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Name Institution ATM Meteorology Simulation  
length

Minor  
emitters  
included

Kihyun Park (Korea) KAERI LADAS UM-GDAPS (KMA) 6 months Yes

Arnaud Quérel (France) IRSN IdX-C3X (Eulerian) ARPEGE (Météo France) 6 months No (ZAMG‘s)

Akiko Furuno (Japan) JAEA WSPEEDI-II (WRF+GEARN) GPV- Global (JMA) 3 months No (ZAMG‘s)

Alain Malo (Canada) CMC MLDP GDPS (CMC) 6 months Yes

Donald Lucas (USA) LLNL LODI NCEP-GFS/ADAPT 6 months Yes

Paul Eslinger (USA) PNNL HYSPLIT NCEP-GDAS 6 months Yes

Yuichi Kijima (Japan) JAEA HYSPLIT NCEP-GDAS 3 months No (ZAMG‘s)

Rich Britton (UK) UK-NDC/AWE HYSPLIT NCEP-GDAS 6 months Yes

Blake Orr (Australia) ARPANSA HYSPLIT ACCESS-G (BoM) 6 months No (ZAMG‘s)

Alice Crawford (USA) NOAA-ARL HYSPLIT (-GEM) NCEP-GDAS & ERA5 6 months Yes

Anders Axelsson (Sweden) FOI HYSPLIT NCEP-GDAS 6 months Yes

Jolanta Kusmierczyk-Michulec (CTBTO) CTBTO/IDC FLEXPART 9.3.2 ECMWF-IFS 6 months Yes

Christian Maurer (Austria) ZAMG FLEXPART 10.3 ECMWF-IFS 6 months Yes

Michael Schoeppner (CTBTO) CTBTO/OSI FLEXPART 9.3.2 ECMWF-IFS 3 months Yes

Petra Seibert (Austria) BOKU FLEXPART ECMWF-IFS 6 months Yes

Pham Kim Long (Vietnam) VINATOM FLEXPART NCEP-GFS 6 months Yes

1. The 16 participants of the3rd ATM-Challenge  
and their modelset-ups
Mainaims:Investigatetheaddedof1)stackemissiondataand2)traininganoptimumensemble



2. A first glimpse on importantstatistics

Rank² Actual daily stack emissions Average literature emissions

NPP emissions
included

2.33 [1.45,2.70]; 3.08 [2.01,3.56]; 0.46 [0.20,0.61] 2.39 [1.47,2.73]; 3.17 [2.04,3.62]; 0.45 [0.19,0.60]

NPP emissions  
not included

1.92 [0.91,2.45]; 2.56 [1.37,3.21]; 0.35 [0.07,0.58] 2.09 [1.08,2.59]; 2.78 [1.56, 3.39]; 0.39 [0.09,0.59]

• No averagebenefit fromdailystackdataoverall samples,independentof thescoreused
Indicationofapositive impactof roughlyestimatedemissionsofNPPsandother 
facilitiesthat adds up to ~20%

¹accessed viavDEC Answers:
²Reviewed dataset
accessed via vDEC +•DEX33altitude
correctionapplied

What is the average benefit (over all four investigated stations CAX17, DEX33, SEX63, USX75 and all available
samples for June to December 2014 and all submitted runs)of:

• using actual historic daily stack emission¹ versus average literature emission datafor IRE and CNLfacilities?
• including rough estimates for NPPs‘ & and other facilities‘ emissions?

1)„Rank“ according to 2nd ATM-Challenge („R_2nd_Challenge“; 4 metricscombined)
2)„Rank“amendedbydistributionmetric(„R_KS“;5metrics combined)
3)„Seibert‘s SkillScore („SS“; 4 metrics combined)



3.Differentapproachesforselectingsamples

Hypothesis:Benefitof stackemissiondatadependsonthesamplesselected

Selection methodsapplied:

•
𝑚𝑚𝑒𝑒𝑎𝑎𝑠𝑠𝑢𝑢𝑟𝑟𝑒𝑒𝑚𝑚𝑒𝑒𝑛𝑛𝑡𝑡

(1) | 𝑚𝑚𝑒𝑒𝑎𝑎𝑠𝑠𝑢𝑢𝑟𝑟𝑒𝑒𝑚𝑚𝑒𝑒𝑛𝑛𝑡𝑡 −𝑀𝑀𝐼𝐼𝑃𝑃𝐹𝐹𝑠𝑠′ 𝑐𝑐𝑜𝑜𝑛𝑛𝑡𝑡𝑟𝑟𝑖𝑖𝑏𝑏𝑢𝑢𝑡𝑡𝑖𝑖𝑜𝑜𝑛𝑛𝑠𝑠| ≤ 50% 𝑜𝑜𝑟𝑟 80%

or (1a) 𝑚𝑚𝑒𝑒𝑎𝑎𝑠𝑠𝑢𝑢𝑟𝑟𝑒𝑒𝑚𝑚𝑒𝑒𝑛𝑛𝑡𝑡 −𝑀𝑀𝐼𝐼𝑃𝑃𝐹𝐹𝑠𝑠′ 𝑐𝑐𝑜𝑜𝑛𝑛𝑡𝑡𝑟𝑟𝑖𝑖𝑏𝑏𝑢𝑢𝑡𝑡𝑖𝑖𝑜𝑜𝑛𝑛𝑠𝑠 ≤ 50% 𝑜𝑜𝑟𝑟80%
𝑚𝑚𝑒𝑒𝑎𝑎𝑠𝑠𝑢𝑢𝑟𝑟𝑒𝑒𝑚𝑚𝑒𝑒𝑛𝑛𝑡𝑡

Contributions are calculated based on (A1) FLEXPART V9 bwd runs or a (B1 & B1a) FLEXPART V9-
CTBTOfwdrunand(A1)1°or(B1&B1a)0.5°meteorological inputandoutputresolution(operational  
CTBTO/IDC set-up as of 2014 or set-up for3rd ATM-Challenge 2019).
•

𝑠𝑠𝑖𝑖𝑚𝑚𝑢𝑢𝑙𝑙𝑎𝑎𝑡𝑡𝑒𝑒𝑑𝑑 𝑣𝑣𝑎𝑎𝑙𝑙𝑢𝑢𝑒𝑒
(2) 𝑁𝑁𝑃𝑃𝑃𝑃𝑠𝑠′+𝑁𝑁𝑅𝑅𝑅𝑅𝑠𝑠′+𝑜𝑜𝑡𝑡ℎ𝑒𝑒𝑟𝑟 𝑓𝑓𝑎𝑎𝑐𝑐𝑖𝑖𝑙𝑙𝑖𝑖𝑡𝑡𝑖𝑖𝑒𝑒𝑠𝑠′ 𝑐𝑐𝑜𝑜𝑛𝑛𝑡𝑡𝑟𝑟𝑖𝑖𝑏𝑏𝑢𝑢𝑡𝑡𝑖𝑖𝑜𝑜𝑛𝑛𝑠𝑠 ≤ 50% 𝑜𝑜𝑟𝑟 80%

Contributionsarecalculatedbasedona FLEXPARTV9-CTBTOfwdrunand0.5°meteorological input
and output resolution (set-up for 3rd ATM-Challenge2019).
• (3) Select subjectively a few outstanding daily stack emissions (outstanding with respect to the  

meandailyvalueasdeducedfromdisaggregatingtheannualsum)andrelatedsamplespredictedby  
the CTBTO fwdrun.



4.Statisticsperstation–flaggingmainemitters‘ influence

L L L S L L L

S SS S S S S

–approachA1
S:stack
emissions
outperform  
literature  
emissionsbased  
on allmetrics

L: literature  
emissions  
outperform stack  
emissions based  
on Rank, but not  
onSS

