
Referee 3 
 
We would like to thank the reviewer for his/her comments. We have tried to answer as 
detailed as possible. 
 
 
Page 3, line 4: AOD trend of 0.05 per decade: in what period?  
 
The period 1979-2009 was added in the text. 
 
P. 3, l. 9: "This attenuation may be much larger ..."  
 
This sentence has been restated. 
 
P. 5, l. 17: "Maximum error on the daily integral SSR..."  
 
This sentence has been restated 
 
Table 1 and associated discussion: there are relatively long periods between instrumental 
changes (up tο 6 years). How the radiometers were calibrated prior to 1992? Which was the 
reference scale? Were the instruments compared with the old one before substitutions? Was 
the occurrence of instrumental drifts checked? 
 
All instruments used in the study were accompanied by the calibration certificate of the 
manufacturer in the radiation scale used at that time. This was primary used for calibrating 
the instruments. For the presented time series the information on homogenization methods 
and major corrections made is getting sparser going back in time. For instrument changes till 
1968 there are only reports (no actual data) that refer to overlapping periods of measurements 
for two instruments with just comments on overlapping related corrections and no 
information on the magnitude of corrections. Τhe two Eppley pyranometers  have been 
calibrated 2 times during the period 1975-1986 in the World Radiation Center in Davos 
Switzerland and the calibrations acquired have been used for processing the data.  
 
There are several publications that have used the 1954-1983 time series of NOA that are 
reported in the following comment. 
 
More information on the instrumentation in use and details about temperature correction:  
 
For Solarigraph Gorezynski pyranometers, used during the period 1953-1959, it is well 
known (Coulson, 1975; Robinson, 1966) that no temperature compensation was provided in 
these instruments. The temperature coefficient was about 0.0015-0.0020 per 1oC in the sense 
of decreasing sensitivity with increasing temperature. This theoretical rate have been used. 
 
Two Eppley 180 pyranometers have been used in NOA between 1960 and 1973 period. Solar 
radiation measurements published in the official NOA's Bulletin were temperature 
compensated improving considerably the performance of these two pyranometers. According 
to Drummond (1965), accuracies of the order of ±2-3% are attainable for daily summations 
of radiation with temperature compensated Eppley 180 pyranometers. That uncertainty does 
not include instrument drifts with time (if any). 
 



All Eppley 8-48, 8-48A and PSP pyranometers, used in NOA for solar radiation 
measurements from 1974 until now, are equipped with a built-in temperature compensation 
circuit. According to Coulson (1975) and Hulstrom (1989), Eppley 8-48 pyranometers 
provide a signal which is independent of temperature to within ±1.5% from -20 to +40oC. 
Also, Eppley PSP pyranometers present a reduced temperature dependency of sensitivity on 
ambient temperature of ± 1% from -20 to +40oC. 
 
On the other hand, the uncompensated Eppley 180 pyranometers are subject to a significant 
dependence of sensitivity on the temperature of the instrument. The sensitivity decreases with 
increasing temperature by between 0.05 to 0.15% per 1oC rise in the temperature over the 
range -50 to +40oC (Coulson, 1975; Robinson 1966). 
 
 P. 6, l. 6-12: the application of different data selection criteria, with the addition of quality 
checks based on the diffuse irradiance, may potentially influence the results of the trend 
analysis, Did the author check that this is not the case?  
 
The addition of the diffuse irradiance synchronous data in the quality control procedures in 
the recent years, of course, decreases the uncertainty of the daily, monthly SSR calculations, 
compared with the one for past years. However, there is no specific scientific evidence or hint 
in the calculations that points towards a systematic overestimation or underestimation of the 
SSR data when not using the diffuse radiation “controls”. Such an improvement on the 
quality control methods is in line with most SSR measuring monitoring stations with long 
term SSR data series published, worldwide.  
 
