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This paper presents an approach, based on universal kriging, for automatic mapping 
of monitoring data. The performance of the mapping approach is tested on two data-
sets containing daily mean gamma dose rates in Germany reported by means of the 
national automatic monitoring network (IMIS). In the second dataset an accidental re-
lease of radioactivity in the environment was simulated in the South-Western corner 
of the monitored area. The approach has a tendency to smooth the actual data val-
ues, and therefore it underestimates extreme values, as seen in the second dataset. 
However, it is capable of identifying a release of radioactivity provided that the num-
ber of sampling locations is sufficiently high. Consequently, we believe that a 
combination of applying the presented mapping approach and the physical knowl-
edge of the transport processes of radioactivity should be used to predict the extreme 
values. 
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Name Rl(θ,dl) 
Exponential Exp(-θl|dl|) 
General exponential Exp(-θl|dl|θm+1),  0<θm+1≤2 
Spherical 1-1.5ξl+0.5 ξl

3, ξl=min{1, θl|dl|} 
Linear max{0,1- θl|dl|} 

Table 1 
Correlation models. |dl| is the distance between two points in the lth 
dimension 
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Figure 1 

Sample semivariograms for the 10 training datasets in the standardized 
space. 

 
Figure 2 

Histograms for the 10 training datasets in the standardized space 
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TUNING THE ALGORITHMS 
qÜÉ=íÜêÉÉ=êÉÖêÉëëáçå=ãçÇÉäë=~åÇ=Ñçìê=ÅçêêÉä~íáçå=ãçÇÉäë=Å~å=ÄÉ=ÅçãÄáåÉÇ=áåíç=NO=éçíÉåJ
íá~ä= ãçÇÉä= ~ééêç~ÅÜÉëK= qÜÉ= ~ìíçã~íáÅ= ã~ééáåÖ= ~ééêç~ÅÜ= ÅÜççëÉë= ÄÉíïÉÉå= íÜÉëÉ= NO=
ÅçãÄáå~íáçåë=Äó=ãÉ~åë=çÑ=äÉ~îÉJçåÉJçìí=Åêçëë=î~äáÇ~íáçåI=áKÉK=çåÉ=çÄëÉêî~íáçå=áë=êÉãçîÉÇ=
Ñêçã=íÜÉ=Ç~í~ëÉí=~í=~=íáãÉK=cçê=É~ÅÜ=çÄëÉêî~íáçå=êÉãçîÉÇ=íÜÉ=ãçÇÉä=áë=êÉÉëíáã~íÉÇ=Ñêçã=
íÜÉ=êÉã~áåáåÖ=Ç~í~=î~äìÉëI=~åÇ=íÜáë=ãçÇÉä= áë=ìëÉÇ=íç=éêÉÇáÅí= íÜÉ= äÉÑí=çìí=çÄëÉêî~íáçå=Äó=
É~ÅÜ=çÑ=íÜÉ=NO=ÅçãÄáå~íáçåëK=qÜÉ=ãÉ~å=ëèì~êÉÇ=Éêêçê=ÄÉíïÉÉå=äÉÑí=çìí=çÄëÉêî~íáçåë=~åÇ=
éêÉÇáÅíáçåë=ï~ë=ìëÉÇ= íç=ÇÉÅáÇÉ=ïÜáÅÜ=ÅçãÄáå~íáçå=íç=~ééäó= Ñçê=éêÉÇáÅíáåÖ=î~äìÉë= áå= íÜÉ=
UMU=äçÅ~íáçåëK=

RESULTS 
tÜÉå=~ééäóáåÖ=íÜÉ=~ìíçã~íáÅ=ã~ééáåÖ=~ééêç~ÅÜ=íç=íÜÉ=íïç=Ç~í~ëÉíëI= áí=ï~ë=ÑçìåÇ=íÜ~í=
íÜÉ= ÅçãÄáå~íáçå= çÑ= ~= Ñáêëí= çêÇÉê= éçäóåçãá~ä= ~åÇ= íÜÉ= ÖÉåÉê~ä= ÉñéçåÉåíá~ä= ÅçêêÉä~íáçå=
ãçÇÉä= éÉêÑçêãÉÇ= ÄÉëí=ïÜÉå= ~ééäáÉÇ= íç= íÜÉ= Ñáêëí= Ç~í~ëÉíI=ïÜÉêÉ~ë= ~= éçäóåçãá~ä= çÑ= òÉêç=
çêÇÉê=~åÇ=íÜÉ=ÖÉåÉê~ä=ÉñéçåÉåíá~ä=ÅçêêÉä~íáçå=ãçÇÉä=ï~ë=íÜÉ=ÄÉëí=ÅçãÄáå~íáçå=Ñçê=ÅçãJ
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q~ÄäÉ=O= ëÜçïë=ÇÉëÅêáéíáîÉ= ëí~íáëíáÅë= Ñçê= íÜÉ=OMM=çÄëÉêî~íáçåë= áå= íÜÉ= íïç=Ç~í~ëÉíëI= ~ë=
ïÉää=~ë=Ñçê=íÜÉ=UMU=éêÉÇáÅíÉÇ=î~äìÉë=Ä~ëÉÇ=çå=É~ÅÜ=çÑ=íÜÉ=Ç~í~ëÉíëK=

N = 808 Min. Max. mean Median std. dev. 

