÜÉ=
ÄÉííÉê=íÜÉ=êÉëìäíáåÖ=Éëíáã~íáçåK=

fí=ï~ë=ÇÉãçåëíê~íÉÇ=íÜ~í=íÜÉ=_~óÉëá~å=ãÉíÜçÇë=~êÉ=ëìéÉêáçê=íç=Åä~ëëáÅ~ä=âêáÖáåÖ=ãÉíÜJ
çÇë= ïÜÉå= íÜÉ= ëé~íá~ä= éêçÅÉëë= áë= ÇÉÑáåÉÇ= íÜêçìÖÜ= ~= êÉä~íáîÉäó= ëã~ää= åìãÄÉê= çÑ=
ãÉ~ëìêÉãÉåíë=ïáíÜ=ïÉ~â= ëé~íá~ä= ÅçêêÉä~íáçå= ~åÇ=çìíäáÉêë= ~ÅÅçìåíáåÖ= ìé= íç= OMB=çÑ= íÜÉ=
Ç~í~=éçáåíë=Em~ä~ëÉ~åìJiçîÉàçó=OMMRFK=eçïÉîÉêI=jçóÉÉÇ=~åÇ=m~éêáíò=EOMMOF=Ü~îÉ=ÇáëíáåJ
ÖìáëÜÉÇ=äáííäÉ=ÇáÑÑÉêÉåÅÉ=ÄÉíïÉÉå=âêáÖáåÖ=~åÇ=_~óÉëá~å=éêÉÇáÅíáçåë=ïÜÉå=íÜÉ=Ç~í~=Åçåëáëí=
çÑ=~=îÉêó=ä~êÖÉ=åìãÄÉê=çÑ=ãÉ~ëìêÉãÉåíëK=få=íÜÉ=ä~ííÉê=Å~ëÉI=áí=ëÉÉãë=íÜ~í=~=îÉêó=ä~êÖÉ=Ç~í~J
ëÉí=ã~âÉë=íÜÉ=_~óÉëá~å=ãÉíÜçÇ=áåëÉåëáíáîÉ=íç=íÜÉ=ÅÜçáÅÉ=çÑ=éêáçê=~åÇ=ÖáîÉë=~=êçÄìëí=Ä~ëÉ=
Ñçê= ÅçêêÉä~íáçå= ÑìåÅíáçå= áåÑÉêÉåÅÉ= ëç= íÜ~í= íÜÉ=ìåÅÉêí~áåíó= áåíêçÇìÅÉÇ=Äó= íÜÉ=éäìÖJáå=é~J
ê~ãÉíÉêë=î~äìÉë=áå=íÜÉ=âêáÖáåÖ=ãÉíÜçÇë=áë=ãáåáã~äK=
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2.1 USE OF PRIOR INFORMATION 
lå=íÜÉ=ïÉÄëáíÉ=çÑ=pf`OMMQ=íÉå=Ç~í~=ëÉíë=çÑ=Ç~áäó=ê~Çáç~Åíáîáíó=ãÉ~ëìêÉãÉåíë=ïÉêÉ=ÖáîÉå=
~ë=íê~áåáåÖ=Ç~í~ëÉíëK=qÜÉ=ãÉ~åI=ãÉÇá~åI=ëí~åÇ~êÇ=ÇÉîá~íáçå=~åÇ=î~êá~åÅÉ=ïÉêÉ=Å~äÅìä~íÉÇ=
Ñçê=É~ÅÜ=Ç~í~ëÉíK=qÜÉ=“Äçñ=~åÇ=ïÜáëâÉêÒ=ãÉíÜçÇ=EqìâÉó=NVTTF=ï~ë=ÉãéäçóÉÇ=íç=ÅÜÉÅâ=
Ñçê=éçíÉåíá~ä=çìíäáÉêëK=qÜáë=ãÉíÜçÇ=ÅçåëáÇÉêë=íÜÉ=ÑáêëíI=ëÉÅçåÇ=EãÉÇá~åF=~åÇ=íÜáêÇ=èì~êíáäÉë=
çÑ=~=Ç~í~=ëÉíI=âåçïáåÖ=íÜ~í=RMB=çÑ=íÜÉ=Ç~í~=ïáää=äáÉ=ÄÉíïÉÉå=íÜÉ=Ñáêëí=~åÇ=íÜÉ=íÜáêÇ=èì~êJ
íáäÉëI=ïÜáÅÜ= êÉéêÉëÉåíë= íÜÉ= “ÄçñÒK= qÜÉ= “ïÜáëâÉêëÒ= êÉéêÉëÉåí= íÜÉ= éÉêÅÉåíáäÉ= çÑ= íÜÉ=ãçëí=
ÉñíêÉãÉ=Ç~í~Jéçáåí=íÜ~í=áë=åç=ãçêÉ=íÜ~å=NKR=Eçê=PF=íáãÉë=íÜÉ=áåíÉêèì~êíáäÉ=ê~åÖÉ=Ñêçã=íÜÉ=
ÄçñK=^ë=~=êÉëìäíI=íÜÉ=ìééÉê=çìíäáÉêë=~êÉ=ÅçåëáÇÉêÉÇ=î~äìÉë=ä~êÖÉê=çê=Éèì~ä=íç=íÜÉ=ëìã=çÑ=íÜÉ=
íÜáêÇ=èì~êíáäÉ=~åÇ=íÜÉ=áåíÉêèì~êíáäÉ=ê~åÖÉ=ãìäíáéäáÉÇ=Äó=NKR=Ñçê=“ÅäçëÉÒ=çìíäáÉêëI=çê=ãìäíáJ
éäáÉÇ=Äó=P=Ñçê=“ÉñíêÉãÉÒ=çìíäáÉêëK=fí=ï~ë=çÄëÉêîÉÇ=íÜ~í=áÑ=ëçãÉ=Ç~í~ëÉíë=Ü~Ç=îÉêó=ÑÉï=ÅäçëÉ=
çìíäáÉêëI=åçåÉ=çÑ=íÜÉã=Ü~Ç=ÉñíêÉãÉ=çìíäáÉêëK=qÜáë=çÄëÉêî~íáçå=ëìÖÖÉëíÉÇ=íÜ~í=íÜÉ=ÉãéäçóJ
ãÉåí= çÑ= êçÄìëí= ëí~íáëíáÅ~ä= ãÉíÜçÇë= íç= ÅçãéìíÉ= é~ê~ãÉíÉêë= ëìÅÜ= ~ë= ãÉ~å= ~åÇ= î~êá~åÅÉ=
ïçìäÇ=ëìÑÑáÅÉ=íç=Ñìääó=ÅÜ~ê~ÅíÉêáòÉ=íÜÉ=éêáçê=ÇáëíêáÄìíáçåëK=kçåÉ=çÑ=íÜÉ=éêáçê=Ç~í~ëÉíë=Ö~îÉ=
~åó=áåÑçêã~íáçå=f=ÅçìäÇ=ëìÅÅÉëëÑìääó=ìëÉ=áå=ãó=~å~äóëáë=íç=ÄÉ=~ÄäÉ=íç=ÅçéÉ=ïáíÜ=ÉñíêÉãÉ=
çìíäáÉêë=~ë= êÉëìäíë=çÑ=~=ÇáÑÑÉêÉåí= ëé~íá~ä=éêçÅÉëëK=qÜÉ= ä~Åâ=çÑ= ëìÅÜ=éêáçê=Ç~í~=ÜáåÇÉêÉÇ=~=
éçíÉåíá~ä=ÄÉííÉê=ÇÉëáÖå=Ñçê=Ç~í~=éêÉÇáÅíáçåK=

