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Evaluation statistics

Barcelona /\ /
@ s = GRASP e viNES //%‘f,p mod ' wre

ATARRI



ATARRI

[unitless]

1.4 4

1.2

1.0

0.2 +

0.0 +

11 Selected Stations of 11 Available

o)
3

497.0

»
LN )
.
. . =
N
633.7 7703 907.0 1043.7 1180.3
N Data Points

1317.0

T
2024-07-01

2024-10-01

T
2025-01-01

Tima

T
2025-04-01

T
2025-06-30

/\“
//r\\;\
ERATOSTHENES 1|
CENTRE OF EXCELLENCE

=/

@

Supercomputing
Ce

=~ GRASP

Gentro Nacional de Supercomputacion

(E==

AN

ARMINES

AT psLx [C

MINES PARIS

Ciéncias
ULisboa

@== pmod wrc




ERATOSTHENES | |
CENTRE OF EXCELLENCE

=/

@

ARMINES  MINES PARIS

Gentro Nacional de Supercomputacion

Ciéncias
ULisboa

ATARRI
distribution ~ | E —
boxplot j E E
8 -
0.8
7 -
6 -
0.6
5 -
- iy
3 § 4 -
2 04 2
=
3 -
0.2 1 5 4
1 -
i —_ ———
0.0 0
T T T T T T T T T T
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
[unitless]
—
e e, S GRASP (. 4 |psi® [C



Scatter plots

1.75 *

1.50

1.25

1.00

0.75

Experiment [unitless]

0.50

0.25

0.00

T T
0.00 0.25 0.50 0.75 1.00 1.25 1.50 1.75

Observations [unitless]

=' (( S & GRASP [ A |psix [C @== pmod ‘wrc

Gontro Nacional de Supercomputacion ARMINES  MINES PARIS

Ciéncias
ULisboa



Basic error statistics

il
N

1=

Mean error - pjoan Error = (F,-0,)

|

="

Answers the question: What is the average forecast error?

Range: - to «, Perfect score: 0.

2 (F-F)(0-0)
VX (F-FF T (0-0)

Addresses the question: How well did the forecast values correspond to the observed values?

Correlation coefficient - r =

Range: -1 to 1. Perfect score: 1.

I

Root mean square error - o _ Jl\—x (F -0,

=i
Answers the question: What is the average magnitude of the forecast errors?

Range: 0 to . Perfect score: 0.
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Normalized error statistics

* NMB (Normalized Mean Bias): NMB captures the average deviations between two datasets. On this website it is reported in units
of percent. Values near 0 are the best, negative values indicate underestimation and positive values indicate overestimation.

NMB =

D icy (mi — 0;)

Z?:l 0;

« MNMB (Modified Normalized Mean Bias): MNMB is a normalization based on the mean of the observed and forecast value. It
ranges between -2 and 2 and when multiplied by 100 %, it can be interpreted as a percentage bias.

n

MNMB = 2 >

|

m; — 0;

mi—l—oi

)

Normalizing the RMSE facilitates the comparison between datasets or models with different scales.

VT (0 —my)
NRMSE = —

2

o

* FGE (Fractionnal Gross Error): FGE is a measure of model error, ranging between 0 and 2 and behaves symmetrically with
respect to under- and overestimation, without over emphasizing outliers.
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Stable equitable error in probability space (SEEPS) - SEFEPS=_— Z Z n(F,0,)s;

l-l J=1

where n(F;,0)) is the joint occurrence of forecast category i and observed category j in the 3x3 contingency table, and the scoring matrix is given by b
[

1 I R I 5

2Ap,+p;)  2p; 2p+ps) 2

1 1 <

= -1 1 - z
2,0, 2p3 =

1 1 1 1 =

—_—— - _ [=]

2p,  2p,+p,) 2Ap; +p,) i a

Like LEPS, SEEPS measures the error in probability space as opposed to measurement space. It was developed to assess rainfall forecasts, where (1-p;) is the

climatological probability of rain (i.e., accumulation exceeding 0.2 mm, following WMO guidelines), and p,=2p; divides the climatological cumulative rainfall 0 tum Max
distribution into "light" (lower 2/3 of rain rates 20.2 mm) and "heavy" (upper 1/3 of rain rates >0.2 mm). Refer to diagram at right, where t; ; is the threshold Observed precipitation (mm)
delineating "light" and "heavy" rain. Stable Equitable Error in Probability Space | total precipitation
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Categorical verification