L: literature  
emissions  
outperform stack  
emissions based  
on allmetrics

S



5.1 A different perspective –approach3:
Selectingsamplesbasedontheemissionprofile:CNL-USX75

USX75
Collection start [UTC] Measured value [mBq/m3] MIPFs contribution stack MIPFs contribution literature NPPs+NRRs+other facilites Sum stack Sum literature
20141102160000 0,53 0,88 20,70S! 0,36S! 1,24 21,06
20140802160000 18,51 3,92 1,07S? 0,09S 4,01 1,16
20140620160000 5,63 4,82 3,57S? 0,13S 4,95 3,71
20140820160000 0,80 0,17 0,23L? 0,10L 0,27 0,33
20141001160000 4,80 6,85 2,61L 0,67L 7,52 3,28
20141014160000 0,95 0,38 0,15S? 0,05S 0,43 0,20

• In 2/3 of the cases the CNL  
contribution alone does not  
explain the signal ->  
Something ismissing!

• NPPs+NRRs+other facilities‘  
contributions are always and  
up to two orders of  
magnitude smaller than CNL  
stack emission based  
contributions -> CNL is the  
drivingforce

• Stack data are benefitialin
2/3 of thecases

1E+10

1E+11

1E+12

1E+13

1E+14

CNL emissions

Daily stack Xe-133 Emission [Bq] Mean daily Xe-133 value (Bq, disaggregated annual sum) Literature Xe-133 value (Bq, disaggregated annual sum)



5.2 A different perspective –approach3:
Selectingsamplesbasedon theemissionprofile: IRE-SEX63

SEX63
Collection start [UTC] Measured value [mBq/m3] MIPFs contribution stack MIPFs contribution literature NPPs+NRRs+other facilites Sum stack Sum literature
20140707000000 1,71 0,16 0,09S? 0,11S 0,27 0,20
20140727000000 0,60 0,05 0,08L? 0,54S 0,60 0,62
20140903000000 0,41 0,12 0,41S? 0,29S 0,42 0,70
20141024000000 1,36 0,02 0,03L? 1,02L 1,04 1,05
20141003000000 1,01 0,30 0,34L? 1,52S CNL influence! 1,82 1,86
20141013000000 0,72 0,19 0,48L? 0,15L 0,33 0,62

• For all cases the IRE(+CNL)  
contribution alone does not  
explain the signal ->  
Something ismissing!

• NPPs+NRRs+other facilities‘  
contributions are in 2/3 ofthe  
cases and up to two orders of  
magnitude bigger than IRE  
stack emission based  
contributions -> IRE is not the  
drivingforcefor thesesamples

• Stack
data are  
benefitial  
in 2/3 of  
thecases

1E+10

1E+11

1E+12

1E+13
IRE emissions

Daily stack Xe-133 emission [Bq] Mean daily Xe-133 value (Bq, disaggregated annual sum) Literature Xe-133 value (Bq, disaggregated annual sum)



6.Toremember:MonthlyXe-backgroundin2014(PTSpilot study)

Gueibe et al. (2017):
IRE: 2E15Bq/y
CNL: 1.5E16Bq/y

• CNL had highestannual  
values!

• Knowing exact IRE  
emissions isclearly not  
enough for DEX33 and  
SEX63!

Percentage values are  
based on actual  
concentrations inBq/m3



7.1 ConclusionsI

• Ahugedatapool of modelling results hasbeencreated.Please request it fromZAMG/CTBTO
(i.e., contact christian.maurer@zamg.ac.at and jolanta.kusmierczyk-michulec@ctbto.org). A
morethoroughstatistical analysis(Phd?)wouldbedesirable.

• It seems to be important to select samples appropriately to demonstrate an – on average–
small addedvalueof stackemissions.However, there is considerablebenefit fromstackdata
for individual samples(seeapproach3).

• It is interesting to note that the mere selection of samples partly (at least to 50%) or
predominately(at least to80%)influencedbyMIPFspushesthescoresupmost.Therelative
increase in scores on average (data sets A1, B1 & B1a) adds up to ~15%when switching
from all above MDC samples to those with 50% or 80% MIPF influence using literature
emissions compared to 7%when additionally switching from literature to stack emissions
for 50% or 80% influence samples. This demonstrates that 1) knowing a large emitter and
its location as well as 2) a proper average emission is more important than knowing the
exactemissionprofile. Implicitly suppressingsampleswith overprediction >50%or20%in
the sample selection process (absolute difference in data sets A1 and B1) can further
enhancethescoreswhichdemonstratestheeffectsof thetransporterroronscores.

mailto:christian.maurer@zamg.ac.at
mailto:jolanta.kusmierczyk-michulec@ctbto.org


7.2 ConclusionsII

• Simulating the MIPF related radioxenon background at CAX17without selecting
samples according to MIPF influence on average seems to be especially
promisingsinceCAX17is aremotestationwith (atthetimeof2014)dominating
CNLinfluence.