2.2 TUNING THE ALGORITHMS 
^ää=Åçãéìí~íáçåë=ïÉêÉ=ÇçåÉ=áå=íÜÉ=é~Åâ~ÖÉ=o=ìëáåÖ=íÜÉ=ÖÉço=äáÄê~êó=EoáÄÉáêç=~åÇ=aáÖÖäÉ=
OMMNFK= qÜÉ= ÉãéáêáÅ~ä= ëÉãáJî~êáçÖê~ã= î~ë= ÅçãéìíÉÇ= Ñçê= NMM= ä~Öë= çÑ= SMMM=ãÉíÉêë= É~ÅÜK=
p~ãÉ=êÉëìäíë=ïçìäÇ=ÄÉ=çÄí~áåÉÇ=ìëáåÖ=OM=ä~Öë=çÑ=PMMMM=ãÉíÉêë=É~ÅÜK=qÜÉ=Ñáêëí=çéíáçå=ï~ë=
ìëÉÇ= Ñçê= Öê~éÜáÅ~ä= ÉëíÜÉíáÅ= éìêéçëÉëK= qÜÉ= _~óÉëá~å=ãçÇÉä= ÅçåëáÇÉêÉÇ= ~ää= é~ê~ãÉíÉêë= ~ë=
ÄÉáåÖ= ìåâåçïåK= bãéáêáÅ~ä= íêá~äë= ëìÖÖÉëíÉÇ= íÜ~í= ~= íê~åëÑçêãÉÇ=d~ìëëá~å=ãçÇÉäI=ïáíÜ= ~=
ÅáêÅìä~ê=ÅçêêÉä~íáçå=ëíêìÅíìêÉI=ï~ë=íÜÉ=ÄÉëí=çéíáçåK=

qÜÉ=éêáçêë=Ñçê=íÜÉ=é~ê~ãÉíÉêë=ãÉ~å=EβFI=î~êá~åÅÉ=EσOF=~åÇ=ê~åÖÉ=Eφ F=ïÉêÉ=ÇÉÑáåÉÇ=~ëW=

jÉ~åW=β=Z=åçåáåÑçêã~íáîÉ=éêáçê=

o~åÖÉW= φφ /1)( ∝prior =ïáíÜ=RN=ëìééçêí=éçáåíë=çÑ=íÜÉ=ÇáëÅêÉíÉ=éêáçê=áå=íÜÉ=áåíÉêî~ä=