YES/NO forecasts ( dichotomous)

Contingency Table
Observed

Total

yes no 0
Forecast yes _— forecast yes hit - event forecast to occur, and did occur

miss - event forecast not to occur, but did occur
no forecast no false alarm - event forecast to occur, but did not occur
correct negative - event forecast not to occur, and did not occur

Total observed yes observed no total
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B Categorical verification

ATARRI

Accuracy (fraction correct) - pcopyracy = hits + correct negatives
tofal

Answers the question: Overall, what fraction of the forecasts were correct?

Range: 0 to 1. Perfect score: 1.

Bias score (frequency bias) - g, . 18 +1alse alams
hits + misses

Answers the question: How did the forecast frequency of "yes" events
compare to the observed frequency of "yes" events?

Range: 0 to «. Perfect score: 1.

Probability of detection (hit rate) - pop- M5

(also denoted H)
hits + misses

Answers the question: What fraction of the observed "yes" events were
correctly forecast?

Range: 0 to 1. Perfect score: 1.

falss alarms
hits + false alarms

False alarm ratio - £ap -

Answers the question: What fraction of the predicted "yes" events actually
did not occur (i.e., were false alarms)?

Range: 0 to 1. Perfect score: 0.

Probability of false detection (false alarm rate) -

false alarms
correct negatives + faise alarms

POFD = (also denoted F)

Answers the question: What fraction of the observed "no"
events were incorrectly forecast as "yes"?

Range: 0 to 1. Perfect score: 0.
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GERRITY score

1!‘(!‘(

Gerrity score - (S = NZZH(F“OJ)S‘J

where s;; are elements of a scoring matrix given by

= K1 \ ) ',’ j=1 K -1 \ ) ) ] ',.,- ; ‘~..
s, =K‘1 1‘ Zai'+Zaf | (i = j, diagonal), s, =5, =K1 1‘ Za:._(j_i)'i'zaf | (i # j, off-diagonal), and a(_:“_zpr
- J — I\ rat \ rel y

J
J

F o=l

i
P,
\r=t rei Ji rat

with the sample probabilities (observed frequencies) given by p; - N(O;) I N).

Answers the question: What was the accuracy of the forecast in predicting the correct category, relative to that of random chance?

Range: -1 to 1, 0 indicates no skill. Perfect score: 1
Categories:
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Routine dust forecasts
evaluation
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AERONET

& e vernin T - DirectSun:
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Colocation/representativity errors

temporal

(a) Daily collocation (grid box = 1.07)
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Figure 5. Yearly representation errors (%) for AOT from
AERONET direct sun L2.0 in North America, for two different col-

location protocols (a daily: b hourly) and a model grid-box size of
12,

spatialerr.
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Figure 8. Yearly representation errors for AOT from AERONET
direct sun L2.0 (red circles) and GAW (black squares) as a function
of site altitude, for a model grid-box size of either 4° or 17, using
hourly collocation.
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Figure 4. Yearly representation errors for AOT from AERONET
direct sun L.2.0 for different model grid-box sizes. The colours indi-
cate different collocation protocols: yearly (brown), daily (orange)
and hourly (red). Numbers on top are the means of the errors and
means of the signless errors.
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Dust Optical Depth @ Mindelo_OSCM (lat = 16.88° N, lon = 25.0° W) & —
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Dust identification

ATARRI

AERONEMeasuresall-aerosolopticaldepth, but dustpredominantscenes

can beidentified: Wavelengths:

Almucantar (standard) :

1- Selectionof sites ﬁﬁnO, 675, 870, and 1020
2- Opticallycoarse low Angstromexponent AOD at 550 can be

- < i interpolated using
AE<0.6coarseparticles ANgetom exponent

- AE<O.300arserparticI§(capturingdust events Others: 340, 380, 500,
- shouldbe comparedwith AOD and 1640 nm,
3- Usethe SpectralDeconvolutiorAlgorithm(SDAxoarseAOD:
- shouldbe comparedwith coarseAOD Products (QA)
- other coarseaerosols can be presergd seasalt) Level 1: Raw data
4- Usealmucantarinversions Qbisoet al 2024) Level 1.5: clouscreened
- constraintson the spectralSSAfine modefraction, refractiveindex Level2: calibrated (pre