P. 7.l. 1-2: as far as I understand, the night-time dark signal was subtracted from daytime 
measurements. This procedure reduces but does not eliminate the thermal offset of the 
instruments. It must be taken into account that the different types of radiometers display a 
quite different thermal offset; in general, this is much larger for PSP than for 8-48 or 180◦ 
pyranometer. Thus, a systematic overestimate of the SSR in daytime, up to 3-4 W/m2, is 
possibly present in the data after 1989. This may potentially produce an artificial positive 
trend in SSR in the recent year; at least, an additional uncertainty should be considered in 
the trend analysis. Did the authors take into account this effect?  
 
The effect has been tackled based on the temperature corrections that have been mentioned in 
the comment above but mostly by the overlapping comparisons and homogenization during 
the 1986 (last) change of instrumentation. Comprehensive studies (Solar and Infrared 
Radiation Measurements, Energy and the environment, by Frank Vignola, Joseph Michalsky, 
Thomas Stoffel, CRC Press, 2016) have pointed out to the PSP related thermal offset issue. 
In our case the subtraction of the night time dark signal (more specific the mean of the 
previous and next night signal was subtracted for a specific day) reduces at least in half the 
problem. However, in order to answer to the reviewer question, this (remaining 1-2 W/m2 ?) 
was not considered in our analysis as another part of this have been tackled through the 
overlapping measurements/homogenization procedures. The possibility of such an 
uncertainty is mentioned in the new manuscript. 
 
Concerning the first three comments on the instrument performance for the period 1954-1986 
we decided to include a list of publications that have used the SSR presented time series for 
this period: 
 



 Macris, 1959, have used the 1954-1956 SSR measurements to identify the 
relationship of SSR and sunshine duration. 

 Katsoulis and Papachristopoulos, 1978, have used the NOA SSR data from 1960 to 
1976 in order to calculate SSR statistics for daily, seasonal and yearly solar radiation 
levels for Athens, Greece. 

 Notaridou and Lalas, 1979, have been used the 1954-1976 SSR data from NOA in 
order to verify an empirical formula on global net radiation over Greece. 

 Flocas, 1980 have used the 1961-1975 SSR time series to compare them with 
sunshine duration data for the period. 

 Kouremenos et al., 1985 have used the SSR data from 1955-1980 to correlate changes 
with various atmospheric parameters. 

 Zabara, 1986 have used the 1965-1980 time series to verify a developed method that 
calculated monthly solar radiation. 

 Katsoulis and Leontaris, 1981, have used the 1960-1977 data to verify tools 
describing the solar radiation distribution over Greece. 
 

We have included these references in the new document. 
 
The reference to these studies does not automatically means that the 1954-1986 data do not 
include uncertainties related with the calibration frequency and quality control, but they are 
mentioned as a proof of the scientific data quality for the given period, based on the work of 
various solar radiation related scientists.  
 
Moreover: there are some rapid changes in the series that may require additional scrutiny; 
some of these seem to be in correspondence or close to the dates of the radiometers’ 
replacements (e.g., possibly in 1960, 1968, 1973). This seems even more evident in figure 8 
from the de-seasonalized monthly mean SSR. Was the presence of step-changes in the series, 
mainly in corrispondence with instrument replacement, checked?  
 
Specifically on the changes mentioned and linked with the instrument changes. 
 
1960: We have to rely on the reports that state that the two time series have been 
homogenized, as we did not find other than the officially published NOA bulletin data, that 
did not include overlapping measurement periods. 
1968: Same as 1960. 
1973:The Eppley pyranometer, type 8-48A, was recalibrated in 2004 by the Laboratory of 
Meteorological Device Calibration (LMDC, Psiloglou, 2016), with an uncertainty of 1.2%. It 
presents a decrease in sensitivity with a rate of 0.5% per year. 
 
General comment 
 
As mentioned in the uncertainty analysis section, the uncertainty for at least the first two 
decades of measurements is higher than the one in the last 30 years. According to the log 
books of instrument users, comparisons of two instruments, before exchanging from the one 
to the other, has been performed and data have been corrected. As reported we have added a 
large paragraph describing this aspect and also pointed out in the abstract and conclusion 
sections this issue (at he end of this comment). 
 