ÇÉÑáåÉÇ=Äó=EMI=î~êêGNMMMFI=ïÜÉêÉ=î~êê=Z=êçÄìëíKî~êá~åÅÉ=EÇ~í~F=H=êçÄìëíKãÉ~åEÇ~í~FK=

s~êá~åÅÉW=éEσOF∝ NLσO=

oÉä~íáîÉ=åìÖÖÉí=é~ê~ãÉíÉêW=τOLσO=Z=ÅEMKPI=MKRI=MKNVI=MKMNF=~=îÉÅíçê=çÑ=éêçÄ~ÄáäáíáÉë=çÑ=~=
ÇáëÅêÉíÉ=ÇáëíêáÄìíáçå=ïáíÜ=ëìééçêí=éçáåíë=éêçîáÇÉÇ=Äó=íÜÉ=îÉÅíçê τO=Z=ÅEíI=OíI=PíI=QíFI=ïÜÉêÉ=
íZJMKMMNTGÅä~ëëáÅKãÉ~åEÇ~í~F=H=MKNVTTI=~åÇ=Å=áë=íÜÉ=o=åçí~íáçå=Ñçê=îÉÅíçêK=

qç=ã~âÉ=íÜÉ=é~ê~ãÉíÉêë=ãçêÉ=“éÉêëçå~äÒ=íç=íÜÉ=ÇáÑÑÉêÉåí=ÇáëíêáÄìíáçåë=çÑ=íÜÉ=íê~áåáåÖ=
Ç~í~ëÉíëI= íÜÉáê= êÉëéÉÅíáîÉ= Åä~ëëáÅ~ä= ~åÇ= êçÄìëí=ãÉ~å= ~åÇ= êçÄìëí= î~êá~åÅÉ=ïÉêÉ= áåÅçêéçJ

ê~íÉÇ=áåíç=íÜÉ=é~ê~ãÉíÉêë=î~êá~åÅÉ=EσOF=~åÇ=ê~åÖÉ=Eφ F=ÇÉÑáåáíáçåëK=qÜÉëÉ=ÇÉÑáåáíáçåë=ïÉêÉ=

Éëí~ÄäáëÜÉÇ=íÜêçìÖÜ=ëìÅÅÉëëáîÉ=íêá~äë=~åÇ=Éêêçêë=áå=íÜÉ=ÉÑÑçêí=íç=ÅÜ~ê~ÅíÉêáòÉ=~ë=ïÉää=~ë=éçëJ
ëáÄäÉ=~ää=NM=~î~áä~ÄäÉ=Ç~í~ëÉíëK=

qÉå=íÜçìë~åÇë=ê~åÇçã=ë~ãéäÉë=ïÉêÉ=Çê~ïå=Ñêçã=íÜÉ=éçëíÉêáçê=~åÇ=éêÉÇáÅíáîÉ=ÇáëíêáJ
Äìíáçåë=ÑçääçïáåÖ=íÜÉ=~äÖçêáíÜãë=ÇÉëÅêáÄÉÇ=~ÄçîÉ=áå=ëÉÅíáçå=OK=qÜÉ=éçëíÉêáçê=ÇáëíêáÄìíáçåë=
Ñçê=ãçÇÉä=é~ê~ãÉíÉêë=~êÉ=éäçííÉÇ=áå=cáÖìêÉ=NK=qÜÉ=Ç~í~=ëÜçïå=ÄÉäçåÖë=íç=íÜÉ=Ñáêëí=íê~áåáåÖ=
ëÉí=çÑ=Ç~í~K=



14-6 BAYESIAN AUTOMATING FITTING FUNCTIONS ARTICLES 

 
Figure 1 

Posterior distributions of model parameters (β, σ2,φ , τ2/σ2,), first training 
dataset 

qÜÉ= ÇÉëÅêáÄÉÇ= _~óÉëá~å= ãçÇÉä= EãÉ~å= çÑ= ëáãìä~íáçåëF= ï~ë= ÑáííÉÇ= íç= ~ää= íÉå= íê~áåáåÖ=
Ç~í~ëÉíë=áå=çêÇÉê=íç=~ëëÉëë=áíë=Åçãé~íáÄáäáíó=EcáÖìêÉ=OFK=

 
Figure 2 

Training datasets’ empirical semi-variograms and the Bayesian fitted model. 

táíÜçìí=~åó=çíÜÉê=~ÇÇáíáçå~ä=Ç~í~=~î~áä~ÄäÉ=íç=ëáãìä~íÉ=~=ê~Çáç~ÅíáîÉ=~ÅÅáÇÉåí=áå=çêJ
ÇÉê= íç= ~ëëÉëë= íÜÉ=ãçÇÉä= áå= íÜÉ= éêÉëÉåÅÉ= çÑ= ÉñíêÉãÉ=çìíäáÉêëI= íÜáë=ãçÇÉä=ï~ë= ÅçåëáÇÉêÉÇ=
êçÄìëí=ÉåçìÖÜ=íç=éêÉÇáÅí=Ä~ÅâÖêçìåÇ=ê~Çáç~Åíáîáíó=áå=~å=~ìíçã~íáÅ=ï~óK=

