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1. The 16 participants of the3d ATM-Challenge

and their model set-up

Main aims: Investigate the added of 1) stack emission data and 2) training an optimum ensemble
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2. Afirst glimpse on importantstatistics

What is the average benefit (over all four investigated stations CAX17, DEX33, SEX63, USX75 and all available
samples for Juneto Decamber2014 and all submitted runs) of:

 using actual historic daily stadk emission’versus average literature emission data for IRE and ONLfacilities?
« incduding rough estimates for NPPs* & and other facilities' emissions?
1) ,,Rank™ according to 2nd ATM-Challenge (,R_2nd_Challenge; 4 metrics combined)
Rank = R? + (1 — @) + F5 + ACC 2).Rankamended by distribution metric (,R_KS"; 5 metrics combined)
2 3) ,,Seibert's SkillScore (,SS"; 4 metrics combined)

m Actual daily stack emissions Average literature emissions

NPP emissions 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]

included
NPP emissions 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]

not included

laaoessed via VDEC Answers:

*Reviewed F'a\%%Jr  No average benefit from daily stack data over all samples, independent of the score used
i yX-*  Indication of a positive impact of roughly estimated emissions of NPPsand other [~ _

DEX33 altitude o 72
correction applied facilitiesthat adds up to ~2%




3. Different approaches for selecting samples

Hypothesis: Benefit of stack emission data depends on the samples selected

Selection methods applied:

measurement —MIPFs' contributions
. (1) L < 50% or 80%
measurement

t —MIPFs' tributi
Or (1a) measureme:rlleasurenfe:l:n riputions S 50% 0T80%

Contributions are calculated based on (A1) FLEXPART VO bwd runs or a (Bl & Bla) FLEXPART VVO-
CIBIOfwd runand (A1) 1° or (B1 & Bla) 0.5° meteorological input and output resolution (operational
CTBTO/IDC set-up as of 2014 or set-up for3rd ATM-Challenge 2019).

. (2) NPPs +NRRs +other facilities' contributions < 50% or 80%

simulated value

Contributions are calculated based on a FLEXPART VO-CTBTO fwd run and 0.5° meteorological input
and output resolution (set-up for 3[d ATM-Challenge2019).

¢ (3)Select subf'ectivel a few outstanding daily stack emissions (outstanding with respect to the
ﬂn;lean daily f\\//Vadue as deduced from disaggregating the annual sum) and related samples predicted by
e CTBTO fwd run. f
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4, Statistics per station — flagging main emitters' influence

— approach Al

Stack versus literature emissions for individual
stations, ALL samples
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5.1 Adifferent perspective — approach 3: J
Selecting samples based on the emission profile: ONL-USX/5

« In 2/3 of the cases the O\L

CNL emissions contribution alone does not
, explain the signal =
D a.ﬂ.& MJK‘RJU!- aoilee A At Mo e 1] g
1E+13 V L J VX d V V VV y V‘-k m’ryls ml$lng!
- - - ‘
f/ U W « NPPs+NRRs+otherfacilities
1E+12 . .
contributions are always and
up to two orders of
magnitude smaller than CNL
) 8 O O P O ® N o & & N S O & ® O & © O & & O ® . -
Qq(\Q o ‘b\ 0I\Q WQ\Q Qa\() @'\Q QQ)\Q &\Q Q\Q .-ﬁ‘D\Q 6»\ 6\\0 %\Q \9\0 ’f?\Q Q’N\Q Qfo\ \'}\Q '{P\Q b‘\Q q,Q\Q b\Q ’L\Q '@\Q .-‘P‘\Q 0,0\0 Q")\Q ,\,\Q ,\\Q '{?\Q @\Q SBCI( emISS|0n baw
W \°“°\ & R vt R \°‘b\ AR B AR \°°’\ S s VS S R\ P o .
) R B o OO R D R
TSI TSI LTSS LSS contributions >Q\Lis the
—@— Daily stack Xe-133 Emission [Bq] Mean daily Xe-133 value (Bq, disaggregated annual sum) Literature Xe-133 value (Bq, disaggregated annual sum) ngIng ﬁ)rCE
« Stadk data are benefitial in
2/3 of thecases
USX75
Collection start [UTC] Measured value [mBq/m3] MIPFs contribution stack MIP ibution li ture 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? 0,095 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 /‘\Il
20141001160000 4,80 6,85 2,611 0,671 7,52 3,28 = ZAMG
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5.2 Adifferent perspective — approach 3:

Selecting samples based on the emission profile: IRE-SEX63

- For all cases the IRE(+CON\L)
IRE emissions contribution alone does not
explain the signal >

l‘ﬂlfl - -1 o R~ o [
AT B R TT Semery

°
et contributions are in 2/3 ofthe
cases and up to two orders of
magnitude bigger than IRE
R R R R MR S ST SN S S ST S S B S SO S B\ M ST SN SN\ SN MV S VIS VIO SN I S el
S O R N R I R R R I AR I stack emission based
& b‘\Qb o-\ob u@b h\b(o v\é\ vé\ \):6\ v\é\ u\é\ v\éb \x\& \>-\<§|J v-\gq’ v\e’q’ 0-\0% v\& b-\Qq v\& b-\eoj v\& v\@ bc\'\’o v\e u\@ v\@ &\0 v\\"\/ u\'& v\o o‘\'\} : - ;
T T TSI I LTSI TS TS TSI contributions ->IREis not the

