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The measurement report on production and loss of atmospheric formaldehyde at a
suburban site of Shanghai in summertime describes in-situ HCHO measurements and
some of its precursors. Based on these observations HCHO direct emissions,
photochemical production and loss, as well as deposition losses are determined. In
general, the topic is highly relevant to ACP and the paper is well written. Thus, I
recommend publication after some minor revisions.

 

General:

I think that a number of assumptions have been made for the analysis that could be
better motivated. E.g. steady state is generally assumed, although the observations could
be used to indicate whether this assumption is met or not. As mentioned in the
manuscript, changes in HCHO (dHCHO/dt) can be due to direct emissions, net
photochemical production (production – losses), wet and dry deposition and transport
(horizontal and vertical). The rate of change can be inferred from the HCHO time line, and
production and loss, as well as deposition losses are calculated in the paper. Therefore,
any deviations between the rate of change and these production and loss terms are due to
either direct emissions or transport. A thorough investigation of the diurnal variation
might provide some insight into the dominating mechanisms. E.g. changes in the
boundary layer height before noon will lead to downward transport of HCHO poor air from
the nocturnal residual layer, yielding a dilution acting as a missing “loss”-term, while
traffic related HCHO emissions during the morning and afternoon rush-hours will provide
an additional temporal source.

 



Specific comments:

The estimation of HCHO direct emissions based on HCHO vs. NOx relations seems to be an
oversimplification. Although it is true that traffic related HCHO emissions are in general
associated with NOx emissions, HCHO production is also to some extend NOx dependent
(see e.g. Wolfe et al., Mapping hydroxyl variability throughout the global remote
troposphere via synthesis of airborne and satellite formaldehyde observations." 
Proceedings of the National Academy of Sciences, 116 (23): 11171-11180
[10.1073/pnas.1821661116], 2019). In addition, this kind of analysis ignores the HCHO
background, which leads to the strange result that according to Fig. 4 50 % of HCHO
during the night is due to photochemical sources.

 

I think it is critical that the precursor measurements miss a number of important
oxygenated HCHO precursors like methanol, acetone, acetaldehyde and
methylhydrogenperoxide. According to Nussbaumer et al. in particular photolysis of these
species yield CH3O2 radicals that at high enough NO levels yield HCHO. The fact that
Nussbaumer et al. demonstrated that these species have low mixing ratios at rural/remote
sites does not justify it to ignore their potential role in this suburban environement.

 

Although the determination of dry deposition rates follows the procedure described in
Shepson et al. 1992, I am not sure that I agree with some of the conclusions. The
determination of deposition losses from nocturnal HCHO mixing ratio changes is only
partly due to dry deposition, since in particular in environments with high alkene mixing
ratios ozonolysis of these species is a source of HCHO. Thus, the calculated HCHO
deposition velocity is most likely a lower limit due to nocturnal HCHO production and not
due to neglected turbulence or stomatal up-take. Those processes might be important
during the day, yielding higher deposition rates during daylight hours. Nevertheless, a
simple multiplication of the deposition rates by a factor 2 as done here is not justified by
the approach described by Shepson et al.

 

Minor comments:



 

Line 20: I think it should read average secondary HCHO net production.

Line 96: To my knowledge, the Aerolaser instrument uses an UV-LED at 410 nm and not
laser at 400 nm.

Line 160: Do you consider only downward welling radiation or also up-ward welling
radiation for the calculation of photolysis rates?
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