
Reply to the reviews of the manuscript “On the parametrization of optical particle counter 
response including instrument-induced broadening of size spectra and a self-consistent 
evaluation of calibration measurements” by A. Walser et al. 

 

We wish to thank the two reviewers for carefully reading our manuscript, for acknowledging the 
advantages introduced by the presented methods and for providing feedback which helped us 
to improve the manuscript. In the following, the questions and comments raised by the 
reviewers are marked in blue. Our answers are written in black and include a description of 
changes done to the manuscript in separate paragraphs. 

 

Reviewer #1: 

The proposed methodology would seem to require quite a bit of effort and I have a very large 
set of measurements of atmospheric aerosols with a very wide variety of composition, shapes 
and sizes. How much computational time will it take for me to analyze 20,000 spectra of BC, 
BrC, OC, dust, bioaerosols, sea salt and inorganic compounds? 

For the application of the proposed size distribution (SD) retrieval method to atmospheric OPC 
measurements this is a valid question. The computational time required to gain a representative 
final SD solution ensemble via the proposed method depends on the number of Monte Carlo 
iterations, itself scaling with the number of input-parameter PDFs that need to be sampled. 
Moreover, it strongly depends on the CPU, code implementation and -parallelization etc. In 
consequence, it is impossible to give generally valid numbers here. For the presented SD 
retrieval results, computational time on a dual-core i7 CPU @ 2.9 GHz (without parallelization) 
was in the order of an hour, with still considerable room for improvement. Despite the 
enhanced computational cost, we think that extra effort should not prevent users from deriving 
more precise SD uncertainty estimates.  

We also would like to clarify that the main focus of this manuscript is to introduce 

a) a new parametrization of OPC response including a description of instrument-specific 
spectral broadening and  

b) a more intuitive/conclusive way to evaluate OPC calibrations in the context of this new 
model.  

As a side topic, we further outline how this framework could be used to thoroughly propagate 
uncertainties in all instrument- and particle-specific properties in a self-consistent way to finally 
yield improved SD uncertainty estimates (PDF ensembles). However, the model parameters 
(and their PDFs) resulting from the presented approach are not firmly connected to the 



proposed retrieval framework, but can also be used to derive the SD via any other existing 
method. 

Independently from the SD retrieval, the calibration evaluation described in this manuscript 
needs to be performed only once after each calibration measurement to obtain the OPC model 
parameter PDFs. In this case, the additional computational effort is, hence, negligible. 

Changes to manuscript 
The main purpose of this study is now clarified also in the caption of Fig. 1.  

 

The focus of my research is to model the impact of these different aerosol populations on 
climate. After I have corrected my 20,000 spectra, I wish to put them into my climate model. To 
do this I need to compute extinction coefficients, single scattering albedos and asymmetry 
factors, all size, composition and shape dependent. Does your methodology tell me what indices 
of refraction and shapes were used to come up with the inverted size distribution? If not, will 
the uncertainty in my derived optical properties be any smaller using the corrected size 
distributions than if I had just used the measurements as they are and made estimates of the 
particle optical properties? If the answer is yes, then provide me with a quantitative measure of 
how much improvement.  

With your first question you raise an important point and our answer is: Yes, it does. As the 
proposed SD retrieval is based on a Monte Carlo method, it is possible to write out/save all picks 
from the input-parameter PDFs for each Monte Carlo iteration, which later allows for a one-to-
one mapping between any SD solution ensemble member and the corresponding parameter 
value picks (e.g. the used refractive index).  

Speaking of parameters calculated from the SD (e.g. extinction coefficient, effective particle 
diameter etc.) reveals another major advantage of gaining a SD solution ensemble in the 
proposed way, i.e. it allows for simple further propagation of SD uncertainties via the solution 
ensemble members. This is not possible in a similar manner using other (direct) SD derivation 
methods.  

Concerning the second question: Using the proposed retrieval method the uncertainty ranges of 
the SD and related quantities will not necessarily be smaller, but we claim they will be more 
realistic due to the thorough uncertainty propagation. We consider it essential to give reliable 
uncertainty estimates. If and to what extent SD solutions (in view of absolute values and 
uncertainties) obtained by the combination of the new OPC response model and the proposed 
retrieval method will differ from that of other methods depends on several factors, as for 
example  



• the individual OPC properties (e.g. degree of spectral broadening), 
• the actual SD shape (e.g. if it features narrow modes or not) and 
• the previous knowledge on the aerosol properties (e.g. the uncertainty of the particles’ 

refractive indices) 

It may be true and is already stated in the manuscript (end of Sect. 4) that  

a) for broad atmospheric SDs the effect of instrument-induced spectral broadening on the 
measured distribution’s width may be small and  

b) other, non-instrumental uncertainties (as the one for the refractive index) may dominate 
the overall SD uncertainty.  