Mean daily Xe-133 value (Bq, disaggregated annual sum) Literature Xe-133 value (Bq, disaggregated annual sum) ngIn thaa‘th%SEI , ,DB
SEX63 o Stadk

—@— Daily stack Xe-133 emission [Bq]

Collection start [UTC] Measured value [mBq/m3] MIPFs contribution stack MIPFs contribution literature NPPs+NRRs+other facilites Sum stack Sum literature data are
20140707000000 1,71 0,16 0,09S? 0,11S 0,27 0,20

20140727000000 0,60 0,05 0,08L? 0,545 0,60 0,62 hbenditial
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 In 2/ 3 Of
20141003000000 1,01 0,30 0,34L? 1,525 CNLinfluence! 1,82 1,86

20141013000000 0,72 0,19 0,48L? 0,15L 0,33 0,62 U’ECBSS

\Y
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7.1 Condlusions]

* A huge data pool of modelling results has been aeated. Please request it from ZAMG/CIBIO
(i.e, contact christian.maurer@zamg.ac.at and jolanta.kusmierczyk-michulec@dbto.org). A
more thorough statistical analysis(Phd?) would be desirable.

» It seems to be important to select samples appropriately to demonstrate an — on average -
small added value of stack emissions. However, there is considerable benefit from stack data
for individual samples (see approach 3).

« It is interesting to note that the mere selection of samples partly (at least to 50%) or
predominately (at least to 80%) influenced by MIPFs pushes the scores up most. The relative
increase in scores on average (data sets Al, Bl & Bla) 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
exact emission profile. Implicitly suppressing samples with overprediction >50% or 20% in
the sample selection process (absolute difference in data sets Al and Bl) cgafurther
enhance the scores which demonstrates the effects of the transport error on scores.” = ZAMS

£
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/.2 CondusionsII

 Simulating the MIPF related radioxenon badkground at CAX17 without selecting
samples according to MIPF influence on average seems to be especially
promising since CAX17 is a remote station with (at the time of 2014) dominating
CNL influence.

» It seems to be very important to gain more knowledge about non IRE and ONL-
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 badkground at IMS
stations.

= ZAMG
Zentrolonstalt fiir
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Radioxenon Nudear Explosion SignalSaeening

Inter-Comparison Exerase 2021

« Problem: We need to be able to discriminate radioxenon nudear explosion signals from
industrial badkground.

. f%n% way f)c%rward: CIBIO's ncc:,onl_'i_:_sl*gct awarded to ZAMG ur}der EU C/ouncil Decision \/InICIl
nding ,Xenon Badkgrou mator: Developrment of an evaluation system a
conducting a Compebb%n for the best method on a call-off basis”. Project start: Jan, 1,
2021; supposed to run for roughly oneyear.
« Approadh and goals: Creation of a radioxenon test data set for 2014 to be used for
subsequent radioxenon test data screening against hypothetical nudear explosions'.

1. The saeening procedure should be based on several criteria: Detection, location, magnitude
determination, discrimination and timing capabilities (all criteria or additional ones to be tackled
in a later phase of the project under the guidance of external experts)

2. The saeening procedure should be exemplarily performed in the frame of an inter-comparison
exerdse %utgmn 2021) to find efficient available method(s) within the community dealing with
CTBT verification.

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

Fl'; ke
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1. Elements ofthe test data set

« Explosion release scenarios: hypothetical radioxenon releases from pre-defined hypothetical
underground and underwater nudear explosions distributed over a global grid at different times of the
day and year within 2014. No detailsyet...

uuuuuuuuuuuu

Grid of N A Kalinowskiand -
Axassonetal. Liao(2012): i
(2014): © 9 o o off6 o o o ° o o ©° © ©° &0 2.0

s a o 2 o 8 & o 8 o 0o 8 o © & & 8

LWR burnup (evolution through

eeeeeeeeeeeeeeeee
wwwwwwwwwww

« Xe inventores (Xe-133, Xe-133m, Xe-131m & Xe-135) of different reliability: for industrial emitters
considering both radiopharmaceutical facilities (we have stack emissions from IRE, CNL and ANSTO!)
and nudear power plants as well as research reactors to model the radioxenon badkground if not
measured — extension of the inventories as used for the3d ATM Challenge

« Xe badkground measurements where available: at ~30 IMS stations operating in 2014

« HEXPART Source Receptor Sensitivities (SRSs): for all the existing or planned 79 IMS stations
calculated in backward mode. Existing noble gas stations with available measuremefnt& will be
prioritized. 7 =zAmG
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2. Set-up of backward atmospheric transportcalculations

Parallel (MPI) version of FLEXPART 10.4.1 employed to produce SRS fields. Important
aspeds:
 Hourly, global EOMWF meteorological re-analysis ERAS fields (0.5°, 78 vertical levels up
to ~100 hPa/~16 km a.s.l.) used as input. Currently probably the best available
meteorology for historic times.
* Hourly releases at all 79 IMS stations of an inert tracer represented by 1.34E5 particles
tracked back separately for 14 days to flexibly adapt to any (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 more demanding)
at PNNL's HPC for the already existing 39 noble gas stations. The remaining 40 ones will
be run at least without time step adaption on ZAMG's or PNNL's HPC.