3. RESULTS 
qÜÉ= _~óÉëá~å= ãçÇÉä= ÇÉëÅêáÄÉÇ= ~ÄçîÉ= ï~ë= ìëÉÇ= íç= éêÉÇáÅí= ê~Çáç~Åíáîáíó= î~äìÉë= áå= UMU==
äçÅ~íáçåë=ìëáåÖ=íÜÉ=Ñáêëí=~åÇ=ëÉÅçåÇ=Ç~í~ëÉíë=éêçîáÇÉÇ=Ñçê=î~äáÇ~íáçåK=qÜÉ=éçëíÉêáçê=é~ê~J
ãÉíÉêë=ÇáëíêáÄìíáçåë=Ñçê=ÄçíÜ=Ç~í~ëÉíë=~êÉ=éäçííÉÇ=áå=cáÖìêÉ=PK=
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Figure 3 

The posterior parameters distributions for the first (a) and the second (b) 
datasets. 

fÑ=íÜÉ=Ñáêëí=Ç~í~ëÉí=ÄÉÜ~îÉë=îÉêó=ëáãáä~ê=ïáíÜ=íÜÉ=íê~áåáåÖ=Ç~í~ëÉíëI=íÜÉ=ëÉÅçåÇ=Ç~í~ëÉí=
Ü~ë= ÅäÉ~êäó=~=îÉêó=ÇáÑÑÉêÉåí=ÇáëíêáÄìíáçå=ïáíÜ=ÉñíêÉãÉ=çìíäáÉêëK=qÜÉ=_~óÉëá~å=ãçÇÉä=éÉêJ
Ñçêãë=èìáíÉ=ïÉää=Ñçê=íÜÉ=ãáÇÇäÉ=ê~åÖÉ=î~äìÉëI=Äìí=ÅäÉ~êäó=Ñ~áäë=íç=éêÉÇáÅí=î~äìÉë=ÅäçëÉ=íç=íÜÉ=
ÉñíêÉãÉ=çìíäáÉêëK=qÜÉëÉ=çÄëÉêî~íáçåë=~êÉ=ÇÉéáÅíÉÇ=~äëç=Äó=íÜÉ=íïç=Ç~í~ëÉíë=ÉãéáêáÅ~ä=ëÉãáJ
î~êáçÖê~ãë=~åÇ=íÜÉ=_~óÉëá~å=ãçÇÉä=ëÉãáJî~êáçÖê~ãë=EcáÖìêÉ=QKFK=

 
Figure 4 

Empirical and Bayesian model semi-variograms for the first and second 
datasets. 

qÜÉ= Ñáêëí= Ç~í~ëÉí= áë= ãçÇÉê~íÉäó= ïÉää= ÑáííÉÇ= Äó= íÜÉ= _~óÉëá~å= ãçÇÉä= ëÉãáJî~êáçÖê~ã=
ïÜáÅÜ=ïáää=ëäáÖÜíäó=ëìÄJÉëíáã~íÉ=ÜáÖÜ=î~äìÉëK=qÜÉ=Ñáêëí=Ç~í~ëÉí=ÇáëíêáÄìíáçå=áë=îÉêó=ëáãáä~ê=
ïáíÜ=íÜÉ=íê~áåáåÖ=Ç~í~ëÉíë=MP=~åÇ=MV=ÇáëíêáÄìíáçåëK=qÜÉ=_~óÉëá~å=ãçÇÉä=ïáää=Ñ~áä=íç=éêÉÇáÅí=
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î~äìÉë=~ë=ÜáÖÜ=~ë=íÜÉ=ÉñíêÉãÉ=çìíäáÉêë=éêÉëÉåí=áå=íÜÉ=ëÉÅçåÇ=Ç~í~ëÉí=Äìí=áí=ïáää=éêÉÇáÅí=ë~íJ
áëÑ~Åíçêáäó=íÜÉ=ãÉÇá~å=ê~åÖÉ=î~äìÉëK=

3.1. OVERALL RESULTS 
qÜÉ= Åçãé~êáëçåë= ÄÉíïÉÉå= íÜÉ= UMU= Éëíáã~íÉÇ= î~äìÉë= ~åÇ= íÜÉ= çÄëÉêîÉÇ= î~äìÉë= Ñçê= ÄçíÜ=
Ç~í~ëÉíë=~êÉ=ÖáîÉå=áå=íÜÉ=ÑçääçïáåÖ=í~ÄäÉW=

N = 808 Min. Max. mean median std. dev. 
Observed (first data set) 57 180 98.018 98.8 20.022 
Estimates (first data set) 66.6 128.41 96.62 98.52 15.26 
Observed (second data set) 57 1528,2 105.42 98.95 83.71 
Estimates (second data set) 68.74 419.46 103.09 102.61 24.91 

