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We developed a minimization procedure for the simultaneous explicit retrieval of the spectrally 
and size independent complex refractive index m=mR-i mI and the corresponding monomodal 
particle size distribution from 3β+2α HSRL/Raman lidar measurements. The 3β+2α optical data 
are backscatter coefficients at wavelength λ=355, 532 and 1064 nm and extinction coefficients at 
355 and 532 nm.  

Analysis of the results derived with the minimization procedure shows that the complex 
refractive index (CRI) can only be retrieved with preset accuracy if the input optical data are 
accurate to at least 8 significant digits. The CRI cannot be estimated without introducing 
constraints, even if the measurement uncertainties of the optical data are as low as 1−3%. The 
retrieval uncertainty of the CRI can be described by a solution trajectory (“canyon”) that crosses 
the complete (search) domain of the CRI (mR, mI)-plane from its lower-left corner (minimum real 
and imaginary part) to the top-right corner (maximum real and imaginary part). The “canyon” 
length and width are determined by the CRI domain and measurement uncertainty, respectively.  

However, the true solution can be localized on the trajectory. One main feature of the solution 
trajectory is that values of the real and imaginary parts of the CRI increase while at the same 
time the corresponding effective radius decreases. This interdependency resembles features of 
the size growth of hygroscopic particles for which mean particle size and complex refractive 
index vary with ambient atmospheric relative humidity (RH). For example, the MERRA-2 
model, which contains values of the CRI for organic carbon, shows a decrease from 
m=1.53-i0.009 to 1.35-i0.001 at λ=532 nm and an increase of the growth factor from 1 to 2.5 for 
the case that RH increases from 0% to 100%. This strong resemblance of pattern of 
interdependence triggered us to test if RH-data can be of value in our search for the final solution 
space of microphysical particle properties.  

We studied constraints provided by information about relative humidity, the impact of the 
constraints on the solution space and in how far these constraints could allow us to restrict the 
retrieval uncertainties. To validate the results of the CRI retrieval we considered an example of a 
Raman lidar measurement of a smoke plume for which radiosonde and in-situ data are available. 
The results derived with our novel approach agree to the results we obtain with our 2-
dimensional regularization algorithm and in situ observations of particle properties.  