 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 a standardatmosphere.

* 0.5°x0.5° x100 mhourly outputgrid

=

= ZAMG
Zentrolonstalt fiir
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3. Necessary post-processing steps

 Multiplication of the individual SRS badkward fields with the actual (hourly or daily) time and
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) hour
within a given IMS station collection period. Radioactive decay will
xenon isotopes. Ingrowth of Xe-133m to Xe-133 will be considerec
during sampling.

« Combining hypothetical nudear explosion signals with real, measured

y contributions falling
e applied for all four

during transport and

badkground (for ~IMS

30 stations) or simulated badkground (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) or an analytical relation (Ringbom etal., 2015).

 Calaulating activity at acquisition start for istopic ratio formation and zero time estimates.
 All work is performed by the contractor and the output data set will be made available to

participants.

7 - ZAMG
entralonstolt fiir
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4, Final data sets and inter-comparsion exercise

1) Data sets with only simulated or measured badkground for 79, ~30 stations, respectively.
This aims at quantifying a robust false positive rate.

2) Data sets with simulated or measured badkground combined with hypothetical explosion
signals. This means aeating data subsets comprising all IMS station time series per
explosion (no mixing of several explosions).

Sub-periods of the data sets 1) & 2) consisting of simulated badkground 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-
comparison exerdse.

Time line for the event screening exerdse: September until December 2021. Please be aware
that — unlike for the previous ,,ATM-Challenges’- you will need atmospheric transport as well
as radionuclide expertise to perform the tasks of the inter-comparison exerdse. Also, the
time schedule is moretight. L~

= ZAMG
Zentrolonstolt h:;
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An example: Time series for CAX17

IMS station: CAX17; emission time resolution: daily
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« Ensemble approach has started: Appropriate files were sent to S. Galmarini (JRC,

ensemble expert). Results will demonstrate how mucah independent and redundant =
information is inherentin the runs. 7 2zAMG



Correcting DEX33 results to STPconditions

 CIBIO-IMS Xe-measurements are valid with respect to STP (standard temperature and pressure, T =288.15 K,
p =1013.25 hPa)

 All but BOKU and VINATOM submissions were referenced to ambient conditions -=>simulations at DEX33
(~1200 ma.s.l.) are biased low due to reduced air density.

« Rough correction of activity concentrations via multiplying with the density quotient of STP density and average
ambient density in the respective output layer

 Avarage ambient density in the output layer calculated acoording to:

p = po(To/(To + vh)) T M/ 1) (1)

po = 1.225 kg/m?, Ty = 288.15 K, v = -0.0065 K/m, R = 8.314 kg m? /K mol s?,
M = 0.029 kg/mol, go = 9.81 m/s?

» Correction on average improves scores just slightly (7% for one metric).

 Not unexpededly, a positive effect is only pronounced for those runs, where upper output layers were sampled
(e.g., ZAMGand QMCruns) and not just the first 100 or 200 mabove modeltopography. F

= ZAMG
Zentrolonstolt fiir

Meteorologie und



A detailed look on the scores: all stations

Table 1: Average statistics per institution over all stations over all and for individual run-IDs ordered by Rank Average Rank Of an
Institution R FB F5[%] RMSE NMSE KS[%] ACC|[%] NAAD[%] CRmax (f) Rank _Rank KS SS N‘M_Cha"en e Was
AWE-1 5 0.18  -1.07 30 5.17 10 7 51 99 0.18 (-1) — 1.30 1.83 0.19 g
AWE Ranklng 0.16  -0.63 36 7.01 31 44 58 294 0.18 (-1) 1.45 2.01
AWE-2 : 0.14  -0.18 41 8.84 22 10 65 489 0.19 (-1)  1.59 2.19 2.06. HO\NeVer; the
LLNL accordmg to 035 -o051 63 4.52 11 33 66 92 0.35 (0)  2.09 2.77 .
FOI : 0.36  -0.20 60 4.81 9 28 67 108 §36 g 2.88 metrics of the two
VINATOM  onemetric 027 048 56 11.80 18 21 70 181 0.27 (0)  2.16 2.95
PNNL 0.35  -0.20 60 4.61 8 34 69 100 0.35 (0)  2.18 2.84 Ch " h Id t
JAEA does not 0.40  -0.15 61 4.37 6 25 65 101 0.40 (0)  2.19 2.93 d enges SNouUId NO
CTBTO 0.47  -0.57 65 2.79 5 31 66 76 0.49 (0)  2.25 2.94 m
ARPANSA-1 . 0.41  -0.55 68 4.58 10 24 68 76 0.44 (-1)  2.28 3.04 be €0 pared be(ause
ARPANSA necessanly 047  -0.57 70 3.90 9 25 67 74 0.49 (-1)  2.33 3.09
- . 0.32  -0.12 69 5.29 9 17 72 98 0.32 (0)  2.38 3.21 ; .
dO_]UStlce tO 039 o 67 5.71 7 24 75 132 0.41 (-1)  2.40 3.17 Ofm
0.37  0.30 68 5.76 7 22 75 126 0.40 (-1)  2.42 3.21 .