Observed (first data set) 57.0 180.0 98.0 98.8 20.0 

Predictions (first data set) 66.7 132.5 96.8 99.9 14.4 

Observed (second data set) 57.0 1528.2 105.4 99.0 83.7 

Predictions (second data set) 80.0 494.9 109.5 103.4 36.4 

Table 2 
Comparison of the predicted and measured values (nSv/h) 

fí=áë=ëÉÉå=íÜ~í=íÜÉ=ã~ééáåÖ=~ééêç~ÅÜ=íÉåÇë=íç=ëãççíÜ=íÜÉ=çÄëÉêî~íáçåëI=áKÉK=íÜÉ=ê~åÖÉ=
çÑ=íÜÉ=éêÉÇáÅíáçåë=áë=ëã~ääÉê=íÜ~å=Ñçê=íÜÉ=çêáÖáå~ä=Ç~í~ëÉíI=ïáíÜ=áë=~äëç=áåÇáÅ~íÉÇ=Äó=ëã~ääÉê=
ëí~åÇ~êÇ=ÇÉîá~íáçåëK= få=é~êíáÅìä~ê= íÜÉ=ÜáÖÜ=ÅçåÅÉåíê~íáçåë= áå= íÜÉ= ëÉÅçåÇ=Ç~í~ëÉíI=ÇìÉ= íç=
íÜÉ=ëáãìä~íáçå=çÑ=~å=~ÅÅáÇÉåí~ä=êÉäÉ~ëÉ=çÑ=ê~Çáç~ÅíáîáíóI=~êÉ=ëÉîÉêÉäó=ìåÇÉêÉëíáã~íÉÇK=

få=çêÇÉê=íç=~ëëÉëë=íÜÉ=ÉÑÑáÅáÉåÅó=çÑ=íÜÉ=~ìíçã~íáÅ=ã~ééáåÖ=~ééêç~ÅÜI=íÜÉ=ãÉ~å=~ÄëçJ
äìíÉ=Éêêçê=Ej^bFI=íÜÉ=Äá~ë=Eçê=ãÉ~å=Éêêçê=jbFI=~åÇ=íÜÉ=êççí=ãÉ~å=ëèì~êÉÇ=Éêêçê=EojpbF=
çÑ=íÜÉ=éêÉÇáÅíáçåë=~í=íÜÉ=å=Z=UMU=äçÅ~íáçåë=~êÉ=êÉéçêíÉÇ=áå=q~ÄäÉ=PK=qÜÉëÉ=~êÉ=ÅçãéìíÉÇ=~ë=
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ïÜÉêÉ=óá

G=áë=íÜÉ=éêÉÇáÅíÉÇ=î~äìÉ=~í=äçÅ~íáçå=á=~åÇ=ïÜÉêÉ=óá=áë=íÜÉ=íêìÉ=î~äìÉK=cìêíÜÉêãçêÉI=
mÉ~êëçåÛë= ê= ÅçÉÑÑáÅáÉåí=çÑ=ÅçêêÉä~íáçå=ÄÉíïÉÉå= íÜÉ=éêÉÇáÅíÉÇ=~åÇ= íêìÉ=î~äìÉë= áë= ëÜçïå= áå=
q~ÄäÉ=PK=

Data sets: MAE ME Pearson’s r RMSE 
First data set 9.7 1.2 0.76 13.1 
Second data set 22.2 -4.1 0.54 71.2 

Table 3 
Comparison of the errors 

fí=áë=ëÉÉå=íÜ~í=íÜÉ=ëìÖÖÉëíÉÇ=~ééêç~ÅÜ=éÉêÑçêãë=ãìÅÜ=ÄÉííÉê=ïÜÉå=~ééäáÉÇ=íç=íÜÉ=Ñáêëí=
Ç~í~ëÉíI=íÜìë=áí=áë=åçí=íÜ~í=ïÉää=ëìáíÉÇ=Ñçê=Ü~åÇäáåÖ=ÉñíêÉãÉ=î~äìÉëK=