One of the “problems” with the time series is that compared with other European long term 
SSR studies, the changes of SSR during brightening and dimming periods are visible but to a 



lesser extent. This, in addition to the fact that the uncertainty of the 1953-1982 period is 
higher compared to the last 30-years period leads to the conclusion that the small long term 
changes at least for the first period (1953-1982) could be within the instrument’s uncertainty.  
 
However, small drifts and enhanced uncertainties are linked worldwide with past data of such 
series, as instrumentation and quality control procedures are improving with time and 
information quality on the initial decisions is more frequently and scientifically reported.  
 
In order to indirectly try to tackle the question of the data quality of the 1954-1983 period 
including instrument changes and unaccounted possible instrument drifts, compared with the 
1984-2012 period, we investigated the following:  
 
We included in figure 8 a shaded area representing a possible (one direction) “uncertainty” 
based on reconstructing the 1954-1983 series using: the 1984-2012 measured SSR data and 
the sunshine duration data for 1954-1983. The reconstruction has been performed in the same 
way as the 1900-1953 one (new method, see comment below). The one direction 
“uncertainty”, points out possible drifts and instrument exchange related uncertainties. 
However, that does not mean that we believe more the reconstructed through sunshine 
duration 1954-1983 series than the actual SSR measurements. If this was the case, we would 
have decided to present a 1983-2012 high quality measuring period and a 1900-1983 
reconstructed one. There are various of such papers published quite recently (small 
measuring period compared with the reconstructed one: Garcia et al.,, 2014; [1992-2013 
measurements reconstructed back to 1933] and Anton et al., 2017 [1887-1950 using radiative 
transfer modelling]) while in our case we would like to try to use the best way possible the 
historical SSR measurements of NOA during the 1954-83 period.      
 

 
 
 
Figure 8 including the reconstructed series and one direction uncertainty estimation (shade 
area) 
 
 
In order to investigate more on the reviewer question about the link of data quality of the 
exchanging instruments period to the calculated trends we have calculated: 
 
A reconstructed SSR series for 1954–1983 using the 1984-2012 SSR-SD calculated functions 
has been performed, exactly the way the extrapolation has been performed for the 1900-1953 
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period. So this case is similar to as if we had only measurements after 1984 and we 
extrapolated back to 1900 using the functions calculated from the 1984-2012 period. 
 
Following, we present the trends per decade using the 15, 30 and 40 year windows. Blue 
curves represent the trends calculated using the measured 1954-1983 SSR data (they are the 
same as the ones presented in figure 4 of the paper) and orange lines the trends with the 
reconstructed (1900-1983) data. (figures a: the full series, b; a zoom in the 54-83 period). 
Here we have to comment again that the reconstruction method is different than the one of 
the submitted paper (see comment below). 
 
Differences for the 15 year window differences on the calculated trends outside the 54-83 
period are less than 1%, with maximum differences at the late 60’s ~3%. For the 30 year 
window maximum differences are in the order of ~2%., while for the 40 year window, 
maximum differences are less than 1%. 
 
This particular exercise cannot be defined as an uncertainty assessment on the 1954-83 
measurements, as reconstructed data cannot be used as a reference. Moreover, as SSR is 
much more sensitive than SD especially with respect to aerosol optical depth changes. So, in 
locations where the number of cloudless days is relatively high SD reconstruction tends to 
“smooth” the SSR variability, however the opposite can be said in cases with constant 
cloudiness where SD hours in certain days could be close to zero or zero while SSR is never 
zero. 
 
Figures: Up to down; trends per decade using 15, 30 and 40 year windows, blue line: using 
the measured 1954-1983 data, orange line: using the 1954-83 reconstructed data, left panel: 
all years, right panel: zoom of left panel.  