Jre the 0.48  -0.44 70 4.19 8 25 71 70 0.48 (0)  2.45 3.20 i partCIpantS, model
KAERI-S ——— | 0.40  0.23 69 5.73 8 19 74 117 0.43 (-1)  2.46 3.27 u unifo VS
KAERI-7 0.39  0.27 69 5.69 7 21 75 119 042 (-1)  2.46 3.26 Sat- ( mm VS.
JAEAL SUDMISSIONS: 0.45  0.05 71 4.10 4 18 73 108 0.54 (0)  2.47 3.30 pS
NOAA-ARL-1 0.41  -0.00 69 4.76 6 28 76 91 0.42 (0)  2.51 3.23 non-uniform output
NOAA-ARL (07 T 71 4.56 8 24 75 79 0348 (1) 252 3.28 .

NOAA-ARL-3 0.47  -0.39 73 4.44 9 23 75 71 0.49 (-1)  2.52 3.29 )

KAERI 0.43  0.25 70 5.24 6 20 o 111 0.44 (-1)  2.52 3.82 gnd / model

NOAA-ARL-2 0.45  -0.30 72 4.49 8 22 75 74 0.49 (-2)  2.53 3.31 :

ARPANSA-2 0.70  -0.67 74 1.18 4 28 65 65 0.70 (0)  2.56 3.28 VErsIons

CTBTO1-1 0.48  0.07 72 5.20 11 16 78 100 0.49 (0)  2.56 3.41

CMC-3 0.43  0.03 76 4.47 6 21 78 92 0.43 (0)  2.59 3.38 * (@verage of Seasons,

KAERI-2 0.47  0.25 72 4.77 5 22 78 103 0.47 (0)  2.60 3.38 .

KAERI-4 0.48  0.19 72 4.75 5 19 79 98 0.48 (0)  2.61 3.42 hemlspheres

KAERI-3 047  0.21 72 4.75 5 19 79 99 0.47 (0)  2.61 3.42

CARR | 047  0.19 73 473 5 18 79 96 047 (0)  2.62 3.44 « number of samples
0.48  -0.09 78 4.35 6 15 80 79 0.48 (0)  2.68 3.51 M for th
0.51  0.03 74 4.34 8 15 79 89 0.52 (0)  2.69 3.54 bo X
0.53  -0.36 i 4.00 7 14 78 66 0.53 (0)  2.70 3.56 and Ve rine
0.50  -0.03 T 4.20 5 18 80 79 0.50 (0)  2.72 3.54 (
0.49  -0.28 80 4.38 7 12 81 67 0.49 (0)  2.74 567 2 Cha"enge very
0.58  -0.05 78 2.63 3 13 82 69 0.58 (0) < 2.94 3.81 IOW)

Average over all institutions 0.40 -0.20 66 4.99 10 24 71 108 0.42 (-1) 2.33 3.08 /\I

TSt eTT—crrer—erH=rret T IOTS 0.44 -0.20 69 4.44 8 24 70 95 0.45 (0) ;3; 3.14 = ZAMG

Maximum over all institutions  0.53  0.48 78  11.80 31 a4 80 204 0.54 (0) _ 2.70 3.56 Mateatoisge il

Minimum over all institutions 0.16 -0.63 36 2.79 4 14 58 66 0.18 (-1) 1.45 2.01 Beagynamik



A detailed lookon the scores: CAX17

Table 2: Average statistics and individual statistics for station CAX17 per institution over all run-1Ds and for individual run-1Ds ordered by Rank