Table 1 
Comparison of the estimated and measured values (nSv/h) 

qÜÉ=_~óÉëá~å=ãÉíÜçÇ=éêÉÇáÅíë= êÉ~ëçå~Ääó=ïÉää= íÜÉ=ãÉ~å=~åÇ=íÜÉ=ãÉÇá~å=çÑ= íÜÉ= Ñáêëí=
~åÇ=íÜÉ=ëÉÅçåÇ=Ç~í~ëÉíëI=Äìí=íÜÉ=_~óÉëá~å=éêÉÇáÅíáçå=Ç~í~ëÉíë=Ü~îÉ=~=ãìÅÜ=ëã~ääÉê=ëí~åJ
Ç~êÇ=ÇÉîá~íáçå=íÜ~å=íÜÉ=ãÉ~ëìêÉÇ=Ç~í~ëÉíëI=ÉëéÉÅá~ääó=Ñçê=íÜÉ=ëÉÅçåÇ=Ç~í~ëÉíK=^äëçI=áÑ=Ñçê=
ÄçíÜ= Ç~í~ëÉíë= íÜÉ= ãáåáãìã= î~äìÉë= ïÉêÉ= ëäáÖÜíäó= çîÉêÉëíáã~íÉÇI= íÜÉ= ã~ñáãìã= î~äìÉ= áë=
Öêçëëäó=ìåÇÉêÉëíáã~íÉÇ=Ñçê=íÜÉ=ëÉÅçåÇ=Ç~í~ëÉíK=

qÜÉ=Åçãé~êáëçå=çÑ=íÜÉ=íïç=Ç~í~ëÉíëÛ=Éêêçêë=~åÇ=íÜÉ=mÉ~êëçåÛë=ê=ÅçÉÑÑáÅáÉåí=çÑ=ÅçêêÉä~J
íáçå=ÄÉíïÉÉå=íÜÉ=Éëíáã~íÉÇ=~åÇ=íÜÉ=íêìÉ=î~äìÉë=~êÉ=ÖáîÉå=áå=q~ÄäÉ=OK=

Data sets: MAE ME Pearson’s r RMSE 
First data set 9.05 1.4 0.79 12.46 
Second data set 19.76 2.33 0.5 74.54 

Table 2 
Comparison of the errors. 

 
Figure 5 

Multivariate analysis of measured and predicted values for first and second 
datasets. 
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^ÄçîÉ=áë=~=ãìäíáî~êá~íÉ=~å~äóëáë=ÄÉíïÉÉå=íÜÉ=ãÉ~ëìêÉÇ=Ç~í~=~åÇ=íÜÉ=éêÉÇáÅíÉÇ=Ç~í~=Ñçê=
íÜÉ=íïç=Ç~í~ëÉíë=EcáÖìêÉ=RFK=

cçê=ÄçíÜ=Ç~í~ëÉíëI=íÜÉ=ÅçêêÉä~íáçå=ÄÉíïÉÉå=íÜÉ=ãÉ~ëìêÉÇ=~åÇ=íÜÉ=éêÉÇáÅíáçå=î~äìÉë=áåJ
ÅêÉ~ëÉë= ïÜÉå= êçÄìëí= ãÉíÜçÇë= ~êÉ= ìëÉÇI= áåÇáÅ~íáåÖ= íÜ~í= ÉñíêÉãÉ= î~äìÉë= ~êÉ= åçí= ~ë=
ÅçêêÉä~íÉÇ=~ë=íÜÉ=ã~àçêáíó=çÑ=íÜÉ=î~äìÉëK=få=íÜÉ=Å~ëÉ=çÑ=íÜÉ=ëÉÅçåÇ=Ç~í~ëÉíI=áå=~äãçëí=RMB=
çÑ= íÜÉ= Å~ëÉë= íÜÉ=éêÉÇáÅíÉÇ=î~äìÉë=Çç=åçí= Ñçääçï= íÜÉ=ÇáëíêáÄìíáçå=çÑ= íÜÉ=ãÉ~ëìêÉÇ= î~äìÉë=
ïÜáäÉ= Ñçê= íÜÉ= Ñáêëí= Ç~í~ëÉí= íÜÉ= ÇáîÉêÖÉåÅÉ= ÄÉíïÉÉå=ãÉ~ëìêÉÇ= ~åÇ= éêÉÇáÅíÉÇ= î~äìÉë= áë= áå=
çåäó=OMB=çÑ=íÜÉ=Å~ëÉëK=

1) ESTIMATIONS AND UNCERTAINTY 

 
Figure 6 

Comparison between the measured and the predicted values and their 
respective confidence intervals for both datasets. 
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qÜÉ=_~óÉëá~å=ìåÅÉêí~áåíó=áåíÉêî~ä=Ñçê=~=VRB=äÉîÉä=çÑ=ÅçåÑáÇÉåÅÉ=áë=Å~äÅìä~íÉÇ=~ë=íÜÉ=ÇáÑJ
ÑÉêÉåÅÉ= ÄÉíïÉÉå= íÜÉ= VTKR= éÉêÅÉåíáäÉ= ëáãìä~íáçåë= î~äìÉ= ~åÇ= OKR= éÉêÅÉåíáäÉ= ëáãìä~íáçåë=
î~äìÉI=êÉëéÉÅíáîÉäó=EoáÄÉáêç=~åÇ=aáÖÖäÉ=NVVVX=aáÖÖäÉ=~åÇ=oáÄÉáêç=OMMOFK=qÜÉëÉ= áåíÉêî~äë=
~êÉ=åçí=~ìíçã~íáÅ~ääó=ÅÉåíêÉÇ=çå=íÜÉ=ãÉ~å=éêÉÇáÅíáçå=ëáãìä~íáçå=î~äìÉ=ëáåÅÉ=íÜÉ=ëáãìä~J
íáçå= ÇáëíêáÄìíáçåë= ÇçåÛí= Ü~îÉ= ïáíÜ= åÉÅÉëëáíó= ~= d~ìëëá~å= ÇáëíêáÄìíáçåK= cáÖìêÉ= SI= ~ÄçîÉI=
ëÜçïë=~=Åçãé~êáëçå=ÄÉíïÉÉå=íÜÉ=ãÉ~ëìêÉÇ=~åÇ=íÜÉ=éêÉÇáÅíÉÇ=î~äìÉë=~åÇ=íÜÉáê=êÉëéÉÅíáîÉ=
ÅçåÑáÇÉåÅÉ=áåíÉêî~äë=Ñçê=ÄçíÜ=Ç~í~ëÉíëK=