In such cases it might be lavish in view of computational effort to perform a comprehensive 
propagation of all parameter uncertainties (even the irrelevant ones). However,  

a) the new OPC response parametrization for the first time allows to realistically model 
OPC response in all situations, even for SDs that are narrow with respect to the degree 
of spectral broadening and  

b) within the proposed (Monte Carlo) SD retrieval framework the user can decide for each 
individual case which initial sources of uncertainty need to be sampled and which are 
redundant (which can be tested by sensitivity studies). 

Changes to manuscript 
Section 2.5.3 and 5:  
Additional advantages of the proposed SD retrieval method, going beyond a thorough SD 
uncertainty assessment, are now discussed in the text, including the direct mapping between SD 
solutions and the corresponding parameter samples (e.g. facilitating parameter sensitivity 
studies) and the simplified further propagation of SD uncertainties.  

Section 2.3: 
The relevance of instrument-induced spectral broadening for atmospheric research  is 
emphasized by adding examples of narrow SDs that may be significantly influenced by this 
effect.   

 

In order to bring closure to this study and have scientific relevance, this study needs to convince 
the reader and potential user of the technique that there is a real need to apply this technique 
before using the measurements in scientific research. […] in the journal section on Aims and 
Scope, this sentence makes clear that “Papers submitted to AMT must contain atmospheric 
measurements, laboratory measurements relevant for atmospheric science…”. It is the joint 



responsibility of the authors, the editor and the reviewers to make sure that published papers 
meet these aims and scope. 

We agree that clarifying the scientific relevance of the presented study is important and 
appreciate the reference to the aims and scope of AMT (“Papers submitted to AMT must 
contain atmospheric measurements, laboratory measurements relevant for atmospheric 
science, and/or theoretical calculations of measurements simulations with detailed error 
analysis including instrument simulations.”). In accordance with the second referee we are 
convinced that the study is of relevance for atmospheric OPC measurements and meets the 
aims and scope of AMT for the following reasons:  

To date, SDs derived from OPC measurements often lack a thorough uncertainty analysis. The 
presented OPC response model and the self-consistent calibration evaluation method partly 
closes this gap by offering for the first time a realistic parametrization of this response and, 
more importantly, realistic uncertainty estimates for the latter. The proposed SD retrieval 
method further outlines how to propagate these instrument-specific uncertainties and the 
uncertainties in all other important parameters into final SD uncertainties. Besides yielding 
improved SD uncertainty estimates, this method additionally permits to easily carry these 
uncertainties further, e.g. to obtain proper uncertainties for SD-dependent quantities like the 
effective particle diameter.  

Apart from the study’s relevance with respect to a realistic SD uncertainty analysis, instrument-
specific spectral broadening may significantly bias OPC-derived SDs when disregarded. This is 
demonstrated particularly in Fig. 9 for the example of narrow SDs. Here, we give quantitative 
numbers revealing that the new OPC response model considering the instrument-induced 
broadening of size spectra can lead to substantial improvements. Although atmospheric SDs will 
usually feature broader widths than the presented example samples and will, hence, be less 
modified by spectral broadening, there are examples for atmospheric research where this effect 
is relevant (e.g. ice particle residuals in (contrail) cirrus or aerosol chamber experiments). Taking 
account of spectral broadening, the new method allows correctly retrieving SDs for all 
situations.  

The application of the presented methods to atmospheric aerosol measurements will be the 
substance of future studies and publications.  

Changes to manuscript 
Figure 9:  
The figure, showing SD retrieval results for exemplary measurements of aerosol samples with 
narrow size spectra, is complemented by a visualization of the SD solutions in common 𝑑𝑑𝑑𝑑/𝑑𝑑𝑑𝑑 
vs. 𝑑𝑑 space (𝑑𝑑: particle concentration, 𝑑𝑑: particle diameter). This additional representation 



demonstrates potential OPC measurement biases associated with (instrument-induced) spectral 
broadening in a more intuitive way.  

Section 2.3 and 5: 
The relevance of spectral broadening for atmospheric research  is now emphasized in the text. 

 

Reviewer #2:  

The proposed method requires a lot of computations (modeling) and measurements which 
requires skilled persons, a well-equipped laboratory and a considerable amount of working 
hours. As I understand, the data set obtained using this method is valid for that moment, and 
needs an update when the instrument response changes (e.g. degradation of laser power or 
contamination on the optics). Do you see a way for the automatization of the proposed 
methodology? 

We confirm that regular OPC calibrations involve time and effort. Nevertheless, they are 
inevitable to ensure data quality and to avoid systematic sizing biases. Some OPCs allow the 
user to assess the need for recalibration by monitoring reference parameters (e.g. light source 
intensity), thus giving indications of instrument response changes. Tracking such reference 
values can help to minimize the number of necessary recalibrations. Further, routine 
measurements of a small subset of particle standards can be used to judge the instrument 
performance and decide whether an actual recalibration is required.  

In contrast to the calibration measurements that will hardly be completely automatable, the 
evaluation via the presented method can be automated (to a large extent) when the calibration 
data (format) is kept consistent and the method is implemented in a suitable way. 