Institution R FB  F5[%] RMSE NMSE KS|[%] ACC %] NAAD [%] CRmax (f) Rank _Rank KS SS
0.42  -1.46 23 5.25 25 16 54 86 0.42 (0) 1.22 1.76 0.12
1 I U | 28 5.21 23 45 58 85 0.43 (0) 1.33 1.89  0.13
Uil 187 32 5.17 20 43 61 83 0.44 (0) 1.44 2.01
0.12  -0.04 52 6.99 5 7 68 i 0.44 (-1) 2.19 3.12 @
0.47  -0.89 74 4.87 9 29 78 69 0.47 (0) 2.29 3.00
0.23  0.03 54 8,04 9 21 74 111 0.23 (0) 2:32 51l djb
0.48  -0.74 71 5.63 i 22 79 69 0.48 (0) 2.36 3.14 Q
A 0.42  -0.08 59 5.89 4 7 73 87 0.42 (0) 2.45 3.38
RAERI-4 0.43  0.46 69 6.38 4 14 88 125 0.43 (0) 2.51 3.37 0.50
KAERI-1 0.43  0.46 69 6.32 4 14 87 124 0.43 (0) 2.52 3.38 0.51
KAERI-3 0.43  0.46 70 6.32 4 14 87 124 0.43 (0)  2.52 3.38 0.51 However the
KAERI-2 0.44  0.47 70 6.32 4 14 87 125 0.44 (0) 2.52 3.38  0.50 4
KAERI 0.45  0.42 7 6.22 4 13 87 118 0.45 (0) 2.57 3.45 0.53 ;
KAERI-6 0.47  0.41 71 6.25 4 1) 87 114 0.47 (0) 2.60 3.49 0.54 h|9he5t Ranks
FOI 0.48  -0.34 75 4.79 5 16 80 69 0.48 (0) 2.61 3.45 0.57
PNNL 059  -0.53 70 4.31 5 18 83 63 0.59 (0)  2.62 3.44 0.45 tend to aome
KAERI-5 0.46  0.37 72 6.10 4 11 88 111 0.46 (0) 2.62 3.51 0.57 . .
BOKU 0.37 -0.12 73 6.19 6 ¥ 82 90 0.37 (0)  2.63 3.52  0.77 W|th h|gh
KAERI-7 0.47  0.37 72 6.09 4 11 88 111 0.47 (0) 2.63 3.52 0.57
ZAMG 0.53  -0.42 79 4.58 5 20 80 64 0.53 (0) 2.66 3.46 0.52 Sebert
KAERI-8 0.46  0.34 73 5.98 4 11 89 109 0.46 (0) 2.66 3.55 0.59 " |
ARPANSA 0.59  -0.39 78 4.28 4 13 83 65 0.59 (0) 2.76 3.63 0.54 W
NOAA-ARL-3 0.60  -0.31 79 4.24 4 12 84 63 0.60 (0) 2.84 3.72  0.61 Scores
NOAA-ARL-1 0.63  -0.08 70 4.11 3 26 79 72 0.63 (0) 2.85 3.59  0.72
NOAA-ARL 0.62  -0.20 76 4.16 B 17 83 66 0.62 (0) 2.87 3.71 0.69
NOAA-ARL-2 0.64  -0.21 79 4.12 3 12 84 63 0.64 (0) 2.94 3.82  0.74
CMC-2 0.56  -0.13 87 4.45 3 6 89 64 0.56 (0) 3.01 3.95 0.80
IRSN 0.62  -0.20 84 4.09 3 5 89 59 0.62 (0) 3.02 3.97 0.71
CMC-3 0.56  0.03 87 4.85 3 6 91 71 0.56 (0) 3.07 4.01 0.89
CMC 0.57  -0.03 88 4.59 3 5 91 68 0.57 (0) 3.09 4.04 0.86
CTBTO1-1 7 1 79 3.53 2 11 87 58 0.74 (0) 3.13 4.02 0.83
OTBTE 1 D 14 79 3.53 2 10 87 58 0.74 (0) 3.15 4.05 < 0.86
CMC-1 0.60  0.01 90 4.47 3 3 93 68 0.60 (0) 3.17 4.14) 0.90
CTBTO1-2 0.75  -0.09 79 3.53 2 9 88 58 0.75 (0) 3.18 4.09 0.89
Average over all institutions 0.48 -0.32 69 5.21 6 16 80 78 0.50 (-1) 2.56 3.40 0.59 I l
Median over all institutions 0.48 -0.20 74 4.83 5 15 81 69 0.48 (0) 2.61 3.45 0.63 /; ZAMG
Maximum over all institutions 0.74 0.42 88 8.04 23 45 91 118 0.74 (0) 3.15 4.05 0.86 Zamtrajonskyik it
Minimum over all institutions 0.12 -1.41 28 3.53 2 5 58 58 0.23 (-1) 1.33 1.89 0.13 Geodynamik



A detailed look on the soores: DEX33

Table 3: Average statistics and individual statistics for station DEX33 per institution over all run-1Ds and for individual run-1Ds ordered by Rank