_ÉäçïI=ã~éë=ëÜçïáåÖ=íÜÉ=éêÉÇáÅíÉÇ=î~äìÉë=EcáÖìêÉ=PF=~åÇ=íÜÉ=~ëëçÅá~íÉÇ=ìåÅÉêí~áåíáÉë=
EcáÖìêÉ=QFI=ÅçãéìíÉÇ=Äó=ENF=~åÇ=EOFI=êÉëéÉÅíáîÉäóI=~êÉ=éêÉëÉåíÉÇK=cìêíÜÉêãçêÉI=~=Pa=ã~é=
çÑ=íÜÉ=ëÉÅçåÇ=Ç~í~ëÉí=áë=ëÜçïå=áå=cáÖìêÉ=RK=få=cáÖìêÉ=P=íÜÉ=ëáãìä~íÉÇ=êÉäÉ~ëÉ=çÑ=ê~Çáç~ÅíáîJ
áíó=áë=ÅäÉ~êäó=ëÉÉåI=ÉîÉå=íÜçìÖÜ=íÜÉ=~Åíì~ä=î~äìÉë=~êÉ=ìåÇÉêÉëíáã~íÉÇK=få=cáÖìêÉ=Q=áí=áë=ëÉÉå=
íÜ~í=íÜÉ=ìåÅÉêí~áåíó=ÖáîÉå=Äó=EOF=áë=ÜáÖÜäó=ÇÉéÉåÇÉåí=çå=íÜÉ=Çáëí~åÅÉë=íç=íÜÉ=OMM=äçÅ~íáçåë=
çÑ=çÄëÉêî~íáçåëI=áKÉK=íÜÉ=ìåÅÉêí~áåíó=áë=ëã~ää=ÅäçëÉ=íç=çÄëÉêî~íáçå=éçáåíëI=~åÇ=îáÅÉ=îÉêë~K=

  
Figure 3 

Isoline levels (nSv/h) for the 1st set (left) and the 2nd set (right) computed 
based on 200 observations 
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Figure 4 

Isoline levels showing the uncertainty, given by (2), associated to the predic-
tions obtained for the 1st set (left) and the 2nd set (right). Computations were 
based on 200 observations 

 
Figure 5 

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

DISCUSSION 
få=íÜáë=é~éÉê=ïÉ=Ü~îÉ=éêÉëÉåíÉÇ=~å=~ééêç~ÅÜ=Ñçê=~ìíçã~íáÅ=ã~ééáåÖ=çÑ=ãçåáíçêáåÖ=Ç~í~K=
qÜáë= áë=Ä~ëÉÇ=çå=ìåáîÉêë~ä=âêáÖáåÖI=~åÇ=ÅÜççëÉë=ÄÉíïÉÉå=NO=ÇáÑÑÉêÉåí=âêáÖáåÖ=ãçÇÉäë=Äó=
ãÉ~åë=çÑ=Åêçëë=î~äáÇ~íáçåK=qÜÉ=~ééêç~ÅÜ=Ü~ë=~=íÉåÇÉåÅó=íç=ëãççíÜ=íÜÉ=~Åíì~ä=Ç~í~=î~äìÉëI=
~åÇ=áí=íÜÉêÉÑçêÉ=ìåÇÉêÉëíáã~íÉë=ÉñíêÉãÉ=î~äìÉëI=~ë= áí= áë=ëÉÉå=ïÜÉå=~ééäáÉÇ=íç=íÜÉ=ëÉÅçåÇ=
Ç~í~ëÉíK=lå=íÜÉ=çíÜÉê=Ü~åÇ=áí=ÇçÉë=áÇÉåíáÑó=íÜÉ=ê~Çáç~Åíáîáíó=êÉäÉ~ëÉ=ëáãìä~íÉÇ=áå=íÜÉ=ëÉÅJ
çåÇ=Ç~í~ëÉí=EcáÖìêÉ=RFK=qÜÉêÉÑçêÉI=ïÉ=ÄÉäáÉîÉ=íÜ~í=ÉîÉå=íÜçìÖÜ=íÜÉ=éêÉÇáÅíáçå=çÑ=ÉñíêÉãÉ=
î~äìÉë= áë= ìåêÉäá~ÄäÉI= íÜÉ=ã~ééáåÖ= ~ééêç~ÅÜ= ÅçìäÇ=ÄÉ=ìëÉÇ= ~ë= ~=ï~êåáåÖ= ëóëíÉãI= ~ë= áí= áë=
âåçïå=Ñêçã=Åä~ëëáÅ~ä=éêçÅÉëë=Åçåíêçä=EjçåíÖçãÉêó=OMMMFK=pìÅÜ=~=ëóëíÉã=áë=~Åíáî~íÉÇ=Äó=
ÉñíêÉãÉ= éêÉÇáÅíáçåëI= ~åÇ= ~å= ~ééêçñáã~íÉ= äçÅ~íáçå= çÑ= êÉäÉ~ëÉ= Å~å= ÄÉ= Éëíáã~íÉÇ= Äó= íÜÉ=
ã~ééáåÖ= ~ééêç~ÅÜK= qç= çÄí~áå= êÉäá~ÄäÉ= éêÉÇáÅíáçåë= íÜÉ= éÜóëáÅ~ä= âåçïäÉÇÖÉ= ~Äçìí= íÜÉ=
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íê~åëéçêí=éêçÅÉëëÉë=çÑ= ê~Çáç~Åíáîáíó= ëÜçìäÇ= ëçãÉÜçï=ÄÉ= ~ééäáÉÇK=tÉ=Ü~îÉ= ~äëç= íêáÉÇ= íç=
~ééäó= íÜÉ=ã~ééáåÖ= ~ééêç~ÅÜ= íç= íÜÉ= äçÖJíê~åëÑçêãÉÇ= Ç~í~= î~äìÉë= áå= íÜÉ= ëÉÅçåÇ= Ç~í~ëÉíK=
qÜáë=ÇáÇ=åçí=áãéêçîÉ=íÜÉ=éÉêÑçêã~åÅÉ=ëáÖåáÑáÅ~åíäóK=