• It seems to be very important to gain more knowledge about non IRE and CNL-
related emissions (for 2014). These emissions may be small individually (but
can also be big, see MIPF Dimtrovgrad for SEX63), but in any case their sum
(e.g., for DEX33) – depending on the predominant synoptic situation – is a
decisive factor in accurately predicting the radioxenon background at IMS
stations.



Radioxenon Nuclear Explosion SignalScreening  
Inter-Comparison Exercise2021

• Problem:Weneedtobeable todiscriminate radioxenonnuclearexplosion signals from
industrialbackground.

• One way forward: CTBTO‘s contract awarded to ZAMG under EU Council Decision VIII
funding „Xenon Background Estimator: Development of an evaluation system and
conducting a competition for the best methodon a call-off basis”. Project start: Jan, 1st,
2021;supposedto runfor roughlyoneyear.

• Approach and goals: Creation of a radioxenon test data set for 2014 to be used for
subsequentradioxenontestdatascreeningagainsthypotheticalnuclearexplosions¹.
1. The screening procedure should be based on several criteria: Detection, location, magnitude

determination, discrimination and timing capabilities (all criteria or additional ones to be tackled
in alaterphaseof theprojectundertheguidanceof externalexperts)

2. The screening procedure should be exemplarily performed in the frame of an inter-comparison
exercise (autumn 2021) to find efficient available method(s) within the community dealing with
CTBTverification.

¹The study by Axelsson et al. (2014) was the first study on the complete verification capability on a network level. The  
design of the data set will partly follow the approach taken by FOI at that time, but will include additionalaspects.



1. Elements ofthe test data set
• Explosion release scenarios: hypothetical radioxenon releases from pre-defined hypothetical

undergroundandunderwaternuclearexplosionsdistributed overaglobal grid atdifferent timesof the
dayandyearwithin 2014. Nodetailsyet…

• Xe inventories (Xe-133, Xe-133m, Xe-131m & Xe-135) of different reliability: for industrial emitters
considering both radiopharmaceutical facilities (wehave stack emissions from IRE, CNL and ANSTO!)
and nuclear power plants as well as research reactors to model the radioxenon background if not
measured–extensionof theinventoriesasusedfor the3rdATMChallenge

• Xebackgroundmeasurementswhereavailable:at~30IMSstationsoperatingin2014
• FLEXPART Source Receptor Sensitivities (SRSs): for all the existing or planned 79 IMS stations

calculated in backward mode. Existing noble gas stations with available measurements will be
prioritized.

Grid of  
Axelsson etal.  
(2014):

Kalinowskiand
Liao(2012):



2. Set-up of backward atmospheric transportcalculations

Parallel (MPI) version of FLEXPART 10.4.1 employed to produce SRSfields. Important
aspects:

• Hourly, global ECMWFmeteorological re-analysis ERA5 fields (0.5°,78 vertical levels up
to ~100 hPa/~16 km a.s.l.) used as input. Currently probably the best available
meteorologyfor historictimes.

• Hourly releasesatall 79 IMSstationsof aninert tracer representedby1.34E5 particles
trackedbackseparatelyfor14daysto flexiblyadapttoany(future)collection periods.

• No model time step adaption to Lagrangian time scales for runs at ZAMG‘s HPC and
model time step adaption to Lagrangian time scales (computationally moredemanding)
at PNNL‘sHPCfor thealreadyexisting39 noblegasstations. Theremaining40oneswill
berunat leastwithouttimestepadaptiononZAMG‘sorPNNL‘sHPC.

