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Calculating aerosol backscatter in  
ECHAM-HAM: LIDAR simulator 

COSP (clouds) In-house (aerosol) 

Wavelength 532nm (hardcoded) Flexible, multiple 

POV From space From space or Earth 

Observables attenuated total backscatter attenuated total backscatter 
total backscatter 
aerosol extinction 
Rayleigh extinction 
LIDAR ratio 
(colour ratio) 

Profile model levels model levels 

Scatterers 1 fixed particle mode (effectively) Flexible (model dependent) 

Required input: profiles of extinction and backscatter 
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L2 Backscatter 
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Figure 1. Global median CALIOP L2 aerosol backscatter profiles for the year of 2008 from (a) 5- (b) 20-, and (c) 80-km horizontal averages at both daytime and nighttime. Temporally and spatially collocated median ECHAM-HAM backscatter profiles are also shown in each case, along with the theoretical detection limit of CALIOP estimated for 5 and 80 km from Winker et al., 2009 (no 20-km estimate was available). CALIOP = Cloud-Aerosol Lidar with Orthogonal Polarization.
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Full backscatter histograms 
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2D Histogram of Model and CALIOP backscatter values (I think it’s all sampling lengths) globally for the whole year, and the relative difference between them. The grey guide line shows the CALIOP theoretical detection limit
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L2&3 Extinction 
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Figure 2. Global extinction profiles for the year of 2008 from CALIOP and ECHAM-HAM. (a) Globally averaged CALIOP L2
and temporally and spatially collocated model profiles and the theoretical detection limits (in black) for day and nighttime
retrievals. (b) Mean CALIOP L3 (day and night) and model (combined) extinction profiles. (c) The number of CALIOP L3
samples included in each altitude bin and the number of corresponding samples positively identified as aerosol during day
and night. CALIOP = Cloud-Aerosol Lidar with Orthogonal Polarization.
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HSRL on ORACLES ER2 comparison 
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Figure 3. Mean backscatter profiles from CALIOP and the ER2 mounted HRSL during a deliberate satellite underpass in the
ORACLES campaign and collocated ECHAM-HAM profiles. (a) Aerosol backscatter profiles, (b) attenuated total
backscatter, and (c) the log difference in attenuated backscatter. HSRL = High Spectral Resolution Lidar;
CALIOP = Cloud-Aerosol Lidar with Orthogonal Polarization.
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Fraction of undetected aerosol 
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The proportion of aerosol Mass in ECHAM-HAM, which would be missed (undetected) assuming backscatter detection sensitivities of 3 × 10^4 and
2 × 10^4 km 1/sr, corresponding to the CALIOP daytime and nighttime sensitivity respectively
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Effect on ACI estimates 

P. Ma et al., Nature Comms. (2018) 
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Fig. 5 Model mean aerosol optical depth error, susceptibility errors, and the climatology of observational aerosol optical depth as a function of detection
threshold scale factor. The a AOD and susceptibility errors relative to CAM5_orb, b global GOCAP AOD, c GOCAP AOD over ocean, and d GOCAP AOD
over land, are shown. Shaded area represents the range of observational estimates from other satellites including the MODIS Collection 635, 72, the Multiangle Imaging Spectroradiometer (MISR) Version 473–75, the sea-viewing wide field-of-view sensor (SeaWIFS) Version 476–78, the operational CALIPSO
Version 3.00 Level 3 (cloud-free)16, 79, and the Satellite-AERONET composite80. Crosses denote the CALIPSO Version 3.00 Level 3 cloud-free AOD during
night time
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Summary 
• We explored the effects of the CALIOP L2 aerosol 

detection sensitivity on backscatter and extinction 
profiles with different missing value assumptions 

• Using a GCM lidar simulator we show large differences 
in the free troposphere where detection is rare 

• Limited detection of tenuous aerosol can bias AOD 
estimates and hence ACI metrics 
 

• To what extent does this effect other sensors? 
• How can AeroCom / AeroSat help avoid these biases? 
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The low aerosol regimes are important - how do we measure them, and understand it in the models. This is a challenge that EarthCare probably won't solve, but something we're uniquely placed in AeroCom/AeroSat to tackle
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