: . .. and post)
- few points-> climate Applications
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Preliminary steps

Compute modeled optical deptt(e) B B B & (a)6 "

Colocaten time (linear interpolation) and space (bilinear

Spatial | Temporal

interpolation) with measurements

(Aggregate data points over a region)

Compute evaluation statistics

Remember that we never observe only dust!
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Statistics @

BDRE Model comparison

Network Models Statistics Timescale Selection
Aeronet v3 lev1.5 v ~ ~  Annual v 2024 U m VIEW MAP
MBE

Station MULTI-MODEL Monarch Cams Nasa-Geos Metoffice Ncep-Gefs
Europe hd -0.12 -0.12 -0.12 -0.10 -0.09 -0.12
Mediterranean ~ -0.10 -0.09 -0.10 -0.08 -0.04 -0.11
MiddieEast v -0.13 -0.12 -0.13 -0.12 0.03 =017
NAfrica v -0.12 -0.06 -0.15 -0.08 -0.04 -0.13
Total -0.11 -0.10 -0.12 -0.09 -0.05 -0.12

r

Station MULTI-MODEL Monarch Cams Nasa-Geos Metoffice Ncep-Gefs
Europe v 0.47 0.43 0.47 0.49 0.55 0.40
Mediterranean v 0.80 0.68 0.76 0.78 0.80 0.7
MiddleEast ~ 0.73 0.59 0.62 0.71 0.66 0.61
NAfrica ~ 0.77 0.61 0.7 0.78 0.76 0.73
Total 0.77 0.66 0.72 0.78 0.74 0.72

RMSE

Station MULTI-MODEL Monarch Cams Nasa-Geos Metoffice Ncep-Gefs
Europe v 0.15 0.15 0.15 0.13 0.12 0.15
Mediterranean v 0.14 0.14 0.14 0.12 0.10 0.15
MiddleEast v 017 0.18 0.19 017 0.15 0.22
NAfrica ~ 0.26 0.27 0.28 0.22 0.22 0.26
Total 017 0.18 0.18 0.15 0.14 0.18

FGE

Station MULTI-MODEL Monarch Cams Nasa-Geos Metoffice Ncep-Gefs
Europe v 1.7 1.77 1.78 1.26 1.07 1.76
Mediterranean ~ 1.40 1.46 1.50 1.01 0.64 1.54
MiddleEast v 0.90 0.93 1.01 0.81 0.45 1.24
NAfrica v 0.79 0.90 0.93 0.58 0.55 0.88
Total 1.35 1.41 1.44 1.00 0.74 1.47
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BDRE MONARCH forecasts upgrades

Resources

Filter by: PUBLICATIONS I l PAST EVENTS I | WEBINARS l DISSEMINATION
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BDREG MONARCH NRT evaluation

- The website evaluation tool provide either very granular and interactive evaluatiol
or automatic but monthlyyearly statistics

- Established a new fwweekly automatic reporting witlProvidentiato regularly
monitor MONARCH dust forecasts (internal usage)

BDRC-Sub-Saharan Africa (4 stations)
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4 Experiments
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IFS-EAC4
IFS-EGG4
IFS-ESUITE-Cy48R1

IFS: Evaluation of CAMS forecast
models

Both OSUITE and CNTRL are evaluated
against multiple observation records
including AOD from AERONET and PM, O3
and NO2 measurements.

+ Show More

& CAMS user support
D 2025-05-07
& 0.30.dev0

£ Data Policy

AeroVal makes use of several observation
networks. Before using the data, please
check the specific network data policies on
the Information page.
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1 AOD - 2025 =
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IFS-OSUITE
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Regional statistics (daily) /
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NMB (%): -1.6
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Aeroval

Heatmap Time Series Taylor Diagram

A Experiments
(. IFs i
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IFS: Evaluation of CAMS forecast models
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Copernicus Atmosphere Monitoring Service

Validation report of the CAMS
near-real-time global atmospheric
composition service