Institution R FB F5[%] RMSE NMSE KS|[% ACC[%] NAAD [%] CRmax (f) Rank—Rank-IS <
AWE-2 -0.17 1.79 10 16.44 22 90 63 1682 -0.07 (-3) 0.87 0.97 0.04
AWE -0.13 0.99 34 9.03 13 61 64 903 -0.08 (-2) 1.51 I.90  0.28
VINATOM -0.02 1.02 48 4.08 8 32 64 296 -0.02 (0) 1.61 2.29 0.16
FOI 0.16 0.72 45 3.01 6 29 57 213 0.16 (0) 1.69 2.40 0.27
PNNL 0.10 0.71 55 2.01 3 50 65 176 0.10 (0) 1.85 2.35 0.36
CMC-3 0.25 0.72 59 1.97 3 47 66 159 0.25 (0) 1.95 2.48 0.39
KAERI-6 0.45 0.98 58 2.78 4 48 66 223 0.45 (0) 1.95 2.47 0.30
LLNL 0.08 0.47 60 1.79 3 30 64 145 0.08 (0) 2.01 2.71  0.41
KAERI-5 0.39 0.87 62 2.98 5 36 69 203 0.39 (0) 2.02 2.66 0.27
JAEA 0.46 -0.71 65 1.60 4 39 59 70 0.46 (0) 2.10 2.71 0.30
ARPANSA-1 0.42 -0.55 66 1.31 4 19 58 81 0.42 (0) 2.14 2.95 0.29
AWE-1 -0.10 0.18 58 1.62 3 32 64 123 -0.10 (0) 2.14 2.82 0.52
CTBTO1-1 0.36 0.57 72 4.48 13 16 74 167 0.37 (3) 2.20 3.04 0.17
KAERI-7 0.47 0.78 68 2.70 5 33 69 174 0.47 (0) 2.20 2.87 0.30
KAERI-8 0.50 0.71 68 3.02 6 25 65 169 0.50 (0) 2.22 2.97 0.27
KAERI 0.55 0.70 63 2.10 3 38 67 153 0.55 (0) 2.26 2.88 0.41
BOKU 0.30 0.33 70 1.93 4 16 64 121 0.30 (0) 2.26 3.10 0.55
CMC-1 0.49 0.43 61 1.34 2 38 69 110 0.49 (0) 2.32 2.94 0.51
KAERI-2 0.63 0.66 60 1.43 2 50 66 129 0.63 (0) 2.34 2.84 0.50
ARPANSA 0.56 -0.61 70 1424 4 24 62 1) 0.56 (0) 2.35 3.11  0.27
CMC 0.44 0.34 67 1.48 2 31 72 LI 0.44 (0) 2.39 3.09 0.54
KAERI-3 0.64 0.56 62 1.34 1 39 68 113 0.64 (0) 2.43 3.04 0.53
NOAA-ARL-1 0.54 0.37 65 1.23 2 49 68 104 0.54 (0) 2.43 2.94 0.44
CTBTO1 0.38 0.38 74 3.11 9 17 75 123 0.39 (1) 2.45 3.28 0.50
KAERI-4 0.65 0.53 62 1.31 1 37 67 109 0.65 (0) 2.45 3.08 0.54
KAERI-1 0.63 0.47 64 1.25 1 36 68 103 0.63 (0) 2.49 3.13 0.56
NOAA-ARL 0.55 0.15 64 1.19 2 36 68 89 0.55 (0) 2.54 3.18 0.65
ARPANSA-2 0.70 -0.67 74 1.18 4 28 65 65 0.70 (0) 2.56 3.28 0.26
NOAA-ARL-2 0.54 0.06 63 1.17 2 29 67 83 0.54 (0) 2.57 3.28 0.75
CTBTO 0.34 -0.11 78 1.64 2 21 73 84 0.34 (0) 2.58 3.37 0.74
ZAMG 0.50 -0.25 74 1.28 3 18 73 il 0.50 (0) 2.59 3.41 0.65
TRSN 0.51 -0.25 75 1.21 3 0 73 70 0.51 (0) 2.61 3.54 0.53
NOAA-ARL-3 0.55 0.03 65 1.16 2 31 69 80 0.55 (0) 2.63 3.32 0.75
CTBTO1-2 0.41 -0.01 7 1:73 4 17 76 79 0.41 (0) 2.69 3.52 <0.84
JAEAL 0.61 -0.23 86 1.37 2 23 72 61 0.61 (0) 2.R3 2.60 0.71
CMC-2 0.60 -0.14 81 1.12 2 T 81 64 0.60 (0) 2.91 3.84 H 0.72
Average over all institutions 0.34 0.23 64 2.38 4 29 67 172 0.34 (-1) 2.23 2.93 0.46 I l
Median over all institutions 0.41 0.33 66 1.71 3 30 66 116 0.42 (0) 2.31 3.09 0.46 /:a ZAMG
Maximum over all institutions 0.61 1.02 86 9.03 13 61 75 903 0.61 (1) 2.83 3.60 0.74 iﬁ?;{;grlgl"g;?ﬁ'lufrl‘:;
Minimum over all institutions -0.13 -0.71 34 1.19 2 7 57 61 -0.08 (-2) 1.51 1.90 0.16 Geodynamik



A detailed lookon the scores: SEX63

Table 4: Average statistics and individual statistics for station SEX63 per institution over all run-IDs and for individual run-IDs ordered by Rank

