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Author’s response to the comment by Prof. Thomas Eck

 

The authors would like to thank Prof. Thomas Eck for reading the manuscript and provide
his helpful and constructive comment. You can find our response below the comment.

 

Comment:
'I have a short comment related to the accuracy of the AOD analyzed in this paper. It is
well known that sunphotometer measured AOD is proportional to the optical airmass (m)
or pathlength through the atmosphere. The AOD error reduces by a factor of 1/m as m
increases. This is reflected in your Figure 2 as the reduction in AOD differences between
these two types of instruments as optical airmass increased. The most complete
discussion of the accuracy of the AERONET measured AOD is given in Eck et al. (1999),
where the uncertainty in measured AOD of field instruments is estimated to be 0.01 for
airmass=1 (overhead sun) for visible and near-infrared wavelengths.

Therefore a potential additional analysis that could be added to this study to minimize the
effects of calibration would be to utilize only data for m>3 for both instruments. Trends
computed with this subset of data would therefore include only morning and afternoon
data (excluding mid-day, although this would vary with season). In addition to a reduction
of calibration biases between instruments by excluding mid-day data, there is also the
added factor of excluding a significant portion of the mid-day data affected by fair weather
cumulus clouds. All sunphotometer data sets are biased towards sampling low cloud
fraction days with high atmospheric pressure. These days often show a diurnal cycle of
cumulus cloud fraction related to the daily cycle of solar heating and associated convection
and vertical mixing. Therefore an analysis of data with only m>3 or m>4 (in winter) would
minimize the influence of a highly spatially and temporally variable cloud type on AOD
(cloud edge contamination plus cloud influence of AOD itself; see Marshak et al., 2021),
while also increasing AOD data accuracy. Of course the data sample size will decrease
significantly for this large airmass subset of the data, but it should still provide for an
additional informative aspect of this trend comparison for these two different instrument
types which employ different measurement frequencies and cloud screening
methodologies.'



Author's response:
We added analysis for m>3 in sections 3.1 and 3.2.1 along with additions in the
conclusions (section 4). To summarize, the AOD trend differences calculated for data with
m>3 indeed were reduced compared to those calculated with all air masses and all
differences are smaller than the trend standard error.

In more detail:

The data with optical air mass above 3 had some improvement in the AOD differences
within the WMO limits (approximately 1% for 500/501 nm and 0.5% 870/862). In figure 1
below are the AOD differences and the WMO limits. There was also a small reduction to
the standard deviation of the differences. The standard deviations are 0.0036 for 500/501
nm and 0.0026 for 870/862 nm. Using all air masses, the standard deviations are 0.0037
for 500/501 nm and 0.0028 for 870/862 nm.

 

Figure 1: CIMEL-PFRN27 differences (blue points and light blue to yellow bands) and WMO
limits (red lines) of synchronous AOD measurements with respect to time in years for
500/501 nm (top) and 870/862 nm (bottom) for the PFR/CIMEL datasets with optical air
mass above 3. Τhe colourbar corresponds to the density of the AOD difference data points.

 

Regarding the monthly AOD medians, due to the data reduction the months we consider
as valid reduced from 114 to 98. In order to compare the trends with and without air
masses above 3 for the same months we re-calculated the trends from the full datasets
(all air masses) using only these 98 months. On table 1 below we present the results of
the trend analysis. Using only air masses above 3, we get smaller trend differences than
the trend standard error and compared to the differences of the full datasets. The
comparison without air mass restriction is consistent with the comparison present in the
pre-print (114 months). Also, the trend difference due to the removal of 16 months is
smaller than the trend difference between CIMEL and PFR. However, the trend significance
confidence level is reduced particularly for CIMEL if we use only 98 months.

Table 1: CIMEL/PFRN27 trends per decade comparison for synchronous datasets using
only optical air masses above 3 and using all air masses for the common months.



In section 3.1 we added:  ''The actual AOD uncertainty measured by CIMEL and PFR is a
function of optical air mass (m) with the 0.01 value (section 2.2.2) corresponding to m=1
and reduces by a factor 1/m as m increases (Eck et. al., 1999; Kazadzis et al. 2020). This
is evident in figure 2 where the AOD differences between CIMEl and PFR are reduced for
higher air masses. In order to discuss on the effects of the calibration uncertainty to the
calculated AODs we have used in a separate analysis only data for m>3 where the
calibration effect on the AOD uncertainty is minimized. The number of measurements is
8304 for 500/501 and 8282 870/862 nm . The comparison of these data for coincident
CIMEL and PFR showed 96.62% and 98.5% within the WMO limits and standard deviation
of the differences 0.0036 and 0.0026 for 500/501 and  870/862 nm.'

In section 3.2.1:'Based on the high air mass analysis (m>3) described in section 3.1 we
have calculated the trends for coincident PFR and CIMEL measurements. Because of the
data reduction we removed some of the months used in the previous analysis creating
additional data gaps. For m>3 the valid months are 98 instead of 114, which affects the
trends. Therefore, we also re-calculated the trends shown in Table 5 (using all optical air
masses) using only the 98 common months. The results of trend comparisons for all air
masses and m>3 are in Table 6.

Table 6: CIMEL/PFRN27 trends per decade comparison for synchronous datasets using
only optical air masses above 3 and using all air masses for the common months.' And the
present table in this response.

Ιn section 4 we added: 'In order to minimize the calibration uncertainty effects and reduce
the AOD differences of the two different instruments we also compared their trends
produced only from data with optical air mass above 3. The selection is based on the fact
that the AOD uncertainty reduces for higher air masses. The trend agreement was
improved as all trend differences are within the trend standard error.’
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