Period December 2024 - February 2025

Issued by: KNMI
Date: 02 June 2025

Ref: CAMS2_82_2023SC2_D82.1.1.14-DJF2025

Table S.1: Performance of o-suite for a 0-24h and 72-96h as well as for GHG 25km and 9km experiments for the period
DJF-2025. REF! Average statistics of AirNow, EEA and CNEMC REF? Average statistics of GAW, IASOA and
ESRL. REF? Average statistics of ACE-FTS, SAGE-III/ISS, OMPS-LP, Aura MLS and ozonesondes. REF* From
a network of stations that were collected from FMI. IAGOS Global statistics consider all airports but Frankfurt and
Madrid. The color scale legend, units and type of statistics used in each case is provided below.
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Species | Reference [ Type | Region tres Bias Error
CAMS for Reactive Gases & Aerosol 00-24h 72-96h 0-24h 72-96h 0-24h 72-96h
AERONET COL Global daily 13% 8% 39% 41% 0.83 0.78
AERONET COL N. America daily 14% 45% 41% 037 | 033 |
AERONET COL Europe daily 3% 9% 36% 39% 0.70 0.60
AERONET COL E. Asia daily 13% 6% 39% 43% 0.70 0.62
AOD AERONET CoL N. Africa daily

AERONET CoL S. America daily
AERONET COL Oceans daily

AERONET SDA COL Europe 3h

AERONET SDA COL Middle East 3h

AERONET SDA COL N. Africa 3h
AERONET COL Global daily
AERONET COoL N. America daily
AERONET COL Europe daily

AE AERONET COL E. Asia daily
AERONET COL N. Africa daily
AERONET COoL S. America daily
AERONET COL Oceans daily
FCiéncias"
@== pmod ‘wrc



) CAMSS82

ATARRI

ECMWF COPERNICUS REPORT

Coe

A

1
ERATOSTHENES 1|
CENTRE OF EXCELLEN

Validation report of the CAMS
near-real-time global atmospheric
composition service

Period December 2024 - February 2025

Issued by: KNMI
Date: 02 June 2025

Ref: CAMS2_82_2023SC2_D82.1.1.14-DJF2025
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Table S.5:

Improvement or deterioration of o-suite 0-24h forecast due to Data Assimilatation (DA) is calculated by the dif-
ference of performance statistics for o-suite and the control experiment. The improvement or deterioration of the
Current Year Quarter (CYQ) compared to the Previous Year same Quarter (PYQ) is calculated by the difference of
performance statistics for CYQ and the PYQ experiment. The color scale legend, units and type of statistics used in
each case is provided below.

Species Reference \ Type | Region tres DA improvement? CYQ to PYQ improvement?
CAMS for Reactive Gases & Aerosol Bias Error R Bias Error R
AERONET COL Global daily -11% -1% 0.04 -3% 4% 0.04
AERONET COL N. America daily — -10% -0.01 -4% 4% 0.05
AERONET COL Europe daily 0% 1% 0.07 1% 6% 0.07
AERONET COL E. Asia daily -13% 2% 0.06 -5% 5% 0.14
AOD AERONET COL N. Africa daily -3% -1% -0.02 -9% 5% 0.18
AERONET COL S. America daily -15% -1% 0.03 1% -1% -0.09
AERONET COL Oceans daily -15% -1% 0.04 -9% 5% 0.08
AERONET SDA COL Europe 3h -6% 2% -0.01 1% 7% -0.10
AERONET SDA COL Middle East 3h -10% -2% 0.02 -3% -3% -0.22
AERONET SDA | COL N. Africa 3h -10% -3% 0.04 | s 0.20
AERONET COL Global daily -0.02 -0.02 -0.02 0.11 0.11 0.01
AERONET COL N. America daily 0.00 0.00 -0.04 0.14 0.14 0.03
AERONET COL Europe daily 0.02 0.02 0.01 0.15 0.15 0.08
AE AERONET COL E. Asia daily 0.01 0.01 0.01 0.15 0.15 0.05
AERONET COL N. Africa daily 0.03 0.03 -0.02 0.04 0.04 0.04
AERONET COL S. America daily 0.01 0.01 -0.07 0.18 0.18 -0.18
AERONET COL Oceans daily -0.04 -0.04 -0.04 0.09 0.09 -0.02
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D cAMSS2

o-suite cntrl SDS-WAS ICAP
Forecasts 00-24 hours

COR 0.67 0.65 0.80 0.84

MB -0.03  -0.02 -0.01 -0.02
RMSE 0.10 0.10 0.08 0.07
MNMB -87.21 -80.45 -65.36 -44 .85

Validation report of the CAMS

near-real-time global atmospheric Forecasts 48-72 hours
composmon service
Period December 2024 - February 2025 COR 0.66 0.66 0.77 0.78
MB -0.03 -0.02 -0.01 -0.02
RMSE 0.10 0.10 0.08 0.08
P MNMB -85.56 -80.79 -60.88 -46.11
SR Forecasts 96-120 hours
COR 0.65 0.65 NaN 0.74
MB -0.03 -0.02 NaN -0.02