Institution R FB F5[% RMSE NMSE KS[%] ACC [%] NAAD [%] CRmax (f) Rank_ _Rank KS SS
AWE-1 0.17 -1.63 19 2,29 63 61 38 91 0.17 (0) 0.78 1.17 0.03 _
AWE 0.12  -0.90 41 2.26 35 35 51 95 0.17 (0) 1.48 2034 0.31
LLNL 0.19  -0.88 65 2.14 15 40 60 76 0.19 (0) 1.84 2.44 0.15
CTBTO 0.50  -0.89 61 0.93 4 42 51 73 0.60 (1) 1.93 2.51 0.29
FOI 0.17  -0.74 66 2.16 ik 34 65 78 0.17 (0) 1.97 2.63 0.21
PNNL 0.17  -0.63 65 2.17 12 32 64 78 0.17 (0) 2.00 2.68 0.25
ARPANSA 0.19  -0.67 73 217 12 31 65 77 0.19 (0) 2.09 2.78 0.26
ZAMG 021  <0.57 72 2,17 11 30 66 75 0.21 (0) 2.14 2.84 0.31
JAEA 0.38  -0.44 63 0.99 3 27 59 80 0.38 (0) 215 2.88 0.49
AWE-2 0.08  -0.16 62 231 8 8 64 98 0.17 (1) 2.18 3.10 0.59
CTINATOND 0.21 0.13 64 2.91 10 18 68 120 0.21 (0) 2.30 3.12
BOKU 0.17  -0.26 74 2.30 9 19 il 89 0.17 [2) 2.34 3.15 0.54
NOAA-ARL-1 0.22  -0.45 78 2.07 9 15 78 68 0.22 (0) 2.38 3.23 0.22
IRSN 0.22  -0.49 80 5 10 20 78 69 0.22 (0) 2.38 3.18 0.32
NOAA-ARL-3 0.23  -0.56 84 2.08 10 21 78 67 0.23 (0) 2.40 3.19 0.21
NOAA-ARL 0.21 -0.50 82 2.10 9 18 78 68 0.21 (-2) 2.40 3.22 0.24
NOAA-ARL-2 0.18  -0.48 83 2.14 10 18 79 70 0.19 (-4) 2.41 3.23  0.29
CMC-2 0.25  -0.44 81 2.06 9 16 7 66 0.25 (0) 2.43 3.27  0.30
CMC-3 0.24  -0.33 78 2.09 8 14 78 69 0.24 (0) 2.46 3.32  0.41
CMC 0.25 -0.35 80 2.08 8 14 78 68 0.25 (0) 2.46 3.31 0.39
CMC-1 0.25  -0.29 79 2.09 8 13 78 69 0.25 (0) 2.49 3.36 0.44
JAEA1 0.49  -0.45 79 0.89 2 19 69 65 0.49 (0) 2.49 3.30 0.50
CTBTO! 0.16 0.26 79 3.82 15 8 82 104 0.20 (-1) 2.50 3.42 0.52
KAERI-7 0.18  -0.01 74 2.42 8 Tk 75 93 0.18 (0) 2.52 3.41 / 0.78
KAERI-8 0.18  -0.02 75 2.42 8 13 76 93 0.18 (0) 2.53 3.40"_0.78
KAERI-5 0.19  -0.01 75 2.36 g 12 76 92 0.19 (0) 2.54 3.42 U7
KAERI-6 0.18 0.01 75 2.42 8 10 77 93 0.18 (0) 2.55 3.45 0.78
KAERI 0.19 0.01 7 2:33 7 10 79 89 0.19 (0) 2.59 3.49 0.76
KAERI-1 0.20 0.03 78 225 6 7 82 86 0.20 (0) 2.63 3.56 0.74
KAERI-3 0.19 0.02 79 2.25 6 7 82 85 0.19 (0) 2.64 3.57 0.74
KAERI-4 0.19 0.03 79 2.26 6 8 82 86 0.19 (0) 2.684 256 0.74
KAERI-2 0.20 0.03 80 2.24 6 8 83 85 0.20 (0) 2.65 3.57_0 0.74
Average over all institutions 0.24 -0.46 70 2.10 11 25 68 82 0.25 (0) 2.19 2.94 0.39
Median over all institutions 0.20 -0.49 73 2.16 10 24 67 77 0.21 (0) 2.23 3.00 0.32 /‘\Il
Maximum over all institutions  0.50  0.26 82 3.82 35 42 82 120 0.60 (2) 2.59 3.49 0.76 = LZAMG
Minimum over all institutions  0.12 -0.90 41 0.89 2 8 51 65 0.17 (-2) 1.48 2.14 0.15 it b

Geodynamik



A detailed look on thescores: USX75

Table 5: Average statistics and individual statistics for station USXT75H per institution over all run-IDs and for individual run-IDs ordered by Rank