 
 



  
 
 
 
 
 
 
 
Based on all the discussion above we have decided to include a summary of most of the 
mentioned information on the new version of the manuscript. In addition, a paragraph 
mentioning: 
 
‘When trying to use such long term series it is evident that the data quality differs as 
instruments have been improved, quality assurance and quality control procedures have been 
standardized and finally the information flow on the day to day instrument performance 
issues are much more frequent in the recent years. More specific for the Athens station, after 
1986 the instruments were calibrated or checked with a reference instrument in a yearly basis 
to identify changes in the calibration and drifts. As reported, the addition of diffuse irradiance 
measuring instruments provided the opportunity to improve also minute based measurement 
quality. Before 1986 the instruments reported in table 1 have been used. According with the 
log books there has been always a certain overlap when changing from one instrument to 
another. Reports mention that there were instrument drifts that have been corrected with no 
further information from 1953 to 1970. Instrument overlaps after 1986 were used to eliminate 



possible instrument related offsets. However, instrument differences (e.g. thermal offset of 
PSP instrument compared with 8-48 pyranometer, Vignola et al., 2016) theoretically could 
have an effect in the order of 1-2 W/m2 on the series continuation. In addition, the inclusion 
of diffuse radiation in the quality assurance tests after 1991 could have a major improvement 
on the newest data compared with the old ones. However, there is no hint that the 
improvement in quality control could have a systematic impact on SSR measured changes 
compared to the past, other than higher uncertainty on the integrated (monthly, yearly) 
values, by inclusion of “problematic” SSR minute or small period measurements that did not 
pass the quality controlled tests. For the 1953-1986 time series there is a number of 
publications that have been using the SSR-NOA time series. More specific: Macris, 1959, 
have used the 1954-1956 SSR measurements to identify the relationship of SSR and sunshine 
duration. Katsoulis and Papachristopoulos, 1978, have used the SSR data from 1960 to 1976 
in order to calculate SSR statistics for daily, seasonal and yearly solar radiation levels for 
Athens, Greece. Notaridou and Lalas, 1979, have used the 1954-1976 SSR data in order to 
verify an empirical formula on global net radiation over Greece. Flocas, 1980 has used the 
1961-1975 SSR time series to compare them with sunshine duration data for the same period. 
Kouremenos et al., 1985 have used the SSR data from 1955-1980 in order to try to correlate 
their changes with various atmospheric parameters. Zabara, 1986 has used the 1965-1980 
time series to verify a developed method that calculated monthly solar radiation. Katsoulis 
and Leontaris, 1981, have used the 1960-1977 data to verify tools describing the solar 
radiation distribution over Greece. Finally, the percentages of errors reported in table 1, 
which are not directly linked with possible instrument drifts, can impact the SSR time series 
analysis. So results of measurements before 1986 have to be used with caution and 
accompanied by a report on the different level of uncertainties of the past and recent data.    
 
In addition we have added a text summarizing the effect of the real and reconstructed 1954-
1983 data to the overall calculated trends per decade based on the above figures. New figure 
8 seen above in this comment was also replaced the current one mentioning the periods with 
possible instrument drifts. 
 
Concerning the abstract and conclusions we have added sentences on the data quality: 
 
Absolute year to year changes in SSR for the 1954-1983 measurement period have to be 
treated with caution as they can include uncertainties related with instrument exchange and 
undetected/uncorrected instrument drifts. However, long term (e.g. 25 year windows and 
more) calculated trends could only partly be affected by such uncertainties. If reconstructed 
series can be used as a hint for such drifts/steps, their level is not higher than 2% and only for 
very specific periods. 
 
 
P. 9, l. 31: how are SSR max and SDmax calculated?  
 
Maximum values of SSR and SD in use were theoretical extraterrastial and astronomical 
value accordingly. The uncertainties related with these parameters and their effect on the 
reconstruction method was tested by a new reconstruction method used. In this new method 
such assumptions were not included. See specific comment below.  
 