qÜÉ=~îÉê~ÖÉ=Åçãéìí~íáçå~ä=íáãÉ=Ñçê=É~ÅÜ=Ç~í~ëÉí=ï~ë=~ééêçñáã~íÉäó=QR=ãáåìíÉëK=qÜáë=
íáãÉ=áë=éêáã~êáäó=ìëÉÇ=íç=Åçãé~êÉ=íÜÉ=NO=éçíÉåíá~ä=âêáÖáåÖ=ãçÇÉäë=Äó=ãÉ~åë=çÑ=Åêçëë=î~äáJ
Ç~íáçåK= ^ë= ÇÉëÅêáÄÉÇ= áå= ëÉÅíáçå= O= íÜÉ= ãçÇÉä= é~ê~ãÉíÉêë= ~êÉ= êÉÉëíáã~íÉÇ= É~ÅÜ= íáãÉ= ~å=
çÄëÉêî~íáçå=áë=äÉÑí=çìí=Ñêçã=íÜÉ=Ç~í~ëÉí=áå=íÜÉ=Åêçëë=î~äáÇ~íáçå=~äÖçêáíÜãK=tÉ=~äëç=~ééäáÉÇ=
íÜÉ=ÇÉëÅêáÄÉÇ=~äÖçêáíÜã=ïáíÜçìí=êÉÉëíáã~íáçå=çÑ=íÜÉ=ãçÇÉä=é~ê~ãÉíÉêë=íç=íÜÉ=Ñáêëí=Ç~í~ëÉíK=
qÜáë=êÉÇìÅÉÇ=íÜÉ=Åçãéìí~íáçå~ä=íáãÉ=íç=çåäó=Ñçìê=ãáåìíÉëI=áKÉK=áí=áë=íÜÉ=é~ê~ãÉíÉê=Éëíáã~J
íáçå=é~êí=çÑ=íÜÉ=éêçÅÉÇìêÉ=íÜ~í=í~âÉë=~=äçí=çÑ=íáãÉK=qÜÉ=î~äìÉë=çÑ=jbI=j^b=~åÇ=ojpb=
ÅçãéìíÉÇ=ïáíÜçìí=êÉÉëíáã~íáçå=çÑ=íÜÉ=é~ê~ãÉíÉêë=ïÉêÉ=ëáãáä~ê=íç=íÜçëÉ=ÖáîÉå=áå=íÜÉ=Ñáêëí=
êçï=çÑ=í~ÄäÉ=PK=

CONCLUSIONS 
qÜáë=é~éÉê=éêÉëÉåíë=~å=~ééêç~ÅÜI=Ä~ëÉÇ=çå=ìåáîÉêë~ä=âêáÖáåÖI=Ñçê=~ìíçã~íáÅ=ã~ééáåÖ=çÑ=
ãçåáíçêáåÖ= Ç~í~K= qÜÉ= ~ééêç~ÅÜ= Ü~ë= ~= íÉåÇÉåÅó= íç= ëãççíÜ= íÜÉ= ~Åíì~ä= Ç~í~= î~äìÉëI= ~åÇ=
íÜÉêÉÑçêÉ=áí=ìåÇÉêÉëíáã~íÉë=ÉñíêÉãÉ=î~äìÉëI=~ë=ëÉÉå=áå=íÜÉ=ëÉÅçåÇ=Ç~í~ëÉíK=eçïÉîÉêI=áí= áë=
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