 
Figure 7 

Predicted levels (nSv/h) for the first dataset and corresponding confidence 
limits. 

 
Figure 8 

Predicted levels (nSv/h) for the second dataset and corresponding  
confidence limits. 
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qÜÉ=áåíÉêéçä~íÉÇ=éêÉÇáÅíáçå=ã~é=Ñçê=íÜÉ=Ñáêëí=Ç~í~ëÉí=~åÇ=áíë=~ëëçÅá~íÉÇ=äçïÉê=~åÇ=ìéJ
éÉê= ÅçåÑáÇÉåÅÉ=î~äìÉë=~êÉ=éäçííÉÇ= áå=cáÖìêÉ=TK=qÜÉ=åÉñí= ÑáÖìêÉ= EcáÖìêÉ=UF= êÉéêÉëÉåíë= íÜÉ=
_~óÉëá~å=éêÉÇáÅíáçåë=~åÇ=íÜÉáê=ÅçåÑáÇÉåÅÉ=äáãáíë=î~äìÉë=Ñçê=íÜÉ=ëÉÅçåÇ=Ç~í~ëÉíK=

bîÉå= áÑ= íÜÉ=_~óÉëá~å=ãçÇÉä= Ñáíë= íÜÉ= Ñáêëí=Ç~í~ëÉí=ÄÉííÉê= íÜ~å=íÜÉ=ëÉÅçåÇ=Ç~í~ëÉíI=çåäó=
UQKQB=çÑ=íÜÉ=Ñáêëí=Ç~í~=ãÉ~ëìêÉÇ=î~äìÉë=~êÉ=áåëáÇÉ=íÜÉ=_~óÉëá~å=ÅçåÑáÇÉåÅÉ=áåíÉêî~äI=ïÜáäÉ=
Ñçê=íÜÉ=ëÉÅçåÇ=Ç~í~ëÉíI=VUKR=B=çÑ=íÜÉ=ãÉ~ëìêÉÇ=î~äìÉë=~êÉ=~Åíì~ääó=áåëáÇÉ=íÜÉ=ÅçåÑáÇÉåÅÉ=
áåíÉêî~äK=

3.2. DETECTING ANOMALIES AND OUTLIERS. 
qÜÉ=ÉñíêÉãÉ=î~äìÉë=éêÉÇáÅíÉÇ=Äó=íÜÉ=_~óÉëá~å=ãçÇÉä=~êÉ=Çáëéä~óÉÇ=áå=~=Pa=ã~é=EcáÖìêÉ=
VFK=qÜÉ=ÖêÉó=ëÅ~äÉ=Ñçääçïë=íÜÉ=î~äìÉë=Ñêçã=íÜÉ=éêÉîáçìë=Oa=ã~éëI=ïáíÜ=ïÜáíÉ=Ñçê=î~äìÉë=ìé=
íç=RM=åpîLÜ=~åÇ=Ää~Åâ=Ñçê=î~äìÉë=~ÄçîÉ=OMM=åpîLÜK=bîÉå=áÑ=íÜÉ=ã~ñáãìã=î~äìÉ=ãÉ~ëìêÉÇ=
áå=íÜÉ=ëÉÅçåÇ=Ç~í~ëÉí=ìëÉÇ=Ñçê=éêÉÇáÅíáçåë=ï~ë=NQVV=åpîLÜI=íÜÉ=_~óÉëá~å=ãçÇÉä=éêÉÇáÅíÉÇ=
~=ã~ñáãìã=î~äìÉ=çÑ=QNOKT=åpîLÜK=

 
Figure 9 

3D map showing extreme values found in the 2nd set (vertical scale in 
nSv/h). 