• Using the mixing ratio option at the receptors. Via multiplication with surface standard
density in a post-processing step we can account for radioxenon measurements being
valid for astandardatmosphere.

• 0.5°x0.5°x100 mhourlyoutputgrid



3. Necessary post-processingsteps

• Multiplication of the individual SRSbackward fields with theactual (hourly or daily) timeand
space-dependent source terms and summing over 1) all source term contributions over time
and space for each hourly release chunk and averaging over 2) hourly contributions falling
within a given IMS station collection period. Radioactive decay will be applied for all four
xenon isotopes. Ingrowth of Xe-133m to Xe-133 will be considered during transport and
duringsampling.

• Combining hypothetical nuclear explosion signals with real, measured background (for ~IMS
30 stations) or simulated background (for all 79 IMS stations based on the radioxenon
inventories) including a proper, iosotpe and device dependent measurement uncertainty. An
uncertainty-concentration relationship can be deduced empirically from measured data (see
Haasetal.,2017)orananalytical relation (Ringbometal.,2015).

• Calculatingactivityatacquisitionstart for istopic ratio formationandzerotimeestimates.
• All work is performed by the contractor and the output data set will be made available to

participants.



4.Finaldatasetsandinter-comparsionexercise

• 1)Datasetswith only simulatedormeasuredbackground for 79,~30 stations, respectively.
This aimsatquantifying arobust falsepositiverate.

• 2) Datasets with simulated or measuredbackground combined with hypothetical explosion
signals. This means creating data subsets comprising all IMS station time series per
explosion (nomixingof severalexplosions).

• Sub-periods of the data sets 1) & 2) consisting of simulated background or simulated
background combined with explosion signals due to releases in different seasons and at
different times of the day involving all IMS stations will form the basis for the inter-
comparisonexercise.

• Timeline for theeventscreeningexercise:Septemberuntil December2021.Pleasebeaware
that–unlike for theprevious„ATM-Challenges“–youwill needatmospheric transportaswell
as radionuclide expertise to perform the tasks of the inter-comparison exercise. Also, the
timeschedule is moretight.
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Auxiliarymaterial



An example: Time series forCAX17

• A lot ofvaluable  
data for half a  
year

• 28 to 31 runs  
per station  
(CAX17,DEX33,  
SEX63 &  
USX75)

• Ensemble approach has started: Appropriate files were sent to S. Galmarini (JRC,  
ensembleexpert).Resultswill demonstratehowmuchindependentandredundant  
informationis inherentin theruns.



Correcting DEX33 results to STPconditions
• CTBTO-IMS Xe-measurements are valid with respect to STP (standard temperature and pressure, T = 288.15 K,  

p =1013.25hPa)
• All but BOKU and VINATOM submissions were referenced to ambient conditions -> simulations at DEX33

(~1200 m a.s.l.) are biased low due to reduced airdensity.
• Rough correction of activity concentrations via multiplying with the density quotient of STP density andaverage

ambient density in the respective outputlayer.
• Average ambient density in the output layer calculated according to:

• Correctiononaverageimprovesscoresjustslightly(7%foronemetric).
• Notunexpectedly,apositiveeffect is onlypronouncedfor thoseruns,whereupperoutputlayersweresampled  

(e.g., ZAMG and CMC runs) and not just the first 100 or 200 m above modeltopography.



Adetailed lookonthescores:all stations

Average Rank of2nd

ATM-Challengewas
2.06. However, the  
metrics of the two  
Challenges shouldnot  
be compared because  
ofdifferent:
• participants, model  

set-ups (uniform vs.  
non-uniform output  
grid!), model  
versions

• coverage ofseasons,
hemispheres

• numberof samples
above MDC for the
2ndChallenge (very
low)

Ranking  
according to  
one metric  
does not  
necessarily  
do justice to  
the  
submissions!



A detailed lookon the scores: CAX17

However, the  
highestRanks  
tend to come  
withhigh
„Seibert
Scores“



A detailed look on the scores:DEX33



A detailed lookon the scores: SEX63



A detailed look on thescores: USX75



Details on statisticalmetrics



Details on statisticalmetrics



Details on statisticalmetrics
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