 
P. 12, figure 4: estimated SSR/SSRmax values (figures 2 and 3) show a typical 10- 20% 
spread around the fitting line. This is expected, since the used relationship takes into account 



only cloud duration. All other effects (most of the aerosol direct effects, as well as most 
changes in cloud properties) can not be reproduced by the method. What is the uncertainty 
associated with these SSR estimates? Was this uncertainty considered in the trend analysis? 
Can these data be reliably used for trend analysis?  
 
In the initial submission we have used the Ångström related formula in order to calculate 
SSR and SD related functions. This method includes the theoretical SSR and SD maximum 
values in order to work that insert an uncertainty for such calculations. After the reviewer’s 
comment we decided to replace this method with the one used by Sanchez-Lorenzo and Wild, 
2012. One additional reason to test this method (as mentioned also in the paper) was the fact 
that monthly based calculated SD to SSR conversion functions had high uncertainty, linked 
with the very small SD/SDmax absolute variability especially for summer months.  
 
In this new approach (Sanchez-Lorenzo and Wild, 2012) we did not use SSR and SD 
theoretical maxima in order to normalize the two factors but monthly anomalies of SSR and 
SD have been used for a common measuring period and then the monthly coefficients of the 
regression of SSR and SD anomalies were used in order to reconstruct the 1900-1953 time 
series. 
The regression statistics of these monthly based SSR and SD anomalies analysis showed 
much better results from the Ångström method. As an example (and included in the new 
manuscript) statistics and graphs are shown below. 
 

 

 
 
month Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
a 22.47 34.99 39.53 46.65 57.88 44.67 51.87 46.23 34.28 28.02 27.32 23.10 

R 0.842 0.895 0.887 0.840 0.799 0.757 0.773 0.572 0.812 0.888 0.916 0.842 

 
According to Sanchez-Lorenzo and Wild, 2012, the correlation coefficients, here in the range 
of 0.75 to 0.91 can explain 65% to 82% of the variability of the SSR monthly anomalies. This 
additional verification analysis shows that the method used in this work is in line with 
Sanchez-Lorenzo and M. Wild (2012) that analysed 17 stations with very long term SDU 
series. 
 
After having calculated the reconstructed series with this method we have compared the 
yearly and monthly SSR deviations with the ones calculated with the Angstrom method using 
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the yearly functions (initial submission). The results in yearly basis for all 1900-1953 period 
differ at a maximum 1%. 
 
The agreement of these two results shows that in the case that SD measurements in the past 
have no particular quality issues, then SSR can be reconstructed with the 65-82% explained 
variability already mentioned. 
 
Finally we have decided to keep the new method on the revised document and include the 
(yearly based) Ångström results as a verification. The inclusion of this method had a direct 
impact on all related figures 2, 3, 4, 5, 8 and tables describing trends that include the 1900-
1953 period. As already reported the differences were small but still all the plots and tables 
have been replaced with the new ones calculated based on the Sanchez-Lorenzo and Wild 
(2012) method. 
 
 
Also, it is surprising that no significant signals of large volcanic eruptions (Agung in 1963, 
El Chichon in 1984, Pinatubo in 1991) are present in figure 4. A small SSR reduction in the 
early 90’s, possibly related with Pinatubo, appears in figure 8; however, the minimum during 
1990’s in fig. 4 seems too late to be ascribed to Pinatubo (whose effect lasted for up to 2 
years). Is there a possibe explanation? 
 
El Chichon date is linked with a 7% drop from 1983 to 1984. So we think that that it is at 
least partly visible when looking at the whole time series where year to year observations are 
more linked with cloud conditions.  
 
Figure 4 in the previous manuscript included a wrong shift of one year that is why it did not 
exactly matched with figure 8. In addition, smaller differences raised from the fact that as 
normal period was the 1900-2012 while in the new document the 1984-2012. This was 
corrected, in addition to the (small) changes that were introduced with the change to the 
Sanchez–Lorenzo and Wild (2012) reconstruction method. 
Here is a zoom of the 1987 – 1995 SSR for the four different seasons, Together with the 
stratospheric aerosol load calculated based on the ChArMEx AOD (Nabat et al., 2013) series. 
 

