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Evaluation statistics



Eyeball verification



Statistical distribution



Scatter plots



Basic error statistics



Normalized error statistics



Taylor diagrams



SEEPS



Categorical verification

YES/NO forecasts ( dichotomous)



Categorical verification



GERRITY score

[3272, 1067,    61,     0  ],
[  282, 2753,  814,   34  ],
[    11,    331,  519,   69  ],
[      0,      18,     82,   50  ]

[ 0.42, -0.28, -0.66, -1.00 ],
[-0.28,  0.34, -0.03, -0.37 ],
[-0.66, -0.03,  2.86,  2.52 ],
[-1.00, -0.37,  2.52,  23.3 ]

= 0.52

[0, 0.1, 0.4, 0.8]

Categories:

GS =



Routine dust forecasts 
evaluation



AERONET

- Direct Sun :
- AOD
- Angstrom Exponent
- SDA: coarse and fine

- Inversions:
- SSA
- Complex refractive index

(real and imaginary)
- Absorption AOD
- Asymmetry parameter
- Phase function
- Size distribution



Colocation/representativity errors

temporal spatial err. temporal + spatial

Schutgens (2020)



BDRC



Dust identification

Wavelengths: 

Almucantar (standard) : 
440, 675, 870, and 1020 
nm 

AOD at 550 can be 
interpolated using 
angstrom exponent

Others: 340, 380, 500, 
and 1640 nm,

Products (QA)

Level 1: Raw data

Level 1.5: cloud-screened

Level2: calibrated (pre 
and post)

AERONET measures all-aerosol optical depth, but dust predominant scenes
can be identified :

1- Selection of sites
2- Optically coarse: low Angstrom exponent
- AE<0.6: coarse particles
- AE<0.3: coarser particle (capturing dust events)
- should be compared with AOD

3- Use the Spectral Deconvolution Algorithm (SDA) coarse AOD:
- should be compared with coarse AOD 
- other coarse aerosols can be present (eg. sea salt)

4- Use almucantar inversions (Obiso et al 2024)
- constraints on the spectral SSA, fine mode fraction, refractive index
- few points-> climate Applications



Preliminary steps

➢ Compute modeled optical depth 𝐻 𝒙 = σ𝑖 σ𝑎 σ𝑑 𝑚𝑑
𝑎 𝑧𝑖  𝐶𝑒𝑥𝑡

𝑎,𝑑(𝜆)

➢ Colocate in time (linear interpolation) and space (bilinear 
interpolation) with measurements

➢ (Aggregate data points over a region)

➢ Compute evaluation statistics

➢ Remember that we never observe only dust!



BDRC – Model comparison



BDRC – MONARCH forecasts upgrades

AERONET SDA 
coarse AOD at 
500nm 
compared to 
modeled 
coarse Dust 
Optical Depth 
(DODcoarse) at 
550nm



BDRC – MONARCH NRT evaluation

- The website evaluation tool provide either very granular and interactive evaluation 
or automatic but monthly-yearly statistics

- Established a new bi-weekly automatic reporting with Providentia to regularly 
monitor MONARCH dust forecasts (internal usage)



Aeroval

https://global-eqc-server.atmosphere.copernicus.eu



Aeroval



Aeroval: e-profiles



CAMS82



CAMS82



CAMS82



Non-routine dust evaluation



Satellites evaluation
Courtesy of E. Karnezi



Surface PM

Hit rate False alarm rate

MONARCH v2.1.0     13.4%                      0.6%

MONARCH v2.7.2     19.6%                      1.4%

PM10 dust contribution from Escudero et al. (2007)

Courtesy of E. Karnezi



LIDAR

Ansmannn et al (2019)

Uses the linear 
depolarization ratio:

PLDR = 0 for 
spherical particles
PLDR ≳ 30 for dust
and computes dust 
and non-dust 
contributions



LIDAR: MPLNET

• Fair agreement of 
profile shapes (as 
seen by ρ)

• Overestimation of 
MONARCH DOD

• Fair agreement in the 
mean altitude of the 
dust mass for dust 
events

https://dust.aemet.es/resources/evaluation-of-vertical-profiles-of-dust-concentrations

Courtesy of C. Gilé



Visibility



Reanalysis evaluation



CAMS EAC4 evaluation
Courtesy of T. Vintimilla

Correlation

Mean bias

MNMB

RMSE



Dustclim evaluation Evaluation against AERONET coarse AOD (O’Neill)



Dustclim evaluation report



Dustclim evaluation: DOD

MIDAS dataset

Gkikas et al. (2021) 



Dustclim evaluation: vertical

LIVAS dataset

Amiridis et al. (2015)



Dustclim evaluation: surface



Dustclim evaluation: surface

PM10 dust contribution from Barnaba et al. (2017)



Dustclim evaluation: deposition



Final remarks

• Quantitative evaluation of mineral dust models not straightforward because
• we never measure only dust!
• dust amounts vary strongly temporally and geographically
• ground-truth observations are very sparse in main dust sources regions

• Wide consensus on DOD evaluation not yet there, in the meanwhile we prefer using AERONET coarse 
optical depth and compare it with coarse dust DOD (but with some care on which error statistics to look at)

• Near real time and extensive evaluation of forecasts and reanalyses of dust is common practice and 
publicly available

• Mineral dust forecasts generally provide skillful predictions up to 3 days in advance

• Hourly to interannual dust variability well reproduced by reanalyses

• Evaluation strategy should be adapted based on the objective (modeling improvements, air-quality 
forecasting, solar energy application etc.)



References

1. https://www.cawcr.gov.au/projects/verification/
2. To be updated …

https://www.cawcr.gov.au/projects/verification/
https://www.cawcr.gov.au/projects/verification/



	Slide 1: Models evaluation
	Slide 2: Table of contents
	Slide 3: Evaluation statistics
	Slide 4: Eyeball verification
	Slide 5: Statistical distribution
	Slide 6: Scatter plots
	Slide 7: Basic error statistics
	Slide 8: Normalized error statistics
	Slide 9: Taylor diagrams
	Slide 10: SEEPS
	Slide 11: Categorical verification
	Slide 12: Categorical verification
	Slide 13: GERRITY score
	Slide 14: Routine dust forecasts evaluation
	Slide 15: AERONET
	Slide 16: Colocation/representativity errors
	Slide 17: BDRC
	Slide 18: Dust identification
	Slide 19: Preliminary steps
	Slide 20: BDRC – Model comparison
	Slide 21: BDRC – MONARCH forecasts upgrades
	Slide 22: BDRC – MONARCH NRT evaluation
	Slide 23: Aeroval
	Slide 24: Aeroval
	Slide 25: Aeroval: e-profiles
	Slide 26: CAMS82
	Slide 27: CAMS82
	Slide 28: CAMS82
	Slide 29: Non-routine dust evaluation
	Slide 30: Satellites evaluation
	Slide 31: Surface PM
	Slide 32: LIDAR
	Slide 33: LIDAR: MPLNET
	Slide 34: Visibility
	Slide 35: Reanalysis evaluation
	Slide 36: CAMS EAC4 evaluation
	Slide 37: Dustclim evaluation
	Slide 38: Dustclim evaluation report
	Slide 39: Dustclim evaluation: DOD
	Slide 40: Dustclim evaluation: vertical
	Slide 41: Dustclim evaluation: surface
	Slide 42: Dustclim evaluation: surface
	Slide 43: Dustclim evaluation: deposition
	Slide 44: Final remarks
	Slide 45: References
	Slide 46