qÜÉ=_~óÉëá~å=ãçÇÉä=ëÉÉãë=íç=ÄÉ=êçÄìëí=ÉåçìÖÜ=Ñçê=Ç~í~ëÉíë=ïáíÜ=çåäó=ÅäçëÉ=çìíäáÉêëI=
Äìí=áí=Ñ~áäë=áå=íÜÉ=éêÉëÉåÅÉ=çÑ=ÉñíêÉãÉ=çìíäáÉêë=äáâÉäó=íç=ÄÉ=íÜÉ=çìíÅçãÉë=çÑ=~=Åçåí~ãáå~J
íáçå=éêçÅÉëë=ïáíÜ=~=ÇáÑÑÉêÉåí=ê~åÖÉ=çÑ=ëé~íá~ä=ÅçêêÉä~íáçåK=qÜÉ=Ñáêëí=Ç~í~ëÉí=Ü~ë=çåÉ=ÅäçëÉ=
çìíäáÉê=~åÇ=åç=ÉñíêÉãÉ=çìíäáÉêëI=ïÜáäÉ=Ñçê=íÜÉ=ëÉÅçåÇ=Ç~í~ëÉí=íÜÉ=áÇÉåíáÑáÉÇ=ÅäçëÉÇ=çìíäáÉêë=
~êÉ=~äëç=ÉñíêÉãÉ=çìíäáÉêë=EcáÖìêÉ=NMFK=
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Figure 10 

Identified close and extreme outliers for the first and second datasets. 

4. DISCUSSION 
få=_~óÉëá~å=áåÑÉêÉåÅÉ=ïÉ=ÉñéÉÅí=íÜ~í=Åçî~êá~åÅÉ=é~ê~ãÉíÉêë=~êÉ=ê~åÇçã=î~êá~ÄäÉë=~åÇ=åçí=
âåçïå=~ë=áí=áë=íÜÉ=Å~ëÉ=ïáíÜ=íÜÉ=âêáÖáåÖ=áåÑÉêÉåÅÉK=få=çêÇÉê=íç=Éëíáã~íÉ=íÜÉ=éêÉÇáÅíáîÉ=ÇáëJ
íêáÄìíáçå=çÑ=~åó=ãÉ~ëìêÉãÉåí=íÜÉëÉ=é~ê~ãÉíÉêë=~êÉ=áåíÉÖê~íÉÇ=çîÉê=íÜÉ=é~ê~ãÉíÉêÛë=ëé~ÅÉ=
çÑ=î~êá~åÅÉK=qÜÉ=é~ê~ãÉíÉêëÛ=éêáçê=ÇáëíêáÄìíáçå=áë=Ä~ëÉÇ=çå=ïÜ~í=Ü~ë=ÄÉÉå=çÄëÉêîÉÇ=~åÇ=
ëìãã~êáòÉë= çìê= ìåÇÉêëí~åÇáåÖ= ~Äçìí= íÜÉ= ìåÇÉêäóáåÖ= ëé~íá~ä= éêçÅÉëëK= `çåëÉèìÉåíäóI= íÜÉ=
_~óÉëá~å=éêÉÇáÅíáîÉ=ÇáëíêáÄìíáçå=êÉéêÉëÉåíë=íÜÉ=~îÉê~ÖÉ=çÑ=Åä~ëëáÅ~ä=éêÉÇáÅíáîÉ=ÇáëíêáÄìíáçåë=
Ñçê= âåçïå= é~ê~ãÉíÉêëÛ= î~äìÉëI= ïÉáÖÜíÉÇ= Äó= íÜÉ= é~ê~ãÉíÉêëÛ= éçëíÉêáçê= ÇáëíêáÄìíáçå=
EoáÄÉáêç=~åÇ=aáÖÖäÉ=NVVVFK=få=íÜáë=Å~ëÉI=íÜÉ=éêÉÇáÅíáçåë=î~êá~åÅÉ=áë=~ÅÅçìåíáåÖ=Ñçê=íÜÉ=ìåJ
ÅÉêí~áåíó=áå=íÜÉ=é~ê~ãÉíÉêëÛ=Éëíáã~íáçåë=~åÇ=áí=áë=ÉñéÉÅíÉÇ=íç=ÄÉ=ä~êÖÉê=íÜ~å=íÜÉ=î~êá~åÅÉ=
çÄí~áåÉÇ=çåäó= íÜêçìÖÜ=íÜÉ=âêáÖáåÖ= áåÑÉêÉåÅÉ=éêçÅÉëëK= fãéäÉãÉåíáåÖ=~=_~óÉëá~å=ãçÇÉä= áå=
ïÜáÅÜ=~ää=é~ê~ãÉíÉêë= ~êÉ= ÅçåëáÇÉêÉÇ= ê~åÇçã=î~êá~ÄäÉë= Å~ääë= Ñçê= ÅçåëáÇÉê~ÄäÉ= ÅçãéìíáåÖ=
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íáãÉ=~åÇ=êÉëçìêÅÉëI=Äìí=áÑ=íÜÉ=çêáÖáå~ä=Ç~í~ëÉí=áë=åçí=~=ÖççÇ=~ééêçñáã~íáçå=çÑ=íÜÉ=ìåÇÉêäóJ
áåÖ=ê~åÇçã=ëé~íá~ä=éêçÅÉëëI=_~óÉëá~å=éêÉÇáÅíáçåë=~êÉ=éçíÉåíá~ääó=~=ÄÉííÉê=Éëíáã~íÉ=íÜ~å=íÜÉ=
âêáÖáåÖ= éêÉÇáÅíáçåëK= qç= êìå= ~= Ñìää= _~óÉëá~å= éêçÅÉÇìêÉ= Ñçê= çåÉ= Ç~í~ëÉíI= ~ë= íÜÉ= çåÉ= ÇÉJ
ëÅêáÄÉÇI= áí= í~âÉë= ~Äçìí= PM=ãáåìíÉë= çå= ~= m`=ïáíÜ= OKSS=deò= ~åÇ= OdÄ= éÜóëáÅ~ä= áåíÉêå~ä=
ãÉãçêóK=