RMSE  0.10 0.10 NaN 0.09
MNMB -85.00 -81.15 NaN -46.30

Table 9.1.1: Skill scores (MB, MNMB, RMSE, and r) of 0-24 hours, 48-72 hours and 96-120 hours forecasts (on a 3-hourly
basis) for CAMS o-suite, CAMS control and SDS-WAS multi-model median, and ICAP multimodel mean for
DJF-2025 NAMEE region. DOD (AODcoarse SDA product) from AERONET is the reference.
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Non-routine dust evaluation
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Surface PM

Courtesy of EKarnezi

ES2002A-35017004 (Tefia-Puerto del Rosario-Las Palmas (Lanzarote y Fuerteventura); lon= -14; lat= 28.53) CSIC-IDAEA ES2002A-35017004 (Tefia-Puerto del Rosario-Las Palmas (Lanzarote y Fuerteventura); lon= -14; lat= 28.53) CSIC-IDAEA
8 - PM10Idaca NDATA = 109 8| PM1I0 idaca NOATA = 109
* PM10-dust idaea MEAN _obs = 33.35 * PM10-dust idaea MEAN obs = 33.35
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PM10 dust contribution from Escudero et al. (2007) Hit rate Falsealarm rate
MONARCH v2.1.0 13.4% 0.6%
MONARCH v2.7.2 19.6% 1.4%
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Uses the linear
depolarization ratio:

PLDR = 0 for

spherical particles
PLDRnN 30 for dust
and computes dust

and nondust
contributions

Height a.g.l. [km]

U
12:00 14:00 16:00 18:00
13/04/15 13/04/15 13/04/15 13/04/15
Time/date UTC

Figure 8. Dust layering over the central Asian AERONET site of
Dushanbe, Tajikistan, on 13 April 2015 observed with Polly lidar at
1064 nm (range-corrected signal). The densest layer from 2 to 5km
height a.g.1. (above ground level) contained dust particles from Iran,
Afghanistan, and Oman according to the backward trajectories in
Fig. 9. With increasing height, dust was advected from the Arabian
peninsula and the Sahara. The polluted boundary layer reached up to
about 2 km height and contained traces of local dust and dust from
Kazakhstan. Above 6.5 km height (and temperatures < —20°C) ice
clouds developed triggered by dust particles, which are favorable
ice-nucleating particles. POLIPHON results in Figs. 10-12 are de-
rived for the height—time range indicated by the white rectangle.
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Figure 10. Retrieval of dust mass concentration. From profiles of
the particle backscatter coefficient ﬂp (green curve in a, 532 nm)
and particle linear depolarization ratio Ep (black curve in a, 532 nm),
the profile of the dust backscatter coefficient Sy is determined and
then converted into the dust extinction coefficient oy (red curve
in b) by means of a lidar ratio of 40sr. The oy profile is then
converted into mass concentration My (shown in b as thick lines)
by means of volume conversion factors ¢y g of 0.64 x 10712 Mm
for Sal, Cabo Verde (CV., green My profile: see Table. 4). and
0.79 x 10~!2 Mm for Dushanbe (DU, red My profile) and dust par-
ticle density pg = 2k6gcm_3. Respective profiles of My fraction
(thin red and green curves in b) are also shown. The Polly lidar
observation was performed at Dushanbe on 13 April 2015, 16:15—
16:44 UTC (white rectangle in Fig. 8). The temporally averaged li-
dar signal profiles were smoothed with 750 m before the computa-
tion of Bp and &y, Error bars indicate (a) 10% and (b) 30 % uncer-
tainty (typical uncertainty according to Table 1).
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Courtesy of GGilé

Dust Extinction in Tenerife on 2024-07-14
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Reanalysis evaluation
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Courtesy of T. Vintimilla
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