 
We believe that the ~6% drop from 1990 to 1991-1993 shown for all seasons is a hint of the 
effect of the eruption on SSR data for the Athens station. However, as shown in figure 8 
cloudiness for 1991 is also high, while is much lower for 1992 and 1993. Combined with the 
stratospheric AOD figure, seems that 1991 related decrease is also related with cloud increase 
while 92 and 93 one with the Pinatubo related aerosol effect. 
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P.13, l.2: the graph also shows a clear decrease during 1950’s.  
 
This sentence has been restated 
 
 
P.13, l.3: shows  
 
Typo has been corrected 
 
 
P. 13, table 2: why were these periods chosen? P. 13, l. 
 
The periods have bene chosen based on the data retrieval (reconstruction or measurements) 
(1900-1952 period and 1953 to 2012). And then measurement period has been divided in two 
30 year periods in order to try to compare them (figure 6). 
 
 
19-22: does the trend determination and its statistical significance take into account 
uncertainties? 
 
This has been extensively discussed in a comment above.  A sentence has been added:  
We have added: 
It has to be noted that the trend determination and its statistical significance does not take into 
account measurement or SSR reconstruction related uncertainties, which are different for the 
different periods. 
In addition to the new figure 8 and related comments and the comments on the reconstructed- 
actual 54-83 series related trends. 
 
 
 P. 14, figure 5: this figure does not seem to support the choice of the periods used in table 2 
for the trend calculations.  
 
The periods have been chosen based on different criteria (see comment P. 13, table 2, above. 
Figures like fig. 5 can be used for any reader to draw his conclusion on any SSR change 
under any time window. 
 
 
P. 17, fig. 8: the units for yearly mean SSR and total cloud cover are missing in the graph. 
The evolution of the yearly mean SSR does not seem to be coherent with the annual series of 
de-seasonalized SSR in figure 4 (the minimum in early 1990’s does not seem to coincide with 
the minimum in mid 1990’s in figure 4; the minimum in 1970 in figure 4 appears earlier in 
figure 8). Is there an explanation for that?  
 
The units are % deviations from normal for both SSR and clouds. 
See comment above for differences in previous fig. 4 and 8. 
 
 
P. 18, l. 7: "presence of" may be removed  
 
It has been removed. 



 
P. 18, l. 8: figure 12 and the related discussion suggest that there is a long-term change in 
the number of cloudy days. Conversely, no significant change in the annual mean cloud cover 
appears. May this be taken as an indication of changes in cloud properties or distribution? 
 
Yes that is really interesting. We added a paragraph: 

“Differences on the ratio of cloudless days shown in figure 12 and on the almost constant 
cloud octa variability shown in figure 8, is partly attributed to the different definition of a 
cloudless day that is based on the cloud radiative effect for fig. 12, and on observation of 
cloud percentage in the sky for fig. 8. However, this can also be an indication of changes in 
cloud properties (e.g. change in optically thin clouds that could have small radiation effect 

but are marked as cloudy conditions from the observer).” 
 
 
 P. 18, l. 20: it may be emphasized that the clear sky selection criterion eliminates cases with 
high aerosol optical depth. 
 

We agree. A sentence has been added: “It may be emphasized that the clear sky selection 

criterion could possibly eliminate cases with very high aerosol optical depth”. 
 
 
P. 21, l. 4-5: apparently, there is no stratospheric aerosol contribution in the ChArMEx AOD 
dataset. The large volcanic explosions are important events with an expected impact on SSR, 
and datasets which include these cases should be used. Please, explain more clearly what is 
the meaning of "..uses the trend and not the interannual variability which is not included in 
the global model that was used".  
 