qÜÉ=éêçéçëÉÇ=_~óÉëá~å=ãçÇÉä=éêçîÉÇ=íç=ÄÉ=êçÄìëí=Ñçê=Ç~í~ëÉíë=ïáíÜ=ÑÉï=ÅäçëÉ=çìíäáÉêë=
~åÇ=åç=ÉñíêÉãÉ=çìíäáÉêëI=Äìí=Ñ~áäë=íç=Çç=~=ÖççÇ=éêÉÇáÅíáçå=Ñçê=Ç~í~ëÉíë=ïáíÜ=ÉñíêÉãÉ=çìíJ
äáÉêëK=e~ïâáåë=ENVUM=éK=NF=ÇÉÑáåÉÇ=~å=çìíäáÉê=~ë=“~å=çÄëÉêî~íáçå=ïÜáÅÜ=ÇÉîá~íÉë=ëç=ãìÅÜ=
Ñêçã= çíÜÉê= çÄëÉêî~íáçåë= ~ë= íç= ~êçìëÉ= ëìëéáÅáçåë= íÜ~í= áí= ï~ë= ÖÉåÉê~íÉÇ= Äó= ~= ÇáÑÑÉêÉåí=
ãÉÅÜ~åáëãÒK=oçìëëÉÉìï=~åÇ=iÉêçó=ENVUTF=Ü~îÉ=ÇÉëÅêáÄÉÇ=çìíäáÉêë=~ë=Ç~í~=Ü~îáåÖ=~=ä~êÖÉ=
áåÑäìÉåÅÉ=çå=íÜÉ=äÉ~ëí=ëèì~êÉë=Éëíáã~íçê=EipbFI=íÜ~í=Çç=åçí=Ñçääçï=íÜÉ=íêÉåÇ=çÑ=íÜÉ=ã~àçêJ
áíó=çÑ=íÜÉ=çÄëÉêî~íáçåëI=ïÜáäÉ=_~êåÉíí=~åÇ=iÉïáë=ENVVQ=éK=TF=ÅçåëáÇÉê=~å=çìíäáÉê=íç=ÄÉ=“~å=
çÄëÉêî~íáçå=Eçê=ëìÄëÉí=çÑ=çÄëÉêî~íáçåëF=ïÜáÅÜ=~ééÉ~êë=íç=ÄÉ=áåÅçåëáëíÉåí=ïáíÜ=íÜÉ=êÉã~áåJ
ÇÉê= çÑ= íÜ~í= ëÉí= çÑ= Ç~í~ÒK= cêçã= íÜÉëÉ= ÇÉÑáåáíáçåë= áí= áë= çÄîáçìë= íÜ~í= áÑ= ~= ëÉí= çÑ= Ç~í~= Ü~ë=
ÉñíêÉãÉ= çìíäáÉêë= áí=ã~ó= ÄÉ= îÉêó= ÇáÑÑáÅìäí= íç= ÑáåÇ= çåÉ= ëáåÖäÉ=ãçÇÉä= íç= éêÉÇáÅí= ~ÅÅìê~íÉäó=
ÄçíÜ=ÉñíêÉãÉ=çìíäáÉêë=~åÇ=Ä~ÅâÖêçìåÇ=Ç~í~K=få=ëçãÉ=Å~ëÉë=íÜÉ=í~ëâ=Å~å=ÄÉ=ìåëçäî~ÄäÉK=

lå= íÜÉ=çíÜÉê=Ü~åÇI= Ñçê= íÜÉ=éìêéçëÉ=çÑ= ~ìíçã~íáåÖ= áåíÉêéçä~íáçåëI=çåÉ=ã~ó=~Ççéí= ~=
íïç= ëí~ÖÉ= ~ééêç~ÅÜK= cáêëíI= íÜÉ= Ç~í~= áë= ÅÜÉÅâÉÇ= Ñçê= íÜÉ= éêÉëÉåÅÉ= çÑ= ÉñíêÉãÉ= çìíäáÉêëK= fÑ=
íÜÉëÉ=~êÉ=~ÄëÉåíI= íÜÉå=éêçÅÉÉÇ=ïáíÜ= íÜÉ=_~óÉëá~å=ãÉíÜçÇ=ÇÉëÅêáÄÉÇ= áå= íÜáë=é~éÉêK= fÑ= íÜÉ=
ÉñíêÉãÉ= çìíäáÉêë= ~êÉ= éêÉëÉåíI= íÜÉå= ìëÉ= ~= ÇáÑÑÉêÉåí=ãÉíÜçÇ= ëéÉÅáÑáÅ~ääó= ÇÉëáÖåÉÇ= Ñçê= íÜáë=
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