Institution R FB F5[%] RMSE NMSE KS|[% ACC [%] NAAD [%] CRmax ({) Rank_ _Reanlk KS SS
AWE-1 0.21 -1.39 21 11.60 71 50 48 95 0.21 (-1) 1.04 1.54 0.09
AWE 0.22 -1.19 40 11.53 54 34 61 94 0.22 (-1) 1.46 Z.1z2 0.10
AWE-2 0.23 -0.99 58 11.45 37 18 73 93 0.23 (0) 1.87 2.69 0.12
JAEA 0.36 0.64 55 8.98 13 28 69 167 0.36 (0) 2.05 2.77 0.22
ARPANSA 0.45 -0.58 56 10.54 19 32 65 83 0.55 (-4) 2.12 2.80 0.39
CTBTO 0.54 -0.52 49 2.96 5 37 60 78 0.54 (0) 2.13 2.76 0.51
NOAA-ARL-2 0.43 -0.58 62 10.55 19 28 69 80 0.59 (-4) 2.21 2.93 0.32
NOAA-ARL-3 0.51 -0.71 63 10.26 21 28 69 74 0.57 (-4) 2.22 2.94 0.22
LLNL 0.66 -0.72 52 9.28 17 32 64 78 0.66 (0) 2.24 2.92 0.29
PNNL 0.52 -0.34 52 9.96 13 35 64 84 0.52 (0) 2.26 2.91 0.53
NOAA-ARL 0.40 -0.38 62 10.81 117 25 72 91 0.48 (-2) 2.27 3.02 0.39
BOKU 0.42 -0.43 61 10.75 17 22 71 94 0.42 (0) 2.28 3.06 0.46
FOI 0.60 -0.43 54 9.28 13 31 65 72 0.63 (-1) 2.35 3.04 0.49
JAEA1 0.56 0.91 67 7.16 6 22 84 193 0.61 (1) 2.37 3.15 0.25
NOAA-ARL-1 0.26 0.15 62 11.62 11 20 i 120 0.28 (2) 2.38 3.18 0.62
VINATOM 0.67 0.75 59 32.17 45 12 73 195 0.67 (0) 2.39 3.27 0.20
S 0.44  -0.11 59 11.52 14 27 67 96 0.57 (-1) 2.41 3.14
ZAMG 0.67 -0.49 56 8.72 12 32 66 70 0.67 (0) 2.42 3.10 0.4
CTBTO1 0.67 -0.58 57 8.96 14 28 70 69 0.67 (0) 2.42 3.14 0.38
KAERI-7 0.45 -0.05 62 11.56 13 27 69 98 0.55 (-2) 2.49 3.22 _B+84
KAERI-5 0.45 -0.04 62 11.62 13 27 69 99 0.55 (-2) 2.50 3.23 / 0.85
KAERI-6 0.45 -0.04 62 11.40 13 25 7 98 0.53 (-1) 2.52 3.27 '\ 0.85
CMC-2 0.56 -0.40 72 9.88 14 20 T 74 0.56 (0) 2.60 3.40 G835
KAERI 0.54 -0.13 70 10.30 12 21 74 86 0.59 (-1) 2.67 3.46 0.73
IRSN 0.76 -0.48 71 8.56 il 24 73 64 0.76 (0) 2.78 3.54 0.37
CMC 0.64 -0.32 76 9.26 11 19 78 Tl 0.64 (0) 2.79 3.61 0.46
KAERI-4 0.65 -0.27 78 9.04 10 16 78 72 0.65 (0) 2.84 3.68 0.54
KAERI-3 0.63 -0.20 79 9.08 10 16 8 74 0.63 (0) 2.86 3.70 0.63
KAERI-1 0.63 -0.20 79 9.09 10 16 78 74 0.63 (0) 2.86 3.70 0.63
KAERI-2 0.63 -0.16 79 9.09 9 15 78 74 0.63 (0) 2.88 3.73, 0.68
CMC-3 0.67 -0.29 78 8.98 10 18 79 69 0.67 (0) 2.88 3.70 0.50
CMC-1 0.68 -0.26 77 8.92 10 18 79 70 0.68 (0) 2.90 3.72 0.53
Average over all institutions 0.54 -0.27 58 10.58 17 27 69 99 0.56 (-1) 2.31 3.04 0.39 I |
Median over all institutions 0.55 -0.43 57 9.28 13 28 69 84 0.60 (0) 2.31 3.05 0.39 /-\
Maximum over all institutions 0.76 0.91 76 32.17 54 37 84 195 0.76 (1) 2.79 3.61 0.73 e %IrAnIthg

Minimum over all institutions 0.22 -1.19 40 2.96 5 12 60 64 0.22 (-4) 1.46 2.12 0.10 Meteorologie und

Geodynamik



Details on statistical metrics

Given N predictions P and measurements M; at times t; and t; with mean values P and M as well as minimum detectable concentrations MDC; and
MDC; the statistical scores in subsection 2.8 are formally defined as:

B = 20— )
(P+M) (A1)
R= % (M- M)(R - P)
VOt~ MY - Y (A2)
Let T denote the number of fractions satisfying:
02< A <3l
Mg > 00 (A.7)

and Q the number of pairs with Ppsppe; and/or Mijsupc; then F5 is defined as:

= z100
Q (A.8)
Given the number of correctly forecasted above MDC values A (true positives) and below MDC values B (true negatives) as well as the number of

not correctly forecasted above MDC values (false positives) C and below MDC values D (false negatives), the Accuracy is given as:

_ A+B 100
A+B+C+D ®) /\I;;LaZAMG

s

ACC
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Details on statistical metrics

The Kolmogorov-Smirnov parameter (KSP) 1s defined as:

KSP = Max|D(M,) — D(O,)| * 100% (A.7)

where D is the cumulative distribution of the predicted and measured (or other predicted) concentrations over the
range of k values such that D is the probability that the concentration will not exceed M, or O,. The score measures
the ability of the model to reproduce the measured (or another predicted) concentration distribution regardless of space
and time. The maximum difference between any two distributions cannot be more than 100%.

Further visual evaluations in Kioutsioukis and Galmarini [19] are based on comparing Cumulative
Density Functions (cdf) of the models and the observations or on showing Taylor diagrams (i.e, a
combination of correlation coefficient, root mean square error and standard deviation, Figure 2).
The distance between the reference (black point in Figure 2) and model points in a Taylor diagram
is then the BC_RMSE. According to Taylor [42] model standard deviation, BC_RMSE and R
can be combined into a single skill score 5.
S, =2(1+ R)(Zz 4 222 (20)
Oo Om

with o, and o, being the standard deviations of predictions and observations.

The correlation contribution becomes important for large values of BC_RMSE. If one wants
to include also the relative bias F'B into the skill score, Seibert [34] suggests:

. (21)
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Details on statistical metrics

A value of b = 10 appears to give a relationship fulfilling Seibert’s [34] subjective idea about such
a skill score. Finally, both skill scores can be combined into a total skill score S

S=aS.+(1—-a)S (22)

The value of « is rather arbitrary and would depend on the application. a = 0.5 might be
acceptable. An additive and not multiplicative combination of the two scores is suggested because
a model that has skill either in reproducing the mean or in reproducing the patterns should be
attributed some total skill; the product of the two scores would be zero with one of the factors being
zero. In any case, data sets with strongly non-normal distributions might better be transformed
before applying any of the measures.
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