The ChArMEx AOD (Nabat et al., 2013) accounts for tropospheric aerosols only, and does 
not include stratospheric AOD coming from large volcanic explosions. We agree that such 
explosions have an important impact on SSR. We have provided the evolution of 
stratospheric AOD in Athens (below), where the two main peaks are respectively due to El 
Chichon and Pinatubo eruptions. These two peaks are possibly associated with decreases in 
SSR in Athens (Figure 11 in the paper). 
 
Concerning the second part of the comment, the trend in the ChArMEx AOD comes indeed 
from a global climate model which has no nudging towards reanalysis. Consequently it was 
impossible to deduce the interannual variability from this model, that is the reason why the 
ChArMEx AOD only accounts for the trend in AOD due to the decrease of anthropogenic 
emissions. 



 
Stratospheric AOD over Athens 

 
 
P. 21, l.12-13: a change of almost a factor of 2 in the frequency of cloudless days seems to be 
non marginal. No evident effect appears on SSR in figure 8. However, trends in table 3 are 
calculated in periods separated around the years with minimum number of cloudless days. 
May part of the trend change in the two periods due to the long-term change of cloudless 
days/cloud properties (see also comment to p. 18, l.8)?  
 
Based on figure 12 there is a negative change in the number of cloudless days from 1970 to 
1985 and a positive one from 1985 to 2000.Figure 7a (now deleted after the recommendation 
of reviewer 2) shows this effect in total (cloudless plus cloudy) SSR. It shows an ~ +5% 
change for the first period (e.g. blue line year 1977-78) and a ~0% change for the second 
period (e.g. blue line year 1992-93). However the problem is more complex as for cloudless 
days the AOD plays an important role and for cloudy days the cloud radiative effects also 
play a role always as a function of solar elevation which determines the SSR measurement 
absolute value. 
 
 
P. 22, l.25-P.23, l. 9: this discussion seems not fully consistent with the conclusions of the 
paper. For instance, Founda et al (2016) show that visibility is strongly related with AOD; 
and the paper highlights a possible role of aerosols in affecting SSR. 
 
The discussion on the visibility now transferred as last paragraph of the conclusions 
 
(Purely mathematically speaking) “In this work and any other work that use SD to 
reconstruct SSR time series, reconstructed SSR is purely driven by actual sunshine duration 
changes. Founda et al., 2014 has presented the change of the SD since 1900. Using the 
measurements data we can calculate the % deviations for SD since 1900. These are in 
accordance with the reconstructed SSR. More or less the decrease of SSR from 1910 to ~ 
1940 and the increase afterwards till ~1950 is also shown in SD. (Founda et al., 2014).  
 
The visibility related study by Founda et al., 2016 shows the visibility variability since 1931. 
So a first difference is that the first 30 years are missing. A comparison of the SSR results in 



Athens with visibility observations since 1931 (Founda et al., 2016) did not show any 
correlation among SSR and horizontal visibility. For the first part of the common dataset 
(1930-1959) the visibility decline is accompanied with a SSR increase. However from 1950 
till today visibility shows a monotonical decrease. The steep visibility decrease from 1931 till 
the 90’s is not accompanied by a relative SSR or SD decrease excluding individual sub-
periods.  
 
As already reported, simulated SSR is driven purely by changes in sunshine duration, in this 
case the SD variability in Founda et al., 2014 is almost constant after 1950 so SD also, can 
not be linked with the visibility reported decrease. Studying the literature for similar cases, 
similar conclusions have been drawn by Liepert and Kukla (1997) showing an SSR decrease 
over 30 years of measurements accompanied by a visibility increase and no significant 
changes in the cloud cover conditions, in Germany. This Athens SSR vs visibility 
relationship can be partly explained by the fact that: SSR and visibility have different 
response on cloud conditions, water vapor and rainfall and also by the fact that visibility is 
affected by aerosols only in the first few hundred meters above the surface, while SSR is 
affected by the columnar AOD, which in the case of Athens can be significantly different due 
to aerosol long-range transport in altitude (e.g. Saharan dust; Léon et al., 1999).” 
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